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BUILDD!G THE MARlIB'l' FOR PEANUTS 

by 

La1.ll'01 C. Meade, Acting General Sales Manager, 
Export Marketing Service, U. S. Department of Agriculture 

As an Indiana fa.nner and seedsman, corn and soybeans were the most im
portant crops to me. Pea.nuts were good to eat but rather far from a basic 
commod.i ty in m;y view. The pea.nut pro.gram, from what I heard about it, prob
ably was not too sound. 

During the pa.et nine months I have beco.me acquainted with many of the 
fine people in this industry. I now feel I understand the importance of 
pea.nuts and the pea.nut program. 

Peanuts, in the major producing areas of that collUll.odity, are more im
portant than corn and soybeans. There is no question they are more profit
able for the fa.rmer than other adapted commodities. They are the major 
source of farm income which underlies the economy o! those communities. 

As scientists, your pleasure and satisfaction come from discove:cy and 
accomplishment through research. The two-fold increase in yield and pro
duction of peanuts over the past fifteen years is evidence of your success 
and of the value of your work. 

Production and marketing are more efficient now than in past years. 
~ali ty is better. Fa.rm income is higher. Larger quantities are available 
to fill growing consUJ11er demand for a cost related to a farm price down from 
90 to 75 percent of parity; and to lower kernel costs coming out of the high
er kernel content of the unshelled peanuts delivered by producers. In total 
these items reflect a. cost reduction, relatively, of 20 to 25 percent for 
consumers. 

I hope your contributions toward more efficient production and market
ing of pea.nuts will be continued and enlarged in the future. Let us hope, 
also, that gi.-owth in demand can keep pace with that of production -- and not 
lag as it has for the past ten yea:rs. 

It was suggested that I discuss: the supply-demand situation; the im
pact of the florunner variety; the pricing system or "differentials" and 
other subjects. 

l'\Y emphasis will be mainly on the other subjects. ~t me comment 
first on the other points. 

First, the supply-demand situation - the peanut program is designed 
to maintain an adequate and stable supply for the domestic food marl<:et in 
this country. Price supports are related to the use and value of peanuts 
for food in this country. Tho law fixes a minimum acreage allotment and a 
minimwn price support level. In large part because of your fine work, pro
duction1on this minimum allotment has been moving up much faster than the 
food use of peanuts. As a consequence, there is a substantial surplus of 
pea.nuts which are a.old for crushing and eicport at prices related to the 
world market value of peanuts crushing for oil and meal. This value is 
less than one-half of our support price. 



In l96o-61, food u.ae of peanuts in this country was 849 million 
pounds, shelled basis. In 1970-71 it was 1,155 million pounds - an increase 
of 36 percent. The aver~ annual. increase was about 3.1 percent. 

At the same time CCC diveraion for crushing and axport rose from 
165,000 tons to around 580,000 tons - an increase of 250 percent; and CCC 
program cost rose from ll9 million to over $80 million - an increase of 
about 400 percent. 

The peanut program maintains prices well above levels that would pre
vail without a program. It makes pea.nuts substantially more profitable than 
al ternativo crops and enterpriees - at a substantial and rising cost to tho 
u. s. Treasury. 

The florunner variety has, as I have al.re~ indicated, contributed 
to more efficient production of peanuts. The fa:rmer gets a larger return 
from the higher yield per acre. Tho con.sumer gets shelled peanuts for a 
somewhat lo'WQr price because of the higher kernel content of the fanner
stock peanuts. Tlma far the variety seems to be meeting with reasonably 
good acceptance with manufacturers in this country and in foreign countries. 

There is soro.e uneasiness and uncertainty about the irnpa.ct of the 
variety on the traditional larger kernel Virginia type and the Spanish 
types. It has displaced these types to a large extent in the Southeast, 
It m~ do so in other ;u:ea.e in the future, Obviously the highe~ yield adds 
to the surplus above domestic food requirements. 

The pricing basis for peanuts (i.e., differentiaJ.s) ha.ve been a source 
of controversy and conflict among shellers in the three producing areas for 
many years. 

During most of the 19SO's, prices received by farmers for the differ
ent types of peanuts were used as a basis for establishing dollar per ton 
support prices. These prices were then "broken down" and 8.pplied to the 
grade information to determine the loan value of each lot of peanuts de
livered by the fa.oner. 

With the chronic surplus it became evident that the his toric;i.l Die thod 
of pricing or establishing differentials resulted in the reading back and 
continuation of previously established support price relationship:;. ThElre 
were no free market prices above support levels to indicate values. For 
this reason the differentials were shifted gradually to what is now uniform 
kernel pricing. 

Essentially this means that uniform prices are applied to sound lllature 
kernels, other kernels, and loose shelled kernels for all of the different 
type.El of peanuts. The on.ly exception is the premium for the large Virginia 
kernel type and the related price for the Valencia type. 

Theoretically this system cannot be defended as perfect or completely 
sound. It is obvious, however, that historical prices would not reflect 
market value relationships. It is essential, therefore, that some method 
or system be adopted and used. I am not a pea.nut expert and do not under
stand all the ins and outs of the differential arguments. I hope that the 
industry can satisfactorily resolve questions relating to the pricing 
method. 
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I do not intend that ~ cOllllD.ents about the peanut program be critical. 
There is need for a, faim prog1•am, Farm income should be higher than it is. 
Nonetheless, along with growers and other members of this industry, I am 
concerned about the increa2ing disparity between production and food use of 
peanuts. 

The balance of uzy- comments will relate ma.inly to "other subjects". 

Don Paarlberg, Director of Agricultural Economics in USDA, talked 
about farm policy at the recent Southeastern Shellers Convention, I brought 
copies of his talk. What he seys about .farm policy should be of interest to 
you, It streRgthens !DY' feeling that this industry should greatly increase 
its effort to expand the si~e o.f' the market for pea.nuts. P:i:oduction then 
should be geared to m~ct demand - both domestic and export, 

About two-thirds of the peanut crop is marketed for domestic food and 
related requirements. The remainder of the crop - the surplu::; - goes for 
crushing (here and abroad) and for food in foreign countries. The sales 
prices average less than half the support price. 

I 1 m sure every producer and evecy other member of the peanut industry 
would like to see the domestic food market for peanuts enlarged by 25' per
cent this year - and by 100 percent in the next five years. I don't !mow 
anyone who thinks this really can be done. 

Stepping-up the growth rate of domestic food use will not be easy. 
Nonetheless, research and promotion directed to that end should receive 
priority. 

Efforts to build exports for food use need to be revived, organized 
and strengthened. 

When peanuts are crushed here or in other countries they move into a 
huge, complex market, The oil from our entire crop of alXlund 1,$ million 
tons would amount to little more than one percent of world production of 
fats and oilG and less than five per<icnt of world exports. This hugo 
market will absorb a.11 the peanuts we offer for crushing. The price or 
value o.f' the peanuts in that market will be low, Supplies of fats and 
oils available from sources other than u. S. peanuts will determine the 
price level. 

When U. S. peanuts are exported for food use they have a somewhat 
higher value than that for crushing. But in most of the world, except for 
Canada, peMuts are not consumed for food as they are in the U. S. ! Total 
food use is small, The u. s. shai~ of the world food market for peanuts, 
except for Canada, has been small. The value of U. S. peanuts in that 
market has been detennined largely by the prevailing world prices for pea
n11ts - less than half the U. S. support price, 

The world other than the U, S. produces over 15' million tons of 
pe<mnts. Yet, if food use in other countries equalled that in the U. S. 
it would absorb most of the production - proba:bly at a significantly higher 
value. 

The potential for expansion of the food market for peamJ.ts in other 
countries appears to be large. The expansion will involve changes in food 
habita - and this will be slow. Other countries will co~pete - and U, S, 

peanut~ will capture only a part of the larger market. 
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The task will Mt be easy but I think this industry should unite in a 
strong effort to e.xpand the food ma.J'.'ket for pea.nuts in other. countri:es. The 
Department has ·indicated its willingness to support this effort. 

The w8'[S and means - the funds - to accomplish the job ma_y be a 
smaller problem tba;n the building of a team and development of a. g&J11e plan. 

Peanut growers in the six. major producing states now have funds and 
programs - authorized by state laws - d.irect€d primarily toward market pro
motion and research. The total. sum of money is not large relative to the 
job to be done. If used affectively, however, it should help to build a 
larger market. 

The building of the export food market will depend in pa.rt upon the 
quantity of peanuts available to supply that market. For the next few 
years the quantity available above domestic food requirements probably will 
be adequate to fill the demand. If the export market grows and, more are 
needed, fai."!D.Brs can produce them. I'm aware that it m.a;y be difficult to 
reach agreement on prices and program tenns relating to such production. 
However, growers and other men1bers of the industry in cooperation with 
Government should be able to find a wey to cross this bridb"B when they come 
to it. 

The entire peanut industry can benefit from expansion and growth of 
the food market for peanuts. The best market is here in the U. S. Every 
one interested in peanuts should support efforts to expand it. Some 
shellers, brokers or maJlufactUJ:ers m.a;y not be interested directly in the 
fo1:eign market; but they should lend encouragement to others who work to 
develop it. 

am deeply interested in promotion and market development by the 
pea.nut indu.stcy. As a soybean grower, a. long-time Director of the American 
Soybean Association and President of that organiza.tion I have su[>ported and 
engaged actively in market p=motion and development, I have a b'OOd idea 
of what the task is. In 1940, some 4,807,000 acres of soybeans were har
vested in the U. S. The farm vaJ.ue WA.S about $70 willioa. Export:,i were 
small. 

Soybean oil was considered vastly jnfcrior to cottonseed oil ;ind W1.

desirable a.s a salad oil. Now it is the major oil used in margarine and 
holds a larger share of the U. S. salad oil market than cottonseed oil. 

In 1971 fanners harvested 42.4 million acres of soybeans havirJ8 a 
fa= value of almost SJ.5 billion - 50 times the $70 million in 1940. A 
little over half of the u. S. soybean crop now is oxported as beans, oil, 
and :meal. Export value in 1971 was almost $2 billion. 

The growth of the export market for soybeans, oil and meal is a direct 
result, in pa.rt, of industry - USDA ma.:i:ket development activities. Trade 
teSJDs and missions, overseas offices, technical assistance on processing, 
refinill.8' of oil, meal utilization indicate the natu.re and extent of the 
effort. Growers, pL'Ocessors and mallllf'acturers have helped get the job 
done. The soybean people are continuing to work ha.rd on market develop
ment. 

4 



This leads ma to sey, that first, there is u:rgent need for greater 
effort on market promotion and development on peanuts if the industry growth 
rat o i s to be increa.aed; and, second, that industry wide participation in 
the development and in the execution of plans is needed i f the effort is to 
succeed, 

Let me say this another wa:y. There is a major grune to be pla;yed, A 
etrong team is needed. A game plan is needed. Each member o f tho team must 
pla;y his position 'Willingly and -well if the team is to win , 

Grovers constitute the largest segment o! the peanut industry. They 
ha.ve some funds that now are used for promotion and development acti vities. 
They have not yet come together to fonn a team, to develop a gaiae plan and 
t o pl ey the game of marlte t promot ion and development as a team. I hope they 
will do so and that they will be joined by s hellors and ma.nufactuxers, 

It is vital that manufacturers be on the team. They have knowledge 
of marketing that ma;y be translated to commodity promotion. Such promotion 
cannot replace commercial brand name advertising and it shouJ.d be planned 
to avoid any such conflict. 

In both domestic and export markets manu.facturerR ma,y be abl e to con
t ribute to the effective execution of plane . They have trade contacts and 
relationships which they may be able to touch and ac tivate advanta.geously 
without undue burden upon themselves . 

In foreign ma:clcets they may have business interosto which can profit 
from organized marlcet development activities by the U. S. industry. They 
likely will be the key in the production and marketing of known and of new 
peanut products in foreign countriea . 

I have developed a strong friondly interest in thie industry over tho 
short span of nine months. I hope and believe its lllCmbcrs can construct 
and effectively implement a sound plan for market promotion and development. 

Th.is can lead to progress for the industry, and t o production for a 
growing market rather than to restriction and shrinka.ge of production, 

Finally, members of this organization do not have direct responsi
bility for promoting and building consumption of peanuts . Yet, my deep 
l:espect and appreciation for your i.ngenu.i t:y and ahi li ty causes me to be
lieve you can contribute much to t hat end. May I ask you to joi n the team? 



PEANUT EXPORTS AND THEIR FUTmlE 

by 

John Dehne 

C & S International Ltd., Toronto, Ontario 

We just compl e ted the 1971 orop of 1.5 1111lli on tons, of which alJDost 500 ,000 tons 
were sold through Commodity Credit Corporation, and i f normal weather conditions 
continue du:::-.1.ng the next f ew weeks, the 1972 crop will be even greater. It is not 
unreasonable to a.ssl.lllle tha t within the next few yea.re our peanut production -will be 
near two million tons, 

I t is therefore no coincidence that you:r ProgTSJD. Chairman has invited exporters to 
speak to you du.ring two successive annual 111eetings , The research and education 
carried out by your organization hae to a large extent made it possibl e for the 
farmers to produce these crops. 

Some segments of the peanut industry a.ro concerned as to whether increased crop 
yields are aotuall.y needed, or whether these pea.nuts will have to be crushed into 
oil , thereby ad.dill8 mo:re atocks to the »aerican vegetable oil market, 'Which is 
already over supplied. 

I can asAuxe you, Gentlemen, that we in the export trade can use every peanut -whio11 
your intense research helps to produce. After India and China, the United States 11 
the world' a third lareest peanut producer, but you are already the wOrld' s largest 
exporter of edible peanuts. Out next goal is for the exports to equal domestic con
sumption, because a two million t on c+-0IJ l'equires us to export 750 , 000 t ons shelled 
peanuts i n the fo:rm of odiblee , c:rushing stock, or oil and meal. 

Larger crops mean increased direct coat of the poanut prograin, and any discussions 
must t3Jce this fact into consideration. Exports will help to reduce this cost but 
the price differential between American pea.nuts and world markets is too gI.'eat to 
close the gap . Export prices for edible peanuts have r.i.een considerably over the 
last few yeare, but so baa the support price . 

The peanut support program was enacted by the Congress , and therefore represents t hE 
wishes of mSJlY Americans. Not being a citizen of this country, it i s not for me to 
comment on the policy of your Government , but to conduct my business dealings withir 
this policy. 

Within that reference I want to take a few minutes to reply to the critics of the 
peanut support program. Many other agricul tura.l commodities enjoy government suppox 
i n one fo:cn or another, but we seldom hear the cost being questi.oned. 

Take for example that other great oilseed crop, soyabeans , and the praise given to 
those W.o promoted eXport sales, The fact is that during the 1970/71 s eason the 
States exported about 870,000 tons of soyabean oil, but at least 7S%, or about 
650,000 tons , were given a wBi}' under A.I.D. funds, or Public Law 1~80. The value for 
650 ,000 tons soyabea.n oil is approximately 16o million dollars . 

Take graina, cottonseed oil, tallow and lard, to mention a few ooJJUDodities , but in
volving very l arge exports under similar programs . To be sure, the Department of 
Agriculture receives credits from other Govornment Departments for these exports, 
which in the mysterious W83B of Government bookkeeping (American or others) make 
these give-a wBi}' sales look like commercially sound transactions . 

Have a:Jly of you heard queetiona being asked about the spiralling cost of t he so;rabea 
program? 
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I refuse to accept that ou:r peanut program is the bad apple in AgTioul ture' a very 
big basket . To the contrary-, we i n the peanut industry can be proud of the fact 
that every ton of peanuts, peBDut oil or peanut meal is exported !or cash. About 
(fJ lllillion dollars is JJzy' estilllate of 1971 crop export revenues . I t is t rue t hat 
export prices are lower than domestic edibles, bu t I want to reassure you all, 
especially our Washington friends, that the p rices paid to c.c.c. reflect world 
markets. 

There is another even more import aspect to the peanut program of which the cri t:i.cs 
must be made aware . 

During the last 2 years we have seen a. considerable expansion in the peanut shelling 
and crushi~ ca.pacity. At tbis very JllOment more new pl ants aro under construction 
and existin& mills are increMing their capacity and up-grading their equipment . 

The transport industry is adding fleets of truoka, while the railroads are using 
more box oars and hoppers to tra.neport the fannerstock to the mills and ship the 
shelled peanuts to Canada and the ocean ports. The allied industries, and espec
ially peanut equipment m.anuiacturers, aro enjoying a boom in sales and services. 

This expansion is not primarily being undertaken for the domestic peanut marke t , 
which sees little prospect for siz.eable inc:i:eaaes in consumption and for whi.ch we 
alread,y have an excess shelling capacity. I t is also f air to ea;y that the industr,y 
would not be expanding at i ts current rate i f the i ncreased crop production had tc 
be diverted for crushing only . 

The fact 1a , Gentlemen, that t he foreign buyers cash PB¥11lents will P!iiY for th.ls 
tremenfu>us expansion in our industry in all peanut producing areas . 

I suggest we atop talking a.bout a peanut surplus with the implication of charity 
from '\rlashington, If we compare the actual cost of c. c.c. of the pe~ut program with 
the overall benefit to the economy as a whole, I f eel that all of ua can sti ll our 
cri tion and show that we have a viable and dynamic industry which benefits every 
collllllunity in .W.ich we operate. 

From the 1971 crop the C.C.C. very successfully sold a record 481,000 tons farmer
stock and almos t 50,000 tons of shelled bagged peanuts for export. Despite this 
la.rge supply we saw the peanut oil market ranging f rom 17 - 19¢, while soyaoil and 
cottonseed oil had marketil'lg problems in the 12¢ range, a peanut meal warkot of 
$90 . 00 per ton, and export prices for edible peanuts at much higher levels than moat 
of us exporters had anticipated in the beginning of t he season. 

The 1971 crop year was the firs t seaso't;l for Florunners . This time last year foreign 
bu,yera did not even know what this peanut looked like, let alone how their consumers 
wuld accept it . 

I have just returned from a European trip and can report to you that European 
roasters o.re enthusiastic about the Fl.orunners . With the 1972 crop, the Florunnera 
will be the No. 1 edible peanut in Europe, l argely replacing African, Indian and 
Chinese origins . The same holds true for Canad.a. On the other hand Japan, because 
of import license epecifica.tiona, i s not expected to be a major b~er of Fl orunncra. 
They pref e r Virgini as and Spanish. 

It was also the first year for exports of s helled, fra{llD.ented peanuts in bulk, to 
European oil crushers. l'b" customers had. but one complaint, they co1ud not file 
claims. We had the peanuts at the docks when the ahips arrived to load and we 
shipped the quality we said we would supply. They will be back for larger quantities 
next yea:r. 
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The third new venture was exports of farmerstock, vdtioh contribute nothing to our 
industry and were opposed by al.most every member who has a stake in seeing a viable 
shelling and crushing industry. 

Therefore, I was pleased to learn that oil.millers have indicated a strong perference 
for the shelled and fragmented pea.nuts, and thus at this time we do not anticipate a 
i-epetition, in volw.ne at lea.st, of this form of peanut ex:ports. 

Peanut oil exports have also increased, but slowed towards the end of the crop 
season when American prices exceeded other origins by almost two cents per pound. 
These high oil prices during a record crop production are the best evidence of a 
successful export season. 

In 1113 opinion, therefore, the 1971 crop was a satisfactory test run for the future. 

Looking at the future and near two million ton crops, we have to think in terms of 
two separate markets. 

A domestic rnarket adjusted to the support price but with captive buyers who have a 
choice between American Spanish, American Runners and American Virginias, for an 
approximate total of one million tons farmerstock. 

An export market with the potential to absorb another one million tons of farmerstoc 
provided each of us, in our respective field, give our best effort to produce the 
best quality peanuts at competitive prices. 

Our three principle export markets, Canada, Japan and Europe, now import each year 
about 450,000 tons of edible peanuts, and the steady annual consuption increase 
will soon raise these imports to S00,000 tons. 

To be more specific, Canada imports SS,OOO tons edible peanuts. This market is soli 
American and we plan to keep it that way. 

Japan issues annual import licenses for about 65,000 tons to supplement their dom
esUc peanut produotion, which, due to rising land values, is declining, and will 
lead to increased imports of edible peanuts. Volw.ne sales to Japan started three 
years ago with shipments of 8,000 tons shelled Virginias, and these purchases were 
repeated each season. ThG Japanese aJ.so buy- each season about 12, 000 tons of 
Virginia type from China. 

From the 1970 and 1971 crop Japan started buying American Spanish against their an
nual imports of lW,000 tons Small Kernels. If our Spanish export prices were more 
competitive, Japan would purchase 20,000 tons or more of this variety. 

The Japanese Heal th Authority introduced an a.flatoxin control program last year but 
the sampling and analysis method are still sui':ficiently flexible to permit imports 
from origins already benned by Canadian and European manufacturers. 

Europe, including the United Kingdom, with imports over 330,000 tons shelled edible 
peanuts, offers the greatest potential for export expansion from our current ship
ments of around S0,000 tons. 

While the States and Canada use over SO% of the shelled pea.rruta for peanut butter, 
Japanese and European consumption is almost entirely confined to salted nuts and 
confectiona;cy-. The Japanese are not traditional bread eaters, which is one of the 
major stumbling blocks in promoting peanut butter. 

Great Britain produces only a very limited quantity of peanut butter, while the 
Dutch are strong consumers and have several local manufacturers, some of whom pro
duce an excellent quality of peanut butter. 



But the rest of Europe has not acquired the taste f'or this good food and I suggest 
that for ~ future peanut promotion programs it might be worthwhile to explore 
peanut butter p:r:odu.otion in Cemany and the Soandinavian countries. Ii' lllOre 

Europeans oan be sold on peanut butter we 1ll'OUl.d eee a drama.tic increase in peanut 
exports . 

To gain a. larger share of these markets I cannot emphasize enough that the foreign 
manufaotuxer can bey worldwide and does not have to depend on s hippers who look on 
exports as a place to unload their inferior production. Too .maxiy ti.Dies ve .bear the 
comment that our peanuts are acceptable t o the American manufacturer and consumer and 
therefore good enough for foreign buyers. This statement ma,y be partially true when 
speaking of flavour and aoundness of kernels, but certainly it is not true for grade 
and cleanliness because too many BhiP11!9nta reach overseas desti nationa only to be 
rejected by tbe manufacturers , as happened again du.:cing t his current season. 

Many other exporting countries take great ca.re in s hipping peanuts free from foreign 
material, and also take better care in sizing the peanuts to the international. 
standards . A U.S. No. 1 grade certificate certifies the variety, orop year and min
illlum screen size, but not the grading requirements of' overseas IDOO'lufacture:rs. 

Each season pressure is applied on C,C.C. to lower the export grade specifications 
in line with domestic gra.das, and to pemit the export of splits, or aa we understand, 
some mills even suggest unrestricted export of No. 2 peanuts. 

We 111UBt give credit to our friends from the C.C.C. that they have resisted these 
pressu:ces because nothing could be more ha=.f'ul to peanut exports than to lower our 
existing minimum standards, which if anything should be tightened to prevent poor 
quality parcels from reaohing the export markets . However, we can live with the pro
gram as it is todatY because the foreigo manufacturers w.i:ll not hesi t ate to ban 
shippers who do not meet the required standards . 

We have two other problems on which 1''8 need your help. 'I'he first is loose skins, 
and as fax as I know, this can be largely overcome if more care and supervision is 
applied during mechanical drying. 

The other problem, of' course , is a.flatoxin. 

The foreign buyer finds it d.ifi'icult to understand a shipment being officially 
certified as negative when tolerances of 25 pa.rte per billion are allowed, While 
our standards are based on a tolerance combining the 4 a.i'latoxine, the Europeans as 
well as the Japanese concern themselves only' with aflatoxin B1 with a tolerance of 
only 5 pa.rte per billi on. 

I am not qualified to argue the difference in approach bet\lle<in the 4 a.flato:xins or 
only B1 , I am merely pointing out to you what is needed to meet the government reg
ulations of' foreign countries . On the other hand, the work done on our existing 
aflatoxin regulations and the certification of each lot has been largely rosponsible 
for the increased acceptance of' American peanuts on 'WOrld markets . 

However, that second million tons of fa.rme:rstock produces not only hOO, 000 tons of 
edibl e peanuts but also 350,000 tons of oi lstook residue 1rlhich must oo exported as 
crushi.ng stook or oil and meal. 

As :t'ecent as 1968 Europe imported over one million tons of shelled peanuts for 
crushing. Unfortunately, high prices compared to other oilseeds have reduced jleanut 
crushing to lees than 500,000 tons, while imports of' peanut oil are now only about 
300,000 tone, compared with 450,000 tons imported by :Bri tain and Western Trurope 
during 1968. 
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It is essential that we capture this European market .for our oilstock residne in 
order to maintain a stable and steady outlet for ow: total peanut production. 
Fortunately, the Florunner is also an excellent raw material for the p.roduction of 
oil a.n.d meal and if competitively priced, we have no problems competi~ with other 
origins. 

I am sure none of us .favour an artificial reduction in the pea.nut crop, 'llhich will 
happen if we cannot expand the sales outlets. I hope I have been able to convince 
you that the market al.ready exists and speaking for our own group, I assure you that 
we will sell. them American pea.nuts, peanut oil and meal, so that every crop is sold 
before we start a new season. 
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OBSJ!LWAl'IONS OF A l'RAC'l'lCAL PI::ANUT BREI:llF.R 

W. A, Car ver, Agr onomist, 1925-64 
Fl orida Agricultural Experiment St ation 

Ga inesville, Floritla 
Consultant, peanut breeding , Go l<l ~ist Inc , 

Atlanta, C:Corgia , 1964-

Statements listecl below are based on working principles of the 11uthor. So~ie are 
self-evident, others 1nay need experin1ental proof of tfiej r v irtue or fault. T11ese 
arc ularked as 11*" 

Larise seed size is genernlly associateJ with higher yield o f peanuts per ilcrc. 

Seed that lose their skinG ens ily {known u11 blanchccl or bnld heAds) are? usual.l y 
very smooth surfaced and have thin skins, Thci;c clt<Jracters shou l u be selc>cte<l 
ou t and iouch lines discanlcd. Less blanchins occurs on seed llith slie,l.t surface 
grooves and thicker i;kins.* 

"hen utility in processing will ;ollow, a lari;er than usual runner- type seed 
should be bred f or t he !<Outheast area. 

Uniformity in pod and scc<l s j ze and shape shoulcl he carefully selected. 

Po<l size and st.ape, also see<l siY.e an<l shRpe and color should conforro1 to the 
peanut type usunlly ha ndled by shellecs in your area, and should he> of type dC' · 
sired by pe ... nut processors a.n<l the trade. 

The pod should be cylindr ical an<l strait, with slight waist bc•lw,,cn sccdr. , tond 
tough hulled-resistant to breakage in rough ltandlinr, . The pod's beak shoul o..! he 
shore and strong. 

Small wnis t pods and long slencler pods brcuk easiJ y in ha11<llinF. , allowing insects 
and disease to reach the R<?e<l, an<l 11lso results in excess of loosC' shcl l<'.cl l<r.r·· 
nelll . l'egs of lone; slel'lder pods break off eas Uy at junction with pod. 

In runners , the ratio of scc<l wi<lth to seed leni:th sho\ll rl <:onform to that of 
standard variaties. The so-called shoe peg shaped seed and roundish or =rblc 
shaped seed should be avoi<led, 

The peg should be of soud size, not dctcriorare easlly an<l should hold tightly to 
the pod and branch. 

A slightly dirty (fuzzy) a ppearanca of hull a ·t di~gin~ is ctcsir.ahle. Dirty huJ t 
appears to be associated wi th high yield o.( peanuts per plant · "' 

White mold da1Daged seed resul t$ from disease o f plant stem~ , $prea<ling to peanut 
hulls, and next to s eecl - while still in the soil. 

Breeding lines that l1ave seed damage concealed under the ir skins mu s t all be dis
carded on sight. 

Split-skin is an undesirGblc character of seed, that occurs ir> hybr J.tl 1 lnes. It 
appears to be recessive in inheritance and can be eliminated by selection plunt 
rO'Ws t hat do not show split skins. 

Spl it pod seen mostly in s mall-seeded lines is undesirable because sr.e<l are ex
posed to water and to disease in the soil, and to disease and insect damage in 
curinis and storage. This appears to be an inherited character and can be elim
inated by selecting plant rows that are free of it. 
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There is a pod defect in which the hull is of soft tissue, becomes water soakecl 
before harvest, disintegrates, and becomes diseased along with its seed. The 
peg on these same plants shows the same defect. Peanut lines showing thiS defect 
must be discardt!d in spite of their other good characters, 

The shelf-life of seed and seed products• or the time span between harvest and 
seed rancidity should b~oted for all favoratle lines that have high producing 
capacity. Long shelf-life shows an analysis, a lower iodine number and lower 
linolcic acid percentage. 

Selection based on chemical analyses might improve the protein and vitamin con
tent of the peanut kernel. 

A line of superior yielding capacity should produce a goo<l field stand of vigor
ous fast growing plants an<l maintain a cood stand of healthy plants U!' to harvest 
time .. 

The plant branching hahit that produces the highest yield of peanuts is the so
calle<i Virginia (or runner) type in which the si<le lir.lbs bear vegetative and 
fruitin!: branches in pairs alternately, or in other words two no<les bear vezeta
tive branches an<l two nodes hear fr-uiting branches alone the side limbs. No 
floweri:: are horne on the tert:iinal or center hr.anch. 

Selection for shorter 1ntcrno<les shoul<l he a profitable ohjective. An essential 
character for high yield per plant is a prolific pegging habit - in which fruit
int.; points carry three or more pegs for several joints away from the central 
l>ra1tch. 

t\dvantagcs of prolific pegging arc: (1) the crop of peanuts are set over a short 
period, (2) car 1 iness in maturity of crop, (3) less lose of peanut pods in the 
soil at harvest - because the ti;:ie lapse between first and last set pod l.s short, 
and (f1) a hil;h yield of peanuts. 

The ideal plant habit is a spreading bunch or sc1nirunner which holds branch ends 
ahove the soil. 

The terminal or ccntr11l branch of Virginia (or runner) type plants usually carry 
several shorter Utuas above the crop-bearinc ones. The top limbs make a good 
zround cover and retard loss of moisture fro111 the soil. 

])ranches should be small in diameter and non-woody. Extra large woody limbs make 
:i. heavy plant wl1ich is usually associated with a low yield of peanuts. 

liowever, strong plant linbs, and some naturq of hranchinr. "l1ich would hold most 
peanut pods ahove tl•e soi 1., when in the windrow, should improve seed quality. 

The nonprolific plant or one chat averages little over one peg per node produces 
relatively low yields of peanuts but large yields of hay. It does not respond in 
peanut yield to hir,h fertility and good culture. 

Lower yields per plant and usually per acre are produced by plants having the 
Spanish or Valencia branching habit ·• in >1hich side br<>nches send out ftui ting 
branches largely - or few vegetative branches. Plants of the Spanish-Valencia 
branching habit bear flowers, pegs, and pods on their terminal branch. 

()) Crosses ~d- Selection ~lctho<!,! 

(;rosses hecwcen productive unrelated varieties or lines having widely different 
characters have given best results. 

When intercrossing hybrid strains for the purpose of combining the good charac
ters of each, let the lines be unrelated - co the best of your knowledge. Un
relaL"d part:1tCs liave a l>"LL<::r chance of producing vigor anu high yield. Excep
tions arc knowu. 
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First generation plants from wide crosses can be detected by their pl<\nt chArac
ters. 'l:hey are vigorous. wide spreading with long branch internodes, and make 
thin ground cover. If parents are somewhat similar, their hybrid plants will 
show S014e characters corning from each parent. 

Some peanut strains have a very high potency in transmitting high yield to their 
descendants. Frequent use of any one such line as a parent should be avoided. 
Overuse could result in wide area plantings of one blood line a1\cl lead to area 
failure from a comn1on disease. 

Recessive characters, as dwarf al\<l albino :>!ants> show up in the second gcner;i
tion of wide crosses, 

Val"iegated leaf plants, a fon11 of maternal inherl t'1ncc, can be eliminated Ly 
pulling up such plants before harvest. 

\-lhitc 1nold disease of plants is inherited to some dei;ree. s.,1<'.ction can he r.ade 
to reduce its incidence. 

Resistance to seed disc,.i;c damage, visible and conce<•lcc.1, is inherited and <:;111 he 
isolated by selection. llybri<ls between Spanisl1 lllld Virginia jumho runner cyrcs 
make good matei-ial from which to select. Alt•ays select the hir,hest yielding line 
havin;; the least seed damage - when grown in the fielt.I in comµeciti"'n wHh a 
standard variety of higlo yield ant.I high see<l quality. 

Only single plant selections are rna<le jn ~ht· :>ccond ge.neration plant rows, hulk 
harvest of plant rows in later years - usually startine in the tliinl gcnt,rlltion, 
when pl11nt an<l se"d characters are fairly uniforn1, ar"' desir;iblc and producciot1 
is high. 

bulk seed lwrvest front superiCJr plant ro1>s are? grown in prcl i.l'li11ary per r ononnc.., 
test:> _,;,ere they arc compnred to standard vuriotic:; ln yiclc..i anc.J oclter d1.uactr.r.;. 

~lany :::ccond seneration plant rut•s cau l>e judgeJ :>y s.\ght to t,., inf cri or i '' ;d ;.,, r, 
po<l, or seecl characters. fiucl1 urc <l.i.,H:nr<leJ without further plant in!~, <>n c·11ti n· 
cross in Che third or fourth generations. 

The breeder should walk over 1.1s field weekly, carefully ohser.vinc; e;~cl. line as 
it develops fro1a sc.,dlin~ to mature plant, taldni.~ notes 011 variants ft·o~ the 
average in ir.1portant factors !Juel. as race of seedling euerr,E>ncc, fiel<l :"tand of 
plants, rate of :;-rowth, plant branchinr habit, nu111b"r of hr1111d1es, l.en;<tli of 
i:1tern0Jes, lengt11 of br.anchcs, c i1ece of flowering, fruiting habit, nu1;1bC?.r of pci;'; 
per no<.ie, tolerance to drought, and resistance to rlisc:1>;e. 

~.'hen tiakint: co1111Mriso11s of different peanut materials in tlic fi~lc..i or in the seed 
roo111, it is well that the plant breeder observ(?, and study che c::l1aracters of each 
row or seed s<1r.1plc until he can carry a picture of the•o,in his "ye. 

lhe usual heavy Jiscardinc of old lin('s calls for new crosses year I y :in<l u con
stant supply of new hybrid material:;. 

The reanut ureec.ier must have no 1aercy in discardi111;, hut lee lti~ :iu<l~"1cnt be 
based on knowledge. 

Charles l>arwin wrote as follows: "~Jot one n.an in " thousand has accuracy of eye 
and judgment sufficient to become an c111.Lne11c breeder. If gifted "itit these 
qualities and he studies his subject for years, and devotes his lifetit:1c to it 
with indomitable perse\fcrance, he will succeed, and may make ::reat il'lprovcm~n~s; 
if he wants any of these qualities, he will assuredly f<lil". (~('" the Origin of 
Species by Charles Dnrwin, (;hapter 1, subheading·--Principles of Selection 
Anciently l'ollowed, and Their Effects.) 
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POTENTIAL SOURCES OF RES! srAU::E TO PCO 'BREAKDCWN IN PEANIJTS 
by 

P. H. van Schaik, K. H. Garren, and D. M. Porter 
Southern Rcqion, A9ricultural Research Service, USDA 

Holland, Virginia 23391 

ABSTRACT 

Over a period of 3 years, a number of cultivars and breeding lines of 
peanuts were screened for resistance to pod breakdown. Although 
considerable variation occurr~d from y~ar to year, vari~tal rankin9s were 
quite consistent. Five cultivars, all having Spanish typ~s in their 
p~di9rees, exhibited low pod brP.akdown each year. They were 'Florunner', 
'Early Runner', 'Flori9iant', 'l\C 2', and 'NC 17'. ~Ace 344, an 
advanced brcedin9 linP. from thP North Carolina ExpPriment Station program, 
also showed good resistanc~. Susc~ptible cultivars included 'Va. Bunch 
46-2', 'Va. 56R', 'Va. 61R', 'Va. 72R', 'Va. Bunch 67', 'NC 5', and 
'Ga. 119-20'. 

Of 39 breedinq lines and plant introductions to?sted for two years six 
ranked among the 15 with lowest pod breakdown each year. 

These results su99P.st that qenetic sources of rPSistancr· to both organisms 
causing pod breakdown in pPanuts are available. 

I NfROOUCTI ON 

Pod breakdown. a rotting of fruits on oth~rwise hP.althy-appParinq peanut 
(Arachis hypoga'!a L.) plants is caused primarily by two organi!.ms, 
Pythium myriotylum Dr~chs. (1) and Rhizoctoni<i solani Kur-hn (.'l). It is an 
increasingly severe problP.m in peanut producing areas. Jn Virginia and 
North Carolina it is considered to be one of t~e most important far.tors 
limitin9 production. 

Overall, long term pP.anut crop losses in t~~ Virginia-Carolina ar~a duP to 
pod breakdown an, astimated to bP. about 15 to 20 perc,,nt. Conditions hav" 
been obSP.rved where pod breakdown in indivinual fir-lds was so suverc that 
harvest of tht' crop was not consickred worthwhile. 

The rot symptoms caused by these two primary organisms usually cannot be 
distinguished visually. Identification of th? specific causal orqanism 
requir-is making isolations from infcctr-d pods. Th" situation is further 
complicated by Sclerotium rolfsii Sacc., Fusarium spp. and other soil 
bornP. fungi though thP. pod-rot phase of som~ of th~sc organisms almost 
always is preceded by abOV!! 9rount! symptoms (2, :>). The Ca, Mg, a11d K 
cations from sulfates also influence the amount of pod breakdown (4). 
Other unpublished nata indicate that various ~nvironm~ntal factors and 
cultural practices such as temperature, humidity, rainfall, soil typP., 
organic matter (both total content in the soil and typ~), and fertility 
status may affect the amount of pod breakdown occurring. 

A varietal scree11in9 program was started at the fid~water Research 
Station in Holland, Virginia in \969 to dl)termin~ if diffl)rences in 
resistance to pod breakdown exist in peanut 9ermplasm. 

Sr.rel)ning for rcsi ~tance can be done under controll"d conditions, such 
as a greenhouse, where several variables can be eliminatPd and a plant's 
resistancl) to a sinqll) organism can be determinPd, or it can be? carried 
out under field conditions •1here all variables whir.h effect th<i expression 
of disease) symptoms arl) at work, For practical purposes field screening 
is considered to gi V<' more mPanin9ful rf!Sul ts as the int~racti ons b<'tween 
thP. organisms and with various environmP.ntal factors ar~ of considP.rable 
importance in the expr~ssion of th<> disP.ase symptoms. 
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This paper reports on the results of fiP.ld scre~ning of a numh~r of 
released and commonly grown peanut cultivars and brP.P.ding lin~s. 

MATERIALS AND METHODS 

In 1969 P.leven peanut cultivars were planted in a randomiz~d block 
~xperlment with 4 l'eplic<Jtions at the Tidewater ResP.arch Station in 
Holland, Virginia. Cultural practices were those usPd for production of 
good yields of high quality peanuts. No soil fungid<les or ncmaticides 
were used. In advanc<: of normal plot harvest four plant~ wr->re dug at 
random in each plot. After washing, th0. fruits wr->re pulled from th0 
plants by hand and counted. fhe pP.rcent of each sampl~ which show~d pod 
breakdown symptoms was determined. Isolations were made from random 
samples of rotted pods to determ)ne th<) most prevalent patho<y:n in the 
field in which th~ test was locatod. 

In 1970 and 1971 the samP. procedures w<Jre followed hut the tests wne 
enlarged to include additional cultiv.:Jrs and breeding linP.S. 

RESULTS AND OlSCUSSION 

Pod breakdown counts expressed in percent of total fruit produced are 
shown in Tabltl l. Poet br~akdown was least S<Nete> in 19"10. ln 1969 the 

Table l. Percent fruit with pod breakdown symptoms of 20 peanut 
cultivars and breedin9 lines, Holland, Virginia. 

1269 1970 19 fl 
Cultivar % Rank/ % Rank/ % Rank/ 
or Line _ l_l _ --2Q_ ~ 

Florunner 4.1 5 0.4 ? 6.4 l :> 
Early kunner 1.6 1 0.7 6 6.7 l7 
Horigiant 2.2 3 0.9 g 6.6 16 
NC Acc. 31'14 l • .q 2 J .8 13 6.3 l3 
NC 2 J.3 4 0.6 II 9.2 21'\ 
oc :> lLl 10 3.2 23 ?.2.3 ':>l 
oc 17 l .O 10 1.5 " Va. 56R 6.S 6 3.7 26 ?4.? 5? 
va. 61R 10.l 9 4.8 :n 10.2 34 
Va . 72R l l. 7 H 
Va. Bunch 46-2 7.3 7 5.5 36 10 .7 37 
Va. Bunch 67 9,1 8 2.1 20 10.B 3A 
Ga. 119-20 11.5 11 S.8 46 9,g 31 

PI 295214 0.3 1 6.1 l2 
Pl 341880 1.0 9 5,'( 10 
Pl 341884 0.9 7 '3. l 2 
PI ]41885 1.9 15 5.4 8 
PI 343394 0.7 5 4.7 5 
}-" 439-16-6 1.3 11 .3.0 

PI 343415 20.a 50 15.6 48 

Average all 
(lntries 6.3 4.6 9.2 

Range l.6-11.5 0,3-20.B 3 ,0-24 .2 

Ave. 

3.6 
3.0 
J.2 
3. j 
4,4 

12.2 
2.B 

11.6 
8.4 

11. 7 
·1. '3 
·1.6 

10.0 

~ .2 
3.4 
?.O 
1,7 
2.7 
?.. ?. 

lf"!.2 

6.7 
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predominant organism causing pod breakdown was f.· myriotylum while in 
1970 and 1971 B.• solani was isolated with greater frequency fran rotted 
pods. The stem rot organism, ~· rolfsii, greatly c<rnplicated the po<l 
breakdown situation in 1971. 

Though several organisms may contri butc to the pod breakdown syndrome 
and though considerable seasonal variation occurn~d, varietal differences 
in pod breakdown were consistent from year to year (Table l). The same 
five or six cultivars consistently exhibited the lowest percentage of 
pod breakdown. It is of interest to note that the r~sistant cultivars, 
'Florunncr', 'Early Runner', 'Flori giant', 'NC 2', and 'NC 17' all 
have Spanish types in their pedigrees. NG Ace 344, which also showed a 
high deqree of resistance is a North Carolina Experiment Station 
breeding line deriv~d from a cross of 'Ill:: Bunch' and a runner type 
introduction from Arqentina (Pl 121067), Highly susceptible cultivars 
w~re 'NC 5', 'Va. 56R', 'Va. 72R', and 'Ga. 119-20'. Int~rmediate in 
rc5istance ware 'Va. 61R', 'Va. Bunch 46-2', and 'Va. Bunch 67'. With 
the exception of 'NC 5', which has Improved Spanish in its pedigree, a 11 
of the highly susceptible cultivars and those rated intermediate in 
resistance arc Virginia genotypes (,&. hypogaea, subspecies hypogaea, 
variety hypoga~a), derived as selections from Virginia genotypos or as 
progeny selections from crosses among Vir9inia genotypes. 

Of 39 additional breeding lines and plant introductions in the 1970 and 
1971 tests six lines ranked among the l~ with 1(1,l(est pod breakdown in 
both years. Four of these (Pl 295214, PI 141880, PI 341A84, Pl 341885) 
were among those reported ( l) to be "moderate! y to highly resistant to 
the Pythium pod rot complex", one (PI 343394) was an apparent pod rot 
resistant sol~ction from a cross made in Israel; and one (F 439-16-6) 
was a selection out of the same cross from which the Florunner cultivar 
was derived. 

These data indicate that sources of resistance to pod rotting organisms 
<1re available. 

Althou9h these results appear to indicate a high degree of actual 
resistance to pod breakdown, only one of these tests (1971) produced 
pod breakdown as sever~ as is often encountered in farmers' fields with 
commonly grown cultivars such as 'Florigiant', 'NC 5', 'Va. 56R', and 
'Va. 61R'. The data therefore must be interpreted as being indicative 
of relative resistance among th~ cultivars and breedinq lines. 

An increased severity of pod breakdown is necessary to obtain a true 
separation of susceptible and resistant types. Porter and Garren 
(unpublished rlata) have found that high rat~s of cow manure applied to 
thP. soil just b~fore planting gave marked increases in peanut pod 
breakdown severity. This practice will be applied to future pod 
breakdown resistance studies. The common parental lines of thP. 
resistant cultivars, 'Small White Spanish' and 'Ga. 207' will also be 
included to study the degree and nature of the resistance as well as 
the n1od e of i nhP.ri tanc~. 
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CHEMICALS IN THE WINDROW FOR CONTROLLING 
APLATOXINS IN PEANU'l'S.!:/ 

by 
D. K. Bell and Ben Doupnik, Jr.l/ 

l'APER 

The efficacy of chemicals for controlling Aspergillus flavus Link and aflatoxin 
contamination of peanut kernels on windrowed plants in the field was examined for 
the second consecutive year. Cul ti var Starr (Spanish type) -reanuts were grown 
according to local recommended cultural practices. Plants were dug and inverted 
in the windrow 135 days after planting. Then, samples of pods were collected and 
assayed for background contamination with fl· flavus on high salt-malt agar and for 
aflatoxins s

1
, B , G1, and G2 by TLC and the aqueous acetone method similar to the 

methods previously described (1). Before plating, kernels were soaked J minutes in 
a 0.53% (w/v) solution of sodium hypochlorite. A. flavus was isolated from an 
average of 15.1% of freshly dug kernels, and tot;l aflatoxins averaged 8 pph in 
these samples. After sampling pods, approximately 6.4 11U11 of water was applied to 
the plot area by overhead irrigation. After irrigation, aqueous solutions or sus
pensions of 27 chemicals (Table 1) were applied to pods in eacb of four replicates/ 
treatment. Then, the plants were covered with Tri-Pli (T) white, opaque moisture 
barrier, which was sealed around the edges with moist soil. After 24 hours, the 
Tri-Pl! was removed, pods were inoculated with a dense aqueous spore suspension of 
an aflatoxin-producing strain of A· flavus (NRRL 2999), and the Tri-Pli was re
placed and sealed with moist soil. Both inoculated and noninoculated windrows 
treated with water only were maintained as controls. After incubating 6 days, 
samples were collected and kernels from each replicate were assayed for ~· flavus 
and aflatoxins as described for digging samples. 

Twenty treatments decreased and seven increased aflatoxins as compared to the 
controls (Table 1). Less than 20 rpb total aflatoxins were recovered from thirteen 
treatments and none was found in four. In several treatments, total aflatoxiqs 
were not positively correlated with degree of A· flavus infestation. AlconoxlT) 
treated pods had 53% of the kernels infested with the fungus and 4.2 ppb aflatoxins, 
and tin chloride tr~ated ones had 48.8% infested kernel~ vith 24.2 pph aflatoxins. 
With 4inc OmadinclTJ, 8-hydroxyquinoline sulfate, Borax~TJ, boric acid, propionic 
acid, 1% potassium azide, and malachite green treatments, aflatoxin recovery exceed
ed the extent of fungal infestation. This could be due to stimulation of aflatoxin 
accumulation and/or experimental error. 

Results of this test and a similar one conducted in 1970 indicated that aflatoxin 
contamination of wiqdtowed pea~~s can be substantially reduced hy chemical means. 
Manzate(TJ, Benlate\T}, Rotran , and secondary hutylamine treated pods had no 
detectable aflatoxins. A. flavus, however was recovered from kernels of these 
treatments. Apparently,-a{latoxin accumulation was prevented or nonaflatoxin
producing strains of !!• flavus were extant in the kernels. 

The moisture barrier might have created conditions around the peanut pods that 
would be the near-equivalent of a fumigation chamber and thereby possibly have 
given some of the applied chemicals a degree of effectiveness in surpressing 
aflatoxin development that could not be anticipated under natural conditions in a 
field windrow. Additional tests will be needed to resolve this question. 

Vines and pods treated with potassiUlll azide and propionic acid were discolored dark 
brown to black and had a pungent, offensive odor, Kernels from these treatments 
were normal colored and had only a slight off odor. 

18 



!/ Contribution of the University of Georgia College of Agriculture Experiment 
Stations, Coastal Plain Station, Tifton, Georgia 31794. Work supported in part by 
the Agricultural Research Service, u. S. Department of Agriculture through Grant No. 
12-14-100-9900(34), and administered by the Plant Science Research Division, 
Beltsville, Maryland 20705. 
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Table 1. Chemicals applied to peanut pods in the windrow and Aepergillus ~ 
and aflatoxins recovered from kernels of treated pods, 

Concentration/ 
Chemical liter of water 

Manzate 80D(T) (maneb) 12 g 

Benlate 50W(T) (benomyl) 5 g 

Ilotran 75w(T) (DCNA) 4 g 
Secondary butylamine 100 50 ml 
Bordeaux 8-8-100 23 g 

Alconox{T) 50 g 
Saccharin 100 40 g 

Dithane M45(T) (mancozeb) 12 g 
Copper sulfate 100 50 g 
Sulfanilamide 100 50 g 
Crystal violet 100 200 mg 
Potassium azide 100 20 g 

Nutonex Sulphur 94W(T) 50 g 

Difolatan 4F (T) (captafol) 20 ml 
Tin chloride 100 50 g 
Brilliant green 100 200 mg 
Gentian violet 100 200 mg 

Mertect 60w(T) {TBZ) 5 g 
Borax 100 10 g 
Boric acid 100 20 g 
Borax 100 20 g 
Malachite green 100 200 mg 
8-hydroxyquinoline sulfate 100 30 g 
Zinc Oruadine 48EC 7 ml 
Potassium azide 100 10 g 
Boric acid 100 10 g 
Propionic acid 100 50 ml 
Noninoculated control 0 
Inoculated control 0 
Background contamination 0 

8 Mean of four 100-kernel replicates. 

b Mean of four 25-g kernel samples, 

REFERENCE 

Kernels yielding 
Aspergillus Total 
flavus, % a aflatoxins , 

7.0 0 

2.5 0 

9.8 0 
12.3 0 
12 . 8 4 . 0 

53.0 4.2 
22.5 5.5 

5.5 8 .8 
12.3 9.2 

0 12.3 
2.0 14.2 
0.3 15 .0 

7.3 18.2 

6.0 22.8 
48. 8 24.2 
3.8 25 .0 
4.5 29 . 2 

2.5 32 . 6 
2.8 44.2 
0.8 45.9 
l.8 60.0 
3.5 62 .6 
1.0 66.7 

12.0 67.6 
0.8 77.6 
8.5 79.2 
4.0 90;0 

12.8 54.2 
24.3 57. 7 
15.l 8.0 

1. Bell, D. K. and B. Doupnik, Jr. 1971. Chemical treatlllent of peanuts 
in the windrow to control Aspergillus flavus and aflatoxins. J. 
Aro. Peanut Res. F.<luc. Assoc. 3:31-32. 
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PROTEINS FRct1 PEANUT CULTIVAllS (ARACHIS llYPOGAEA) GRO'llN IN 
DIFFERENT AREAS. V. BIOCHEMIC.AL OBSERVATIONS or~ ELECTROPHORE'l'IC 

PATTERNS OF PRCTEINS AND ENZYMl!;S 
by 

Robert L. Ory and John P. Cherry1 

Southern Marketing end rlutrition Research DI.vision 
Agricultural Re5earch Service, UoDA 

P. o. Box 19687 
~lew Orleans, Iouisiana 70179 

ABSTRACT &. P.APEP 

ABSTRACT 

This paper summarizes the characterization :>f t.otal proteins and selected 
enzymes (peroxidase, catalase, leucine aminopeptidase, esterDse, P.cid 
phosph9tase, alcohol dehydrogensse and INT-oxidase) of peanuts by poly
acrylamide and starch gel electrophoretic techniques. Approximetely 4oc eeeds 
from cultivars o! six Spanish and nine Virginia (three ltunner end six VirginiE< 
Market types) botanical types grown in one to four ~ifferent areas (Virginla, 
Georgia, Oklahoma, Texas) were indi viduall:y exa!n1ned and compared. 

Intravarietal protein p::lym:::>rphisu1 shown by gel patterns wac similar tor all nf 
the cul ti vars uiaking it diff'icul t to ilefine specific differences by electro
phoretic analyses. However, quantitative and qualitative variations rlid 
distinguish bet\.'een the same cultivars gro'm in different areas; e.g., Oklahoma· 
grown peanuts had less large molecular weight end more small tu:::>lecular weight 
proteins. These electrophoretic protein patterns differed from those of 
cultivars grown elsewhere. 

PAPBR 

H!TRODUCTION 

Gel electrophoretic analysis of seed proteins and enzymes has been an important 
techni<:rile for obtaining informati::in relsting cultivars or species :::>f plants. 
Such comperisons ~>f seed proteins have been obtained f:>r a laz·ge nurr.hei· nf 
species: cott:::>n (4,5,6,7), wheat (12,31), p::itatoee (14,15,??,3li), teen~ (17) 
and soybeons (17,:?0,:?l,?4). A year ego, we presented the first part of an 
extensive comparison by polyacrylamide disc gel electrophoresis of total 
proteins from nine different peanut cultivars including Spanish, ;iunner and 
Virginia Types grown in one to four different areas: Georgia, Virginia, Texas 
and Oklahoma (8). Oifferences in specific proteins such as the maj:>r storage 
globulins, arachin and conarachin, were further identified by immun::>electl'O
phoretic techniques (23). The goal of these investigations was to ectablish tile 
electrophoretic patterns of healthy peanuts fro1n conunercial cultiven; which could 
serve as "standard patterns" to which proteins from damaged, pr:::>cessed =>r mold
infected seeds might be compared ror induced changes. These studies also allowed 
us to determine the genetic I~lationships among peanut cu1tivars by a bio
chemical technique (8,9,10). 

l Hationsl Hesearch Council Postdoctoral Research Associote. Present Bddre8.s: 
Department of Biochemistry and Biophysics, Texas A&M University, College 
Station, Texas 77840 
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.Peroxi dase showed the 111ost intra- and interverietel isozyme variations for both 
developing end 1ll8t ure seeds grown in different areas; only five major bends of 
activity were consistently observed in all cultivare. Beterese, acid phos
phatase and leucine eminopeptidaee elso showed ieozyme poly111orphiem, but 
t o s lesser extent then for peroxidase. No detectable variations were observed 
for cetelese, alcohol dehydrogenase end INT-oxidaee. Tbese results indicate 
that although electrophoretic variations in bending patterns within end between 
cultivars exist, there is sufficient consistency to support the theory that 
these peanuts ere highly inbred with similar genetic backgrounds. 

Although peroxidase is most frequently employed in plant or seed studies es a 
biological indicator o!' externslly induced cll8ngee, the large amount of 1Sozyl!le 
poly~orphism found in these peanuts c:JUld make it di:fi'1.cult to interpret the 
tl:'Ue origin of induced changes in ex,perimentally treated peanuts. The six other 
enzymes examined produced much less electrophoretic variability end were 
selected to serve es alternate biochemical indicators of externally induced 
changes in peanut proteins. Since enzymes are proteins with e specific bio
chemical function in t he seeds, it is possible to employ these proteins es b10• 
chemical indicators of changes in plants due to external factors. For example, 
peroxidase isozyines have been frequently employed as indicators of disease 
resistance end/or susceptibility, or of plant injury (1,3,13,16,26-30,32) , and 
as a quality control indicator in earn procesBi.ng (16). Other enzymes have been 
employed in pl.ant studi es but to a leaser extent, e.g., acid phosphatase, 
eeterase, catalsae, leucine eminopeptidsae, alcohol dehydrogenase and most 
recently, INT-oxidose (iodophenyl-ni trophenyl-tetrazolium violet oXidese) 
(2,19,25 ,30). We have recently examined end characterized by both poly
ecrylemide and starch gel electrophoresis these same enzymes in peanuts to 
obtain "standard petterns" for compari son with respect to seed development, 
maturity end germination, genetic end environment relationships (9,10). 

The purpose of thi s paper is to review briefly the types ot electrophoretic 
petteros obtained f or total proteins end seven selected enzymes i n fifteen 
peanut cultivars, t o emphasize the nie jor variations in proteins of peanuts 
grown in different areas, their genetic relationships, end to discuss these 
"standard" isozyme patterns es potential biochemical indicetore of externally 
caused changes in electrophoretic patterns eucb es Aspergillus contamination, 
es will be described in the adjoining paper by Cherry et!!·• (11). 

Materials and Method.a 

The peanuts of different cultivsrs grown in four areas or t he United Ste tee 
were provided by W. K. Beiley {Virginie-grown) J. I. D!lvidson (Georgia), 
R. O. Halll!llons (Georgie), A. L. Harrison (Texas~ end J. S. Kirby (Oklahoma). 
Seeds of each cultivar were extracted individually for protein content end 
enzyme analyses es described by Cherry e t el., (8). Each seed was either 
deoiled by acetone extraction prior to protein aolubilization or directly 
macerated in but'fer with a mortar end pestle for enzyme analyses. The poly
ac17lemide disc gel electrophoretic tecbnique used was e combination of the 
roethods of Steward et el. , ( 28) and Cherry et al. , ( 4). Starch gel electro
phoresis was performed-Sa described by BrewbSker ,!!! al., (2). 

Fo1· cataleee, leucine eminopeptidase, acid phosphatase end al.cobol debydrogenese, 
freshly prepared supernatants were examined by starch gel electrophoresis end 
b1st ~heroically stained by the technique of Scandalios (25). IN!'-oxidese 
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activity was identified on the seme gels as the alcohol dehydrogenase, but as 
clear areas, while the latter enzyme appeared as dark blue bands on a pale 
blue background (20). For the esterese and peroxidase analyses, the extracts 
were first clarified by adding solid ammonium sulfate to 4o~ saturation and 
allowed to stand w1 th occasional shaking for 30 min, The samples were rentri
at 39, 000 g for 10 ruin and the clear supernatants dialyzed :::ivernight to remove 
excess salt. The dialybed samples were then subjected to polyacrylamide gel 
elctrophoresis and the gels examined for enzyme activities. 

The authors thank Jack J. Bergquist for his skillful photographing of the 
hundreds of electrophoretic gels required in these investigations. 

RESULTS AND DISCUSSION 

Gel Electrophoretic Patterns of Proteins. 

Figure l briefly reviews the results obtained on disc gel electrophoretic 
patterns of the total proteins from cul.tivars of Spanish, Runner, and 
Virginia-type peanuts grown in the four areas (Georgia, Oklahoma, Texas, end 
Virginia). However, Spanish-type peanuts grown only in Texas and Oklahoma were 
available for these studies. 

The consistency of the protein variations within and between these different 
cul ti vars nia<1e it some'Wbat difficult to clear l.y distinguish between then. !iiU1ply 
on the basis of their electrophoretic protein profile. Hnwever, minor 
qualitative end quantitative variations in the protein pstterns partially 
distinguished socae types grown in one geographic area compared to the sa1ce type 
grown in s different area (Figure 1). The most obvious of these Are shown in 
the upper half of the gels of Spanish type peanuts grown in Oklahoma compered 
to the sarue corresponding bands of peanuts grown in the nther three areas. 
Oklahoma-grown peanuts showed a larger number of minor pratein bends in the 
lower half of the gels compared to those grown in the other areas. Some of these 
minor bands were not even evident in the patterns of culttvars grown in the 
three other areas. In addition, region 0 to 4.0 cm in gels of Oklehnma-grmm 
peanuts contained a greater number of minor bands not cle11rly visible in the 
patterns of peanuts from the other areas. Whether this is due to a dissociaticn 
of some of the le rger storage proteins of Oklaho:na-gr:::iwn peanuts into o:;rJalle!' 
subunits or whether these are different types or group~ of proteins cannot be 
discerned by disc gel electrophoresis alone. In an earlier report (P3) immuno
electrophoretic analysis of the proteins in the region 1.0 to 2.5 cm showed that 
these bands consisted primarily of the high molecular weight storage globulins, 
arachin and conarachin. As will be described later, catalase and peroxidase 
activities are also lo~ated in this region. Thus, these two enzymeG may account 
for some of the obi;erve.ble minor banns in region 0 to 4. 0 ~U\ of Oklahoms-gro•.1n 
peanuts. The proteins in the lower half of the gels conGist mostly of en~ymes 
and other low molecular weight proteins. 

These gel electrophoretic protein patteras, therefore, indicate that we heve 
a technique which can be utilized to show that peanuts from one region way vary 
from those of the same cultivar grown in another region. They also show that 
Oklahoma-grown peanuts do not contain as much large iuoleculer './eight storage 
proteins as do peanuts grown in the other three states, but cont.'.Jin more of 
the low molecular weight proteins and/or en~ymes. Since we know very little 
about the growing conditions sod environment in the areas froD1 which the seeds 
used in these studies :had been grown, a precise explanation for the observed 
differences is difficult. Irrigation (or excess rainfall) can cause increases 
in the amount of protein normally present in mature peanuts (33). Our results 
indicate that environment may pley an important role io the difference 
observed. In Oklahoma, the temperature declines towards the end of the 
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Figure 1. Diagrams of disc gel electro
phoretic patterne of t~tal proteins of 
Spanish, Runner, end Virginia peanuts 
gro>m in Georgie, Oklahoma, Texes end 
Virginia. Abbreviations on right: SP, 
Spani sh; RU, Runner; VA, Virginia Types . 
Electrophoreai s of pr oteins was trora 
r ight to left {origin to 1 cm) . 

end of' the growi ng season and 
these cooler temperatures c::mld 
conceivably affect the specifi r. 
mechanisms regulating gene ex 
pression, es discussed i n our 
first paper (13). 

Electrophoretic Pstterns of 
Enzyutes 

Since enzymes are physiologi
cally important proteins in the 
development, 10etabolism, and 
germination of seeds, we also 
exe~ined seven enz;y1t1es which 
might be potentially useful as 
indicators of externall,y in
duced changes in peanut 
proteins, since they would also 
be present in t he extracts 
eltho\18h in 1nuch smeller quan
tities. Using chromogenic sub
strates specttic f or each 
enzyme, even small traces of 
activity can be readily detected. 

Peroxidase is probably the 
enzyme most widely used as a 
biochemical indicator of 
di:lease, cellular iojux·y, 
trauma, damage, i nfection, etc., 
io plants anu seeds (l, 3,13,16, 
18,26- 30, 32) . A diagralllBtic 
sketch of peroxidase i sozycie 
petternB for 1nature seeds of 
these diff erent .culti vare from 
the four areaa is shO'Jn in 
FiBure 2. Over 380 seeds were 
extracted individually and 
their peroxidene z.yw:>grems 
compared, producing 15 
different patterns . Figure 2 
shows onl,y those patterns ep!Jear
ing in the highest frequencies; 
gels 1 to 3 are Virginie-type 
peanuts end gels 4 to 5 ere 
Spanish and nunner types . Gel 1 
was preeent in the highest 
f"requency, 24 .7i; with others 

d.ecreesio.g in order, respectively: 20 . 3~. 18.5%, 9.1%, flnd 5 - 7~. Eends land~ 
of Figure 2 both contained one major band at the origin, one at 0.1 cm and 
three bands at 3.0 to 4.o cm. The presence or absence of a minor bend at l.O cm 
was typical of most of these zymograms. Other variations from these five major 
patterns were all minor in either qual i ty or in the intensity of certa in bands 
already present. 
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Figure 2. Photographs of major disc gel electro
phoretic patterns of peroxidase iaozymes in 
mature peaouts from different areas. Gels 1-3, 
Virginia-type peanuts; gels 4-5, Spanish and 
Runner typeG. These 5 patterns compri~e 78% of 
the 15 different ones observed for all varieties 
analyzed aa described in text. 

H-:iwever, if per-:ixidase activities of very immature, premature, or germinating 
seeds were examined and compared by gel electrophoresis, as many as twenty
three different patterns were found ( 9). Much intrevarietal hozyme poly
wo1·phism was also observed in seeds :>f a single cultivar grown in one area. 
These differencec in mature seeds, plus the added variations found 1n develop
ing or germinating seeds made 1 t rather difficult to establish a "standard" 
peroxidase isozyme pattern for healthy peanuts to which diseased or damaged 
peanuts might be compared.. The interpretation of such results based sole;ly on 
electrophoretic patterns can often be affected by a lack of knowledge of the 
precise stage of maturity o.f the seeds being analyzed. This p1·oblem is 
generally averted for sa~ples obtained from large lots of peanuts by carefully 
selecting only seeds of uniform size and quality and examining as lll8ny 
individual seeds as possible in order to develop the best possible analysis 
of intra- and intervar1etal protein polymorphism. 

Because of the many variations found in peroxidase patterns, six other enzyi11es 
were examined either by starch gel or by disc gel electropboretic techniques 
to serve as alternate biochemical indicators of changes in these peanut proteins, 
if needed. Of these enzymes, esterase activity (Figure 3) showed only four 
different patterns with gel patterns (a) appearing in 21~ of the seeds 
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Figure 3. Photograph of major disc gel 
electrophoretic patterns of esterase iso:z.ymee 
in mature peanuts from different areas. Gel 
patterns (a) end (b) comprized 93~ of the 4 
observed for all varieties, regardless of 
areas where grown. 
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examined and pattern (b) 
in 721'. Like peroxidase, 
however, esterase activity 
in the developing and 
germinating peanut aeede 
produced 13 different 
1so:z.yme patterns (10). 

Acid phosphatase and 
leucine aminopeptidase 
(LAP) also showed some 
differences in isozyme 
patterns. Figure 4 shows 
an actual photograph 
of a starch gel electro
phoresis pattern of acid 
phosphatase activity in 
various peanut cultivars. 
Tll'o patterns observed in 
highest frequency of 
the six different patterns 
were found in 87'1> of the 
peanuts examined. One 
pattern c~prised only 
9i of the total while the 
other occurred in 78~ of 
the seeds exsn ined. 
Although variations were 
noted in the isozymes 
of both esterase and acid 
phe&phatase, the high 
frequencies of the 
esterase pattern in gels 
a (Figure 3) and the major 
acid phoephatase pattern 
(78i frequency} suggests 
that these two enzymes 
may be useful as bio-
c hem1cal indicatore of 
seed maturity, disease, 
injury, or other types of 
externally caused damage. 

LAP, examined by starch gel electrophoresis, seemed to show on1'Y two basic 
pet terns differing only by the presence of a minor band at l. 0 cm in li6'1> of 
the seeds examined (Figure 5) which was absent in all of the other gels. 
Only one peanut of the 384 examined lacked the band at 3.8 cm. 

This is illustrated in Figure 5, which shows five major band.a that were con
eistent1'v" present in all of the peanut cultivars examined. These reeults 
suggested that LAP might also be a potentially useful enzyme as an indicator 
of induced changes in peanut proteins. 

The most consistent patterns, however, were shD'Wn by the enzymes catalase, 
alcohol dehydrogenaee, and Itn'-oxidase. As seen in the starch gel patterns 
of cataleses in Figure 6, two major bands ere present in all of the peanut 
cultivars, regardless of the areas where they were grown. Alcohol 
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Figure 4. Phntozraph of typical stsrch gel electrophoretic 
isozyrne patterns of' acid phosphatase activity in mature 
peanuts from different areas. Two patterns appeared in 
87% of the seeds examined. 

dehydrogenase and INT-oxidsse activity also show Juet two isozymes, though in 
smaller quantities than those o:f the catalases, Thes< tbree enzymes showed 
no qualitative and little or no quantitative variations in their patterns for 
all of the cultivara examined from the different growing areas and, in 
addition, these same two isozyn1e bands were present in developing and ge11111nat
ing seeda. This consistent simplicity in the zymograms of catalaGe, alcohol 
dehydrogenase, and INT-oxidase suggested tbese three enzymes as potentially 
promising indicators of induced changes in peanut proteins; any alteration 
from this "standard pattern" could be readily detected. 
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Figure 5. Pbotograpb of t ypical starch gel electropboret1c 
i s ozyme petterns of l eucine a~inopeptidase activity 1n 
ma t ure peanut seeds f r om dif1'ereot areas. Two patterns 
only appeared in all of t lte seeds examined (46% end ~4i 
respectively). 

In SUIDllUlry, these studies on heal thy c ultivers of Spanish, Virginia, and 
Runne r peanuts grown in four areas (Virginia, Georgia, Texas, and Oklehrnna) 
sugges t: 

l. The l arge nU111ber of isozyme pet t erns for peroxidase activity would probably 
make any induced changes in these patterns di fficnlt to interpret. 

2. Althouab iaozyme patterns r or esterase end acid phosphatase act i vi ties 
i n developing and genninati ng peanuts sh:JWed numerous differences , most of 
t heae va riations were oot found in mature seeds. In fact , for eatera ses 
t wo isooyroe patterns occur red i n 9~ of the seeds examined and f or acid 
phosphatase activity, two patt erne appeared in about 87~ ~ the seeds. This 
indicates s potential usefulness for t hese enzymes as biochemical i ndicators 
of changes in peanut protein patte rns . In addition, they might be m~re 
important es indicators of seed maturity. 
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Figure 6. Phot :,grsphs of starch 
gel electrophoretic patterns of 
cut~lase , alcohul dehydrogenase, 
and INT-oxidase isozymes in peanuts 
frmn different areas. .Abbreviati :ms: 
CAT, c:o talasa; .Al.lH, al cohol dehydro
e;enA::ie ; INT, INT-oxidase . Cata lase 
uct1 v1 ty p_~ttern in all seeds; es 
dsa<:ri bed in Material s and Methods, 
ADK appeors a s dark blue b8nds and 
INT as clear bands on the same gels; 
uotb s how sa1oe patterns 1n till seeds. 

3. The most promising 
enzymes for studies such as 
t h:>Se proposed here appear 
t o be LAP, catalase, alcohol 
dehydrogenA&e , and INT
axidRse. While LAP did show 
some quantitative differences 
in developing and germinating 
seeds, the mature peanuts 
showed only two basic 
patterns. The other three 
en~ymes showed only one 
pattern of two bands each f or 
all cultivara exami ned, 
regardless of the areas 
where grown. This suggests 
that these 1sozyme patterns 
under normal srowing con
ditions remain constant and 
are not influe nced by peanut 
cultivar differences or by 
environmentol conditions in 
the different groving areas. 
Therefore , ony changes in 
these "standard patterns'' 
found upon examination o:f' 
muld-ini'ected or damaged 
peanuts c::.·..il<.l be interpreted 
as· changes ~eused by some 
type of extl!'rnal factor!;. 
Such changes induced by 
Aspergjllus contamination 
will be described in the 
following paper by Cherry , 
~al .• (ll). 
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PROTEINS FROM PEANUT CULTIVARS (ARACms HYPOGAEA) GROWN IN 
DIFFERENT ARE.AS. VI. CHANGES INWCED IN GEL ELECTROPHORETIC 

PATTERNS BY ASPERGILLUS CONTAMINATION 
by 
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ABSTRACT AND PAPER 

ABSTRACT 

Gel electrophoretic stu61es vere employed to develop "standard" gel patterns 
of total proteins end enzymes from crude extre~ts of individual seeds of R 

commercial peanut cultivar (Aracbis !1f.Eogaee L.subep. b,ypogaea var. bypogeea; 
Virginia market type; Virginia 5GR) for use in comparative biochewi~al 
investigations. Chengee in these "standard" patterns due to growth 01.' a 
veakly pathogenic or saprophytic organism, AsP!rgillus perasiticus, on the 
peaouts were easily detected. Within two to three days at'ter inocula.ti:m of 
peanuts with the :fungus, large molecular veight proteins in the upper half 
of the gels rapidly decreased. At the same time, many new, small molecular 
weight proteins appeared in the lower half of the gels. After five days of 
fungal devel~pment (sporuletion), most of the smell molecular weight proteins 
were diff1c11lt to detect 1n the electropboretic patterns. Simultaneously 
with these changes in the total protein patterns, new end more complex 
zymogrems were observed for several enzymes compared to their "standard" 
patterns. Examination of these same enzymes in the fungal tissue collected 
from the external surfaces of peanuts, or grown separately in Czapek'a 
solution, indicated that most of the new isoe11:z.yr•1es in contaminated seed 
extracts were derived from the invading mold. The implications of these 
changes from tbe "stElndard" protein and enzyme patterns of peanuts and their 
relation to the development of ~· parasiticus on these seeds ai·e discussed. 

INTRODUCTION 

Closely coinciding with the development of certain species of the genus 
Aspergillus in seed or forage foodstuffs is the production of e group of 

mycotoxlns known collectively as aflatoxins (9). There have been n\llllerous 
investigations on the biochemical end physiological effects of eflatoxins on 
animal systems, but significantly fewer studies of the effects of the fungi 
or the toxins on plants. It would seem that more attempts would be made to 
elucidate the biochemical changes induced in peanuts by Aspergillus species 
so that genetic or agronomic techniques could be developed to alter the 
growing conditions or possibly to create a resistant peanut cultivar. 

y Postdoct::iral Research Associate of the National Re.search Council. 
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Increased ribonucl eic acid, protein and dry ~eight changes i n plant tissues 
have been correlated vith either disease resist ance or susceptibility aud 
symptom response to fungal i nfection ( 5). Poly a cry lami de and starch gel 
electrophoret1c techniques have been videly used to i nvestigate qualitati ve 
and quantitative alterat ions in proteins, cn:>.yrnes, and metabolites or hoet
pethogen interactions, relating these changes to biochemical and genetic 
mechanisms (1, 7, 10-12, lit, 16-¥)). 

These electrophoresis techni ques are extremely usetul although son~ controversy 
has arisen uoncerning interpretatione of the data. For exa111ple, the a l terations 
in the gel. patterns might be due to~ (l) art i facts of the extract ton procedures, 
( 2 ) responses by the plant to infection, (3) differences in the ontogenic stage 
of the ~Lant or pathogen tissue under investigation, (4) environment al con
ditions present <lu-ring the hoatpathogen interaction, and/or (5 ) induction of 
bi ochemical or genetic changes in the plant by the pathogen, or vice versa. 

Gel electrophoretic patterns of the total prot eins and seven enzymes (esterase , 
peroxidase, catelsse, l eucine ami nopeptidase, acid phosphatase, nn'-oxidase aod 
al cohol dehydrogenase) in normal mature Vir ginia 56R peanuts have been presented 
in a previous psper (15), along with the gel patterns from various other culti
vare gro~ in di fferent locations. Other pepers of this series included exami 
nations of the proteins e nd enzyinee i n immature, mature and gerrniMt ing peanuts 
(3, 4, 6) . Intraver ietal genetic polymorphism and variations due to d ifferent 
environmerrte in the areas where these cul tivare "Were gro'Wn were also eva l uated, 
The patterns for catalaee, lencioe sminopept idase, alcohol dehydrogenase and 
INT-oxidese i aozymes developed ear~ in the peanut, remained constant through 
matur i ty and at least 24 hours germination, and showed no intra - and inter
variet al variability regardless of the envi ronmental conditions in the areas 
wliere grO\ln, Conversely, total proteins, esterase, acid phosphatase end 
peroxidase patterns in early developing and germinating peanuts could be 
di stinguished from predom.ant and mature seeds and showed much variation withi n 
and between cul tiwars and between the areas where grown (3,4,6,15). 

These extensive characterizations of protei ns and enzymes hom different 
cult ivsrs of healthy seeds "standardized" the techniques (i.e . , preparat ion of 
i;eed extracts, e l ectrophoret.ic techniques, etc , ) to be used and provided 
patterns which could be used for conrpar1son to t hose of individual seeds con
taminated with f1: paraeiticus. 

The purpose of this report is t o describe the use of polyscry l.8mide and star ch 
ge l e l ectrophoresis for detecting changes from "standard" patterns of t otal 
proteins end. se ven enzymes from healthy individual seeds of a peanut cultivar, 
Virginia 56R, a~er contamination by Aspergillus parasiticus, 

Materials and Methods 

Testae-freo eeeds of Aracbia hypo~aea L. aubep. bypogaea var. hyposaea 
(Virginia market type : Virgi~a 5 R) were incubated for two, three and f i ve 
days in the presence of ~· parasiticue Speare {KRRL A-16, 462). This str ai n 
pr oduces high amounts of aflatoxins Bi. and G1 end some ~ end G • For each 
experiment, the mold "Was grown et 30 C for 7 days on potato de~rose agar 
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plates from which a suspension containing 4.5 to T.6 x 106 spores per 1nl was 
made in sterile 0.05% Tween-20. Individual peanuts, although not surface 
sterilized, were handled aseptically and 1nunersed completely for a few seconds 
in the suspension of eporee. The inoculated peam1ts Yere then placed in a 
moist chanber in an incubator at 30 C for the required incubation i;el'iod. 
Control seeds were similarly treated, oniitting the spo!'es in the Twecm-20 
solution. Some of the contaminated seeds were analyzed for aflatoxins, con
firining that the toxins had indeen been produced. 

The proteins and seven enzymes (pe!'oxidase, esterase, cetalaee, leucine 
aminopeptidase, acid phosphatase, INT-oxidaee end alcohol dchydrogenase) from 
individual contaminated seeds (with and without removal of visible mycelial 
growth from the seed surface) and the corrtrol seeds were extracted, separated 
by polyacrylainide or starch gel electrophoresis and steinecl by the techniques 
described by Ory and Cherr.v (15). M.vcelial Erno. spore tissue of~· parasiticue 
gently removed from the surface of the peanuts or from a sporing culture o.f 
the fungus grown in Czapek's solution (mineral salts plus sucrose) at 30°c 
were also examined. The enttre fungal tissue was grOW1t1 in buffer, centrifuged 
and the clear s•l)°lernatent enalyzed for protein and em.y1oe patterns hy the same 
gel electrophoretic techniques. 

Results and Discussion 

The grose morphologic development of ll· parasiticus on Virginia 56H peanuts is 
shown in Figure L In most cases the entire seed was uniforrnly covere<I with e 

white fuzzy Mycellal 
gro1.th wit.hin two days 
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Fig. L Virginia 56R peanuts contaminated with 
A. parasiticus for two, three and five days. 
Included la a cross section of a peanut con
taminated for five days. Untreated control is 
in the center. 

three and five days afte.r. 
inoculation, mycellal and 
spore develorimerrt through -
out the peanut was very 
profuse; especially in tte 
er-hr.yo region (see cross 
section of e peanut after 
five days). ln an earlier 
study by electron micro
scopy, Lee et el. (13), 
showed that the hyphae of 
A. flavus could cenetI'ete 
deePIYTrlto peanuts on 
which jt was growing. 



Chavges in the total protein patterns resulting :from the contamination were 
analyzed by disc gel electrophoresis and are illustrated in Figure 2, 

a c 
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Fig. 2. RepreeentatiY"e polyacrylamide gel electrophoretic 
patterns of total proteins i'rom extracts of individual 
Virginie 56R peanuts and ti• E!rasiticua at two (A), three 
(B) end five (C) days af'ter inoculation. Description of 
gels: a. Uninoculsted l1hole seed. 

b, Inoculated whole seed with (first) or ... ithout 
(second) fWlgal mycelial tissue on the surf'ace 
of the seed; the two gels repi·esent the quali
tative and quantitative variations between in
oculated seeds. 
c, Fungus growth removed from the surface of 
the seed, 
d. Culture-grown fungus. 

Within t>10 to three days after inoculation of' peanuts with !· parasiticus, the 
major bands {dark staining), or large molecular weight proteins, in region 0.5 
to 2.0 cm of the electrophoretic gels decreased rapidly or became diffuse com
pared to those of untreated seeds during this same period of contamination 
(Figure 2A, B; compare both gels of b to a, respectively). Simultaneously, 
many ne>1 and Sl\\!lller molecular weight proteins appeared in the lo>1er half' of 
the gels {regions 3.0 to 7,0 cm, gels b). Continued quelitativ e end quanti
tative changes in region 0.5 to 3.0 cm occurred during the advanced stages of 
fungal developP1ent at five days (Figure 2C; compare gels of b to a). Also, 
moat of the small molecular >1eight proteins in region 3.0 to 7 .0 cm were becoming 
difficult to detect (Figure 2C; compare gels of b to a). Examination of the 
protein patterns in fimgal tissue collected froui the external surfaces of peanuts 
at daye t'~o, three and five (Figure 2A, Band C, gels c; respectively), o:r gro>1n 
on Czapek's solution (Figure 2C; gel d), clearly identified the bands in con
taminated seed extracts belonging to or having similar mobilities to the mold 
proteins. Bagley et al., (2) followed the changes in protein bodies of germina
ting peanuts cause~bY-proteolytic degradation of arachin stored within• These 
changes required two weeks to reach the eeme stage of proteolysis observed in 
two to five days after Aspergillue contamination. This rapid and complete 
destruction of the proteins in only two to five days indicates that the pro
teolytic system(s) of ~· E!rasiticus must be more potent than that in the 
germinating peanut. 
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The isozyme patterns of esterase, peroxidaee,catalase, l.eucine aminopeptidase, 
acid phosphatase, alcohol dehydrogenaee and Il'IT-oxidase of peanut extracts 
after contam1.aation by !• parasiticus for two, three and five days showed 
major qualitative and quantitative changes when compared to the zymogra1ns of 
uninoculated seeds, 

Two days a:fter inoculation of the peanuts, the esterase zymograrue showed in
creased activity in region 4,0 and 4,6 cm and new isozymes appeared in region 
6.0 to 7,0 cm (Figure 3D; compare gels band c to a at two, three and five days; 

l~!o 
~. 

- + - + ~ ;. 1,1,1.1·i···i1·t·····r1·•·&1 ·1·1·1···•·1· 
(,ft'IT • i 1 7 ~_,2 1 7 • S 3 2 1 0 

Fig. 3. Representative po;Lyacryl.amide gel electro
phoretic isozyroe patterns of esterase (D) and 
peroxidase (E) f:rom extracts of individual peanuts 
and ~· parasiticus at two (A), three (B) and five 
(C) days after inoculation. Description of gels: 
a. Uninoculated whole seed. 
b. Inoculated whole seed plus visible fungal 

growth. 

111ymograms of' A, B and c, 
respectively). These 
changes were similar for 
peanut extracts prepared 
with (gels u) or without 
(gels c) observable fungal 
tissue on the seed. surfaces. 
All of' the isozyme changes, 
as well as several other 
bands in zymograrns of seed 
extracts, could be closely 
coI"related •>ith similar 
regions of esterase 
activity in the iso~yme 
patterns of fungal tissue 
(comps re gels d and e to 
b and c <luring these same 
periods), The greatest 
changes noted in peroxi
dase activities after 
fungal contamination were 
quantitative (Figure 3E; 
compare region 0.5 to 2,0 
cm of gela b and c to a; 
A, Band C, respectively). 
Also, new isozymes 

c. Inoculated whole 
fungal gro;rth. 

seed after removal of visible appeared in region 4,5 

d. Fungus growth removed from the surface of the 
and 6.6 cm. As sh0>•n for 
esterase, these peroxidase 
changes for contaminated seed, 

e. Culture-grown 
lated with isozymes 
and e to b and c~. 

fungus. peanuts could be corre-

observed in tissue extracts of the fungus ( coU1pare ge le d 

During this same period, five new catalaee isozyines (regions 4.2, 3.2, 2.0, O. 7 
and 0.5 cm) gradually appeared in all of the zymograms of inoculated peanut 
extracts (Figure 4D; compare gels b and c to a; A, B, and c, respectively). 
Some quantitative diffe-:rences were observed two and three days after inoculation 
(regions 2.0 and 3.0 cm) in zymograms of seed extracts prepared with (gels b) 
and without (gels c) visible fungal growth on the surfaces of the peanuts 
{Figure 4D; A, B. respectively). 
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Fig. 11. Reoresentative star<:h gel electrophoretic 
jso?.yme patterns of catal.ase (D), leucine amino
pe!f\;idsse (E), INT-oxidase (F), acid pllosphatase 
( G) and alcohol dehydroe;enase (II) from extracts of 
·indlvjd.ual peanuts ano A. parasiticus at two (A), 
three (B) and five (c) days af'ter inoculation. 
Description of gels: 
a. Uninoculated whole seed. 
b. Inoculated whole seed plus visible fungal 

growth. 
e. Inoculated '~hole seed a~er re·:ioval of 

visible fungal growth. 
d. Fu~us grO\~th removed fro:n the su:d·ace of 

the seed. 
e. Culture-grown fungus. 

In the zymograms of in
oculated seeds, t\Jo leucine 
aminopeptidase isozymes 
were observed in region 
!i,O to 5.0 cm (Flgw-e IJE, 
gels a); whereas, contami
nated peanuts contained 
one large band in this simie 
area (Figure 4E: compare 
eels b and c to a; A, B 
and C, respectively). This 
band was not observed in 
extracts of fungal tissue 
(Fi,ure 4E; gels d and e). 
A band in region 3,3 cin 
appeared in the isozyme 
patterns of all seed and 
fungal tissue extracts 
(Figure 4Ff compare gels 
a to d). Five days after 
inoculation, one new 
i eozyine (region '.i. 5 cm) 
gradual~y appeared in the 
preparations of bath 
fungal and contaminated 
aced extracts (Figure l1E; 
compare gels b, c and d 
to a). As observed with 
leucinc aminoQeptidase, 
four ne·., isozymes of Il\1'.P
oxhlase (ree;ion 3.5, l,!1, 
o.8 and 0.5 cm), gradually 
a9pea:red in zymograms of 
both fungal and inoeulated 
l')eanut extracts (Figure 
liF; compare b, c, d and c 
to a: A, Band c, res· 
pectivcly). Acid lJhOspha
tase and alcohol deh:ydro
genase activity could not 
be clearly disting11ished 
in fungal or contaminated 

peanut extracts (Figure 4G and H, respectively); 
decressed in the control seed extracts. 

alcohol dehydrogenase activity 

Many of the esterase bands in m:yceliel tissue from the surfaces of peanuts 1'ere 
weaker than those from extracts of mold g:ro~m on Czapek's solution (Figure JD; 
comi>a:re Bela d and e at five days, c). No dif~erences in the isozyme patterns 
of catalase and Tifr-oxidase were noteo bct.,een these two extracts (Figure Jin 
and F, res?ectively; compare gels d and e in C). However, qualitative and 
quantitative differences in the peroxidase and leucine a1ninopeptidase isozymes 
t>ere observed in fungal tissue fro!n the surfaces of peanuts compared to that of 
mold grO¥Jn on Czapek's solution (Figures 3E and !1E; compare gels d and e in C). 



Theee variations in ieozyme patterne of f ungal tissue collected fror.i t hP. two 
sources (i.e., peanut or Czapek' s solution) rney be elaborated by the GIOld 
during develop.-nent under different conditions, or mey be due t o differences in 
the extraction of' these iaozyrnes by our procedures. 

Because theae experimental conditions are extreme, having en e xcessive nunber 
of spores in the inoculum used., they e:re not typical of conditions normally 
observed in contamination during co:nrr.erc1al ato-r:age. However, these result s 
do indicate thet changes induced in rrroteins and enzymes by the presence of 
A· paraeiticus on peanuts occur rapidly and urlifol·mly and should be :readily 
detectable by gel electrophoretfr Lecl.niques . 

I t is clearly evident f'roro this preliminary study that s1gn1Cicant changes in 
proteins and enzymes are induced in peanuts by contamination with fl. <Jaresi ticus . 
The basis f'or these changes and their tull Bi6nificance will uepend lereely 
upon the acquisition of more detailed Imowledge of thei r subce llular rl.istrlbution 
and the precise nature of' the host-interaction, At this point, we know that the 
invading saprophyte r apidly converts the seed storage :r.aterials into nutriP.nte 
needed for its own deve lopment, because the gels shaw: (1) a ra~id breakdown of 
the large molecular weight peanut globulins to their subunit structu-res, allO (2 ) 
qualitative end quantitative changes in isozymes involving hyd1·01,ysi s of ester 
linkages (esteraaes, acid phosphatases), hormonal interaction end oxidation of 
organic substrates with hydrogen peroxide (peroxidoses), decomposition of toxic 
hydrogen peroxide (catalases), proteolytic act i vity (1eucine a•ninope!Jti<lases), 
end oxidation of alcohols end other organic compounds (a lcohol dehydrogenesee, 
IN'l'·oxidases) . In addition, it seems that most of the peanut i sozymea (cx1:ent 
alcohol dehydrogensse and acid phosphatase) r·cmsin ecti ve during thi.s inver.L.on 
by !!_. parasiticus and may conce; vably be used by the orgenis11 to function in 
its behalf . Thus, in order to atop such on interaction and nossibl.y create 
resistance in peanuts, it 1!18Y be neceaaery to try and alter ronditions in the 
aced in such a way that one or more of these new i sozy:ces of !l..· parasiticus 
cannot function properly . This may be !)OS Bible onl.y through cont t"Olled genetic 
breeding studie s. 

In conclusion, Farber (8) sums up the necessity fo:r hasic b1oche1nice.l resea rch 
on host-pathogen interactions which can lead to ways of removing these eMirou
merrtal hazards from 1111w: "Although the complete story has yet to be told. at;out 
t he cellular reaction pattern of any env1roruoentsl he:z.ercl., the date revi.c\lecl 
today are sufficiently encouraging to we-r:rant the prediction that the exnai:cled 
study i n depth of the molecular pathology of' selected environu;cntal eger1ts ··.ay 
l ead to a new end exciting insight into the i nt erplay bet-ween man end his 
envir onment, and may well lead to riew and better ways to insure t he <na inte1>once 
of health and the success of man i n hie continual struggle with the hszar<ls in 
hie envirorunent." 
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ABSTRAC"T' & PAl'ER 

ABSTRACT 

The lesser cornstalk borer, Rlasmupalpus lignosellus (Zeller), is a sporadic damal\ing pest of peanuts in 
Georgia. Observations over a three year pe1iocl revealed seven different types of damage ca11sed by !his 
insect lo the peanul plant. The most important economic damage was due to peg and pod fcedinJ\. 
Two control tests conducted in 1968 and 1969 showed thal the insect could be L'011trolled and yielcls 
significantly increased using granular parathion and Diaz.inon. 

PAPER 

The adult of lhe le"-er comslalk borer, Elasmvpalp11s lignosellus (Zeller), is'' small moth of the family 
Phycitidac, sub-family Phycitinae. ll is distributed throughout the Wcstcm Hemisphere, from 
Southern United States to Argentina and Chile (Luginbill and Ainslie, 1917). The lesser cornstalk 
borer attacks 62 host plants representing 14 families (Stone, 1968). During the lasl eight years the 
authors have observed the insect damaging com, grain sorghum, millet, small grains, bean, pea.,, 
soybeans, and peanuts in Southern Georgia. The damage has ranged from slight lo complete 
destruction of entire plantings. The larva is a semi-subterranean feeder, usually attacking a seedling 
plant at, or just below the soil surface, boring into the stem and feeding upward arnl downward frorn 
the entrance hole. The result is a severe slunling or death of !lie you1111 plant. The peanut plant is 
ust1ally attacked after it is past the seedling stage and death is the exception ra(her lhan the rule. ll is 
generally agreed that the lesser cornstalk borer is, at times, a serious pest of peanuts in the 
Southeastern Peanu( Belt. Damaging populations have been sporadic, and have normally been 
associated with sandy soils, during periods of hot, dry weather. Chemical control in\l'cstigations, 
carried out annually since 194\1 have consistently shown no increase in peanul yield (Leuck and 
Morgan, 1969). 

In assisting county agents with peanul insect problems across the Georgia Peanut Belt, a constant vigil 
was maintained for lesser cornstalk borer infested peanuts. Observations were made in approximately 
l 40 fields in 1968, I IO fields in 1969 and 90 fields in 1970. When horer infestations were found, 
observations and pictures were made to show the type.' of damage caused by the borer, and in some 
cases efforts were made to estimate populations. Entire plants w0rc dissected periodically to observe 
the internal injury. 

Of the 14-0 fields of peanuts checked for insect problems in 1968, 68 were found to he infested lo some 
extent by the lesser cornstalk borer. Only in 16 of these was the infestalion such that heavy damage 
was obvious, and in only 6 was there an -active, heavy larval population at the time the tield was 
inspected. In every instance, hot, dry weather conditions were associated with lhe damaging 
infostations. 

1 From Ph.D. dissertation submitted to Oepartment of Entomology and Economic Zoology, Clemson 
University, Clemson, Soulh C'.arolina. 
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ln 1969, 25 of the 110 fields in~ected were infested by the lesser comstall< boTer. Only 8 of the fields 
had moderate to heavy infestations. Seven of the heavily infested fields were located in the Western 
part of Miller County an<l the Eastern part of Seminole County, an area which had an exknded dry 
period. 

Ninety peanut fields were inspected for insect damage in 1970 and none wa8 found to have what was 
considered to be a damaging infcsta tion of the les.,er cornstalk borer. This was a year of above normal 
rainfall, and a recortl average State yiel<l of peanuts of 2220 lb. per acre was produced. 

Observations during these three summers have revealed the following types of damage to the peanut 
plant hy the lesser comstalk borer: 

1 . Leaf-feeding especially on leaves that arc in contact with the surface of the soil. 

2. Feeding on the epidermis of branches and at times !Ceding into the cortex and pith of branches, 
hypocotyl and epicotyl without tunneling. 

3. Tunnelini; inside of branches and occasionally the hypocoty 1 and epicotyl. 

4. Peg feeding as the pegs extend to the surface of the soil from the branch 11odcs. 

S. Pod feeding beneath the soil surface. 

Silken tubes, or webbing, covered with soil particles and excrement are usually associated with the 
lesser .:ornstalk horer. The damage to pegs and pods was considered to be of greatest economic 
significance. 

Three control tests were conducted on natunllly occuning populations of les~-er cornstalk borers. F.ach 
lesl was arranged in a randomi7.ed complete hlock design. Treatments included 2 lbs. of actual 
parathion, 2 lbs. of actual Diaz.inon, both applied in a band over the row a' granules, and an untreated 
check. Granules were applied u~ing a grnvity llow granule applicator equipped with a granule spreader 
raised about one foot abtwe the plants. This equipment gave a band of granules about 16-18 in.:hes 
wide on the surface of the soil, centered on each row. 

A significant yield increase was obtained in two of lhe lesls. Table I presents an average of the two 
tests in which a significant yield in~Tea~e was obtained. Yield differences in the third test were not 
significant. 

At the time this test wa~ begun, the plants in the field had already been badly damaged by borers ;ind 
a tremendous number of moths was present. 011ly a few larvae were found. Following treatment, the 
field was never again under moisture stress and apparently a damaging population of borers did not 
develop. 

Tahle I. 

Treatments 

Parathion 
Oia:1.inon 
Check 

Average per acre peanut yield, sound mature kernels and percent tlarnagcd pod8 following 
treatment with two granulaT insecticides to control the lesser cornstalk borer in Georgia 
in 1968 and 1969. 

Lb. A.I. % !Jam. % Per Acre 
Formulations Per Acre Pods SMK Yield {lb.) 

10%C 2.0 16.2 65.5 2307 
14%G 2.0 22.7 65.0 2083 

32.4 63.5 1586 

LITERATURE CITED 

Leuck, D. B. and L. W. Morgan. 1969. (,1lemical control of the lesser cornstalk borer in peanut fields. 
USDA Spedal Rept. X-290. 

Luginbill, P. and G. G. Ainslie. I 917. The lesser cornstalk borer. USDA Entomol. Bull. 539 . 

Stone, K. J. 1968. Reproductive biology of the lesser cornstalk borer, (Elasmopa/pus /ignosellu~ 
(Zeller) (Lcpidopll:ra: l'hycitidae). Unpublished Doctoral dissertation, The University of 
Florida. 

42 



CONTROL OF TKE GRANULATE CUTWORM, FELTIA 
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ABSTRACT AND PAP.ER 

MS'l'KAC'r 

The granulate cutworm ~cltia subterranea (F.) is one of the major pests of 
pc.~nut foliage in Georgia. Methocls :ind materials used in studying control 
111easures wi 11 be discussed. The in sec tic ides used wei:e formula tee! as l>.~i ts, 
spr.~ys, dusts and granules. A rcvic.r of the literature has been made in this 
study. Trichlorfon in hait formulation is the primary material recommended 
for use on peanuts against this insect at this time. 

PAPER 

INTROOUCTION 

The granulate cutworm Feltia subterranea (F.), in the larval stages, damnges 
peanuts in Georgia l>y fcccling on the foli:ige, uS\t<>lly at night. Recommendat
ions for control of this i.nsect infesting peanuts in Geor)!lia h.we hccn made 
since 1955, McGill et. al. (1955). 

The female o( chis species oviposi cs on the lc:ives of peanuts near the 
periphery of the plant. The eggs are deposi te<l singly or j.n smaU groups 
on the leaf surfaces. Shortly after hatch;ng, the larvae go to the soil sur
face beneath the plants, where they feed on vegetative matter, usually the 
lc.~ves which h;1ve hccn shed by the plant or those which are in contact with 
the soil. At souietime during the period between mid-June and mid-July, the 
cutworm larvae crawl up the plants at night, and when inf es t:itions are heavy 
damage is severe. For aclcli tion:il observations on the biology of this insect 
in relation to peanuts, see Morgan and French (1971). 

The range of the granulate cutworm has been discusaecl hy lH lcy (1885) and 
Crumb (1929), :ind its importance ns a pest of cultivated crops was noted at 
le.~st 120 years ago {Gu~nM and Boisdnval (1852)). 

The life history of this insect. h:is hccn clcscrihcd in detail by several 
entomologis ta, notably French (1882) and Crumb (1929). 

PRO GED URE: 

Individual experiments were arranged itt randomizecl complete blocks, replicated 
3 times in 1966 and 4 times in 1967, 1968, and 1969. Plots were 4 rows x 40 
feet long (npprox. 1/100 acre). All these tests were superiioposed on exi.sti.n[I 
populations of cutworms in farmer-ownccl fielcls, und yields were not ohtainabl~. 

All spray materials were applied with a knapsack sprayer, using a 3x nozzle ancl 
40 psi, at .~ r:itc of 3 gul/ucre finished formulation. A hand-operated duster 
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was used for upplying the toxaphene-DDT dust. Baits and granules wore weighed 
for each individual row, placed in small paper bags, and applied by hand. 
This method was used for speed o( application and to confino application error 
to t he 1 row involved. All insecticides were applied i n the afternoon, and 
counts were made 24 hr l ater by measuring a randomly selected 10-ft length of 
the plot, and counting live and desd larvae found from row center to row center 
in the middle alley of the plot. 

DISCUSSION 

Investigati.ona have been conducted since 1966 at Tifton, Ceorg in in order to 
determine the feasibility of chemical control of this insect in peanut fields. 
These studies have included formulations applied as baits, sprays and granules. 

Although in these experiments several insecticides have given at least 90% 
control of the granulate cutworm infestations in peanut fields, Tricblorfon 
is the only chemical, in bait formulation, currently being reconmended. The 
recent introduction of pesticides in sprayable Corm for peanut foli age disease 
control has stimulated an interest in insecticide spray formulations which may 
be used in combination wittt t he disease-controlling chemicals . 

Experimental procedures used and results obtained in these stud ies are dis
cussed in detail by Morgan and French (1971). 
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ABSTRACT 

Labeled and candidate insecticides were fie ld tested from 1968 through 1971. 
Small plots (12 ft . X 20 ft.) were utillzed and standard agronomic practi ces for 
the production of lai:ge-seeded, Virginia-type pean\lts were fo llowed except for 
the insecticide variable, In 1968, selected sites with histories of rootworm 
infe stations i llustrated t hat carbofuran@ 3.0 lb Al/sere a pplied as an 8-in. 
band at planting was statistica l ly equal in effectiveness with split-combination 
(planting + pegging) treatments of disulfoton + diazinon, phorate + diazinon, or 
spli t applications of carbofuran . The preplant application of carbofuran , how
ever, was inferior to the split-combination treatlllents of phorate + Dyfonate or 
diau lfoton + Dyfona te, Yields from plots treated with split applications of car
bofuran and split-combinations of phorate + Dyfonate or disulfoton + Dyfonate 
averaged 630 pounds/acre above the untreated controls , I n other tests, injury as 
high as 483 resulted in yiel d decreases of 1074 l b/acre. Parathion treatments i n 
aOLOe tests had significantly more injury than untreated controls and effects on 
yield were proportional. Aldrin failed to control the cyclodiene-resistant root~ 
worms although it had not bcon used in the area for 10 years. 

In 1969 car bofnran as a split treatment , a nd pegging treatments of carbofuran, 
Mocap, and diazinon reduced rootworm injur y by 61%. Plots treated with carbofuran, 
Oyfonate, Bux, Mocap and phorate had yiel ds significantly higher than yields from 
pl ots treated with split applications {early & delayed pegging) of parathion. 

Low infestation in 1970 resu lted in many i nstances whei:e yields from un
treated controls wore superior t o treated plots . However, at selected si tes with 
htstories of rootworm problems, t he effective materials significantly r cd\tted 
i njury. 

In 1971 , s tandar d chemica ls continued to be effective, and new material, 
SN316, gave promisi ng results at low rates of treatment. 

INTRODUCTION 

From about 1948 to 1958, the southern corn rooL'WOnR, Diabrotica undecim
punctata howardi Berber, was effectivel y conttolled in Virginia with ~ecti• 
cides, aldrin, dieldrin, and heptachlor. These materials were extremely effec
tive when applied as dusts, sprays, granules, or in fcrti lizer mixtui:ea. Because 
of their efficacy and broad useage, the southei:n corn rootworm had been i:~legated 
frOU\ a major problem to a nuisance pest status. However, in 1958, in the Cypress 
Chapel area of Nansemond County, Virginia, applications of a ldr in and heptachlor 
fai l ed to give control on about 200 acres of peanuts. The apparent sudden resis 
tance was coupled with resurgent populations of the peat, and numerous i nstances 
of complete crop failure due co r ooeworm were reported. Populations of t he cyclo• 
diene-resistant roo tworms spread quickly, and the entire peanut belt of Virginia 
wa s affected by 1961. 

Boush ~ al. (1963) and :Boush and Alexander (1964) repor t ed results of 
s creening new insec t icides in Virginia . Their investigations led to the es t ablish• 
ment of acceptable control measures employ ing diazinon granu lar insectictde applied 
as an ea"'-ly, pegging-time, band t reatment over the i:ow. Subsequently, phorate, 
Oasanitl!Y (0,0-diethyl 0-p·(methylaulfinyl) phenyl phosphorothioate), Dyfonate tID 
(S· (p-chloroi>hcnyl) 0-ethyl ethancphosphonodithioate), and pa rathion have been 
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regi stered, labeled and recOtmllended f or use in control of root:worms in Virginia 
(Robe r ts and Smith 1972). Parat hion formulations later proved to have insuffi
cient residual effectiveness and recommendations were withdrawn. 

Evaluations of fie ld trials fr oai 1965 through 1967 with selected insecticid~ 
were r eported by Smith (1971). Several candidate insecticides includ i ng La.Jl.drinl.!9 
(4 :1 mixture of 3, 4, 5 and 2, 3, S triwethylpheny l uie thyl carbamate), Bux'-!9 
(4 : l roixture of m• (l•methylbutyl) phenyl methylcarbamate and m- (1-ethylpropyl) -
phenyl methylcarbamate) and carbofuran (Furadan) appeared particularly promising 
for roo tworm control. 

This pape:i: reports continued field trials with candida te insecticides with 
v arious application procedures employed from 1968 through 1971. 

METllODS AND MATERIALS 

Candidate soil insecticides were applied in 1968-1970 with a Gandy® Mod . 
901-2 granular applicator precalibratcd t o deliver t he desired quantity o f each 
insec tic ide . In 1971, in-furrow t r eatments were a pplied with the Gandy applica
t or, but pegging-time applications were made with Ezee Flow C!9 granu l a r applicators 
mounted on a garden-type trac ror. In-furrow applications were incorporated with 
a garden- t ype rotary tiller pr ior to planting, subsequently their placement was 
equivalent to an 8-inch band t r eatment at planting. Pegging- tillle treatments were 
applied as 14-inch bands over the center of the i:ow, and these treatments were 
incorporated by a shallow cultivation unless vine growth was excessive and pegging 
was a t an advanced stage. Insecticide s used in these studies were: sldicarl!, 
al<lrin, carbofuran, diazinon, disulfoton, methomyl, parathion, phorate , Bux® 
(m·(ethylpropyl) phenyl metJ»'l carbamate mixture (1-4) with m-('JUethylbutyl) phenyl 
methylcarbamatc), Dyfonate ® (O·ethyl S·pbenyl ethylphosphonodithioate), Fisons 
NC 6897 {2,2, dimethyl -1-3-benzodivxol-4-yl-N-methyl csrbamate), Landrin ® (3,4,5-
trimethylphenyl methylcsrbamate , 75%; 2, 3, S•trimethylphenyl mcthylcarbamate, 
18'7.), Mocap® (0-echyl S ,S-dipropyl phosphorodithioate), and Baygon R (2, 3 ,0-iso
propoxyphenyl metholocarbama t c ). Except -..i\ere further noted in t h e text, no con
trol measu r es wer e d irected to tobacco thrips, Frank liniella fus c a (Hinda), or 
potato leafhopper, Empoasca fabse (Harr is). Other standard r~nded practices 
for I.he culture of Virginia-type peanuts were followed. 

Except for 1 test located a t Holland in 1968, the soil t ypes were classified 
as Bertie fine sandy loam and loa my fine sand (Aquic Hapludaults; fine loamy, 
mixed, thc ruiic). These sites were somewhat poorly drained and had a history of 
roo tworin infestations. 

Cultivars grown included Va . 
Plot size of 12 ft width (4-36 in 
blocks was standard in a 11 tests . 
replicates was used. 

56R, Va. 61R, Florigiant , and Va . Bunch 46-2. 
r ow9) aml 20 ft length and 5 ft a lleys between 

Randomized complete block design with 4 or 5 

Chcuncal efficacy was detennined by h and digging 2 p l ants from e ach of the 
2 cenccr rows of each plot. The fTu it f r om the 4 planes f ormed a composite sample 
which was separated into mature and i.uimature fruit based on pod texture and seed 
coat color, then these categories were further separated into sound and damaged 
fr ui t . Damaged fruit were defined as those showing larval feeding damage irrespec~ 
tive of the degree of damage. Percent damaged fruit was calculated from these 
ohservations. Percentages were transformed using Arc Sin transformation and 
analyzed by the Duncan's Multiple Range test. Evaluations on efficacy were con
ducted between the second and third week in September each year. 

Yields were determined by digging plots with a commercial digger and stacking 
vines by plots for field curing. Peanuts were later harveste d by plots with a 
stationa ry picker, weighed a nd sa~ples were taken for detennination of grade 
fac tors . 



RESULTS AND DISCUSSION 

Thrips and Rootworm Test 

Carbofuran (@ 3.0 lb AI/acre) as a planting time application was statisti
c ally equal in rootworm control with split applications of phorate or disulfoton 
for control of thrips and roo twonns (Table l). The single planting application 
of carbofuran was somewhat les s effective than applications of phora t e or disul
foton for thr i ps followed by applications of diazinon at pegging for i:ootworms, 
although they wer e in the same statistical grouping . The combination treatments 
including phorate or disulfoton at planting followed by Dyfonate at pegging were 
the wost effective . All treatments which included diazinon or Dyfonate st pegging 
were significantly superior to the untreated controls. There were no statis tical 
differences in yiold, although spli t applications of carbofuran and lhc combina
tion treatments wi th Dyfonate had yields that averaged 630 pounds higher than ' 
untreated controls. All tr eatments except the COll'lbination of disulfo t on at 
planting plus diuinon at pegging had a highor (not signi ficant the 5% lev el of 
probability) percent SMK than the untreated controls. 

Rootworm Control Tests 

A su11l!llary of test results in which only southern corn roo tworma were con
t .r olled is presented in Table 2 (Efficacy) and Table 3 (Grade and Yield effects) . 
Many chemicals tested during t he period 1968- 1971 are not listed. Only those 
materials which were included in more than one tes t or during more than one year 
are discussed. Further , only data from tests with statist'l.cally signifi.cant (5% 
level of probability) differences are presented. 

Carbofuran@ l.O, 2.0, and 3 . 0 lb AI/acre, Mocap (~ 2.0, Dyfonate @ 2.0, dia 
dnon @ 2 ,S and phorate @ 2 .O lb AI/acre have been consistentl y effective in 
rootworm control during several years at sever al sites with histories of rootworm 
problems. The percentage of injured pods presented in Table 2 reflects daU111ge 
to both immature and mature pods and is not fully representative of the satisfac
tory results which a commercial grower would receive. Many of the illl(!lature pods 
would not have been marketable irrespective of LnJury. The re latively high 
percentage of injury likewise does not re fleet Che degree of injury, and oiany 
pods classified as injured contained perfect l y sound s eeds. 

Rootworm control by parathion has proven generally unsatisfactory in Virginia. 
High infestations and lack of residual effectiveness arc believed responsible for 
the failure of this chemical, since laboratory studies have revealed no resis tance 
to this insecticide. 

It was thought that perhaps root"7orms might have r egained n dcgTco of suscep
tibility t o a l drin since thal insecti cide had not been used for better than ten 
years, Data from several tests demons t rated that the abOll'e was not the case , and 
the degree of damage in aldrin- treated plots was equal t o or worse than in 
uncreaced plots. 

Few promising candidate insecticides arc presently being develop(•.d as soil 
insecticides for southern corn roo tworm control. The high cost of development. 
together with t he extreme difficulty of gaining EPA registrar.ion for pesticidal 
chemica l s s eems to be generally discouraging most proprietary compani.('S. One 
promising exception to the above has been Noram's SN316. This chemical ohowed 
promising results :I.a 1971 tests s t two sites and appeared co have the advantage 
of being ~·ore effec tive at low than high ra tes of application . 

Efficacy data do not always reflect the true value of a rootworm insect icide, 
Ultimately, the yields and grades which resull from treatments must justify their 
application . Wi th few exceptions, carbofuran, Mocap, Dyfonate, diazinon, Dasanit 
(no data shown) and phorate have significantly improved grades and yield (Table 3). 
Upon occassion, carbofuran has i ncreased yield above that which might be expected 
from rootworm control. We havo a paper (in press ) which indicates t his yie ld 
increase is probably due to additional nematic ldal e.ffect. 

The lack or rootworm control by parathion and a l drin was also expressed in 
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reduced yields and lower SM!i:. In 50% of the tests yields from parathion and 
aldrin-treated plots were lower than in untreated controls. This pheno~enon 
is s0111ewhat difficult to explain, but often occurs. It h likely a result of 
lack of efficacy against the target species, but the chemical results in the 
elemination of antagonists (competitors or predators). 

In summary, presently labeled and recOU1111ended insecticides continue to be 
effective in rootwonn control. Several insecticides representing another class 
of chemicals have had extensive field testing and appear promising should 
resistance occur to the presently-used Vlaterials. 

Table l. Grade, yield, and '7. injury of peanut fruite treated with granular 
insecticides at planting and pegging, Holland, 1968. 

Treatment 

Cat"bofuran lOG 

Disulfoton IOG 

Phorate lOG 

@3.0* 

@1.0+2 .o 

@l.0+2 .o 

Disulfoton lOG + Diazinon 14G 
@l.0+2.5 

Phoratc lOG + Diazinon 14G 
@l.Ot-2 .5 

Carbofuran lOG @0.5+2.0 

Ph orate l()(}t-Dyfonate LOG 
@1.0+2.0 

Disulfoton LOG + Dyfonatc lOG 
@l.o+2 .o 

Untreated 

% InjuTed Podsll 

Holland Test - 1968 

15.9abc 

25.lab 

l4.2abcd 

5.4 cde 

9.4 cde 

9.4 cde 

4.1 de 

2.2 e 

29.6a 

* Application at planting-time only. 

Yield/acre lb. 

60.3 bed 2958 

63.8 d 2795 

61.8 bed 2650 

56.Sab 2650 

61.8 bed 2777 

61.0 bed 3122 

61.0 bed 3086 

59.8 bed 3140 

57 .Oabc 2487 

!I Means not followed by the same letters are significantly different at the 5% 
level of probability. 
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Table 2 . Southern corn rootworm injury to peanut fruits treated with granular insecticides at pegging-time. ~ 
Several Virginia locations, 1968 -1971. 

7. Injured Pods - Year and Location of Test.!? 
1968 1968 1969 1970 

1968 Chucka- Cypress 1969 Chuclta- Cypress 1971 
Treat111ent - formulation and rate Holland tuck chaed Holland tuck Cha2el Holland 

Carbofuran lOG @l.0 2.6a 3 .8a- d 

Carbofuran lOG @2.0 5 .5.ibc 13. 9abc 12 .la 16. 3bc 3.3a l.Oa 3. Dabe 

Carbofuran lOG @3.0 4.4ab 5 .4a 

Mocap lOG @2.0 8 .6abc 18.Sabc 14.4a ll. lab 3.la 3 .lab 

Dyfonate lOG @2.0 7.6abc 14,6abc 16 .4ab 4.3a l.6a 

Dyfonat:e l5G @1.5 7 .Sabc 33,Sbc 

Diazinon 14G @2 .5 7 .2abc 4 .Za ll .6a 9 .6a 6 .0ab 5 . 7abc 3 .sa-d 

Phorate l OG @2 . 0 l l.Sabcd 14,7abc 18 . Lab S.2a S. 6ab 

Parathion lOG @2.5 50.4g 16,2abc 29.lb 12. 7c 9.8bcd 

Landrin lOG @2.o 8,Bab 57 . Sc 

Aldrin lOG @2.0 31.Sbc 18.0c 

Untreated Control 27.6de f 39.3c 47.9c 20.Sc 17 .2c 19.7d 10.Sd 

!/ Means not followed by t he sa111e letters are sig>ti ficantly different at the 5% l evel of probability. 



Table 3, Grade factore and yield of peanute treated with granular insecticides for southern corn rootworm control. 
Several Virginia Locations, 1968-1971, 

Year and Test Location 

1968 1968 1968 1969 1971 
Chemical-formulation & rate Rolland Chuckatuck C:i::eress Cha11el Chuc kB.tuck Holland 

SMK!/ Yield SMK Yield SMK lliM. SMK TI.tlc! SMK Tu.!!! 
Carbofuran lOG @1.0 66.4a 373la 62.8 3567 

Carbofuran lOG @2,0 65.6abc 3739a 60,2ab 2977ab 57 .Ba 299la 67.3a 2977ab 64.3 3267 

Carbofuran lOG @3.0 67.6a 3630ab 

Mocap lOG @2.0 64.2b 3612ab 55.6abcd 2795abc 56,3a 2875a 65.7abc 2777abcd 

Dyfonate lOG @2.0 64.2bc 3630ab 59.Sabc 3067ab 53.5ab 2744ab 65.0abcd 259Scde 

Dyfonate 15G @1.5 63.2bcd 3703a 60.2ab 3013ab 

Diazinon 14G @2.S 63.0bcd 3812a 60.Sa 3176a 55.7ab 2744ab 64.8abcd 2686bcde 64.3 3539 

Phorate lOG @2.0 59.6efg 3067cde 54.Sbcd 2759abc 51.2b 2614abc 66.Sab 303la 

Parathion lOG @2.5 54.2ij 2305f 58.6abc 2977ab 45.0c 2309bcd 65. 9abc 2523de 

Landrin lOG @2.0 59.Babc 2922ab 45.8c 2207cd 

Aldrin lOG @2.0 58.4abc 2413c 62.2d 2650cde 

Untreated control 57.0ghi 2813de 45.Se 234lc 42.0c 1917d 63.7bcd 2704abcde 62.5 3231 

}) Means not followed by the same letters are significantly different at the 53 level of probability. e 
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Effect of Leafspot Control on the hrgiuine Maturity Index of Peanuts 

Clyde T. Young , Sam R. Cecil , and Donald Tl. Smith 
University of Georgia, Georgia Station, 

Experiment, Georgia 30212 

LN1RODUCTION 

Effective control of peanut leafspot diseases is necessary for maximum 
productivity of peanuts. At present, leafspot control is obtained with selected 
fungicidal sprays and dusts (Jackson and llell, 1969). Control of leafspot 
appears to delay maturity, while a lack of control tends to has ten it . Therefore, 
the optimum harvest date for a given variety is often influenced by the degree 
of l eaf spot disease control. With the increasing interest in the production of 
high quality peanuts, it is becoming important for peanut growers to harvest 
peanuts at the proper time in order to ob ta in maximum yield and quality . An 
improved method for measuring the !Ullturity of peanuts has heen sought for some 
time. 

flolley and Young (1963} reported tha t the amount of carotenoid pigments was 
associated with the level of peanut maturity . Because of interference by com
ponents unrelated to maturity, no quantitative interpretations were developed , 
Emery et al. (1966) used a pigmentation method to determine the mnturity level 

of farmei='s-Stock peanuts and found it to be relatively effec tive . Later Perry 
(1971) discontinued the attempted adaptation ot" this method at the farm level 
because ot" the lack of predictability of the year co year differences an<l their 
effect on changes in maturity values. 

Newell (1967) and Mason et al. (1969) reported a large decrease in arginine 
content of Spanish peanuts with advancing maturity. Young and Mason (1972) 
conducted an investigation to evaluate the usefulness of arginine content as 
n measure of maturity of peanuts and fout1d it to be reliable under held 
cooditions. 'llle method has been adapted to automated analytical equipment (Young 
1972) . 

The purpose of this inves tigntion was to determine the effect of various 
foliar fungicides used for control o[ Cercospora leafspot on peanut maturity as 
measured by free arginine content. 

EXl'P-RIMENTAL 

Agronomic Practices 

Argentine peanuts, a Spanish type, were planted at Plains, Georgia using a 
seeding race of 120 pounds per acre on 40 ft beds with 4 close-rows per bed. 
'l'be beds were arranged in randomized blocks with 4 replicates per t reatment 
within each tes t. Herbicides and i .nsecticides were applied as needed for satis
f sctory control. 'I'he peanuts were haivested at 118 days after planting (Table 
1) or as specified in Table 2 . In another test at Tifton, Georgia, l"lorunner 
peanu~s were planted according to a split plot- -randomized blocks with 5 
treatments (see Table 3), 6 repl icattot1a and 3 harvest dates fo r each treatment. 
The peanuts were harvested at ten-day i ntervals at 112, 122 and 132 days after 
planting . 

Sample Preparation 

The unshelled samples were plseed at 0°P to prevent insect infestation. 
Upon removal, they were washed in a weak Calgon solution to remove dirt , then 
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rinsed in tap water, dried overnight at 80°F to remove excess water and shelled 
with a Federal State lnspection Service Sheller. Shelling, grading, sound mature 
kernels (S~!K), processing, taste panel and other chemical data were obtained. 
Samples were collected for chemical analyses and free arginine was determined 
immediately. 

Determination of Arginine Maturity Index (AMI) 

Arginine was measured by using an automation (Young, 1972) of the Sakaguchi 
reaction as reported by Young and Mason (1972). The metho<l consisted of gri.nd :l.ng 
20 b'lll of SMK peanuts (based on screen size as stated by the Federal-State 
Inspection Service grading instructions) in 200 ml of trichloroaceti.c acid 
solution for 30 seconds, then filtering, and analyzing the filtrate for free 
arginine. The optical density of the filtrate was <letermined with a Spectronie 
20 colorimeter, at a wavelength of 520 nm with the OD X 100 bel.ng designated as 
the arginine maturity index (AMI). 

RESULTS AND DJSCUSSTON 

Table 1 shows the arginine maturity index (AMT) values for peanuts from the 
1971 peanut leafspot fungicide tests, in which the fungici<les were applied us:i.ng 
the meteorological schedule as recolfllllended by Jensen and Royle (1966), or usin~ 
14 or 21 day intervals. The AMT. data for each test has been arranged from lowest 
(more mature) to highest (least mature) within Che two groupjngs of these data. 
Table 2 sho<oTs the AMT of peanuts obt<lined from the digr;ing dates test at Plains 
also using Argentine peanuts. 'fhe results of tbe digging dates test at Tifton 
are shown in Table 3. 

With the maturity index, as measured by free arginine content (AMT), values 
belo"' 30 were indicative of mature kernels, '~hile values above 35 represented 
immature kernels. Present data also indicate that there is relatively little 
variability in this maturity measurement among most pesnui.: varl.eties. However, 
some varieties, notably those of the Runner type, have a tendency to m<lture 
unevenly, resulting in somewhat higher arginine maturity index values. 

It has been observed chat proper drying at temperatures not cKC(•eding 95°F, 
and proper control of temperature and moisture at relatively low levelii i.n 
storage tend to result in moderate reduction in arginine values. Thus, properly 
cured and stored peanuts harvested at variable maturity or slightly i.nmlature roay 
exhibit arginine values comparable with those of a more uniformly mature lot. 
which has been improperly handled. Investigations of. the influence of such 
variations on storage and product stability, as well as definite association of 
various levels of arginine with cured peanut quality, are bein~ continued, 

The initial examination of the data in Table 1 indicated unmeasured vari
ability associated with experimental design, This was thought to be the result 
of the 14 and 21 day tests being on land planted to peanuts the previous year. 
Since the peanuts in the meteorological test were crown on land not in peanuts the 
previous year and the leafspot was less severe in the meteorological test, the 
data were divided and treated statistically. 

The mean value for AMI in the meteorological study was 37 .25 ~1ith a pooled 
standard deviation of ·.±5.32 for rep locations, while the 14-day and 21-day 
applications section averaged 34.92, wiCh a replication deviation of ±1).04. 
In each of these tests, most of the rep variation was caused by a single 
treatment. This is indicative of results that might be eKpected at the farm 
level. In a related experiment, differences such as these <4ere often associated 
with other diseases such as pod rot and white mold. A more careful obeerv<ltion 
of these factors appears necessary in future tests. In the meteorological test, 
the valnes for Benlate were significantly higher than those for Kylar and Copper 
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Table 1. Arginine maturity index (AMl) of Argentine peanuts (SMK) from 
meteorological, 14 day and 21 day leafspot control tests 

at Plains, Georgia, 1971 

Treat111ent 

Hetcorological l : 

Kylar2 

Cu-S + Kyler 
Cu-S dust 
F\mgi-Spcrse S- Z 
Control 
Bravo 7SW 
Benlate SOW 
mean 

14 day and 21 day3: 

Benlate SOW + Kylar 
Bravo 7SW + Kylar 
Control* 
Control 
Benlate SOW + 011 
BAS-3201-F* 
mean 

AMI 

30.0a 
35.0ab 
36 .Sabc 
36 .8abc 
39 .0bc 
39.3bc 
44. Jc 
37.25 

30 .Sa 
30 .Sa 
32.0a 
33.0a 
:n .aab 
43.5b 
34.92 

Standard 
Deviation 

2.9S 
1.83 
2. 89 
2.88 
2.31 
2.37 

12.58 
S.32 

0 .58 
0 .50 
1.83 
1.42 
0.96 

14.55 
6. 04 

l.rt.tRing of. fungicide applications based on temperature and relative 
humidity conditions (Jensen and Boyle, 1966). 

2Kylar , a growth regulator, was applied only twice, alone or to fungi
cide tes t peanut s as shown. 

3Fungicides applied at intervals of 14 days (with *) or 21 days . 

sulfur dust. 1'he mean for Kylar (30 .O) was significantly lower than both Bravo 
(39. 3) and Benlatc (44.3). A smaller but significant and similar obsarvation 
was observed on preliminary studies Cr om 1970 samples. 

In the 14 and 21 day application i nterval tests, the lower values asso
ciated wi th Kylar applications on the Benlate and Bravo plots are notable, but 
further tests are needed to deterinine the validity of. these observations . 

Based on present exper i ence , a ll AM{ values above 35 indicate that the 
peanuts were definitely i~ture, while t hose from 30 to 35 were of questionable 
maturity . In a similar preliminary test performed in 1970, o mean AMI value of 
27 . 7 was obtained with peanuts harvested at 125 days . This would indicate that 
the 1971 test may have been harvested a t least a week sooner. However, further 
reference to Table 2 shows that 127-day Argentine averaged 41.0 , 138-day 38 ,8, 
and 148-day samples 37.0. 

The high AMI values observed t h r oughout the 1971 Plains digging dates test 
(Table 2} were attributed to the poor drainage of the experimental plots and high 
rainfall during the latter part of the growing season, Peanut yields for 1971 
we r e generally about one-half of those obtained in 1970 frOD1 the same test in 
the some field . This indicated that the mature pods were l ost either before or 
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Table 2. Arginine maturity index (AMI) of Argentine peanuts (SMK) 
from digging dates test at Plains, Georgia, 1971 

Treatment* Harvest {dais after ;elantins2 Standard 
118 127 138 148 mean Deviation 

Control 38.0a 40.Sab 39 . Sbe 38.0bc 39.12ab 1.91 
Cu-S 10-90 Dust 4l.3b 41.0ab 37 .0a 37.3abc 39,l2ab 1.57 
"Bravo 75W 41.3b 40.Sab 37.3ab 35.Sa 38 . 62a 1.57 
Polyram BOW 38.0a 39.5a 39 . Jabc 37.0abc 38.44a 1.22 
Fungi-Spersc, s-z 39.3ab 41.Sab 41.0e 38.3e 40.00c 1.43 
Benlate SOW 40.Sb 42.Bb 38. 3ub 36.3ab 39 . 50bc 1.19 

mean 39. 75c 41.00d 38 .75b 37.04a 39.lt• 
Stand11rd deviation(±) 1.48 1.78 l. 59 1,09 1.50 

*Fungicides were applied on a 14 day schedule . 

during harvest . AMI means of 41 .0 and 37 .0 were obtained at 127 and 148 days 
respectively coroparetl to 1970 means of 25 . 5 and 24 .9 at 125 and 146 days . 

In addition to the high.er AMT values for the 1971 Argenc.ine resulttng from 
adverse gr owing conditions, taste panel members frequently noced bitter or other 
off-flavors in salted peanuts made from them, suggesting that kernels of this 
quality should be withheld from commercial edible stocks. Under t he present crop 
program, they could be diverted to "surplus" without los:; to the farmer. 

The data for Florunner peanuts in Table 3 exhibited a somewhat dif.ferent 

1~blc 3 . Arginine Maturi t y I ndex (AMI) of Florunner peanuts (SHI<) 
f r om tri-statc digging dates test at Tifton, Georgia, 1971 

Treatment** Harvest (days after ;elantfog) 
Hl H2 H3 mean 

(112) (122) (132) 

.Benlate SOW 29.3b 25 .JS~' 36 .3a 30.33a 
Control 24.0a* 30.Sab 47 .0b 33.94b 
Uravo 75W 24. 7a 25 . 3a* 42.3b 30. 78a 
Kocide 101-65W 22. 0af< 30. 8ab 43 . Sb 32.llab 
Cu- S + Sevindu.st 24. 7a* 32 . 7b 53 , Sc 37 .06c 

mean 24.93a 29 . 00b 44.60c 32 .84 
Standard deviation (±) 3.22 s .10 3.70 4 .09 

Standard 
Deviation 

4.00 
5.68 
3. 19 
2.56 
4.29 

*Harvest for a given treatment returning the hiehcst dollar value per 
acre. 

**Fungicides were applied on a 14 day schedule. 

pattern in that mean AMI value increased from 27 .0 for the first two harvests to 
44.6 for the third harvest. With the exception of Bcnlate and Bravo treatments, 
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the increase was progressive from fir st to third harvests. Means for the control, 
Kocidc nnd Cu-S treatments were 23.6 at 112 days, 31.4 at 122 days and 48.l at 
132 days . 11ie sharp decreases in third-harvest yields was clear proof that more 
mature pods were lost on late harvest, and suggested t he possibi lity of some 
r eversal of maturation processes t owards germination reactions . 

In a ddition to the above varietal and seasonal variation i n the maturity 
index, c ertain treatment differences were also observed. Argentine peanuts grcx.m 
with I<ylar, a growth regulator,-with or without lcafspot control agents, had 
consis tently lower AMI values than other treatments in the same tests . Four of 
the five Kylar-treated samples examined (Table 1) averaged 31 . 6 in comparison 
with 38 . 2 f or other treatments and controls in the same tests. Thus it would 
appear tha t Kylar applications tend to influence earlier maturation. 

I n the applications schedule teats with Argentine peanuts , such as those 
shcx.m in Table 1, AMI values of t r eatments with Fungi-Sperse wcro consistently 
lower and those with Cu-S slight ly lower than the untreated control s , while 
valuos from Bravo treatments were somewhat higher· and those from llcnlate markedly 
hisher. In the Ar gentine harvest da t es teats, AMI values for 'E\ingi- Sperse 
t reattnents averaged higher, Cu- S, Bravo and Benlate treatments avera ged h igher 
t han controls for the early hsrvescs and decreased t o l ower values for the later 
harvests . 

The general increase in Florunne r AMI values for the second and/or third 
harvest ts shown in Table 3. Values fo r the Benlace treatment increased less, 
llr1tvo somewhat l.ess, and Kocidc about the same as untreated controls . Cu-S 
values a nd increases were consis tently higher. 

Data in Table 3 indicated that the maximum quality as measured by the AM! 
values may also be related to maximum yields, as five of the six lowest values 
were for treatments having highest economic returns. 

In gener a l, t he data indicate that l eafspot control with chemi cal s such ss 
Renlute and Bravo may del ay maturity in Runner t:ype peanuts, so that they may 
be harvested l ater than peanuts that are unsprayed or treated with Ke<: i de or 
Copper sulfur dust . Harvest practices may need to be varied depending upon the 
lcafspot control method and/or chemical app lied. 

SUMMARY 

Peanuts treated with various fungic ides to control Cercoapora lcafspot 
have been observed to affect the maturity as determined by a newly·established 
argini ne maturity index (AMI}. lbe maturity index is based on a quantitation of 
the free arginine values of peanuts , with the lowest values indicating the more 
mature peanuts. Data indicated that the maximum quality as measured by the AMI 
val ues may also be related to maximum yiel ds, since samples with the lowest 
values represented treatments havi ng highest economic returns. Harvesti ng 
rccomnendations apparently need to be varied depending upon t he variety , leafspot 
control roethod , and/or the chemi ca l app l ied. 

REFERENCES 

Jackson. C, R. and D. K. Rell. 1969, Univ. of Ga, Res. Bull. 1§.:13 7 p. 

Holley, K. •r. and c. T. Young. 1963 , Proc. Peanut Improvement Working 
Group: 52·59. 

Emery, D. A., G. L. Gupton, and R. O. Hehem. 1966. Proc. Peanut Improvement 
Working Group:25-30. 

56 



Perry, Astor. 1971. Personal communication. 

Newell, J. A. 1967. "Precursors of Typical and Atypical Ro.:istcd Peanut Flavor." 
Ph.D. Dissertation, Oklahoma State Univ., Stillwater, Okla. 

Mason, M. E., J. A. Newell, B. R. Johnson, P. E. Koehler, and G. R. Waller. 
1969. J. Agr. Food Chem., Q:72S··732. 

Young, C. T. and M. E. Mason. 1972. J. Food Sci. 37, in press. 

Young, c. T. 1972. Symposia of Div. of Ag. and Fd. Chem. of Amer. Chem. Soc., 
New York. 

Jensen, R. E. and L. w. Boyle. 1966. Plant Disease Reptr. 50:810-814. 

Smith, D. R., F. L. Crosby, s. A. Parham and R. F. Flewellen. 1972. SE Peanut 
Farmer 10(4):2. 

Young, c. T. 1972. SE Peanut Farmer 10(5):14. 

ACKNOWLEDGEMENTS 

The financial assistance of Georgia Agricultural Con1rnodity Commission For 
Peanuts and Best Foods, CPC International and the technical assistance of Eunice 
Parks, Margree Rctor, Katie Stewart and J. c. Elrod are greatly appreciated. 

57 



Fl::ANU'l' DISEASt: CuN'rROL IN MALAillI' CENTRAL il.FRICA 
by 

H.W.Gibbons and P.C.i·lercer 
flant ureeder and f1ant F-athologist, Grain Legume Productivity Unit, 

Agricultural Research Council of Malawi, Lilongwe, Malawi. 

ABSTRACT & l·APER 

A3STRACT 

·rwo ~ieanut diseases are discussed. The first, rosette virus, 
has been known in Africa since 1907 but the second, probably caused 
by the fungus Fusarium ox;ysporum, has only recently been noticed in 
Falawi. 

Resistance to rosette hae only been demonstrated in a group of 
relatively unproductive cultivars from the Ivory Coast, Upper Volta 
rec;ions of West Africa. These cultivars have been used in a breeding 
programme to transmit resistance to the collll!lercial susceptible Malawi 
cultivars. Resistance is governed by two recessive genes. A~ present 
the newly developed resistant h,ybrids are in nationwide yield trials 
and their commercial acceptance and yielding capacity are discussed. 

A new pod-rot disease of peanuts in Malawi is described, and the 
roles of !•oxyeporum and other pathogens as causal a~ents are discussed. 
The incidence of the pod-rot is correlated with the occurrence of paler 
t l.an normal testas. Foseible methods of controlling the pod-rot are 
bein~ investieated. 

l'AFER 

Introduction 

Malawi is a small landlocked country of Gentral Africa, 
ayproximately two thirds the size of Georgia. Peanuts rank abvut third 
in value of agricultural exports after tobacco and tea. Last year 
some 40,CUO short tons of shelled peanuts were purchased by the 
«<:;ricultural llevelopment and Marketing Corporation. 'l'he peanut cro:i 
is produced by farmers on small acreages and the inajority of oper;~t.i.onH, 
from ;.>lanting to shelling the harvested crop, are done by hand. .i'he 
export crop is sold almost entirely for confectionery purposes on tl1c 
Zuropcan market where there is a good demand for the very large kernels 
of the Chalimbana cultiv;i.r. A Spanish type (Malimba) is also produced 
in the hotter, lower altitude areas and Mani }intat-, a cultivar for 
internal oil expressing use, is 6Town on the Salima Lakeshore. 

~he Crain Legume froductivity Unit of the Agricultural Research 
Council. of Malawi is responsible for all peanut research in Malawi. 
Three main disease problems are being investigated. The virus disease 
known a~ 'rosette' is the subject of a breeding programme;' leafspots 
caused by Cercospora spp. are being investigated by treatment with 
fungicidal compounds and research on a pod breakdown disease is just 
starting. The first and laet diseases are discussed in this paper. 

F~ANUT ROSETTE VIRUS. 

Rosette was first reported in Tanzania bJ Zimmermann (1907) and 
later in South Africa by ~torey and Bottomley (1928), The disease is 
widespread in Africa south of the Sahara (Adams and Gibbons -
unpublished data). The virus is transmitted in a pereistant manner 
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by the aphid, Apbis craccivora Koch. It is not seedborne unlii~e 
pea~ut ~ottle virus (Kuhn, 1965) or peanut stunt virus (Troutm~n 
et .al., 196?) which occur in the U.S.A. Cultural control is :loiJ:;iblo 
by close spacing and early planting and hae been demonstrated ~y 
several workers (Storey and Bottomley, 1922; Tourte and Fauch~, l~::A ~ • 
i•1any far'mers, however, do not follow these recommendations and t;·,e 
release o.f resistant varieties would be the simplest method o.f control. 

~esistance to the virus has only been found in ~ group of cultiv<.rs 
from the Ivory Coast, Upper Volta 1:1reas of 'lleet J1trica. These 
cultivars belong to the Castle Car'y cultivar cluster of Aracr.i5 
hypogaea ssp. hypogaea (the Virginia ~roup) acco:din~ to the • 
classification of Gibbons et al (19721. No resistance has been ~otmd 
in the early maturing sequ~tially branched cultivar5 belongin,; to 
~.hypogaea ssp. fastigiata. Althoueh strain::; of the virus unu7~btcdly 
exist the re5istance of the West African rr.aterial has been conf.ll'.·.eu 
in L~eet Africa by Sauger et al (1')54~, in IV.alawi by ;,utman $! ~ (l~GLf~ 
and in South Africa by Klesser (1965,. Nutmun et al (l964J clearly 
dei~Onstrated that these cUltiVars from ;~eat ,",frica were highly re5iUt<!nt 
although not immune to rosette. :.Ser'choux (196G) found that r~:;i::;tunce 
was controlled by two independant recessive genes. 

nreeding for rosette resistance 

Breeding for resistance started in West Africa some fifteen yc~rs 
ago and considerable progress has been made with oil seed cultivar::; 
( Dhery and Gillier, 1971). In Malawi where the emphasis is on 
confectionery peanuts breeding started in late 1964 using th.:: .. c1;t 
African resistant material which is low yieldini:; and only suitothlil ~·er 
oil expressing. 

Crosses were made in the greenhouse and F1 plants, which 3TC 
eusce1,tible to the ?irus, were grown under vector free c.rnditio?"lr•. 
F2 plants were field grown at wide spacings and were inoculatetl. ;;.i.ti . tie 
virus by rl~cing infective aphids on the :plants as well as ex. :i;;;in .. : 
them to maximum natural infection. At harvest syrni:toml.ess ;.:l;).:1t:; 
were ::;elected and progeny rowed the next season. Confir~l"ition o:~ 

resistance was obtained by further exposure to the virus both i:. chc 
field and in the greenhouse. 

Yield testing of resistant hybrids 

By 1969 preliminary yield trials were conducted. '.l'he first :;rour; 
of progeny rows showing uniformity had l<akulu lied, a red seeded 
derivative of Mani Pintar, as the susceptible par'ent. hani .i'iut~~r 
is 1,robably the highest yielding cul ti var in the higher altitude o.rei.s 
of Malawi as well as in other African countries such as Ghana (: :c.::-:ran, 
1961) and :d;ambia (Smartt, 1966). It is purely an oil seed tyi)C and 
has a characteristic red and white variegated testa. Nakulu :{ed ii; 
similar in all respects to Nani Pintar except it has a pur'e retl testa. 
In the cross Makulu Red x 48-:;1+ (resistant cultivar with a dark tun 
testa) the F1 seed coat colour was pink and the F2 segrez-ated in t2;e 
ratio l brown : 2 pink : 1 red indicatin~ incomplete dominance 
(Gibbons in~.) whereas many previous reports on testa colour 
inheritance have shown red to be dominant to tan. i'iithin the resi::;tu.nt 
hybrids selection pressure was for tan coloured kernels with a good s~·ni:e 
whi?h could be used for. confectionery purposes and in particular the 
making of peanut butter. In the Salima Lakeshore llrea where ,·iani i-intar 
is grown the Early Runner cultivar has been released in the pa.st aG a 
confectionery nut. Results of yield trials are shown in 'rabl~s l ci.nd 2. 
In these trials rosette was not a limiting factor because plantin._; v:as 
early and the spacing was correct. In 1971/72 however many forr.1s 
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Table l: Salims Lakesbore Trials - Chitala Research Station 

Unshelled iielde (k~/ha.). 

Cul ti var l269L7o 1270[71 1971£'.'.72 2 y_ear mean 

Mani Fintar 1555 3177 2844 2525 

RGl' 1498 2642 2244 2128 

RGll• 21+72 1832 

l:";arly Runner 1737 
S,e. :_98 .:t.170 :!:283 

Table 2: Sslima Lakesbore Trials - District Sites. 

Unshelled yields (kgj'ha.) 1971-72 

Cultivar li:alambe Mwimba Unit 2 Benga Fe.m.ba SiteG Combined. 

;:ani l-intar 3277 3809 3785 3899 3989 ~752 

Rlll" 323.5 3098 3205 2882 2009 2G8G 
R..;11 • 2960 3337 3080 2470 2195 2&08 
HB6616 2775 3510 2237 2763 2619 2781 
Fla.416 2697 1967 2404 2607 1818 2299 
11alimbA. 2027 2667 2470 1728 1991 2177 
Early Runner 1854 2302 2368 2440 1758 2144 
s. e,. ;t252 ,!217 :!;173 ,!246 :!;2C4 ±)? 

• Rosette resistant hybrid 
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Table 3: Chitedze Yield Trials 1970-1972 

Unshelled yields (kg/ha.) 

nYJ:lRID i910L21 

PR59B• 2855 (1) 

l'R6CB• 2787 (2) 
PR64B• 2720 (3) 
PR65s• 2662 (4) 

Chalimbana .2430 (5) 
PR30B• 2233 (6) 

PR6lB• 2141 (7) 

B222/RR/6/l/Bl/l• 
B222/:RR/l/l/Bl/1• 
S.e. :!.,217 

Table 4: Southern Region Trials 1971/72 

ilnehelled yields (kg/ha.) 

CUL~IVi\R 

l'fani l'in tar 

tfC5 

RGl" 

R.322• 

Si~aro Fink 

.PR59B* 
FR46B• 

Chalimbana 

PR64B• 
fR20B• 

Shulamith 

PR60B• 
Fla.416 

PR65B• 

s.e. 

•Rosette Resistant Hybrid. 

N/A not yet analysed 

MA.KOK A 

2870 
2601 

2530 
2046 

2043 

1964 
1780 
1429 
1143 

.!,21.5 

l 921L72 

2081 (3) 

11:156 (4) 

1536 (6) 

1793 (5) 

2578 (l) 

2215 (2) 

N/A 

TEUCilIL:t 

3237 

2687 

2462 
2580 

3333 
3394 

3077 
2805 

2789 

:!.,138 
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adjacent to the trials had quite severe attacks of rosette. Mani 
Pintar seems particularly prone to early attacks of rosette and 
yields can be seriously affected. In the 1967 season Mani l'intar 
only yielded 660 kg/ha. due to a eevere rosette attack. 

The most promising of the resistant hybrids for the Salima area 
is RGl which has a good shape, a tan coloured testa, a similar oil 
content to Mani Pintar 'but a higher oleic I linoleic acid ratio. 
It does not yield as well as Mani Pintar but it consistently outyielded 
Early Runner in the 1971/72-..triala (Tables 1 and 2). It would 
therefore be suitable as a confectionery nut in this area and steps 
are being taken to start multiplication in the 1972/73 season. 

hybrids with Chalimbana as the susceptible parent are also 
pro,;·,ising, as can be seen f:rom reaul ta shown in Tables 3 and 4, but 
further testing before release is required. 

Future V1orl<. and discussion 

Tte roost profllising of the new resistant hy'brids are being back 
crosaed to susceptible cultivars to try and get increased yields and 
better quality. So far succees!ul croesee have been made between 
eight hybr.i.ds and the following susceptible cultivare:-

Chalimbana - For large kernel eiz.e and yield (confectionery trade). 

Shula1nith - For large kernel size and shape (confectionery trade}. 

!fani Fin tar - For yield (oil trade}. 

- For earliness and a Spanish type nut (confectionery trade). 

It should be el'lphasised that all the yield trials reported here 
were conducted under optimum conditions as far as prevention of 
rosette is concerned. The trials ~re direct comparisonG of the 
resist.:i.nt i ybrids against susceptible cul tiva·rs under rosette free 
Conditions and the yield of the latter would be rnucl• less if rosette 
had been prevalent as it often is under local farming practices. 

POD ROT (BREAKDOWN) OF fEANUTS. 

Characteristics and occurrence 

In certain years in Halawi it has been noticed that the peanut 
crop, notably the Cbali.Glbana cultivar, contained a high proportion 
of kernels which were mu.ch paler than normal, or had a yellow-brown 
cast Uig.I). They were also c. l0-15~~ lighter in weight than normal 
kernels. When split open the kernels usually appeared quite norcal, 
but the testa colour spoiled the appearance of the crop. No previous 
work had been done on the phenomenon apart from estimating the oil 
content of tile paler nuts (Anon, 1962). 

It was subsequently noticed that in the years when t?1ere was a high 
incidence of "pale-testa" kernels there was also a high incidence or 
pod-rots. The pod-rots were characterised by the breakdown 0£ the 
corky outer layers of the pod. In. the more severe rota this layer 
was mi ssing at harvest and the underlying venation was also frequently 
detached (F:l.fs. 2 and}) . Very often the pods were stained with deep 
purple patches (Fig. 4) and kernels from these pods invariably had 
pale-testas. It .,.as also observed that these pod-rots and pa.L&-testa 
kernels occurred mostly i .n years in which the wet season was longer 
than average . In years with very long wet seasons (e. g . 1971/72) 
kernels too wel'e frequently attacked '(Fig. 5) and even in less wet 
ye~rs the kernels o!ten had a fine weft of mycelium over the testa. 
Certain cultivars, notably early and middle maturing ones, appeared 
to be more affected than late maturing ones. 
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It was further noticed t hat when plants were sprayed 111it h 
fungicides to control Cercospora arachidicola leafspot the pods of 
ti;ese plnnts were healthier and there was a lower incidence of 
pale - teeta ( e.g. in one tria~ in 1971/72 plants __ spra;yed wit h the 
fun8icide BASF 67054 bad 2 . 5~ pod-r ota ~nd 34 . 6~ pale-teat~ ker nela, 
while control plants had 73% and 86.2'~ respectively) . 

Isolation of pod-flora 

Fads with rots were surface sterilised with l ;, sodium tiypocillori tc 
solution for 10 minutes and then incubated in moist cha~ber3 a t £ • 27°C 
for several days. The fungi which were isolated are shown below c;ut 
only Fusarium oxys~orum was consie t antly isolated. 

Aspergillus flavus 
A. niger 
A. wentii ? 
Fusarium oxysporum 
Fenic i llium spp. 

Inoculation of pods with F . oxysporum 

Rhizopus stolonifer 
Sclerotium rolfsii 
B. bataticola 
Trichoderma viride 
Trichothecium roseum 

E•oxysporum isolated from pods was shake-cultured ioou wasi1cd . 
A mo.cerate was then poured over surface-sterilised he<illthy riocie "nd 
incub.:i.ted for several days. The pods were quickly covered wit :1 a 
fluffy w~ite mycelium (Fig.6) and became blotched with a similar 
purple s tain to that encountered in the field. If inoculat ed po1:.i 
were subsequently dried and shelled the kernels were foun d to ita ve a 
pale colour. ~.o.xyaporum was r e-i:solo.ted from the inocula t ed no<lu. 

I t is thus tempting to suggest that ~.oxys1>orll! i s the ori.'-'l:l9.l 
agent of the pod-rots, Ko oh' s poe; tulates having been ful fil l ed . 
:lowever , i t was subsequently f ound t lia t keeping non-inoculated i'O<lu in 
a moi st chSJ11ber for about 10 days was sufficient to cause a fadin;:; of 
t he testa colour . Furthermore, a l though all pod- rots contain 
pale-testo. kernels the converse is not true, i. e . pale- testa ~ernels 
are also found in pods attacked by termites and souietimes i11 :tp"t•t,rcntJ.~· 
unda.inae;ed pods . 1''ig.7 of data from a sulphur-dust leafspot control 
trial (1971/72) , is a graph o f a r osin ,_,,.rotted and term:rte"""daiii:"i~P.rT""")'~CTrr 
against arcsin v",;; pale-testa nu.ts. I t can be seen that there ie a 
reasonable correlation between the two variates, both being much 
higber in the control than in t he treated plants. The b't'uph cutu 
the •y ' axis at .£· 25 suggesting t ha t this proportion of pale - tes t£-. 
ker nels could have occurred eve n if apparently healthy pods hud bee~ 
sampled . 

Aflatoxin 

It was feared that the paler kernels might have higher aflatoxin 
levels t han normal . However, the Agricultural Deve lopment and 
Marketing Corporation (ADMAHC) tested pale and normal kernels and 
f ound no significant difference in aflatoxin levels. 

Conclusions 

It iei thus postulated that this is a maturity problem, i . e . il' tl;e 
pods a re left in the ground after optimum lifting time they be,~i n to 
die, may become detached from the plant and become attacked by run~i, 
notably f .oxreporum, and by other fac tors such as termites. It is 
probable that the pods therefore become lllOre porous, either by o.Ltack 
or by drying out , and that the testa-colour is leached out by soil 
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water. This would obviously be lees likely to occur in a drier 
year. Later maturing varieties would also tend to be less 
~ffected as the season is becoming drier towards their maturity. 

Fungicides acting on £•!!:!,Chidicola probably do no't act on the 
pod-fungi directly• but by maintaining the plant in a green and 
healthy condition they delay the maturity of the pods until drier 
co~ditions prevail. 

It is not clear if f .oxysporum is responsible for the initiation 
of the pod-breakdown or if it comes in afterwards. All attempts to 
rot healthy pods still attached to the plant have failed. but 
older or detached pods are easily infected. !·oxyaporum is not 
just a saprophyte however, as it is quite carable of invading 
kernels both naturally (Fi.g.5) and artificially (Fig.8). 

fusarium spp. have usually been noted by other workers on 
pod-flo-Z:-~1.man, 1969; Jackson, 1968; Frank, 1968; Kranz and 
fucci, 1963), but only Kranz and f'ucci (1963), working in Libya, 
sug;;est that Fusarium spp. are solely responsible for pod-breakdown. 
frank {1968) associates l'uisarium spp. with ~hi~ s:pp. in pod-brca>:down 
ill Israel, stating that l-ythium SPJJ• precede Fusariura spp. Garren 
(1966) however states that in the pod-brettkdown he was investigatin:; 
ill ti1e U.S.A. Fusarium spp. preceded I7thium spp. In the present 
case rythiurn spp. have not yet been iaolated and £>oxys1>orurn is 
quite capable of invading u.ature pods and kernels without assistance. 

irovention 

l'revention is effected by making sure that pods are harvested 
aG soon as mature, especially in a wet season. This is easier to 
do if the plants have been sprayed a!l'ainst 2_.nrachidicola leafspot. 
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!igttre captions. 

l. i<orlilal kernels right. Pale-testa kernela left. 

2. rart of damaged pod showing recaoval of corky outer layer ( 1' i 
. \ 

-j. J3adly rotted pod showinS' detached venation ( t ) 
4. l:-od showing deep purple stain ( + ) 
5. rod with infected kernels. 

6. l-ods artificially inocul13ted with f ·~~s~~~Ur.! sl.iovring 
fluffy white rnyceliwu. 

7. Gra.1 h of relationship between rotted '•r..d terr.:ite-dar.;Aged 
~oda and pale-teeta nuts. 

3 . i•ernels artificially inoculated witli =::·~~"oru~. 
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by 
ll y .!/ 

K. H. Garren , .M. K. Beute , D. M. Porter 

Cooperative lnve$tiqations of the Southern Region, Agricultural Research 
Service, U. S. Dept. of Agriculture, The ResP.arch Division, Virginia 

Polytechnic Institute and State University, and North Carolina State University. 
l/ Agr. Res. Serv., H_!?lJand, Va. Y N. C. State Univ., Raleigh. 

ABSTRACT 

As far as we can tell, the Cylindrocladium black rot of peanut was first 
found in the Virginia-North Carolina area in one fi~ld almost on the State 
line in Nanscmond County, Virginia in 1970. In 1971 it was found in 
several fields in the Williamston, N. C. area, and in two fields in Virginia. 
Reports from Georgia and South Carolina where it has been known for several 
y?.ars indicate that the black rot of peanut is incrP.asingly more impot·tant 
as a peanut disease in that area. We have establish~d that this peanut 
cH~ease was found in Japan in 19'/0 and was regarded as a major disease of 
peanuts in Japan in 1971. 

A s•JVere outbreak of Cylindrocla<Jium black rot in a peanut field in 
Nansemond County, Va. n~ar the Tidewater Research Station in 1971 gave 
opportunity to check on the effP.ct of this disease on yield. Unquestionably 
this disease is a threat to peanut production. IYhen 00% of the p\ants were 
visibly infected, though not neccs$arity dead, thP.re was a twofold increase 
in yidrl ovPr the yi~ld from ar1>as in which 100% of the plants were visibly 
infocted. \Yith only 15% visibly infected therP. was almost a threP.fold 
incLoasc in yield, and with no plants visibly infected there was almost a 
fourfold incr0ase in yir,ld. There was no evidence that thP. pathogen is 
seed transmitted. BP.causP. black rot is a potential threat to peanut 
production, peanuts hav'~ been replanted in the aforementioned field in 
19'/?., We hope to study epiphytology of the disease in 1972. 

l NTROL>UCTl ON 

In th~ United States Cylindrocladium black rot was first recognized as a 
disease of peanuts in Georgia in 1965 (2). Apparently the discovery of the 
diseasP. in Georgia was the•first record of this peanut disease anywhPre in 
th~ world. There was furthP.r study of it in Georgia (l, 4), and it was 
found in South Carolina about 1968 (r. H. Smith, personal communication). 
Cylindrocladium black rot was found on pPanuts in one field in Vir9inia in 
1970 (3). This field was less than 100 yards fran the boundary between 
Virginia and North Carolina. In October 1971 one of us (Garren) found it 
in peanut fields near Chiba, Japan. A plant pathologist, T. Mi5onou, 
stated that the black rot disease was first found in Japan in 19/0; that it 
was undoubtedly the disease descl'ibed from Geo1·9ia, U.S.A. by Bell & 
Sobers (2); and that he considered it a major threat to peanut production 
in Japan. Probably black rot was pres~nt on peanuts in North Carolina in 
1970 for it was found in 1 counties in North Carolina in 1971. At a 
conference on peanut problems in Oklahoma and Texas in November 1971 we 
found no one who suspected that peanut black rot was present in these 
states. 

we have, then, a specia 1 set 
disease of peanut~ was found 
was found in South Carolina. 
Virginia and North Carolina. 

of circumstances, to wits i. A "new(?)" 
in Georgia in 1965. ii. Three years later it 
iii. Two years later it was found in 
iv. At the same time it was first found in 
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Virginia and North Carolina it was first found in Japan. v. In one year 
it increased in range in Virginia and North Carolina as well as in Japan. 
These circumstances lead to the following suppositions: (i). Cylindro
cladium black rot of pP.anuts is definitely a new disease. (ii). TherP. 
has been a change in the genus of soil borne fun9i "Cylindrocladium" in 
Southeastern United ~tates and Japan (and possibly elsewhP.re). (Either there 
have been mutations in Cvlindrocladi\.llll or repeated usP. of certain fields 
for peanuts has build up in these fields dense populations of a 
Cylindrocladium sp. which hithertofore had existed only as rare and widely 
scattere<i fungal clones.) At any rate our convarsations with plant 
pathologists who work with nurseries and woorly ornamentals and our study 
of plant pathological literature of recent years show that not only has 
the relation between peanuts and the fungal genus Cylindrocladium rec~ntly 
changed from innocuous to harmful but also there has hcen a concurr~nt 
similar change in the relation between this fungal genus and many woody 
plants. 

we hope the new peanut diseaso Cylindrocladium black rot will recede into 
the background just as did another new di seasc of a fr;w years <1qo, namely 
peanut stunt. However, we arc doing our best to bP. prepared in the event 
our hopes come to naught. 

Jackson & Bell (4) in their 1969 bulletin on peanut discas~s ')aV•: an 
P.XCcllent, concise description of symptoms of r"anut black rot. T'leir 
description is modified in light of symptoms observed in Virginia anti 
added to a bit for us·~ lwre. 

The first obvious symptoms in the fidd were yell owing and wilt ino of th~ 
leaves on the main stem, fol lowed by Y'~ l lowing and wilting and !>Orne death 
of leaves on SP.condary branches. The main stem oftP.n dies while lateral 
branches remain alive or P.ven apparently unaffocted. Hyµocotyls and tap 
roots die and turn black, but the dying somctimP.s stops at the groundlinCJ. 
This is becausP. adventitious roots sometimes develop on di~«ased plants 
near the groundline. Frequently, how<>ver, the entire' root syst<'m of a 
diseased plant is destroyed, lP.aving a blackP.nP.d and fra9ment~d taµ root 
which looses its bark and branch roots whcin th" plant is pulled from the 
soil. Dark brown, slightly sunken lesions occur on pcqs and pods. The 
lesions on pods may remain discrete or the entir~ pod may b~com~ dark 
brown or rot. Reddish-orange perith~cia of the sexual stagP of th~ 
causal fungus are occasionally visible ju~t above the ~roundlinP. o~ badly 
diseased stems. These structures are frequently mistaken for small sclerotia 
of either Sclerotium rolfsii Sacc. or some other sclP.rotium producing 
fun')us. However, when seen in the field th<!S·~ reddish-orang<~ structur...,s 
arc an 'unmistakable sio.n of th<' pathoqen. 

THF. CAUSAL FUNGUS 

Bell 8. Sobers (2) performed the prescrib~cl rout in<> of 9rP.•·nhous~ 
inoculations with laboratory-9rown culturP.s of a fungus isolated from 
diseased pP.anut plants, Thi~ routine is necessary to provP. that th~ fungus 
isolated can caus~ the discasn. Furthermore their studies cstablish<'d the 
scientific namP.s of Cylindrocladium crotalariae (Loos) BP.11 and Sobers 
and Calonectria crotalaria~ (Loos) Bell and Sobers for th~ as~xual and 
sexual stagP.s, respectively, of thP. causal fungus. Sine,., the as~xual stag~ 
is the stage in which the fungus grows and spreads and the s,.,><ual stage is 
associated with dormancy and overwintering, th•~ asexual stage nam·~ was 
used in naming the disease. 

When the disease was found in Virginia and North Carolina we repeated the 
routine for establishing the Cylindrocladium sµ. as the causal fungus. 
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We found most isolates of the fungus lost their ability to cause the 
dis<i<l~<! rapidly when kept in culture. However, in a few ran~ instances we 
had i sola t es which wP.rc path09en1c only after b~inq kept in culture for a 
f nw wt>Ck~. Much rem3ins to be learned about the pathogenici ty of 
~· crotolarjai• . 

IJl.CREASE IN THE D!SEASI-: FR~ 1970 TO 19"11 

A$ for as we can tell, th ·~ Cylindrocladium black rot of peanut was first 
found ln suffici0nt quantity to warrant investigation and identification 
in th<i Vir9inia-North Carolina arr.a in on" fiP.ld in Nansemond County, Va. 
in 1''70 . I n 1971 this diseas!l was found in several fields in both s tates. 
we identl fi'!<l thP. funqus ;is c.;iusing disease in North Carolina in Halifax 
County (localizr,d in one field, 100% of 10 acres), l::llarlen County (65% or 
'..> i.lCres in a 30 acr·0 field) and in Martin County (25% of 8 acres). In 
Virginia in 1971 bl;ick rot symptoms were observed at two locations, one in 
N.;insemond an<l one in Southampton County . 

The field in Nans~ond County, Va. in l 970 was, as reported (3), plantr.d 
to two cultivars--a local cultivar 'Holland Station Bunch' and ' Fl origiant'. 
fhe 1970 obs~rvations su99ested that thr. rlisP.asc was l ess severe on 
' Flor iqiant' than on 'Holl.;ind Station Bunch' . The field in Nansemond 
County.in 19·11 wa5 planted entirely to 'Florigiant'. As ho:ist wa could tell, 
rlisease dP.velopm<?nt was as severe in 19·11 as in 1970, thus thnrn is no 
P.vidence that 'Florigiaot' is less susceptibl~ to Q.. crotolariaP. than is 
'Bolland Sta tion Bunch' or ;my S'lh•ction from it. 

IS fHE BLACK ROT FUNGUS SF.ED-TRAN5MITTC:D? 

The field in Nanscmond County, Va. tn whic~ black rot was found i n 1971 
was about 6 airline miles from thµ, field in whjch it was found in 1970. 
No dP.vP.lopment of black .rot could be founrl in the area between the two 
fidds . T!v: t:xtension Servir.e hac:t alerted county agents after black rot 
was found in 1970 and a county agent l'cported the disease in the 
Southampton County field in 1971. Geveral oth~r suspicous f iP.ldA wore 
ch~ckc<l carefully a nd all found to b11 negative for b l ack rot . 

ln our studi~s on peanut microflora {cited in 3), made in conn9ction with 
the aflatoxin problem, w~ have found Cylin<lroc la<lium spp. to be virtually 
non-existant in the S8ed-borne mi croflora of peanuts grown in Virginia. 
We checked seed from the 1970 fi•!ld an<l could find no Cylindrocladlum spp. 
in thffm. fhe seed for the fj dc1 in which bl .;icl< rot was found in Nansemond 
County, Va. in 1971 came from the war~hous0. in whic:h the planting SP.ed 
sav~d from the fidd in which the dis0.asc was found in 1970 had been stored. 
The owner of the 1971 infe sted field also owned the warehou&e, but he wa s 
positiv<: that the seed he planted in th ·~ 1971 infesbd field came from a 
field that was free of root diseases in 1970 . Nevertheless, cured seed 
f r om the 1971 infested field were checked thoroughly and no Cvlindroc l adium 
spp. was found in t hem; not even i n sc<Xl hand-harvested fra11 rows in which 
100); of the plants had dead tops . 

Q_. crotolariae could be isolated from freshly dug fruits and from seed 
from freshly dug fruit from infested fields in 1970 and 1971. However, 
aft~r these fruits were handled as peanuts arP. handled on tho farm there 
wP.re no Cylindrocladium spp. in the fruit or seed microflora . We cannot 
s;iy thi s fungus is not seed borne until wf' eliminate the possibility of 
the re being a selective culture medi um that will show that Q_. croto!ariae 
is soma times viable in cured peanut seeds , It is possible that c_. c rotolariae 
cannot b(; detected on standard media because of oth0.r faster growing fungi. 
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ARE THERE PARTICULAR ENVIRONMENTAL OR WEATHER C~IIIONS ASSO::IATED 
WITH BLACK ROT DEVELOPMENT? 

Here again we can best call on t he greater experience of our Geor9ia 
colleagues . Dr. Durham Bell ( in per sonal correspondence) r eports that in 
Georgia black r ot has been observed only in heavy clay soil having low 
water ~rcolation rates (relative to l ight sandy soils) , fairly hiqh 
or9anic matter content (3.5-4.!)% w/w) , and pH greater than ~ . 9 . However 
only a few pH readings have been made in Georgia. ThP. two infestP. d fields 
found i n Nansemond County, Va. could not be described a$ havin9 heavy clay 
soils, though there seemed somewhat more clay in the surface of these 
fields than in most peanut field s of the county. 

Bell s tates further, "The sequence of events runs something lik"! this: 
If therH is extensive rainfall in May, plants become infocted and clisc<Jse 
pr09resses during June, but no above9round symptoms show; soils bP.gin to 
dr y out creating water stress early in July, and aboveground symptoms 
bo9in to s how in late July ; in early August plants are severely wilted , 
dyin9, or dead. If May is relatively dr y and June unusually wet , the 
whole process shifts forward 2...J weeks." We have not y~t had enough 
experience with black rot to develop a sequence such as thi s for Virginia , 
North Carolina . 

DAMAGF. POT!; l'lTIAL OF RLACK HOT 

The aforementioned field of Flori9iant peanuts in N<Jnscmond County, 
Vi rginia was found, in early Au9ust of 1971, to have scatt~r~d spots of 
s<;ivere infection. These spots w.~re marked off anti at normal harvP.st 
time (ca . OctobP.r 10) 12 plots wtire hand-harv<isted in the corn"r of the 
field in which there was most l"Vicient bl ack rot. Yields of tht!Rr: p lots 
determined a ft er stack curing in t hP. field, were convertecl to pounos pP.r 
acrn and arc givnn in Table 1. A visual estimation was made of the 

Tabl e 1 . Cylindroc ladium black rot of peanut and pP.anut yields . 

Plot 

1 
2 
3 
'I 

5 
6 
7 
8 

9 
10 
11 
12 

Estimated percentag~s of plants infec ted, pnrcnntagns 
of plants dead, and harvP.sted yields for l?. plots in 

Nansemon(! County, Va. 1971 

Code 
I nf . /dead 

100/60 
100/60 
100/96 
100/96 

100/100 
15/5 
15/5 

100/75 

25/10 
50/20 

100/95 
0/0 

Yl.jld 
Lb A 

1021 
1021 

7<1?. 
1160 

9'.\4 
J !">87 
4113 
1162 

.35.)0 
301\9 
l ll6 
4'15?. 

percentage of plants infocted and percentage of plants dead in each plot. 
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All plots were in the same 9eneral a r ea of the field. For example , the 
plot wi th no infection was only five rows from a plot which had 100% 
i n fe c t ion and 60% dead plants. Table 2 9roups the plots into ~ g r oups on 

Table 2. Cy l i odrocladi um blac k r ot of peanut a nd peanut yiolds . 

Average yiel d a nd percentag~ increase of yield ov•+r 
100% infection f or S infection groups 

in Nansomond County, Va. 1971. 

Yie ld 
Plants IncrPas e OVP.1' 

Visibly Infected idd !OOi\! infect!on 
% Lb Acre % 

l OO 10 2? 

:,{) .1049 199 

2'.> 1!">30 24 5 

lS JB:>O 2·16 

0 11·1!">?. 36'.> 

the ba ~ i s of estimated percenta<JeS o f plants infocted with Cylind r ocladium 
and converts yield to p~rc•: nt<19 ti i ncrease over that of the 100% inft>ctP.d 
plots . 

l n view of these results w~ c oncl ude Cylindrocladium black rot of peanu t 
c an 9r.·atly depr e s s yiel d of peanuts in Virqi nia a nd Nor th Caro l ina , 
theref ore i t is a pot~ntial threat to peanut production i n thesP s t ate s. 
As a consP.QuP.nc~ WP have 'Flori9\ ant ' pP.anuts i n P.ach of t he Vi rginia 
f i elds which had black rot in 1970 and 1971. 01 June JO t here were no 
di sua scd plants evident in P.ither f iP.ld . 0-. July 11 numP.rous plants in 
both fl '! lds had typical black r ot symptoms and~· crotolariae was easily 
i so lat P.d from thP.Se plants. We µ l a n to make a fairly dctail •id s tudy of 
the epiphytology of black rot in th<!SP. fidds, 
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DKVELOPMENT ANO EVALUATJON OF PEANUT SALVAGING 
ANO CLEANlNG EQUIPMENT- -A PlmnREss REPORT !/ 

c:eorge ll. Duke ~./ 

lntroduction 

Peanut digging losses consist of those peanuts that shed from the plants 
before digging and those that are separated from the plants by the digger, Oig
ging early is one way to minimize field losses from natural shedding, but lower 
yield <>nd quality may result. In recent studies 3/ in Virginia, losses from 
early digging ranged between 3 and 10%; at normal-digging dnte, 10 to 20%; and 
at late digging, 15 to JO%. Of the total losses, approximately 20% are visible 
on the soil surface and 80% ai,-e below the soil surface. The 80%, not visible, 
are distributed from immediately below the soil surface to depths of 4 to '.i 
incl1es. J.imited revisions made on the conventional type peanut digger have 
not signlficantly reduced losses nor will this equipment save peanuts detached 
from the vines. If field losses are to be reduced, equipment to salvage these 
peanuts must be provided or vai.-ieties must be developed that shed less before 
and during the digging opc1·ation. 

Methods Used to Recover Peanut Losses 

As a result of studies designed to determine tho magnitude of losses associ
ated with digging, a salvaging device was constructed, This unit, shown in 
Figures 1 and 2, lifted and sifted a 6-foot wide by 4- to 5-inch ducp strip of 
soil. Operating at a speed of 15 to 20 feet per minute, the salvager recovered 
about 98% of the peanuts left in the soil by the conventional digger, Use of 
the conventional digger and the experimental snlvnger required two scparnte 
operations over the fie) d. 

}_/ For. prcs<?ntation at the Anaerican Peanut Research and Education Association 
Meeting, .July 16-19, 1972, Albany, Ga, 

'}_!Agricultural l!:ngineer, Harvesting and Fann Processing Research ~r., ARRD, 
ARS, USDA and Associate Pr.ofessor, Oepartment of Agricultural Engineering, 
Virginia Polytechnic Institute anti State University, Ti <lew<iter Research 
Station, Bulland, Va, 

}./ Effects of. Ojgging Time on l'eanut Recovery Yield, Salvaged Yield and Quality 
--A Progre·ss Report by George B. Ouke. 

Ackoowl edgements: Appreciation is expressed to the following cooperators. 
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L•'i.gure ;;. R~•ir view o.t pec:inut salvager. 

In scan:.biug for a more ettici.,nt method to rcduc" losses and r.ecove1: sh<'d 
pc~;uun:s, a :nachinc~ \.,1;1:::; de~i.gue<l lo combine <liggi.ug and ~;aJvaginr, in on('. opc!ra.
tion. The e.xpe.riment:il t,_o-i:nw peanut <liJ.>,g•,,·-~alvag,,J: uproot"rl the pl :ints, 
conveyed them u1J\•anl anrl rearwar<l with peanuts ;H.t.<H.:h<«I au<! <li:;c.harg.:<I the. 
plilnt,; rrom the upper end of th" conv.,yor. onto a vine r.ack. Vibrati.ng action 
of t.he vit1e rvck di,;lodgecl the 1:oil fl"nm th" P"a11ot plant.-; ancl moved thr. vi.nes 
rearwar.<1 i.nlo a ~•iudrow. Soil and d"t<.ichad pc11nuts wen. also simul Laneously 
collec:ted by the conv<•.yo~ an<l <Jere elevat,,cl with t.he p«anot. plants. Th" ';oil 
and detached pc,;1nut.s were discl1arg.ad from the uppc.r end ot the conve.yo~ and 
dropped inco the soil siftiug hopper to separ:ite the. suil fro1~ Lhe pe.<•nuts. 
llfte.r <> plot had \1een sifted, the collcct<:d mat.,ri;il i.n the hopp<'r cont'1ine<l 
goo<l qual icy peanuts and foreign mat:erial which were separated and remove"! from 
t:he. hoppc.r by hanrl. 
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The conveyor speed of the 1970 digger-salvager exceeded the equipment ground 
speed by about 3, 3 to l . With the conveyor speed operating faster than ground 
speed, more peanuts were separated from the plants than were separated with a 
conventional type digger , A high percentage of these detached peanuts were not 
lost as they were collected by the salvaging components. The peanut plants 
were pulled apart ond deposi ted in a windrow in intermittent bunches, The sal 
vager collected detached peanuts and soil from a 28-inch width band from each 
row. The total recovery yield (vine and salvaged yield combined) from this 
equipment is expect ed to be a l..!J;tle Jess than the total vine and salvaged yield 
obtained with a commercial digger followed by a 6-foot wide experimental sal
vager, but considerably more than the vine yield from a commercial digger. 

In 1971 the digger-sal vager was altered to reduce the conveyor- ground speed 
to a r>ltio of 2,8 to 1, when the ground speed was 60 feet per minute. A faster 
rate of sifting che soil from the peanuts was achieved by installing a screen 
made from 3/4-inch mesh hardware cloth 2 inche$ above a 5/8- inch mesh hardware 
cloth in the hopper to divide the soil mass , Handling and fie ld cleaning co•n
ponents incorporated in 1971 were: 

1. Horizontal, crossMmountcd open mesh type conveyor, 6 inches wide x 7 feet 
long, installed at the discharge end of the soil sifting hopper to col
lect and cnnvey the peanuts to one s ide of the .aachine, 

2. Vacuum type (an to lift light trnsh from peanuts in the 6-i nch wide 
conveyor. 

3. Inclined, i;ide-mounted open mesh type conveyor, 6 inches wide x 9 feet 
long, to convey peanuts upward t o the vibrating .soil and clod screen 
and bagging attachment, 

4. Vibrating screen inade from 1/2- inch mesh hardware cloth to break up 
soft clods and separate addit;onal fine soit particles. 

S. Bagging attaclunent for collecting the salvaged peanuts. 

Both material s handling conveyors were constructed of Sani-grid belting 
consisting of parl\llel metal rods of number 9 gauge wire with 3/8-inch space 
between the wires, The .3/4-inch mesh hurdware cloth, materials handling con
v.eyor, cleaning fan, vibrating screen and bagging attachment installed on the 
1971 model added to the overall efficiency of the digger-salvager. Phot:ographs 
of t he 1971 mode) are shown in Figures 3 and 4, 

"Che pr incipal factor that restrict s the capacity of t he present machine is 
the rate that the peanuts are separated from the soil mass. the use of hardware 
clot h has limited capacity for screening soi l, and capacity is fu rther restric
ted due to fine root hairs and peanut leaflets lodging on the cross wires of 
th~ hardware cloth. Under damp SC>il conditions, root hair accumulation is 
greiiter than under drier soil conditions . Under very wet soil conditions, soil 
particles cend to cling tn the root hitirs and ultimately choke the screen, 
Under some soil conditions excessive quantities of clods were collected and 
exceeded the quantity of peanuts salvaged. All salvaged samples in 1971 conM 
taioed a very high percent age of foreign ma t erial and the peanuts were recleaned 
before drying. 

Some of the salvaged peanuts in 1971 were covered with a thin layer of soil 
due to the wet soil conditions, Their appearance was unattractive and believed 
to be unacceptable unless the adhering soil was removed before marketing. 
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Figure 3 . Front viel4 of 1971 combiuation peanut digger- salvngcr . 
View of cleaning fan, i nclined conveyor and bagging 
attachment as installed on t he J eft side of t he machi no. 

r-

Figure 4, Rear view of the peanut digger-salvager. 

Field Testing Procedure 

I n 1970, fi.eld pl ots were dug to deterni1ne the quantity nnd qual it y of the 
peanuts attached to the vines and those detached f r om the vines by two digging 
methods , i he t ests were dug with (1 ) a conventional t ype peanut digger followed 
by a 6- Coot wide salvager to collect the losses and (2) the t wo-row unit which 
combines digging and salvaging into one operation. Three varieties of peanuts , 
Va . 61R, Flo i:igiant and NC-17, were dug with each machillc, ~ach variety was 
dug at 3-day i ntervals dui:ing the normal harvest ing peri.od with eight digging 
dates involved, conouencing Sept, 29 and ending Oct. 20. Each plot consisted 
of t1~0 rows, 36 inches apart, 14. 52 feet Jong (.002 acre) and treatments were 
randomized with three replications . 
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In 1971 plans were to repeat the same experiment described above. Over 11 
inches of rainfall during the normal digging period severely disrupted the 
planned harvesting program. Only one te~t '~ao dug before the arrival of Hurri
cane Ginger on Septembe1· 30 and the accompanying rains. Digging and salvaging 
dates in 1971 were Sept. 29, Oct. 14 and 17, and the last test was dug on Nnv. 
2 which is normally about 2 weeks beyond the last digging dates in Virginia. 

Four types of peanut samples were collected to determine plot yields and 
quality: (1) vine yield from the conventional dit;i;er, (2) salvaged yield from 
the conventional digger, (J) vine yield from the t1~0-row digger-salvager, and 
(4) salvaged yl eld from the digger-salvage>:. l'eanuts on the vines after digging 
were picked off by hand, Salvaged samples were hand cleaned to remove foreign 
material. All samples were artificially cured and dried to equilibrium moioture 
before weighing and grading, 

Harvested Peanut Yield and Grade 

Yield dat11 results fro111 the 1970 test are shown j n Tahle 1. Average con
ventional <Hgger losses from each of the varieties, Va. 61R, F!origiant and 
NC:-17, were 798, 608 and 633 lb/:i, respectively. Peanuts harvested with the 
two-row cH gger-sal vager (vlne µl us sat vaged yield combined) increased the per 
acre recovery yield over the vine yield from the conventional digser by about 
500 lb/a with each of the three peanut varieties. 

Yield data results from the 1971 tests ai:e shown in Table 2. Average con
ventl on11l dlgger losses from each of the three varieties for the three first 
digging dates were 1459, 1091 and 897 lb/a, respectively, for Va. 61R, Flori
giant and NC-17. Peanuts harvested with the two-row digger•salvager (vine plus 
salvaged yield combined) increased the per acre recovery yield over the vine 
yield from the conventional digger by about 900 to 1400 lb/a, 

Peanuts dug unusually late., Nov. 2, after the rains subsided gave very lo\~ 

vine yields, Conventional <ll.gger vine yield fi:om the three varieties ranged 
between 790 and 1395 lb/ a and losses ranged between 3223 and '.B64 1 b/ a. Yi cl cl 
from the digger-s111vager, vine plus salvaged yield, combined, increased recovery 
yjeld by 3003 lb/a nver the vine yield from the conventional digger, 

Quality of the peanuts from the vine and salvaged samples collected in 1970 
and 1971 is shown in Tables 3, 4 and 5. The commercial grade, price per µ01.1nd, 
and germination of the salvaged peanuts were about equal to the vine sample, 
Cl,ER flavor ratings of the salvaged samples were not appreciably different from 
the vine samples. None of. the peanut samples contained aflatoxin. 

Mr. c. E. Holaday of the National Peanut Research Laboratory, Dawson, Ga. 
analyzed the saaples for the presence of molds, aflatoxin, i:anci.dity and fat 
acidity. His i:emarks after analyzing the 1971 samples were: 11 Except for dis
coloration and appearance of the skins, the. salvaged peanuts seem to h:we 
excellent quality--as good as the ones picked from the vines." 

Equipment to Reclcan Salvaged Peanuts 

Salvaged peanut samples contain, in addition to the good quali.ty peanuts, 
an excc.ssive quantity of foreign material. Under cloddy soil conditions the 
quantity of clods may greatly exceed the quantity of detached peanuts. If the 
soil is not dry, an excessive quantity of fine soil particles is also collected . 
Salvaged peanut samples collected with presently available equipment and under 
the above adverse conditions cnntained several times more foreign material 
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than good quality fal"ITler•s stock peanuts. Other forms of foreign material con
sist of peanut leaflets, segments of the plant branch, deteriorated peanuts and 
corn cobs from previously grown crops plus hand tools and various types of im
plement parts lost or left in the field. These salvaged peanut samples require 
recleaning before drying. 

ln 1971 a recleaner was designed and constructed to separate foreign 
material from salvaged peanuts, The equipment is shown in Figure 5 and consists 
of the following components: 

1. Corrugated soil and clod screen. 

2. Horizontal conveyor equipped with open mesh type belting. 

3. Vacuum and pressure fans and bagging attachment. 

Figure .'.i. Equipment for recleaning salvaged peanut s:implcs. 

Vibrating action of the screen ;eparates fine soil particles and disinte
grates soft clods, The vacuum fan lifts out light 1~eight fo:rcign material. 
Remaining material is dropped into a pressure type air strea111 to separate the 
peanuts from the clods, 

Results from recleanl.ng a field sample of salvaged material arc shown in 
Figure 6. The collected field sample contained considc-cably more foreign 
material than peanuts. The photograph shows each fraction after it was sepa
rated from the composite--A, soil clods; B, good quality peanuts; C, peanut 
leaves, hulls and other forms of light weight material; and D, fine soil 
particles. Separation of several typos of foreign material from the good 
quality peanuts was effectively accomplished l~ith the above described low 
capacity, laboratory model recleaner. 

Sumrnar.y 

Peanut losses are associated with digging. Conventional peanut diggers are 
not designed to save any of the detached peanuts which consist of those thnt 
shed before digging or become separated from the plants during the normal 
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Figure 6, Foreign material separated into fractional parts from rec~ean
iog a field sample of salvaged peanuts. From left tn right, 
soil clods, recl eaned pe~nuts, leaves, and fine soil particles. 

digging , ll fting and windrowing operation. Overall average losses fi.-on1 a con
ventional peanut digger from three varieties of peanuts and e ight digging dates 
in 1970 were 679 lb/a. Losses from three digging d~tcs and three varieties of 
peanlltS dug in 1971 were 1149 l.b/ a . Unusually high rainfall during normal 
d1gg1015 tiine ln 1971 prevented the diggi ng of the test as pl annecl , and the wet 
soil may have contributed to tho increased lossel! from the conventi onal digger, 

Experimental equipment was designed and constructed to dig and sal vage 
peunuts in one operation. Yeanuts attached to the vines af ter digging may be 
l eft i n a windrow and combined at a lat er date, Soil i s l ift ed and sifted to 
r ecover the detached peanuts and the salvaged material i s collected in a bag, 
The digscr- salvager was designed for plot use, has lo'W field opertiting capacity, 
and operates at a ground speed of only 40 t o 60 feet per minute. The sifting 
screen partially chokes with fine root hairs under normal sotl moisture con• 
dit~ons and completely chokes when operated in wet soil, Salvaged peanut 
samples collected under moderately high soil moisture conditions contained 
several times more loose soil, clods and other types of fo reign ma terial than 
peanuts . 

Peanuts salvaged under wet soil conditions were completel y coated with soil 
particles, were unattractive, encl were believed to be unacceptable in that con
ditlon for the edible trade, 

Peanuts harvested with thi s equipment lncreased recovery yiel d about 500 
l b /a in 1970 and about 1000 l b/a in 197 1 over t he vine yield from a conventional 
digjl.er. 

Peanut salvaging equipment is expected to have a high initial, operating 
and maintenance cost ancl low field operating capacity. The cost to cure and 
dry high moisture salvaged peanuts wi ll exceed the cost of drying semi-cured 
wi ndrow harvested peanuts. 

A laboratory model, low capacity recleaner was constructed and tested for 
recleaning salvaged peanuts. This e quipment is effective for separating foreign 
material from salvaged peanut samples, 
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liand cleaned samples of salvaged peanuts were graded t<) determine thci r 
quality, The commercial grade, price per pound, germination, rancidity, and 
fa t ncidity of t he salv:iged peanuts were not appreciably different from the 
vine 11a1nples, None of tloe salvaged samples, includjng some collected i n 1971 
one month after the close of the normal digging time, nor any of the shr.ivelled 
or decayed kernels contained aflatoxin. CT.ER score ratil'\gs showed no appreciahl e 
differences between the vimo, and che salvaged samples, 

Table 1. Peanut :t1eld ~lb£a). Holland, Va. 1970 

Conventional nigger Digger-Salvas<-r 
Digging VinP. Salvage Vine Salvage 

note Yi el<l Yield 'fot1~l Yield Yi.el d Tot;cl 

Va, 6ll{ Variet:t 

9/29 4073 5.'>2 4625 32.70 581 3851 
10/2 3652 518 4170 3114 532 3646 
10/5 316:; 692 JA57 2717 8011 3521 
l0/8 3916 464 4380 3178 854 4032 
10/ 11 3367 830 4197 3081 806 J8R7 
10/14 3172 1204 4376 303 1 1144 417.~ 

10/ 17 2869 1044 3913 3012 1399 li4ll 
10/20 3166 1081 4247 2711 1437 414B 
Avg 3422 798 4220 3014 945 3959 

Florigi ant Variot;t 

9/29 45-09 )12 li821 4085 821 4907 
10/2 4583 J84 /1967 4255 662 1,917 
10/ s 4642 570 .'>212 3930 67J 4603 
10/8 4512 6JJ 5145 4039 925 '•964 
10/ 11 4500 823 5323 4134 906 5040 
10/lq 4795 670 5465 3BB7 12~7 51'14 
l0/17 42li0 592 liB32 4418 1162 5581 
10/20 4412 887 5299 li279 1056 5335 
Avg 4524 608 5132 4126 9.32 5060 

NC- 1 7 v II ri et l! 

9/29 4456 17.~ 4631 46011 1.'iO li75B 
l0/2 4399 182 4581 427B 254 4532 
10/ S 4506 3.W 4845 4509 183 1+692 
10/8 4266 290 4556 li493 398 4891 
10/lJ 4359 673 5032 3912 B81 479.1 
10/14 4247 486 4733 3726 913 4639 
10/17 3572 1271 4843 3390 918 4317 
10/20 3169 1653 4822 3745 944 4689 
Avg 4121 633 4754 4083 580 466:J 
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Table 2. Peanut yield (lb/a). Holland, Vn. 1971 

Conventional Digger Digger-Salvnger 
Digging Vine .Salvage Vine Salvage 
natc Yield Yield Total Yield Yield Total 

Va. 61R Varict:t 

9/29 4203 70R 4911 4163 656 4819 
10/14 3631 1574 5205 2653 1972. 4625 
10/17 2587 2097 4684 3477 2014 5491 

Avg 3473 1459 4933 3431 1547 4978 

11/2 J:_/ 1150 3223 4373 1189 2936 4125 

Florigiant Varietx 

9/29 3934 781 4715 3960 894 4854 
10/14 4355 1325 5680 3530 1747 5277 
10/17 4012 1169 5181 3179 1996 5177 

Avg 4100 1091 5192 3556 1546 5102 

11/2 !/ 790 3364 4154 725 3317 4042 

NC-17 Variet:t 

9/29 4448 607 5055 4580 442 5022 
10/14 4328 817 5145 4702 999 5701 
10/ l 7 4041 1269 5310 4557 943 5500 

Avg 4272 897 5170 4613 794 5407 

11/2 y 1395 3.303 4698 1067 3110 4177 

l l Unusually late digging date . 
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* Table 3. Summar:i:, 2cnnut grade and value ~er ~ound. 

4 Fanc:t % ELK 'L SMK % Damage Pr)ce/lb 
Sam2l e 1970 1971 1970 1971 1970 1971 1970 1971 1970 1971 

Vtt, 61R 

Vine 69 76 27 28 67 71 0,6 0 13 . 5 14,6 
Salvage Bl 73 34 26 70 70 1 0 . 6 13.9 14,2 

Flori giant 

Vine 83 86 46 46 72 73 0 . 3 0 14. 7 15.5 
Sal vage 88 86 42 34 70 70 2.3 1.J 13 . 8 14.5 

NC- 17 

Vi ne 68 71 58 57 75 74 0,3 0 15.4 16.2 
Salvage 8) 87 60 63 74 75 1,1 0 15.3 16.0 

A 

Table 4. Summar:t; gcnni n'1 t ion l!er centaccs . 

1970 197 1 
Vine Salvage Vine 81\Jvage 

Varietl:'. Saml!le Sum11le Sam2te Snm11te 

Va, 61R 92.3 92.8 96.0 97.0 
Flori giant 92.6 91. 7 97.0 97.2 
NC-17 90. j 90.1 97.6 98.8 
Avg 91.6 91. 6 96.8 97.6 

Table 5, * Summar:i, CLP.R score ratj ng. 

1970 1971 
Vine Salvage Vim< Salvage 

Vari et:i: Sam[!le Sam11lu Sam2le Sam11le 

Va, 61R 50 . 5 49 . 2 .50.3 49 . o 
Fl ori giant 39 . 7 38 . 0 47 .3 42 . 3 
NC-17 46 . 3 44 . 6 26.3 58 . 6 
Avg 45 • .'.i 43 . 9 41.3 49 . 9 

* Average of 8 digging date s in 1970 anJ 3 digging dates in 1971 . 
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ABSTRACT & PAPER 

ABSTRACT 

The po.pet· reports the results of three ygars experiments to evaluate the 
effect of periodic high temperature ( 120 f) on the drying rate, flavor and 
nd.l ling quality o f green harvested peanub . Fesults indicate that cycling 
the temperature to simulate windrow drying conditions will i ncrease the 
dryi.ng t·ate without necessarily degrading flavor. Percentaee of' split· 
kernels was higher t han with standard dryine conditions. 

111 a related experiment , peanuts 1iried conti nuous ly at i 20°r to 20i ~isture, 
ther, dried with standard conditions (9S0 r maximum) hu.d a superior flavor 
whe n compared with peanuts dried to 20% mois ture with standard conditions 
and finished with high temperature. 

The results indicate that limited application of high t emper atux·e during 
drying of green peanuts will not necessarily degrade their flsvor quality. 
This pr ncedure can be u.~ed as a successful alternative to windrow dr-ying 
which is subject to uncontrolle~ weather conditions . 

Poanut harvest nor111tilly begins l>y re111ovin~ the plant from t he soil and 
allowing j t to dry ir. the windrow for iicveral days. The partially <lri.ed 
pea11ut is removed from the vine and suhjeoted to further drying with 
foY'Ced, heated air until the moistu:r•e content is reduced to a safe level 
fol' :<tO~'ilge. The ini tiel windr>ow dry) ng reduces the moi s t ure content f l"Om 
40-60% {wet basis) down to 15- 20% under favorable weather conditions. 
Exceptional drying condit ions may reduce the moistux-e level below 10% but 
rainy , foggy weather may prevent drying below 25% . Prolongation of the 
time foi• drying makes the peanut more vulnerable to attack by insects and 
inold growth. In addition , it promotee excessive loss during combining 
because of deteriorfltiou of the pods ' attachment to the vines. 

Imn1ediate harvest after digging followed by prompt drying can minimize the 
l oflses a ttributable t o poor drying weather. Addition of heat to the drying 
air will i ncr-ease j t s drying potent ial and thereby reduce the drying time . 
Excessi ve heat during dr ying, ha.tcver, can 'I'CSult in a poor flavor o f the 
final product (l)~ Experience has indicated that limiting the air 
t emperature to a ma ximum of 95°r will prevent the poor fl.:1vor caused by 
high temperature . 

*Numbers i n parenthe&es 1·efer to appended references. 
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Recent research by the Agricultural Engineering Research Division at Tifton, 
Georgia in cooperation with the Market Quality Research Division at Dawson, 
Georgia and the Georgia Coastal Plains Bxperiment Station has indicated 
that green-harvested peanuts, dt':i.ed with fo'.l:'ced heated air limited to 95°F, 
had a flavor which was inferior to peanuts d'.l:'ied in the windrow under good 
weather conditions (Fig. 1). The taste panelists characterized the peanuts 
as having a lack of flavor or "bland" flavor rather than a bad flavor. 
Concurrent research showed that the tempe:r>ature of peanuts in the wind'.l:'OW 
may reach 120°r or higher for three hours or more per day under good 
weather conditions (2). 
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Fip;ure 1. Flavor evnluation for windrow dried peanuts. 
(S=Starr Spanish, R=Early Runner, F=FlorigJant) 

Objective 

The objective of these experiments was to investigate the hypothesis that 
a limited exposure to high temperature mu.y decrease the drying tiroe without 
damaging flavor quality. 

Equipment and Procedure 

Drying plenums were equipped with time clocks for programmed temperatUX'e 
control. The high temperature was thermostatically controlled at 120°F. The 
low temperature was the standard recommended conditions for drying peanuts 



(heat added when the relative humidity exceeded 65% but with a maximum temper
atUX'e of 95°F). The drying air was heated with electric heaters. 

The peanuts were dried in boxes with one square foot floor area and one foot 
depth. Air flow rate through the peanuts W<J.S 50 cfm, monitored by a hot-wire 
anemometer. Wet and dry-bulb temperatures of the drying air were recorded 
at half hour intervals. Each box was initially filled with 30 pounds of green 
peanuts, and the weight loss was determined by periodic weighing, Treatments 
were replicated three times. Moisture contents were determined after oven 
drying at iao0 r for ~8 hours. Federal-State grading procedures were used 
in evaluating milling quality. 

Flavor quality was evaluated at the tlational Peanut Research Lab., Dawson by 
ten-member panels of selected und experienced tasters. Samples of butter made 
from roasted, blanched peanuts (with no additives) were rated on a five-point 
hedonic scale as "excellent" to "very poor". (The lower the score, the better 
the flavor.) Sampling, processing and presentation were standardized to 
minimize error, and tasting was done in individual masking-lighted booths to 
minimize extraneous influences upon flavor response. (Cler score evaluations 
were made at Ti~on.) 

Discussion of Results 

Peanut quality can be measured by several criteria, depending upon the end 
use, ror the edible trade, flavor is the primary criterion. Flavor was best 
evaluated subjectively by taste panels and the results quantified. Sampling 
procedure is critical if signi!icant results are to be achieved. 

Milling quality is evaluated by the percentage of split kernels in a graded 
sample. Excessive split kernels usually indicates that high temperatures 
were used in drying. Thus it may be used as a secondary indicator· of flavor. 
The split kernel percentage is also used in determining the price paid to the 
producer. Split ke1•nel percentage greater than 4% results in a lower pr foe. 

Molds and aflatoxin contamination will degrade the peanut quality. Prompt 
drying will usually minimize this deterrent to good quality. 

Cycled high temperature 

By periodically cycling the drying air temperature, the time required to dry 
the peanuts was reduced by 40-60% below the time required using the normal 
drying procedure (Table 1). Similar reductions in drying time were noted 
in all years. 

Flavor evaluation of peanuts dried with cycled temperatures (Table 2) generally 
indicated no significant difference or a preference for the cycled temperature 
treatment. For the 1969 Spanish harvest the taste panel showed a slight 
preference for the cycled temperature treatment. The 1969 Runner harvest and 
both 1970 harvests showed no significant difference in flavor between the 
cycled treatments and the standar·d treatment. In 1971 the harvests were 
evaluated for flavor using the Cler method (3), These tests showed a slight 
pt>eference for the standard treatment. Correlation with the taste panel 
evaluations used in previous years is not available at this time. 

The percentage of split kernels (Table 3) increased significantly when high 
temperature was applied during the drying period. In several instances, the 
split kernel percentage was above the 4% level used in determining the price 
paid to the producer. 

These t>esults indicate that drying time can be reduced without significantly 
affecting peanut flavor by periodic use of higher temperatures during drying. 
Milling quality, however, will be reduced with this procedure. 
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Ta.ble l. Time (Hours) to Reach 10% Moisture Content 

Treatment 

Standard drying"!:./ 

Al!bient air , no heat added 

Continuous 120°r to completion 

High - Lowy 
3/ Low - High-

Cycled Treatments 

% High 
Temp. 
12,5 

25 

31.3 

31. 3 

31.3 

31.3 

Hours Per 
Cycle 

21+ 

12 

8 

4.75 

3 

2 

1969 19/0 
Starr Early Starr florunner 

Spanish Runner Spanish 

77 

183 

23 

61 (15 )'!..! 
50 (9)'!! 

65 

49 

31 

70 

6S 

28 

SL!- (18),V 

Ll-3 (17)i:./ 

35 

41 

40 

142 

242 

80 

63 

61 

80 

123 

1+6 

33 

46 

.!:!standard drying - heat added when relative hUJDidity exceeds 65% , maxim'lllll 9S0 r. 

!/High - Low - Continuous high heat at 120°F t o 20% moisture, then standard drying. 

'2f Low - High - Standard drying to 20% moisture, then continuous high heat . 

'!!rime in parenthesis indicates hours at high teaperatlll"e . 

1971 
florunner Florigiant 

90 

54 

49 

52 

57 

48 

56 

33 

24 

29 

25 

26 
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"' Tab: e 2. flavor Evaluation 
ft 

1969 1970 1971 
Starr Early Starr florur.ner flcrurmer Florigiant 

Treatmen'!: S~ish :tunner St>anish 

Standard drying!/ 2. s'Y 2.& 2 ,I; 2 . 3 70~ 55 

3 days in windrow 2. 5 2.1 

Ambient a~r, no heat added 2 .7 2.4 2.2 2 .6 

Cor.tinuous l20°F to completion 11, Q 4.7 

High - LowY 2.6 2.9 

Low - HighY 2.6 3.8 

£i:cled Tt>eatrnents 

i H.igh Hours Per 
~ Cycle 

12.S 24 2. 0 -·-·- 2.3 2. 6 

25 12 2. 3 --- --- --- 65 49 

31.3 B 2. 3 3.0 2.2 2 . 2 63 Sl 

31.3 4.75 --- 2.7 --- ---- 61 53 

31.3 3 --- 2.4 2.4 3 ,0 63 51 

31.3 2 --- --- --- --- 61 47 

'~Note - Comparisons s~ould be r.iade only within a given year and va:-iety . Comparison across varieties and 
years are not valid. 

!/standard drying - heat added when the relative ba.:idling exceeds oS't, max.inrum 9S0 r. 
~High - Low - Continuous 120°r to 20% moisture, then standard dryir.g . 

' ~Low - High - Standarl drying to 20% moisture, then cor.tinuous i20°r. 

~Flavor panel evaluation - scale rar.ges from 1 (exceller.t flavor) to 5 ( very poor flavor). 

~1971 peanuts evaluated by Cler score (3) . Scale ~or Cler evaluation ranges fron 0 (badly off f l avor) 
to 100 (good ?ear.ut flavcr). 



Table 3. Percentage of Sound Split Kernels 
1969 1970 1971* 

Starr Earl y Starr 
Tr6.ltment Spanish Runner s e:anish Florunner rlorunner 

Standard drying.!/ () , 8 0 . 3 l a5 1.,0 z.s 
3 days in windrow 0 . 3 O. lf 3 . 8 1. 9 

Ambient air, no heat 0, 8 0 . 5 0,7 l. ? 
added 

Continuous i 20°r to 1.9 3 .7 
completion 

High-Lowy 0.8 l. 7 

Low-High!/ 2.1 2 . 2 

C~cled Treatments 

% High Hrs. Per 

~ Cl e.le 

12 . 5 24 2. 2 2 . 2 l. 3 

25 , 0 12 l. !l 3.CJ 

31. 3 8 2.6 !i .9 2.9 2. 7 ~~~ 

31. 3 li.75 l.li 4.8 

31. 3 ~ 1.7 1. !) 1 ~ 4.G 
31. 3 2 4.5 

!/Standard drying - heat udcled when relative humidity excce<l.'l 65~, 1~ax . 95°F . 
2/High-Low - Continuous 120°r to 20% moisture , then sta nd<ird clr·yine . 
3/Low-lligh - Standard drying to 20t moisture , thcr; continuour. l20°F. * Fl origiant samples were net graded. 

Partial drying wi th h i gh tempe?'ilture 

Inste<id of pr ogramming a c ha nge in dryin1?.-air tempcr<iture 1'ith time, 1.he 
programrnins may be base<l on mobiture level of the peanut. Thio appro.;ch 
hypothesizco that the interaction between temperature and moisture leve l is 
important in flavor. development. One e x:pe riment applied high te1111>el'C1turc 
(120°r) air a t moisture levels ebove 2oi (hie;h-low), the othe1' api;lied high 
t emperature air bel.ow 20% (low-hir.;h). 

The results indicatQ that high temperature applied near the end of t he dryi ng 
proceso will reduce t he drying time more than applicat i on durin~ the early 
stage of drying {Table 1). 

In t he flavor evaluati on of t he 1969 Spanish harvest, 1.5 hour:; of high temper
a t ure treatment a t h igh rnoist ut'e (high- low) was j udged to have a similai• flavor 
to 9 hours of high t e mperature .rpplied at low moisture (l.ow- high) (Table 2) . 
Both were simi lar to the fl.avor of the sta ndard treatment. In the 1969 Runner 
ha r veot, 18 hours of high temperat ure treatment <it high moisture (high-l ow) 
was judged to be significantly better than 17 hours of hi~ temperatur e at 
low moisture (low-high). These r esults s ugi:,est that the peanut is better 
able t o withs tand high temperature flavor dam.:ige when its moisture ii:; high. 
Further data are needed to subs t antiat e t his inference, 

Milling qual i t y , as indicated by the perceutue;e of split kernels, was better 
with the hieh-low treatnient {Table 3). Both t r eatments had higher percentages 
t han the standard tt>eatment but were below the li't> level used by the buyer. 
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Summary 

Drying in the windrow will produce peanuts with an acceptable flavor quality 
except under prolonged rainy weather. Delayed drying encout>ages mold growth, 
and aflato'ltin contumination, and contributes to increased harvesting losses. 
An alternative solution involves harvesting immediately a~er diaging and 
prompt drying under controlled conditions. Complete, continuous drying with 
temperatures above 95°F will likely damage flavor quality. Programmed drying 
with high temperatUX'e (1209r"J applied periodically, decreased the drying 
time by 40-60% and maintained or improved flavor quality. Split kernel 
percentage increased slightly. 

Tests indicated that ~he peanut is less likely to sustain flavor damage if 
the high temperature is applied at high moisture rather than low moistur-e. 
Further data are needed to substantiate this inference, 
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ABSTRACT 

Green peITTtu t kernels with their skin removed (baltl kernels) were d r ied at 
four humidities. Relative displacement between cotyledons of the bald ker
nels was shown to be a fuoction of relative humidity (Rll). For Virginia-
and Runner-type, the averoge amount of s cparat jon between the coty l.cdnns at the 
end opposite tl•e germ was about 0.055-inch ot 12 and 40 percent RH, bu t de
cHned sharply t o about 0.040- and 0 .015-inch at 60 and 80 percent Rll, 
rei;;pectively. The values of later al movement declined steadUy with incr~.;1scd 
relative hum1<lities , averaging about 0.029-, 0.015-, 0.008-, and 0.002-inch 
at 12 , 40, 60, and 80 r ercent RH, respe.ccively. For Spanish-type peanuts, the 
magnitude of the values was considerably l ess for each type of movement, but 
the same trend was fol l owed. 

INTRODUCTION 

Drying tests conducted ot normal or l ow tempcraturt!S have shown that s plitting 
of kernels is a function of drying ra1e (1, 2), i.e. , 5f ocher things are 
equal, higher drying r ates cause more splitting. This Is illustrated in 
figure l with data from 'Bcllsley and Mcken!; . Howtover, the cxll.ct mcchani.<;m 
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!.--Percent split k.ernel vs. relative humidity for Virginia peanuts 
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that causes splitting and/or skin slippage h:i.s not heen revealed. Some of 
the theoril•s wh:lch have been pro_jected are shr·ink<tge or eiq1ansion of the 
skin, "steaming off" of the skin, 1rnd stresses due to mois~urc or temperature 
gra<llents. An un<len;tanding of the mechanisn1 of <:;plitting could lead to a 
general improvement of milling quality from alteration of the peanut properties 
by breeding, or use of a more s11ituble and more precise clrying process. 

Prevlous studies at the Nat:lonal Pe<.1nut Research Labon1tory (NrRL) (3) In
volving drying rates of kernels and co1npone1Hs revealed a :ml it t Ing aµ art of 
the cotyledons of bald kernels under some conditions whi'lc remaining <1tt<1ch"cl 
<.1t the germ. The tests describl•d herein were planned to detern1ine if tl1e 
<Ullo11nc of splitti.ng is " function of clry·lng rnt.e. 

MATmUALS AND Mi!:TllOOS 

The tests were pcrformt•d on freshly dug Starr Sp<inish, Florunner, an<l Flor!
giant peanuts. After combi11ing, the peanuts were hand shelled within a high 
humi<ll ty environmcnt<il cloambt•r to prevent drying. Skins were removc<l from tlo<~ 

kernels, and the hald kernels tJere dlvi<le<l inr.o four groups. Rach group was 
placed in a singll• layer in one of fo11r. cnvironme.ntal chambers at 7.'>" F., 
having relative huml<li Ue8 of 12, 40, 60, and 80 percent, respectivc.ly. Air 
was circulated at a velocity of ahout 25 fet>.t per minute. The peanuts \•ere 
illlowccl to dry to about 12 perce.nt moisture content jn thre0< tc.sts, <incl 
completely to equilibrium i11 two tests. 

l>i.~loc.aUon wus ohservccl both away from (opiiosing displace111e11t) and par.-i.ll cd 
to (parallel displacement) the plane h<!tween Lwo cotyledons (figures 2 and 
3). 

a ---,-

Figure 2. -- Opposing displacement of cotyledons, a. 

Figure 3.--Parallel displacement of cotyledons, b. 
90 



Mcnsure1nent of the relative displacement of the cotyledons of each bald 
kernel was measured at the end opposite the germ using micromc t E'.r calipers, 
thickness gages, and/or ocular micrometer (figure 4). 

Figure 4.--Caliper method of determining displacement. 
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RESULTS 

Photographs of typical groups of kernels are shown in figures S and 6. 

Figure 5.-- Typical group of Florunner peanuts. 

20 °/o 40 °/o 

> 

'\ 
60% 80% 

Figure 6. -- Typical group of Florigiont Virginia peanuts . 
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The average values for opposing displacement are plotted versus <lrying 
humidity in figure 7. The trend of the average values w<ls the sa111e for 

ii) .08 
(o) Florigiont} . w (") Florigiont Dried to Equlibrium 

I 
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,..... (x) Florunner 
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Figure 7.--0pposing displocemenl of cotyledons versus relative humidity 
of drying air. 

each test. The values were about equal at the two lower values of relat Ive 
humidity but decreased sharply to 60 and 80 percent relative humt<ll ~y. 

The average values for parallel-type displacement are plotced in figure 8. 
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Figure 6.--Porollel displacement of cotyledons versus relative humidity 
of drying oir. 

For each test, the values showed a continuous decline for increasing relative 
humidity. 
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For opposite.- type displacement, there ·~as no statistically significant 
difference between values at 12 and 40 percent relative humidity for any 
of the tests. Between any o~her humidj ty levels, there was significant 
difference fot" all or most v<tlues. 

For parallel displacement, significant difference was found between values 
of 12 percent and each other humidity level. Other values generally were 
not significantly differen~. Measurement of parallel displacement was subject 
to more error because of the difficulty in defining the original position of 
the cotyledons. However, the trends of the parallel displacement veJ'sus 
humidity seemed well established. 

Figures 9 and JO show tloe percentage of kernels having displacement greater 
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Figure 9.--Percent of kernels with opposing displacement greater 
thon 0.030 inch. 
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than 0.030-inch. The trends cstahlished are similar to those of the average 
values. 

Displacement values were always lower for the Spanish peanuts than for 
Virginia or Flot"unner. Th:Ls difference was expected since Spanish kernels 
are considerably shorter. However, on an angular basis (displacement 
divided by length of kernel), the values for Spanish peanuts were still lower 
than Florunner or Florigiant. Some effect may have resulted from the drying 
range. The in·Ltial moisture content of the Spanish peanuts was somewhat 
lower, 45 percent dry basis, than that of the Florunncr and Florigiant which 
was 57 and 64 percent, respectively. 

Displacement values apparently were not dependent on final moisture content. 
The peanuts dried to equilibrium showed no consistent difference from those 
drie<l to 12 per.cent moisture content. 

DISCUSSION 

Relative displacement between cotyle<lons of bald kernels has been established 
as a function of the relative humidtty of the drying air. The relationship 
between the displacement and r.dative humidity is similar to that of split ting 
versus relative humidity of the drying air. 'l'he theory follows that the 
forces causing <lisplacement create stress :ln the skins of whole kernels, 
causing, or at least enhancing, splJ tting (<luring subsequent shelling an<l 
handling) of peanuts dried at lower relative humidities. The values presented 
here• would indicate a sh.arp rise in splitting for drying air humidities lower 
than 80 percent; however, they represent humi<lity of the .afr d!rectly surroun<l
ing the kernel. Kernels inside hulls (farmers' stock) probably have a higher 
surrounding humidity than that of the dry!ng alr since the hulls act as a 
moisture huffer. The curves presented here probably should be shifted to 
represent farmers' stock peanuts. 

Based on the curves of opposing df splace1nent, splitting probably would reach 
a point of no f ncrease for further increase in drying rate.. This has generally 
not been the case in most drying research. Thus, the forces causing parallel 
displace~1ent may be predominant in causing spll tting, since these values arc 
higher with drying air <tt lower relative humidities. However, a combinat Ion 
of the two forces may determine the milling quality. 
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I:;VALUATION OF Ul-1..-P-MJ::NTllENE FOR POTENTIAL USE 
o;-.1 FAR:IE.RS' STOCK PEANUTS 

by 
Jar.ies I. Davlclson, Jr. and Freddie P. :-lcfutosh, 

~l<::chanical F.ngineer and Agricultural Engineer, respect i ve1 y 
i-lational Peanut Research Laboratory 

Transportation and Facilitie~ Researci1 l.>ivision 
Ai;ri.cultur.~ 1 Research Service 

U. s. Department of Ar,riculture 
Dawson, Georgia 

and 
Leonard H. Rcdlinr;er, Tnvestigations Leader 

Coastal Plain J:xperlment Station 
:larket Quality Research llivi.sion 
Agricultural Research Service 

li. S. Department of Ai;riculture 
Tifton, Georr,ia 

This report. covers a cooperative study by the>. Transport.at ion t1nd racil i tics 
Research llivi::1lon an<l the :•:arket Quality R<:>:;carc\1 ilivi:;ioo o( ,\){S to cv:1luat" 
the potential uses of di-1-p-'-lenthene in the commercial stor:.ir." '1n<I ,;1,C! l.l i 11~ 
of farmers' stock peanuts. 

l)i-1-p-Meotloene is a Lewis acid catalyzed polmyer of fjJ pinene - one of tile· 
major constituents of pine oil. It ii<lR two .sub-uaits in the ~·Ollllyer for « 
molecular weight of 274. Its chemical structun~ is r"pr.,scntecl by the 
following: 

Cl13 Cll3 
I I 

/c~ /c~ 
Cll 

'Tz 
Cll Cllz 

I I I 
Cll2 cu2 Cllz C!12 

"-cH/ ".r.H/ 
l I 

H c Cli2 c C:ll3 

l I 
Cl13 c113 

Di-l-p-~1enthene is relatively non-toxic to m<111TM3l::;, h3s been cleared hy the 
Foo<l and »rug .\tlministt"a.tion for use in cosmetics and chewh•g gum, an<l has 
a tolerance exempt st3tus in agt'icultut'e. l)nc of its primary uses is to con
trol pesticide re:<idues. Some physical and chemic3l properties of this 
material are li::.ted ln table L 

Various substances have been used to extend and control the resi<lues of 
pestici<les. It 1Jas reported that di-l-p-l1cnthene has such properties and, 
in addition, possesses qu<llities of retar<ling moisture loss. It is re11Jlly 
soluble in water and when applied to a materi<ll an<l allowed to Ji-y, a thin 
film is formed on the sudace. 'Chis thin film retards the transfer of 
moisture between the material and its surroundings. Plants are dipped in a 
solution of Ji-1-p-Menthenc and water to retard wilting and are sprayed with 
similar solutions to retard transpiration. In some cases, its use reduces 
the number of irrigations required to produce a crop. 
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Since the film-forming properties of this material had been successfully 
utilized on other agricultural products, it appeared that such a film on 
farmers' stock peanuts might form a significant barrier to moisture, bacteria, 
and molds as well as being useful in maintainin~ residues of malathion or 
ocher insecticides. A thin f Um on the surface of the peanut hull could 
affect the shelling rates of commercial shellers and improve sheller performance. 
Application of the di-1-p-Menthene could be easily implemented into current 
storage programs by mixing this material with the insecticide and spraying the 
peanuts in the usual lllllnner. 

The objectives of this preliminary study were to determine the potential of 
the di-1-p-Menthene for: 

Table 1.--Characteristic chemical and physic<il properties of 
di-1-p-Mcnthcne 1J 

Property Value or characteristic 

State at room temperature - liquid 

Acid number - approximately zero 

Average specific gravity - 0.95 

Iodine number - approximutely 98 

Solubility - unpolymerized, this material is soluble in 

all aliphates and aromatic solvents, ketones 

(except acetone), higher molecular weight 

alcohols and chlorinated solvents. After 

polymerization, solubility is generally 

decreased in all solvents. 

Vapor pressure at room 
temperature - extremely low 

Vapor pressure at 200° F. - 2 mm Hg 

Vapor pressure at 300° F. - 15 mm Hg. 

Flash point - 330° F. 

Refractive index - 1.5098 

Chemical and physical property data were supplied by the distributor, 
Miller Chemical an<l Fertilizer Corporation, ~~!VR Road, Box 311, 
Hanover, Pennsylvania 17331. Listing of the distributor docs not 
imply that the Government recocnsnends use or non-use of this 
product. Th~ distributor furnished the di-1-p-~lcnthcnc and con
sulted with the authors in planning this research. Cooperation of 
Mr. Charlie Svec and Miller Cheroical and Fertilizer Corporation is 
greatly appreciated. 
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a. Reducing moisture loss of fanners' stock peanuts during storage. 

b . Conditioning peanut pods for shelling. 

c. Kinintizing mold and bac t erial infestation of f arners' stock pe<inuts. 

d . Increasing the length of residual toxicity of malathion c.nd thereby 
minimizing insect infestation of farmers' stock peanuts. 

This study is part of an overall prosram conducted by ARS to i mprove methods, 
techniques, and equipment for storin~ and shelling farmerA' stock peanuts. It 
was conducted at Oawson and Tifton, Ceorgia, from June to October 1971. 

MATERIALS l\.ND METIIODS 

A 1, 175-pound lot of Spanish-type peanuts (1968 crop year) wns removed from 
r efrigerated storage and divided into five samples as f ollows: 

Sample no. l - Untreated control (375 pounds) 
Sample no, 2 - 1-later-treate<l control (200 pounds) 
Sample no. 3 - Malathion-treated (200 pounds) 
SM!ple no. 4 - Di-1-p-llen thene-trea ted (200 pounds) 
Sample no. 5 - Di-1-p-Henthene plus rnalathion-treatad (200 pounds) 

The samples received th~ tre.~tments as shown in figure 1. 
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The 375-poun<l untreated control lot was divided into a 275-poun<l sample and a 
100-pound sample. The 275-pound untreated sample 'Was used to determine the 
proparties of the pennuts prior to storage, and the 100-poun<l untreated sample 
was used to determine the peanut properties after storage. Two hundred and 
fifty pounds of the 275-pound sample were divided into five subsamples of 50 
pounds each for shelling tests to determine the initial milling ciuality of the 
lot. The re,,,nining 25 pounds 1~ere divided into 5-poun<l samples for iuunediate 
determinations of official grades and germinations. One hundred kernels from 
each official grade sample were subjected to mold assays to determine mold 
contamlnation. The 100-pound Salft'Ple was placed in ambient storage for 3 months 
and then shelled to dctarmine roil ling quality, grade, and germination after 
storage. 

All of the t1onted samples were sprayed at a rate of 32 ml of solution per pound 
of pcanots. Provious experiments with water showed that this rate would 
thoroughly wet the surfnce of all peanut pods. The malathion srray was 
prepnred by mixing 8.75 ml of premium grade, 57 percent EC malathion per gallon 
of water. The di-1-p-Nenthenc solution was prepared by adding 392 ml to a 
gallon of water. The malathion plus di-1-p-Mcnthene solution consisted of 
8.75 ml of premium grade, 57 percent ~C malathion, and 392 ml of the di-1-p
)(enthcne per gallon of water. 

Un1forn1 coverage hy the spray solutions was achieved by spraying the rennuts with 
a flat spray nozzle as tl1ey Jischarr,ed from a hucket elevator. The bucket 
elevator was fully loaded to maintain a constant rate of flow. After the peanuts 
passed thro::gh the spr.'\yer, they tumbled down an inclined belt and mixed with 
tl1e runoff solution. This procedure insured that the solution was applied to 
the entire surface area of the peanut pods. 

Ir.unt:diately after spraying, each sample was aerated for 2 hours so that the 
di-1-p-~!enthenc would "set," forming a fil111 around the pods. Each sample was 
weighed immediataly before and after it was sprayed, and again nt the end of the 
aeration period. 

l"ollowing aeration, each sample was thoroughly mixed :md divided into subsamples 
as in<li cated in figure l. One hundred pounds of each sample were placed in 
burlap hags and held iu a storage room at ambient Condit lons. Each bag of 
peanuts was weighed ~1eekly, and the temperature and humidity of the storage 
build!nK was recorded every 2 hours. After J months (90 Jays), the samples were 
subjected to official grade, hull and kernel moisture detenuin~.J:iOns, shelling 
and germination tests. A 1/4-size commercial-type sholler was used for all 
shelling stu<lies. 

Five 5-pound subsamples were taken frO!ll e;i.ch of the four 200-pound samples for 
mold studies. Each 5-pound subsample was divided into 1-pound portions, placed 
in roesh hags, and stored in a chamber controlled at 80 * 10 pe'C'cent relative 
humidity. Temper.iture was not controlled, but it was in a range favorable for 
mold growth at all times (Boo to 105° F.). After 8, 19, 26, 35, and 42 days' 
storage, five 1-pound portions of each treatment (water, malathion, dt-1-p
~fenthene, ancl malathion plus di-1-p-Menthene) were taken from the humid environ
ment. Une hunJred kernels fron\ each 1-pound portion were surface star!.li:z.e<l 
by soaking in a 2 percent solution of sodium hypoehlorite for 2 minutes. The 
sterilized kernels were then transferred to petri dishes containing an agar 
solution'];_/. After S days, the number of mold-infected kernels was counted. 
The mold infestations were divided into t:hree categories: (1) Aspersillus 
flavus, (2) other Aspergillus and Penicillium species, and (3) Hycelia-typc 
fungi. ilacteria-infected kernels vere alRo counted. 

2/ The cooperat.i.on and assistance of }:r. Jeny Kirksey, Pathologist, MQRD, ARS, 
USDA, and Dr. Richard Cole, :Hcrobiologist, :·tQRD, ARS, USDA, who assisted with 
the mold evaluation~ are greatly appreciated. 
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The 75-pound lots of peanuts, selected for exposure to an insect environment, 
were divided into five 15-pound subsamples for each treatment. The peanuts 
were placed in cardboard boxes 12 x 12 x 12 inches and stored under simulated 
warehouse conditions with exposure to a high population of stored-pro<luct insects. 
In addition to the natural insect population present during storap,e, 500 Indian
meal and 800 almond moth eggs were sprinkled over the surf ace of each box of 
peanuts. At the end of l, 2, and 3 months of storage, insect evaluations were 
made of all samples. 

Each 15-poun<l peanut sample v3s divided "1ith a farmers' stock peanut divider 
to a representative 1,000-gram sample. '1'he peanuts were sifted over a 1/4-inch 
screen with a mechanical sifter operated for l minute. The numbers of live 
and dead insects were recorded. 

Insect emergence records were obtained from peanuts held in an environmental 
room maintaine<l at 27 ± 1° C and 65 : 2 percent RH for a 42-day period. At the 
end of this period, the peanuts were sifted and the number of insects recorded . 

Insect kernel damage was recorded fron a representative 100-pod sample from 
each replication and tre3tment. 

Hal3thion residues were analyzed from !-quart samples of peanuts ta.ken 
immediately after treatment and at the en<l of 1, 2, and 3 months of storage. 

UATA AND RESUL'fS 

General 

The peanuts treated with solutions of di-1-p-Menthene gained less weieht 
(absorbed less moisture} during the spraying operation than the peanuts cre~ted 
with other solutions (table 2). It appeared that the ..ti-1-p-Menthene solutions 

Table 2.--Weigbt and n1oisture gain of peanuts tJhen spi:aye<l with <llfferent 
solutions 

Moisture gai n 
Type of solution Weight gain Hulls Kernels 

Percent Points (wet basis) Points (wet 

Water 3.J 9.5 1.2 

Malathion and water 3.7 10 • .3 0.7 

Malathion, water and 
di-1-p-Menthene 2.7 8.7 0.9 

Di-1-p-Menthene 2.5 6.7 0.8 

basis) 

formed a smooth sticky film on the exterior surface of the pod. This film 
shielded the hull resulting in a relatively low hull moisture content. Ill1Illedi
ately after spraying, the film remained tacky. However, no problems were 
experienced in the normal handling of these peanut~. Aeration set the film and 
caused the peanuts to appear bright and polished. 
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Moisture loss <luring storase 

After the first veek in storage, the film did not significantly reduce the 
loss of kernel moisture (figure 2). Kernel moisture content of. all peanuts 
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approached hygroscopic equilibrium for the partic\llar storage environments. 

Although the di-1-p-nenthene treatments were not effective for maintaining 
kernel moisture contents of farmers' stock peanuts for long periods of storage, 
tl1e treatments appeared to be effective for short-tert.1 (1 veek) storage. To 
fui:ther evaluate the effects of the film on short-term storage, two samples of 
freshly dug ("green") peanuts were immersed simultaneously, one in a 10 percent 
dt-1-p-Menthenc solution and one in water. The samples were then subjected to 
normal drying conditions and their drying rates compared (figure 3). The film 
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Contro~ 

Water 

Malathion 

Di- 1- p-Menthene 

Di-1-p-Menthene 
plua malathion 

Sout>d 
1118tu.re Split 
kernel kernel 
out turn out turn 

Percent Percent ---
611 .6 11.3 

66.3 12.4 

65.9 12.5 

65.9 }3.0 

64. 8 13.0 

65.2 13·5 

Skin Shelling 
Oil 11lip;ogc Kernel officitmey 

a tock (bc.ld k.!lrnel l!l01St1Jl'e of first etege 
outturo out turn) {"1.-et bas13) sheller 

Percent ~ Percent Percent ---
1.5 12.1 7,3 91.6 

1.4 12. 7 6.2 92-5 

1.3 15.2 6.3 89.9 

1.4 14.0 6.4 91.6 

1.3 18.l 6.3 94.1 

1.4 17.9 6.4 93.9 

~ Y ~st:ute vere not sprayed, but shelled at the 'begiru11ng of the e:i>;periment. 

cu "'' • !if' g, Peanuts wre not sprayed, but Bhelled arter 3 conths' 6torage. 
... 
0 ., ., 

Shelling 
rete of 

first stage Gre.de 
!!heller damge 

PO'.mds :per 
---ii"W:r- Percent 

689 1.2 

684 4.o 

751! 3.0 

660 2.5 

763 2. 5 

820 3.0 

Germination 

~ 

79.0 

70.3 

71.8 

71.4 

73.2 

74.4 
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Storing the untreated peanuts for 3 months increased the split kernel outturn 
and skin slippage by 1.1 and 0.6 percentage points, respectively. Treating 
the peanuts resulted in a 0,6 and 3.6 percentage points higher split kernel 
outturn and ·skin slippage, respectively, than that obtained for the untreated 
peanuts. Peanut s3111ples treated with di-1-p-Menthene solutions had the poorest 
milling quality, but the highest shelling rates and shelling efficiencies. Un
doubtedly, the high values of skin slippage for the treated peanuts resulted from 
rewetting the peanuts, Aerating the peanuts immediately after treatment may 
have minimized skin slippage for the water and malathion treatments. 

Differences in grade were attributed to insect activity and not to treatments. 
Most of the grade damage above 1.2 percent resulted from worm cuts, 

Germination decreased slightly during storage, but did not appear to be affected 
by the spray treatments. Peanuts treAted with the di-1-p-Menthene had slightly 
higher germination percentages than those obtained from peanuts of other 
treatments. 

Mold Study 

Mold contamination data indicated that inoculum capable of growing species of 
Aspergillus, Penicillium, and Mycelia-type fungi and bacteria was present in 
the control samples (taule 4). Only a small percentBge of kernels from these 

Table 4.--Mold contamination of pcanu~ kernels prior to storage 

--
.'.!'YPe of contamination 

Sample Other Aspergillus Mycclia-typc 
number As(!eq;illus flavus and Penictlllum fungi Bacteria 

Percent Percent Percent Percent 

l 1 0 36 11 

2 l 1 42 8 

3 3 0 37 10 

4 3 0 33 14 

s 1 0 31 16 

Range 1 - 3 0 - 1 31 - 42 8 - 16 

Average 1.8 0.2 35.8 11.8 

sample~ had ~· flavus or other Aspergillua and Penicillium inoculum present 
(average of 1.8 and 0.2 percent, respectively). However, a large percentage 
of the control kernels tested contained inoculum for the Mycelia-type fun3i and 
bacteria (35.8 and ll.8 percent, respectively). 

If the di-1-p-Henthene film is a barrier to mold, then the number of infested 
kernels should not change appreciably during storage. Data from each of the 
four treatments after 8, 19, 26, 35, and 42 days of storage are presented in 
figures 4 through 8. Spraying the peanuts with solutions containing the 
di-1-p-Menthene did not prevent invasion of the kernels by any of the contami
nants studied. There was no indication that this spray treatment inhibited or 
affected infestation by!· flavus or mold fungi (figures 4 and 5). For purposes 
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of this presentation, the mold fungi i.nclude all Aspergillus and Pentcillium 
species. At best, the only effect of di-1-p-i·lentllene on m<.>ld growth was to 
reduce infestation by the Mycclia-type fungi and bacteria for about 8 rl.lys 
(figures 6 and 7). Jt should he noted, however, that thi:: film formed by the 
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di-1-p-Henthene did not promote mpld growths. This is an i mportant result if 
di-1-p-l~enthene is-used commercially . 

Insect study 

The average number of insects and dall\8ge recorded from each treatment is shown 
in table 5 . The high insect counts recorded at one month after treataent is a 
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direct result of the moth eggs introduced at the beginning of storage. The 
number of insects recovered from the peanuts on later sampling dates was at a 
lower level. The applied treatments offered little or no protection from 
insect attack, Peanuts treated with malathion alone and the combination of 
malathion plus di-l-p-l,1enthene had fewer live and emerged insects than the other 
treatments. Very little difference was noted between the two malathion treat
m..,nts. The greatest numbers of insects and damage were recorded from the 
untreated controls and the di-1-p-Menthene-treated peanuts. 

Residues 

The average malathion residues .n:e- shown in table 6. All of the residues were 

'l'n.blr. G.- l"l•l&fl1lv>1 tt11l.Ju<t8 ceCO\>t:~ll C1·u111 (a'l'•OO:«":;' ~to<.t. pc.inutr. ::.ftcT "·'"ln1ll) 
8tOt'.::tSt: pet.i.W-t.ift<n1. Ct:u«"sL:s. Jvr1~ - Scpt:C";Mcr, l971 

18.• 

V!!. 

'·' ... 
~ 
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( •• ti 

2.S 

"·'· 
unusually low. -~ malathion deposit of approximately 52 ppm, the standar<l 
recommendation for fanuers' stock peanuts, was desired for this study. However, 
w1.tli the method of application used (wetting the entire peanut pod), it c.ias 
difficult to determine the amount of m<1l<1thion that would be retained on the hull. 
Residue analyses made of the samples 1 day after treatment showed a deposit of 
12.6 ppm for the malathion alone and 11!.4 ppm for the combination. P.ven though 
the intended deposit was low, it can be seen that very little difference occurred 
in the degradation of malathion fron the peanuts treated with malathion alone or 
i•1 comhination with di-1-p-Menthene. i.Juring the first month of storage, avernll\e 
residues decreased from 65 to 75 percent. The decrease was r,ra:lual during the 
remainder of the stora:1e period. The low malathion residues accounted fnr the 
poor insect control obtained. 

CO::;JCLUSIO~l 

Treatment of farmers' stock peanuts with di-1-p-:·tenthene at the conditions 
specified did not si~nificantly affect grade, germination, or resistance to 
invasion by mold, bacteria, and insects. 

J)i-1-p-Hentht<ne solutions formed a thin film on the outside of the peanut pods, 
giving them <t bright and shiny appc;u·ance. This f.ilm appeared to shed water 
solutions sprayed on the pods but was effective for only short periods in 
reducing moisture loss by the peanuts. The fil1n increased the shelling rate 
and efficiency of a commercial-type sheller, but the milling quality of the 
treilte<l pea11uts was gener11lly lower. 

Spraying the pea.nuts with <'.ln <1pplication rate of 32 ml per pound essentially 
rewet the i>eanuts and resulte<l in an increase .1.n both kernel moisture and skin 
slip('age. Because an increase in kernel noisture makes the pennuts more 
susceptible to aflatoxin, reW'etting is prohibited by the Peanut Administrative 
Committee. For these reasons, a lower application rate would have to be used 
'in .~ commercial oper3cion. Although lower rates of spray application may fail 
co form a complete film on the pod, they would minimize the !>ad effects of the 
spr<'.ly on peanut quality. More research may be warranted to detennine the 
potential use of di-1-p-Henthene at lower application rlltes. 

This preli1ninary study indicates th11t some potential uses of cli-1-p-~lenthene 
on farmers' stock peanuts include: 

a. Pre-shelling treatment to condition hull for higher shelling rates, 
greater shelling efficiencies, and less wear on sheller grates and cylinders. 

b. rreating surfaces of peanuts in warehouses to reduce the effects of 
condensation and moisture varintions. 

c. Treating salted inshell nuts to improve their appeal to consumers. 
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CERTA1N PHYSICAL AND MgCHANICJ\L PROPERTIES OF VA. 61R PEANUTS 
by 

J. L. Steele, F. s. Wright and P. II. van Schaik 
Agricultural F.ngineers and Agronomist 

Agricultural Research Service, USDA, Southern Region 
Holland, Virginia 23391 

Summary 

Certain physical and mechanical properties of individual Va. 61R peanuts 
wei.-e determined, The mechanical pl."operties determined we1·e: (a) peanut-peg 
strength, (b) peg tensile strength, and (c) shell strength at the basal and 
apical ends of the peanut. The physical properties determined were: moisture 
content, dry weight, wet weight, peg length, peg diameter, pod length and 
pod profiles. 

Relationships between the above properties an<l age from pegging were 
examined. Variability between peanuts and the associated strength measurements 
prevented the development of relationships with a high degree of certainty. 
The n1ost consistent relationships were: (a) dry weight increase with age, 
(b) moisture content decrease with age, (c) peg diameter product ch<1nge with 
age, (d) dry weight density decrease with moisture content, (e) .~ decrease 
in the ratio of the peanut-peg separation force to dry weight with age, (f) 
a decrea~e in the ratio of the peg separation force to dry weight with age, 
and (g) an increase in apical and basal shell puncture force with dry weight, 

1 nt ro<luction 

L<nowl edge of the physical an<l mechanical properties of the peanut can 
contribute in many areas to the production of quality peanuts. The definition, 
measurement and tabulation of these px-operties and their change during fruit 
development, harvesting and curing are needed for variety evaluation, machine 
design and drying and curing recommendations. The purpose of this study was 
co define and quantify certain properties of the peanut which relate to growth, 
maturation, harvest and mechanical damage. 

Certain physical and mechanical properties of Va, 61R peanuts wex-e studied 
in 1969 and 1971 (1). y The objectives were: (a) develop procedures and 
instrumentation for the measurement of certain physical and mechanical proper
ties of individual peanuts, (b) relate the peanut~pcg strength, peg ten~ile 
strength and shell strength to moisture content and other physical properties 
of the peanut. These studies were conducted by the Agricultural Research 
Service, USDA, Southern Region at the Tidewater Research and Continuing 
Education Center, Holland, Virginia. 

Instrumentation 

l'eanut-peg, peg and shell strength were characterized by measurement of 
the force required during slow loading to ~eparate the peanut and peg, separate 
( bre<lk) the peg and puncture the shell, The force measurements were made 
using a crosshead and drive assen1bly, a 9train-gage load cell and a dynograph. 
The cross head was equipped with four load eel ls to permit simultaneous 

!J Numbers in parentheges refer to references. 
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observations on four peanuts. The crosshead speed was 12. 7 mm/min for all 
force measurements. 

For measurement of the peanut-peg separation force, each peanut was pinned 
and clamped as illustrated in Figure 1. 1'he pin was inserted directly behind 
the peanut-peg attachment and in line with the nonual peg projection. The 
clamp was installed approximately 25 llDD from the pin. For the peg separation 
force measurement, a second clamp was added as shown in Figure l, The pe<lnut
peg and peg separation forces were defined as the maximum force observed 
during loading. 

For the basal and apical shell puncture force measurement, a load cell 
was equipped with a blunt 1.83-mm diameter punch and each peanut was punched 
perpendicular to the suture at the basal and apical ends as illustrated in 
Figure 1, The force required to puncture the shell was also defined as the 
maximum observed force. 

Peg di811leters, pod length and pod profiles were detenoined with a light 
sensing device. A phototube, a light source, a constant speed drive unit and 
a dynograph were used for these measurements, Each peanut peg was placed in 
the light beam to determine the peg diameter (approximately )mm from the clamp) 
in two directions before the peg separation force was measured. Each peanut 
was moved through the light beam for the profile measurements. l'rofUes 
perpendicular and parallel to the suture were recorded on chart paper. 

Eagh peanut was weighed on an analytical balance and placed in an oven 
at 180 F for 3 days for moisture content and dry weight determinations. 

Test Procedure 

In 1969 the effect of moisture content on the peanut-peg and peg separation 
forces was investigated. Peanuts of various moisture contents '~ere obtained 
by hand harvesting after 0, 1, 2, 3, 4, 7, 9 and 11 days of field exposure. 
Thirty-two visibly sound peanuts and pegs were selected from an inverted 
windrow of peanuts dug on 10/13/69. Force measurements and moisture content 
determinations were made on each peanut as previously described. 

In 1971 peanuts of a known age were defined by selection, Forty-eight 
peanuts were selected and tagged on four specific dates when the peg 1~as about 
to enter the soil surface. l!:ight peanuts were dug from each age group at 
regular intervals, placed in a sealed container and evaluated within 4 hours. 
The following measurements were completed on each peanut: peg length, peg 
length beneath soil surface, peanut-peg separation force, peg diameters, peg 
separation force, '~et weight, pod ptofiles, basal an<l apical shell puncture 
forces and dry wei.ght after ) days in an oven at 1ao°F. 

Results and Discussion 

The average moisture content of the peanuts harvested in 1969 from an 
inverted windrm> is presented in Figure 2, The variability between individual 
peanuts is indicated by the moisture content range, The average peanut-peg 
separation force with days in the windrow i,; shown in F;gure 3. The varia
bility in these data is indicated by the range and standard deviation of the 
separation force for the fruits observed each day, The same informati.on is 
presented in Figure 4 for the peg separation foi:ce. As indicated, the 
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separati on forces are not significantly related to moisture content . From other 
examinations of these data, the separation forces are not related to either 
dry weight or wet weight of the peanut fruit . 

In 1969 no signi f icant change tn shell puncture for ce was observed with 
days in the windrow , Further e xamination of the data suggested a slight 
decrease in shell puncture force occurred with an increase i n moisture content . 

The magnitude of the variability between individual peanuts and the 
as sociated fo rce measuren1ents was unexpected. To further illustrate this 
v11ri11bi l tty, the data for two p eanut s are presented in Table 1 , The moisture 
cnntent a nd dry weight of these peanuts were essentially the same ; however, 
the peanut-peg ~eparation force differed by n factor of two. Peanuts at other 
moisture contents and dry weights exhibited similar variations . l'hiR varia
bi lity suggested factors other than moisture content and dry weight influence 
the separation and puncture forces, 

Jn 1971 other physical factors of the individual peanut fruits were 
obser ved. I n Table 2 an a r b i t r ary peanut age was defined with respect to the 
tag date and harvest d,,te . Peanut s failed to develop on many of t h e pegs 
tagged on A/6 and 8/13; therefore, a limi ted number were o bserved for these 
two dates . The average physicul and mechanical properties of the peanuts 
evaluated within each age group are presented inTables 3A and 3B. 

ln l'igure 5, the average peunut clry weight With age is shown for each tag 
date. Within a tag date, a11 increase i n dry weight with age is apparent. 
Some differences between tag clat e11 exis t e d; however, a singl e trend li ne was 
drawn. These data are in general agreement with those reported hy Schenk (5). 

In Figure 6, the average moisture content with age is shown for e ach tag 
date. Within 11 tag date, a decrease in moisture content with age is apparent. 
A single trend line was suggested even though S(lme differences appeared 
between tag dates. 

I n Figure 7, the a verage p eg di8Rleter product (an inde,. o f p eg cross-
11ectional a r ea) with age i s presented fo r each tag date , A significant dif
ference between tag dates is apparent , A maximum p<ig cross-scctionnl a rea 
was suggested at 60-70 days of age . 

No apparent patterns were suggested by the data for peg or pod length with 
age or dry weight. 

Six diameters were selected from t he profi) e data to compute pod volume. 
Typical pod profiles were drawn for Figure 8, Maximum di ometers in the basal 
and 11pi.cnl sections of the pod were better defined in the profile perpendicular 
to the suture, These two maximum diameters and a third minimum diameter were 
selected from this profile. Three a dditional diameters para) le1 to a plane 
t hrougli the suture were determined at corr esponding points along the pod as 
i l lustrated i n Figure 8 . These diameter s and length were used tn comput e pod 
vo]u111e by Si01pson 1s rule . ln Figure 9, the most consistent re l ationship 
betwc<-n pod volume and other physical factors was pl:"esented , ln this f igure, 
dry weight d ens ity decreased linearly with en increase in mo isture content , 
Since all peanuts were exumined immediately after digging, this trend repre
sented the change in dry weight density during growth and dev e lopment. This 
linear relationshil't as sh(lwn in Figure 9, also implied that the peanut wet 
weight density rcmai ned constant during growth ond development:. 
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The peanut-peg separation force (F 1) was not significantly related to any 
one of the following factors: wet wei.ght, <lry weight, mni sture content or age, 
However, the ratio of F1 to dry weight with age was fairly consistent <JS shown 
in Figure 10, An average peanut-peg separation force of 1 •. ~ kg was in general 
agreement with those reported by Bauman and Norden (2) for other varietles, 

The peg separation force (F2) 1~as not si.gnificantly related to any one nf 
the following factors: wet weight, dry weight, moisture couteut, peg <lia111eter 
product or age. However, the average ratio of f' 2 to dry '1eight with age 
exhibited a pattern similar to 01

1/0M) a.s shown in L'i!i;ure 11. The average 
peg separation force was 2. 6 kg, 

Shell puncture forces (F3 and Fr.) were related to both dry weight and age, 
Uppei: limits for F3 and 1'4 we.:e approached a.t about 70 days of age with the 
1naximum value observed at 96 days, A linear relationship between she\\ punc
ture f.orce and dry weight was suggested as shown in Figure 12 a.ncl 13. Shell 
puncture force was equal J y related to dry weight density. 

The variation in the force mensurements '~as reduced slightly hy the ~ekc
t!on of peanuts the same age from pegging, Many of the properties evaluated 
were related to age and other were inter-relate<l through age, The apparent 
difference between tag dates .,as attributed to different growing con<litions 
and tagging late in the season, A single tag date, more harvest d&tes ancl 
controlled growing conditions were suggested for continued study and confirma
tion of these results, 
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Table 1, Separation forces for two peanuts of equal 
moisture content and dry weight. 

Sc12aration ll'orce 

Moisture Dry Fl F2 

Content Weight ( Peanut-l'eg) (Peg) 
% '4.b. gms kg kg 

38,J 2.1S8 1.21 1, 81 . 

38.3 2,JOl 0,57 1,.)2 
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Table 2, Age in days and number of peanuts evaluated 
with res~ect to tbe harvest and tag dates. 

Harvest Tag Date 
Dote 7L23 7l30 BL6 8/13 

9/15 54(8) 47(8) 40(4) 33( 4) 

9/29 68(8) 61( 8) 54(4) 47(4) 

10/13 82(8) 75(8) 68 
>~ 

61 * 

10/27 96(8) 89(8) * * 82 75 

* These groups were not harvested, 

Table 3A. Average physical ·and mechanical properties. 

Moisture Ory Fore"' 
I•' F2 F:J 1'4 Harvest Age Content Matter 1 

Date ( da)'.S) % w.b. gm kg ks ks ks 
9/15 54 61.3 1,382 1,39 2.27 2.37 2.50 

47 69,0 1,336 1. 74 2.74 2. 2<1 1. 93 
II 40 fl6. 1 o. 5~0 1,17 ) , 11 1.51 1.11 
II 33 87.8 o. 397 1, 41 :l,87 1. 66 0 . 71 

9/29 68 53. 3 1,570 1,28 2,21 3.H ) . ')7 
II 61 60, 1 1, 407 l,21 2.61 2,64 2.56 
II .'i4 84,7 0.510 1,14 2.09 l Jt6 1.16 

" 47 83,4 0,630 o.65 2.06 1,17 1.03 
10/13 82 51,8 1. 77 5 1.22 2.00 3,36 2.89 

75 52,9 l. 661 1.61 2,87 3.27 3.06 
10/27 96 48.5 2.222 1, 13 2 • '•5 4.28 3 . 28 

II 89 53.2 1. 837 1,29 2,83 2.69 2 . 94 

Table JB, Average ph)'.sical and mechanical Ero~ertics. 

Peg Peg Pod Oimension 
Length Diameter Per~. to Suturf< Par. to Suture 

Harvest A B 03 04 Length B M A A M I\ 

Date nun l)llll tlllll mm mm mm mm 111111 mm mm llllll 

9/15 53 24 1,81 1.91 31 14,6 12,9 14.9 11,6 14.9 11._ 2 
61 32 1.92 2.02 34 15, 7 13. 1 15,3 11,,0 14,7 15.5 
Bl 32 2,16 2,17 ')O l s.o 13.9 15.2 14.6 14.9 15.0 

109 JO 2.20 2,24 31 14,3 12,9 13,3 12.9 11.6 14, l 
9/29 49 32 2,14 2.13 29 14.0 12. 7 l:l. 6 13 . 2 lJ. 7 13.5 

48 31 2,14 2,17 JO 11 .. 2 12,7 14,4 13. 7 14,7 llf.3 
76 27 2,)3 2,28 29 14.l 12,3 13,l 12.6 1),1 14.6 

II 84 30 2.45 2.19 32 14.J 13, 1 15, 1 14,1 14.9 14,6 
10/1) '•8 31 1, 93 1.87 33 14,2 11. 7 13.8 12.8 13. 7 13.9 

47 24 2.10 2.11 30 14,4 12.7 14.4 13. '; 13. 7 13. 6 
10/27 56 35 1, 79 1.87 32 15.7 14,0 15.l J4.8 16,4 J 5. 4 

54 34 1.89 2.02 31 15.9 14.3 15.1 15.1 16.1 16. 3 
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Figure 1. lllustration of certain physical and mechanical property 
determinations. 
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A P:WW-PLA.l'IT SYSTEM 

J3llles L. Shepherd, Head 
Aericultural Engineering Dcparl;ment 

University of Ceorgia Coastal Plain l!:Xperi.ment Station 
Ti~ton, Georgia 31794 

PAPER 

rcanu'l,s continue to give excellent yield respon:;e to mechaniz.ation rcsearcl1 
and development effort. The writer has culminated twenty-six fruitt'ul ,y-ears 
in this area with the development of a new-concept one-trip system of land 
turning, treating and planting. Results·aftcr two years studies with this 
sys~em indicate very siviificant poteratial in benefits for the grower through 
adopt.ion of t.he principles involved. 

The following adv-<l.ntages a.re gained by this new e,pproach to peanut planl;in(l; 
1) Minirnized requirements in labor and lllll.chines by combining all operatjons 
in: turning soil with mouldboard plow bottoms vrith conc1we discs for deep 
burial of organic residue; subsoiling behind tractor f'urrow-whocl; granulating 
and conditioning soil for maximum moisture prcscrva'tion; applying all necc:;
sary chemical pesticides, liquid and/or (!;ranular, an<l by in,jection und/or 
incorporation; and planting in rows in numbers and patterns compat.ible wi.th 
plow S11taths. 2) Maxi.mi?.ec! yield potential thl'Dugh precise integrated appli
cation of the several necessary opti.rm.uJ1 treatments :i.ncluding: :;elective 
placement of seed, plant food and other control ingredients; uniform re Len
tion of' good seedbed environment, with virtual elilTiinution of problems of 
soil compaction from i.alplement travel; and unprecedented yield potential 
from added soil surface area by a gi·eat reduction in neces1<ar.v t.ractor wheel 
traffic. 

Configurations of the 1971 and 1972 experimental protot~1pe machines dif~ered 
onl,v i.n m:i.nor detail:;. The first, employeu a standard. 4-bottom one-way 
mouldboard plow, planting two rows of 32-inch spacing; while the las·L te.ste<l 
unit employ.s a .specially prepared 2-bottom plail with a 38-inch swath ~or one 
or more planters in providing optional row spacj_ng pat, terns. Currently, 
peanut:; which were successfully planted. with the new ::iystem include all three 
basic types in modified 2-row and clo:;c l•-row, or t1.rin, patterns. Also, 
cotton, corn, and soybeans were planted with comparable ease. 

Merit:; of the several exc1usive individual design features of the new systen1 
have previously been estahli.shed in the rackaee Plan or 111echll.n'i7.ed peanut 
production. Assembly of these features :i.nto the composite once-over func
tional unit ;involves only two basically new elements; one, the modified 
mouJ.dbourd plovt boLLoms, each uf which plows an unconventional 19-inch 1<oil 
swath; and the concave disc coulters, consi:;ting of a two-disc cantilever
a1ount companion un:i.t for cuch plow bottom. The current availahilit.v of 18-
inch mouldboard. plow bottom:; enhance:; the potential for further development 
of plow-plant sys~ems in harmony with popular conventional production row 
patterns. Development of the double-disc coulter units is quite feas:i.hlc, 
as existing single-disc units are of sufficient bearing strength to withstand 
the added disc load in sol't soil. Double disc units require the same critical 
setting an<l adjustments, but are i'unct:i.onully superior to single-disc unit:; 
for plow swaths above 16 inches. 

The integral-mount subsoiling chisel is hydraulically moved into 'f>Osition to 
break soil to a depth of 6 to 7 inches directly 'behin<1 the furrow wheel of 'the 
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t owing tractor . This places the advantageous chisel furrows directly beneath 
crop rows . 

Soil grunul.ut:i.on and corulitioniug is performed lly torsion Gp1·ing tines, which 
carr.v buck-mmmt.ed tubei: l'or injection of herbicides 1'or cont1·ol. or nutsedge, 
etc . 'l'he \,ine action, v j t)1 soil smoothing p l ate, also :incorporates surface 
sprayed ·chemicals . Each plow hot tom has a CUllpU!li on side - mount asscmbl,y of' 
spring tines, a-n!l spra.yir~, inject~ ng and sl!loothing p:rovfoiont>. 

s·t.arlllar<l wheel drive planters are mounted f or optional or stngle row pa.tterns. 
The tool bur positions the µlantine;, .followed hy µreemergence herbicide spra.v
i ne, directly upon the fresllly prepuxcd seecll.>ecl. The seedbed mu.y ha.ve alRo 
r e ceived scl ccti vcly placed granul.ai· i:iyi:i tcmj c material from a u applicator 
which ill belt driven :from the hub o.f thP. pl0W' fw:-row wheel. 

The complete technique of harve.irtiC1g undiuturbed plow-plant peanut:; is con
i;ide:red feasible; and, barring unforeseen dif'f'ieulty , new highs in peanut 
yield attair.nn.ents a r e antic:l:pate<l . This P-'l.l·!.icula.rl y upplics to var leties 
whlch wi.ll not require implement ti·3.ffi.c beyond wi<le- swatb delivery of chem
icals during the production -pe>: io<l. 

'.l'he Compl.ete Pl ow-plant s.vste.ca. LeJ.'·L, uhows exclusive fcutures: the enlar
ge<l an<l mo<lifled mouldboard plow hottom11; t;he double concave dii;c coulters; 
Lhe Gubi:ioil.ing ch:i.sel; toraion spring tine soi.l condi tioning an<l in.iecto1· 
lllli ts; the granu la>: applicato:.<", ete . Right, shcnro view ot' the entire system 
plantinP. peanuts fo "twin- twelve" row patterns; leavlne, only control of water 
rcquirementr., diseases and i n sects to foLlow prior to harvest. 
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EFFECT OF CALCIUM SOURCES AND A FUNGICIDE ON PEANUT PRODUCTION !/ 

by 

F. R. Cox'l./ 

ABSTRACT 

The response of peanutii to foliar applications of M;igi-Cal, with and without 
fungicide, and to a complexed Ca material with a fungicide was studied at various 
rates of landplastcr. Field experiments were conducted on four soils that dif
fered in their soil Ca level (dilute acid extract). Yield and grade were measured 
an<l value determined. There WD" no re,.pon~e to the complexed Ca "ource but three 
types of responses due to Magi-Cal application were noted. The first was apparent 
only when no landplastcr was <tpplied, and it seemed that calcium fr-om Magi-Cal and 
landplaster affected pod development similarly. The second type, which occun:ed 
at two locations, was a response to Magi-Cal only when no fungici<le i.ms used. The 
incidence of leafspot seemed t.o be decreased by this treatment al.so. The thir<l 
type of response to Magi-Cal was ind~pendent of landplaster or fungicide tYeat
ment; i.t occurred on the site w:lth the lowest soil calcium (380 lb/acre). Since 
applicntions of landplaster and fungicide .we routine in this a.-ea, onl.y the thir<l 
type of response may be economically important. Al"o ~uch respon~es may be en
countered only at low soil calcium levels. 

INTRODUCTION 

Tho calcium supply in some North Ci1rolina soils, even when adequately limed, 
is often insufficient for optimum economic peanut production. This condition 
primarily affects pod development. With inadequate Ca in the fruiting zone, pods 
either do not form or the kernel docs not form inside the pod, i:nak.ing what io 
termed a "pop." Burkhart an<l Collins (1941) first showed this effect by isol;1ting 
the fruiting from the rooting >.:one. At moderate soil calcium levels, ket·nels may 
sometimes for1n; but they are usually smalh•r. The Hnal result ts lower yield, 
fewer sound mature kernels (SMK), and fewer extra l.argc kernels (ELK), ;md J:"educed 
value of the crop. 

Since additional calcium is needed for fruit formation, the otandar<l method 
to provide it has been to apply landplastcr at early bloom, just prior to pegging. 
Recently, however, it has been postulated that certain calcium sources could be 
applied to the foliage to provide this calcium. From previous experimento, this 
did not seem likely. A greenhouse study conducted by the author al.so indicated 
that calcium applied to the foliage would not supply an adequate amount for pod 
development. Some observations in the field, however, have j,ndl.cated a possibte 
beneficial effect from calcium applied to the foliage. Such comparisons were 
often made between the yield with foliar-applied calcium and that with landplaster 
applied. Often there was little difference, but it was unknown if the Landplaster 
had caused a yield increase or not because no check plots were incl.oded. Bracho 
et al. (1971) conducted field and greenhouse studies comparing foliar- and soil
applied calcium sources and included a valid check treatment. They found no 
response to landplastcr or the foliar-applied calcium sources. The soils they 
used contained approximately 600 pounds of exchangeable Ca per acre. This is near 
the critical. level indicated in the d.~ta presented by Colwell and Brady (1945), 
which may explain the lack of response. 

!/ 
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The purpose of these studies was to dctc1·mine if there iii <> beneficial ef
fect of foliar-applied calcium on peanuts grown under several soil conditions and, 
if so, to determine how the effect may be modiffed by the landplaster or fungid.de 
treatments commonly used. 

METii ODS 

Four sites for field experiments in 1971 were selected so there would be a 
range in the soil calcium level. 'l'he level of soil calcium was used as the iden
tifying nwnbcr of each location. The soils '~ere well drained and had a loamy sand 
texture in the surface hoi:-izon. Soil test data, varieties used an<l <lcgn'e of 
leafspot infecti.on are given in Table 1. 

Table 1. Soil test analyses, dates of treatment application and digging, 
and the variet:i es used at the four locations. 

Description Location 

Experiment No. 380 610 720 880 

Soil 
1/ 

;inalyses-

Ca (lb/acre) 380 610 720 880 

Mg (lb/acre) 24 24 84 53 

K (lb/acre) 72 92 92 75 

p (lb/acre) 72 108 103 120 

O.M (%) 0.5 0.6 0.7 0.6 

pII 5.6 5.9 6.0 5.9 

Date of treat1nent 

Landpla$ter 6/29 6/29 6/28 6/29 

Spr.ay 7/1 7/1 7/7 7 /J 

7 /14 7/14 7/23 7/14 

7/28 7/28 7/30 7/27 

8/10 8/10 8/11 8/11 

8/23 8/23 8/24 8/24 

9/16 9/16 9/2.0 

Date of digging 10/12 10/J 2 9/24 10/15 

Variety NC-2 NC-5 Flq,'Ilt. Flrgnt. 

Incidence of leaf a pot Severe Moderate Slight Severe 
on checks~/ 

y 
Conducted by the Soil 'l'esting Division, N.C. Dept. Agr. 

'l:.I Ranking of susceptibility of varieties to leafspot: NC-2 Least, 
NC-5 = middle, and Florigiant ~ most susceptible. 
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Five folinr spray treatments were imposed upon each of four Landplaster 
rates (0, 200, 400, and 800 Lb/acre) in a foctorial atTangement. These included 
a check, c<1lciu1n sulfate (Magi-Cal) 3/, fungicide (Fungi-Spcrse), Magi-Cal plus 
Fungi-Spcrse, and n complexed cslclu; material (SASE-Ca) plus Fungi-Spcr~e. The 
specif.ic.:ations of the onatcrials used are given in Table 2. 

Table 2. Description and total a1nount of calcium sources and fu11gicidc 
applied to peanuts. 

Material 

Lsndplaster !/ 

Magi-Cal ~/ 

Fungi-Spcrse '!:_/ 

Magi-Cal plus '!f 
Fungi-.Sper.~e 

SASE-C<i ].f 

Description 

94% c.~so4 
8 lb CaSO/gnl 

6 lb S and 0.5 lb basic CuS0
4

/gal 

4.05 lb CaS04, 3 lb S, ;1nd 0.285 lb 
basic CuSO/gal 

l lb Ca/gal, (equivalent to 
3.4 lb Co80

4
/gal) 

!/ U.S. Gypsum Company 

'!:./ Standard Spray and Chemical Company 

Total Applied 
(lb/acre) 

o, 200, 400, 800 

48 

39 

48 + 39 

(14) 

:}__/ Buckman Laboratories (sodium si licic ester sequestered) 

Mvgi-C<ll and Fung'i-Sperse were applied at each date (5 or 6 times) listed in 
1'able L at the rate of l gnl of commercial materi;il.focre for single materials and 
2 gnl/acre on the combination. The complexed calciu1n (SASE-Ca) was applied at 2 
gal/acn, on the first date and 1 gal. /ac1·c on the second and third d<1tes. ·rhis 
treatment a I so received Fungi-Sperse on all spray dates. The materials were 
diluted with water and 20 gallons of solution per acre was applied with a knap
sack sprayer having a single nozzk. Low pressure (15 psi) wa~ used to minimize 
drift. Two passes we1:'e made on each row to give complete coverage. 

R.~ch expc1·imcnt was composed of .throe ropl icntion~, and individual plots 
were 2 rows (6 ft,) wide and 50 ft. long. 

Gt·owing conditions, temperature and rainf<ill, were generally favorable 
rluring the sen~on up until harvest time. lfeavy rains f.rom Hurricane c;inuer fell 
on September .10 and October 1. Location 720 was dug and combined prior. to these 
rains so there were few peanut~ lost in hnrvesting. At Location 380, the crop 
was dug after the hm·ricane and stacked, which also tended to 1ninimize losses. 
However, above average rafnfall continued throughout October which impeded har
vesting and caused significant losses at Locations 610 and 880. It is assumed 
that these losses were propoi-ti.onal to the yields obtained. However, if peg 
strength is affected by treatment the result~ will be somewhat biased. After 
harvesting and curing, the peanut~ from each plot we1:'e weighed and sampled for 
grading. Value per acre was computed from the yield, SMK and F.LK. The effect 
of the treatments on eai.:h of the factors was then analyzed statistically. 

}_/ The use of trade names in this publication docs not imply endo1·sement by the 
North Carolina Agt"iculttu«~l Experiment Station of the products named, nor 
criticism of sin1ilar ones not mentioned. 
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RESULTS 

Yield and Value 

Yield responses (Table 3) to increasing landplas ter rate were note<l at two 
of the four Si.tell. fl t Location 610, a Large response occu=cd wi th the applica
tion o i' 200 pounds of l andplaster per acre, and no further yiel d l ncre11se was 
indicated as higher rates were applied. Ibero was also an interaction between 
this effect and that due to Magi-Cal. When no landplaster ~as applied tho appli
cation of Magi-Cal increased the yield 740 lb/acre , whereas with 200-BOO lb. land
pl11Rter this difference was only SO lb/acre . 

Table 3 . Main effects of calcium sonrceR and a fungicide on peanut yield 
at four locations. 

Landplaster 

Fungi-Sperse (F) 

Magi -Cal 

Magi-Cal + F 

SAS~ -ca + F 

Rate 

( l b/acre) 

0 

200 

400 

800 

LSD (.05) 

0 

39 

LSD (.05) 

0 

48 

LSD (.OS) 

48 ~ 39 

14 + 39 

LSD (. 05) 

380 

3045 

3233 

3095 

3288 

ns 

2418 

3814 

272 

2905 

3327 

272 

4004 

3363 

385 

Location 

610 

( lb /acre) 

1988* 

3259 

3279 

3115 

238 

2642 

3046 

188 

2733 

2955 

l88 

3197 

3176 

ns 

720 

5077 

4946 

5225 

5261 

238 

4982f< 

5213 

188 

5075 

5119 

ns 

5L32 

5248 

ns 

880 

2864 

2977 

2843 

2938 

ns 

1594* 

'.1793 

190 

2536 

2851 

190 

3724 

3754 

ns 

* There was an interaction between t his response and that due to Magi -Cal . 
l 'he effect was greatest when other factor was not applied. 

The e.E.Eect of l.andpt.aster rate noted at Location 720 was erratic and gener
ally small. The yield from the 200 lb/acre treatment was loss than that fro1n the 
400 or 800 lb/acre treatment. 

Application of the fungicide increased the yield at all locations, with tho 
effect being greater when no Magi-Cal wns applied at Locations 720 and 880 
(Table 4 ) . At the latter site a similar response to Magi-Cal was noted with re
spect to the fungicide, and as mentioned before, at r.ocation 610 Magi-Cal treat
ment increased t he yield only when no laodplaster was applied . At one location 
(380) the application of Magi-Cal increased the yield, and the natur e of this in
crease was not significantly influenced by aoy other treatment ef£ect. Also at 
this site the yield from the Magi-Cal treatment was greater than that due to 
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the SASE -Ca . 
'l'he value of the crop was co1nputed from the grade and yield data and ana

lyzed for trea tment effects. Signific<mt responses for treatments aa they af
fected crop va lue were ;1 l 1110st i dentical to those presented fo r yleld tiO will not 
be i temized . 

Table 4. Interaction 0£ foliar - applied caso
4 

and a tungicide on peanut 
yields at two l ocations. 

Treatment Location 

720 880 

Magi-C.al (lb / acre) 0 48 0 48 
(lb /acr e ) 

Puogi-Spersc 0 4858 5107 1209 1979 
(lb /acr e) 

39 5294 5132 3863 3724 

LSD (. 05) 266 269 

Pen:ent Sound Mature Kernel~ 

Percentage SMK wa:> affected only by the fungicide trentment at Location 880 
(BBO lb. dilute ;1c id extractable Ca/acre), <J,q shown in '!'able 5. However percent 
SMJ( increased only with increasing landplaster rate at Location~ 380 and 720. 
A AiC11ihr but more strikinr. response to landplastc r was found a t Location 610, 
as wel l as increases in k SMK due to the app l icati on of Fungi-Sper.se and Magi-Cal . 

An i n teract ion occurred b etween t he landp la :> t e r m>d Msgt-Cal rate effects 
st location 610. There was a response t o M,1gi-Cal only when no 11mdplaster was 
appliP.d . With no CaS04 the SMK was 39 . 6~ whereas it was 48 . 97. when the 48 lb . 
rate of Magi -Cal per acre was applied. When 200 lb CaS04 as landp lastcr or 248 
l b. M landplnster. plus Magi-Cal was appl ied the SNK was 69 . 4 and 69.3% , 
respectively . 

One other difference in % SMK rlut' to treatments was found at Location 610. 
'fhe % SMK was gr-eater when the crop was tr-eated with Magi.-Ca l rather than the 
SASF.·Ca. Both tre<itments also received the fongiclde. 

Percent Extra Large Ker.nels 

Treatment effects were also shown on% RLK (Table 6). While increasing t he 
l andplaster rate had uo effect on % RU< at Locations 380 and 720, t he percent age 
wa s increased considerab l y at Loc:atj_on 6 10 with the firs t 200 lb/sere increment 
o! landplaster. and tended t o decrea~e at Location 880 when 4 00 or 800 p oun ds were 
applied. 

Applying the fungicide incrcosed the % ELK at all locations except 720, with 
the cf feet at Location 880 being greater when no Magi-Ca 1 was applied. The 
Magi-Cal t reatment did not affect the percentage ELK. In one coae (380) the 
Mi>gi- Cal treatment gave a higher% ELK than the SASl.1-Ca treatment. 
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Table 5. Main effects of calcium sources and a fungicide on percentage of 
sound mature kernels at four location,.. 

Material Rate Location 

(lb/acre) 380 610 720 880 

SMK (%) 

Landplaster 0 74.4 44.2* 71. 2 72.2 

200 77.0 69.3 71.9 72.6 

400 76. l 70.5 72.2 71.7 

800 77 .8 72.l 71.8 72.5 

LSD (.05) l.9 3.1 o.~ ns 

Fungi-Spersc (F) 0 76.4 63.0 71. 7 70.8 

39 76.3 65.6 71.8 73.3 

LSD (.05) ns 2.4 ns 1.3 

Magi-Clll 0 76.3 62.8 71.5 71.6 

48 76.5 65.8 72.0 72.5 

LSD (.OS) na 2.4 ns ns 

Magi-C<1l + F 48 + 39 76.2 66.7 72.2 73. 3 

SASE-Ca + F 14 + 39 76.1 63.1 71.8 73.2 

LSD (.05) ns 3.5 OS ns 

* There wa" an interaction between this response and that due to Magi -Cal. 
The effect was greatest when other factor was not applie<l. 

DISCUSSION 

In these studies primary consideration was gi.ven to determining if fol I ar
applied calcium materials would increase the value of the crop and, if so, the 
nature of the response. Responses were obt.~ined due to the Mngi-C.~l treatment, 
but the nature of this response differed with location. At the site with the 
lowest soil calcium level the Magi-Cal applic11tion r.e.~ulted in a 400 lb/<icre 
increase in yield regardless of landplaster or fungicide treatment. Tlous, the 
nature of· the response at this location c.~nnot he i:-elated to either of these 
factors. 

~t Location 610 the role of Magi-Cal in increasing the yield an<l gr.ade seems 
to be si01ply th.ot of supplying a small amount of CaS04. The sharp respon"e in 
yiel<l and SMI< due to CaS04 applied as landplaster indicates that pod development 
was enhanced by additional calcium. The response due to Magi-Gal appeared to have 
a similar effect on yield and SMK and the point from the Magi-Cal tr.eatment fits 
well into the CaS04 re!<pOnsc cur-ve (Figure 1). This indicates that much of the 
CaS04 from Mag!.-Cal must have reached the fruiting zone in order to be effective 
in this manner. 
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l'able 6 . Main effects of calcium sources and a fungicide on percentage of 
extra large kernels at four locations. 

Materi<ll Rnte Location 

(lb/aci:e) 380 610 720 880 

ELI<(%) 

Landplaster 0 38.8 21.2 40.4 37.7 

200 42.9 37.l 42.l 38.9 

400 40.S 37.3 41.8 34.6 

800 41.S 37 .4 40.S 35.8 

LSD (.OS) ns 2.6 ns 2.4 

Fungi-Sperse (F) 0 38.0 32.l 40. 7 30.l* 

39 44.2 34.8 41.6 41. 2 

LSD (.05) 3.0 2.1 ns 1. 9 

Magi-Cal 0 40.5 32.6 41.3 35.2 

48 41. 7 34.J 41.1 36.2 

LSD (.05) ns ns ns ns 

Magi-Cal + F 48 + 39 45.3 35.0 41. l 40.4 

SAeyF.-Ca + F 14 + 39 40.4 32.7 41.4 40.9 

r.sn (.05) 4.3 ns ns ns 

•k 
There was an interaction between this response and that due to Magi-Cal. 
The effect was grentest when other factor was not applied, 

Response to Magi-Cal at Locations 720 and 880 occurred only when no fungi
cide was used. Visual observations during the growing season also indicated 
that the Magi-Cal treatment decreased the incidence o{ leafspot. To be effec
tive in this manner the treatment could be either fungicidal or fungistatic, or 
both. When leafspot was severe as at loc.ition 880, however, Magi-Cal. was much 
less effective in increasing yields than was Fungi-Sperse. Whereas the applica
tion of Magi.-Cal increased the yield 770 lb/acre, the application of Fungi-Sperse 
increased it 2650 lb/acre. 

In these experiments when the usual landplaster ~nd fungicide treatments 
were imposed, Magi-Cal .application increased the yield at only one location. 
This slte, with the lowest soil calcium level (380 lb/acre) exhibited no response 
to landplaster, which is quite unusual as far ns this author is concerned. It 
has been inferred (Colwell and Brady, 1945) that climatic factors may affect the 
response due co landplastcr. Seasom1l conditions may also affect foliar calcium 
concentrations. Th11s, both soil and climatic factors may be involved in deter
minlng when foliar-applied calcium will give a yield response. 
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Figure 1. Effect of rate of CaS04 applied as landplaster with (solid points) 
and without (open points) Magi-Cal on the percentage SMK and yield 
of peanuts p1·oduccd at Location 610. 
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ABSTRACT 

Eight large-seeded and two small-seeded Virginia variety peimut (Arachis 
hypogaea L.) cultivars or lines wet:e Cield grown in highly fertilizE'd Woodstown 
loamy fine sand at Holland, Virginia during 1970 and 1971. Leaves uf chc• upper 
central stems and also of the principal lateral branches were sampkd ac three 
stages of developl"ent and divided into blade and petiole portions. These kaJ: 
segments were analyz(,d for concents of eight nutrients to determine. re-l3tivc 
uptake among cultivars. 

Highest average (all segments) contents of P, K, Zn and Cu were found in the 
July 13 samples, Mg in the August 10, and Ca and Mn in th" Scptetnh"t" 14 san1plcs. 
The July and August sarnples contain,.d equivall:'nt B. The blade poi:tlo11 of uppn· 
central stem leaves was highest in contel\ts of Ca, B, and Mn and the \>E>tiol,, 
portion was highest in K and Mg 1>1hcn average values for all <:ulti.v.~i:s and optimum 
{highest content) sampling dates are considered. The principal lateral. bla•I<'~ 
were highest in average P content. Zinc and Cu contcnt.s were simil.ai: i.n all 
portions for optimum sampling dates. 

'Florunner' was highest in contents of l1g and B; 'llarly Runner' was highest. 
in Mn and Zn; and 'Va. 61R', 'Va, 72R', 'NC Acc. 15714', and 'F-392-l' '~"-.:e 
highest in concents of P, K, Ca, and Cu, respectively. 

The relatively high Mg content of Flo\"unnel.'" mai.n stem pet:ioles, .:ind also the 
Mn contents of the main stem leaf blades and to a lesser extent the lateral branch 
blades of liarly Runner, NC /Ice. 15714, Va, 72R, and 61R, were especial.ly note
woi:thy. The Mg and Mn \"equin'lllents of those cultivars may '1arnmt. spedal atten
tiol\. 

J.NTRODUCTION 

Many recently released peanut (Arachis hypogac L.} cultivars havE'. demonstrated 
superior yield capability. It aee111s reasonable to postulate that pare of this 
increased yield potential may be related to improved nutrient uptake and utiliza
tion officicncy. Also, these higher yielding culti.vars and new lines hdng 
developed may possess higher nutrient uptake potentials than older lower yielding 
cul ti vars. Identification of these i1ttributes couid have genetic as we tl as 
nuti:ition significance. 

Recently, Nicholaides and Cox (10} noted that nutrient levels which produced 
plant tops having 0.38% P at 7 weeks, and 1.20% Ca and 0.60% Mg at 9 wee.ks pro
rnoted m~re rapid development of 'NC 2' than ~hen lower contonts of P and Mg or 
higher contents of Ca occurred. Hallock, et al. (4,5), M.arcens, et al. (7), Cox, 
et al. (2), and Rich (12) have investigated macro-and micronutrient distribution 
within plants of several cultivars anci lines of three market typos of peanuts. 
Some of the research (4 ,5, 7) involved production of pe<lnuts on highly fertilized 
soil, No definite relationship between the yield levels of cultivars or lines 
and nutrient content of the portions analyz;ed was apparent in theso studies. 

lt may be necessary to sample plants during several growth stages among 
cultivars and lines to discern nutrient uptake differentials. nurkhart and Page 
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(l) sampled t he foliage of a large seeded Virginia bunch cultivar at the vegeta• 
tive, early fruiting and mature stages. They found tha t average K, Ca, anu Mg 
cootents were highest in the top petioles, middle or lower blades and l ower 
petioles, respecti vely. Phosphorus contents were similar in the various plant 
tissues analy~ed. 

This paper presents the average contents of eight nutrients found at t hree 
stages of growth in s pecific leaf parts of 10 peanut cultivars or lines grown in 
heavily fertilized soil . Complementary i nvestigations are being conducted with 
the same cultivars and lines i n continuously cropped containers filled With un
fer tilized soil. The investigations reviewed herein are part of a project to dis
cern differences in nutrient uptake potentials and requirements alllOng eight 
Virginia and two runner market type peanut culti vars and lines showing superior 
yield capability. 

EXPERIMENTAL PROCEDURE 

This study was conducted at the Tidewater Research Station, Holland, Va . in 
1970 and 1971. Peanuts were grown on a Woodstown loamy fine sand, which is c l ass• 
ified as Aqu.ic Hapludults (fine loamy, siliceous mesic), one of the principal 
soils on which peanuts are gi:-own in the Coastal Plain of Virginia. Phosphorus , 
K, B, Mn, Zn, and Cu at rates of 133, 500, 5, 15, S, and 5 lb/a, respectively 
were broadcast and plowed under prior to pl ant ing. Other land preparat i on pro
cedures followed Vi r ginia r ecounendations. Corn preceded peanuts in the r otat ion 
each year . 

Thiram treated seeds of the cultivars and l i nes (shown in Table 3) were mac
hine planted on May 13 and 24, 1970 and 1971 respectively, in r ows 3-feet apart 
and to give 5-inch plant spacings within the rows . Virginia rccOilllllendations were 
followed for use of various pes t icitles as described previously (5) . No gypsum or 
Cu~S fungicides were applied . Growth and development of tho plants appear ed 
normal. 

Each plot repr esented a different peanut cultivar or lino. The plots were 
12 feet wide (4 rows) and 15 feet long , and we't'e arranged in a randomized complece 
block design replicated four times . Foliar samples were taken at full flowering, 
early fruit development and near maturity growth stages . The principle lower 
lateral branches and the upper main stem branch were sampled from 10 or more 
plants per plot . After thorough washing in distilled and deionized water, the 
leaves of these branches were removed and separated into blades and petioles . 
The samples were dried at 70C and finely ground in a blendor and/or small mill, 
bot h stainless steel, and then stored 1.n soft glass or plastic bottles . The 
foliage was sampled at full flowering , ear ly fruit development , and n~ar matura
tion stages of peanut development . 

Dry (70C} 1- g subsamples of leaf t i ssue ware ashed at 450C for 2 . 5 hours and 
the nutrient constituents of the ash dissolved in 100 wl of 0 . 3N HN03 . Contents 
of K, Ca, and Mg in solution were determined by flame spectrophotometry and P 
contents by the alll!llOnium vanadatc procedure (6) . Anoth<:<r 1- g subsample of dry 
leaf tissue was ashed at 450C for 2 hours in pre paration for Mn, Zn, and Cu deter
minations, The ash was shaken for 1 hour wi th 15 nil of 6N RCl and filtered. The 
filtrate was dried and the resul ting precipitate dissolved in 15 ml of 0.5N HCl. 
Contents of Mn, Zn, and Cu in the acidic solution were det ernti.ned by atomic 
absorption spectrophotometry. Total B i n tho dry tissue was determined by a cur• 
cumim procedure ( 9) . 

Soil samples, obtained from the plow layer when the peanuts were harvested 
in 1970 and in July 1971, were analy~ed for pH, and contents of organic matter 
and available P, K, Ca, and Mg by rapid soil-testing procedures (11). Contents 
of Cu, Mn, and Zn were extracted by shaking 5 g of soil with 50 ml of O.lN HCl 
for 1 hour. A 25-ml aliquot of the acidic solution was dried on a steam plate, 
and the resulti ng precipitate was dissolved in 15 ml of 0 .SN HCl and filtered . 
Nutrient concentr ations were dutermined by an atomic absorption technique. Hot 
water soluble B extracted by r efluxing 10 g of soil for 10 min . with 20 ml of 
deionized water was determined by a curcumim procedure (9). 

Statistical methodology uti lized were ana lyses of variance and Duncan's Mul• 
tipl e Range Test (3). Nutrient content means labeled by all unlike l etters a~e 
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significantly different at the 5% level, however, many differ at t he 1% level of 
probability. 

Yie lds of t he cult i vars and line s considered i n this paper were obtained in 
1970, only. The relative yield capabil i t i es of t hese lines and cultivars under 
Virgi nia conditions were projec ted f r om these 1970 data, other unpublished data*, 
and data published by Mozingo (8) . The projec tions are as follows (in decreasing 
order): 'Florunner 1 , 'Florigiant 1 , 'NC Ace . 15714 1 , 'Virginia 72R ', 'Early Runner ', 
'NC 5 1

, ' NC 17', 'F392•1 ', 'Virginia 6 lR', and 'NC Ace. 366'. The fi rst four will 
be call ed superior yield potential (SYP) cultivars in this paper. Relative dif• 
ferences in yield potential among the latter 3 or 4 cultivars and lines are 
probab ly small . 

RESULTS 

The nutrient content data presented in this paper are averages of two year's 
results . The data for individual yc:ars are not discussed since the variability 
between each year i s principally one of nutrient content . Dif ferences in rel ative 
nutr i ent concentration among the l eaf segments and/or among t he sampling dates 
dur ing the two years wer e similar . 

Weather - Soil Analyses 

The monthly total precipita tion and mean air temperatures which occurred 
during the 1970 and 1971 growth periods and the 39-year means for Holland, Va., 
are given in Table 1. Rainfal l was appreciably subnormal during t he ear ly and 
late parts of the 1970 growing season, but was normal during the period of fruit 
initiation and early development. Early vine growth was sli ghtly below normal 
possibly due to low precipitation during June. Rainfall distribution during the 
1971 growing season was generally excellent, although June and July were slightly 
deficient. Air temperatures during both years were approximately normal . Gener
ally , excellent vine and fruit development occurred. 

Tnble l. Monthly total precl.p1.tation and mean t cmpc:ratures* and 39-ycar 
means 0£ each f or Holland, Va ., 1970 and 1971 . 

Preci2itation Tcm2erature 
Month 1970 1971 39- :tr . Mean 1970 1971 39-:tr. Mean 

in. in. in . Op Op or 
May 2..61 4.86 3.54 68 64 66 
June 1.58 2. 55 4.58 74 75 74 
July 6.24 4. 10 6.23 77 77 77 
August 4.94 9. 12 6.36 76 75 76 
Se.Et ember 1.72 4 . 67 4 .15 74 72 71 

'!:_/ Average of means of daily maximwn and ruinimum temperature . 

Macro and micro nutr ient levels in the plow l ayer foll<N"ing cropping in 1970 
and in July 1971 are given in Tabl o 2. Nutrient l evels in the soi l generally 
were quite hi gh and no visua l de fici ency symptoms occurred in the crops. 

Table 2.. Soil Analyses of Plow Layer of Woodstown Loamy Fine Sumi , 
Holland, Va., 1970 and 1971. 

Value 
Chcmic11l Property 1970 1971 

pfl 5 . 7 5.5 
Organic matter content, % 2.3 2.1 
Available P, lb.fa 105 110 
Available K, lb, /a 245 275 
Available Ca, lb ./a 1035 940 
Available Mg, lb.fa 120 145 
O. lN HCl-extr. Cu, ppm 0 . 9 1.6 
0 . lN HCl·ext. Mn, ppm 5.4 6 .0 
O. lN llCl-cxt. Zn, ppm 1.3 1.6 
Hoc water soluble B, J!l!m 0 .5 0 .3 

'!!_/ P . H. van Schaik. Recent cultivar and line yield trials, Holland, Va . 
l'.!2 



P Contents 

The average (1970·71) P contents of the petioles and blades of principal 
lateral branch and upper main stem peanut leaves are given in Table 3. Phosphorus 
contents varied frOUl 0.31% to 0.09% dept:nding on rlme of sampling and the portion 
of leaf sampled. The P content of peanut foliage generally decreases considerably 
with maturation, as is evident in these data. The blades were considerably higher 
in p than the petioles. Also, the principal lateral branch segments were higl\er 
in P content than the respective main stem leaf segments. A greater relative 
decrease in P content with maturity occurred in the principal lateral branch than 
in the upper main stem segments (ca l/l. vs 1/3). 

The average variability in P contents of leaf petioles and blades among 
varieties was consistent, although small. The apparent superior yield potential 
(SYP) cultivars were generally intermediate in P content, although the average P 
content of Va. 72R leaf portions was higher than most. NC 17 averaged lowest in 
percent P overall variables. 

K Contents 

Potassium contents (Table 4) of the leaf segments varied fron1 over 6% to 1.2%. 
The petioles were considerably higher in percent K than the blades. FurtheL·rnore, 
the upper ms.in stem petioles were higher in percent K than the lateral branch 
petioles when sampled in July but the reverse occurred in lacer samplings. The 
contents of all segments except that in the lateral branch petioles decreased with 
maturity. However, the relative decrease in K content of the lateral branch 
blades with maturity was considerably less than occurred in the upper oiain stem 
petioles. 

The overall mean K content of the leaf segments varied from 3.88% to 3.44% 
among cultivars. One of the SYP cultivars, Va. 721:l, was highest it\% K, whereae 
the others were intermediate. NC 17, Va. 61R, and NC 5 cultivars also av~raged 
relatively high in percent K. Early Runner, NC Acc. 366 and F392•1 were generally 
101~est in K content. 

There were differences in percent K of petioles at various samplings among 
cul ti vars. Va. 72R and Florigiant lateral branch petioles were highei: in percent 
K thau the upper main stem petioles in the July sampli.ng, whereas the opposite 
was true for other cultivars and lines. There was considerable variability among 
cultivars and lines in K contents of leaf segments for th« various dates of 
sampling. However, the K content of Va. 72R was highest or nearly so in Leaf 
segments and for eampling dates when the K contents generally averaged higher over 
all cultivars. The K content of the blade portion was highest in NC 17 for all 

three samplings. 

Ca Contents 

Calcium content (Table 5) varied from 2,9 in certain blades of nearly mature 
plants to 1.1% in petioles of heavily flowering plants. In contrast to p and K 
contents of leaf tissue, percent Ca increased as the plants matured. 

In the July sampling, percent Ca in the blade portion geuerally was higher 
than in the petioles and the upper main stem leaf aegu.ents were higher in percent 
Ca than fqr respective lateral branch segments, However, as t:he plants matured, 
percent Ca in petioles on the upper main stem generally became higher chan chat 
in the blades of principal lateral branches. This change in site of Ca concentra
tion took place between the July and August samplings, 

The variation ln overall mean Ca content was only from 1.93% (NC Acc. 15714) 
to 1,69% (Florigiant). Greatest Ca content variability among cultivar and lines 
(0,67%) occurred in the blades of upper main stem leaves sampled in September; 
least variability was in the lateral branch petioles sampled in July. Among thG 
SYP cultivars and lines, NC Ace, 15714 and Va. 72R generally were highest or 
nearly so in % Ca in the various leaf segioents and dates of sampling, whereas 
Florigiant was frequently lowest and Florunner was intermediate. 
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Table 3. Average Phosphorus Content (%) of Certain Peanut Leaf Segments, Holland, Ve., 1970-71. 

Date Mean 
of t\C NC ACC. Va. Flo- Flori- NC ACC. Va. F Early all 

Sampling 17 15714 72R Runner giant 366 61R 392-1 Runner NC 5 Cultivars 

PB!IOLES OF PRINCIPAL LATERAL BRA..~CH LEAVES 

Jul 13 0 .18 0 .20 0 .22 0.22 0 .21 0 .22 0.22 0 .20 0.21 0 . 22 o .21c1* 
Aug 10 0.14 0.12 0.14 0.14 0 . 14 0 . 14 0.14 0 .14 0.14 0 .12 0.14c2 
~e.£. .!.4 __ .Q. • .Q.9 __ _ 0.!.1.£. __ .Q.-!2 ___ O.!.l! __ .Q..!.l _ _ _ 0.:_11 __ Q·!.3 _ __ o.!.11 __ .Q..11 ___ OJ.Q. __ .Q..!.l~ 
Ave 0 . 14 0 .15 0 .16 0 .16 0.15 0.16 0.16 0.14 0 .16 0.15 0 . 15C4 

PETIOLES OF UPPER MAL'< STEM LEAVES 

Jul 13 0 .16 0 .21 0 .20 0 . 18 0 .18 0 .20 0 . 20 0 .18 0.18 0.18 0 .19d1 
Aug 10 0. 10 0.12 0.12 0 . 12 0 .12 0 .12 0.12 0.10 0.12 0 . 11 0.1ld2 
~e.E. .!.4 _ _ Q.Q.9 _ __ o.!.11 __ .Q..!.O _ __ o.: . .11 __ Q.!.2 __ _ o.!.11 _ _ Q..10 ___ o.!.1.Q. __ .Q. •. !.2 ___ O.!.l.Q. __ .Q..!lE..3_ 
Ave 0.12 0.14 0.14 0.14 0 .14 0 . 14 0.14 0.12 0 . 14 0.13 0.14d4 

BLADES OF PRINCIPAL LATERAL BRA.."ICH LEAVES 

Jul 13 0.28 0.22 0.28 0.28 0 . 28 0 . 30 0.31 0 .26 0.24 0.28 o.28a1 
Aug 10 0. 22 0.22 0.24 0.20 0.22 0.24 0.23 0.22 0.21 0.24 0.22az 
~e.E. .!.4 __ .Q.·.!.7 ___ O.!.l!!. __ .Q. . .£.0 ___ 0.:...1§. __ .Q..!.8 ___ O.:..l~ __ 2_ • .!.9 ___ 0~.2 __ .Q..1s __ _ 0.!.12. _ _ .Q. • .!.9.!J_ 
Ave 0.22 0. 20 0.24 0.22 0.23 0.24 0.24 0.24 0.21 0 . 24 0.23a4 

BLADES OF UPPER MAIN STIDi LEAVES 

Jul 13 0.26 0.26 0.27 0 .24 0 . 25 0 . 2.8 0.26 0.24 0.24 0.27 0.26b1 
Aug 10 c.~o o.2c a.a 0.20 c.20 0 . 20 0.20 o.19 O.l\I 0.20 o.2ob2 
~!?.2_ .!.4_ - 2_ • ..!:_8_ - _O.!.ll - - .Q..!0_ - _G.:..lQ. _ - _£.~o_ - _o.!.::.i __ .Q. • .!.8_ - _O.:..li _ - .Q. • .!.8_ - _0.:..1! _ - Q . .!.9.!..L 
Ave 0.21 0 . 22 0 . 22 0.20 0.22 0.22 0.22 0.21 O.ZO 0 .22 0.2l b4 

MEANS - OVERALL 

Jul 13 0 .22 0 . 22 o.24 0.22 0.23 o.24 0 .24 0.22 0.22 0 . 24 0.23as 
Aug 10 0.16 0. 16 0 .17 0 .16 0.16 0.17 0.18 0.16 0.16 0 .17 0.17b5 
!e.2. .!_4 __ Q.·!.3 ___ O.:...l~ __ .Q_ • .!_6 ___ 0.:...1~ __ Q . .!_6 ___ 0.:...1~ __ .Q.·!.5 ___ 0.:..1~ __ .Q. • .!4 ___ 0.:..li _ ~ Q.!.5.£5_ 
Ave 0 .172C 0 . 180BC O.l91A 0 . 181BC 0.184AB 0.191A 0.192A 0.178BC 0.180BC 0.183AB 0.18 

*I Means are significantly different when l abeled by all unlike letters. Compar e means f ollowed by small 
- letters with similar subscri pts . 



Table 4. Average Potassium Content 00 of Cer tain Peanut Leaf Segment s, Holland, Va . , 1970-71. 

Date 
of NC NC ACC. Va. Flo- Flori- NC Acc. Va . 

SamQJJ.ng 17 15714 72R Runner giant 366 61R 
F 

392-1 

PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES 

Early 
Runner 

Mean 
all 

NC 5 Cultivars 

Jul 13 4. 94 4.94 6.01 5.00 5.90 4.47 5 .28 4.68 4.34 4.96 5.06b1* 
Aug 10 5.02 5. 09 5.61 S.15 S. 18 4.60 5.52 5 . 19 4.98 5.54 5 . 18a2 
ie.2. .!_4 __ 2_.!9 ___ s.:..:ll. __ 2.·10 __ _ 5.:..51. __ 1_.!_4 _ __ 4.:..61 __ 2_ .~2- __ 5.:..0~ __ -2_.Q.O _ _ _ 5.:..31 _ _ 2_.l_4!.L 
Ave 5.06a 5.05a 5.77a 5.22a 5 . 40a 4. 56a 5.54a 4 . 98a 4.77a 5.27a S.l6a4 

PETIOLES OF UPPER MAIN SIEM LEAVES 

Jul 13 5.78 5. 69 5 . 66 5.42 5.58 5.44 5 . 38 5.68 5 . 26 5.96 5.58a1 
Aug 10 4.62 4.97 5.50 4.69 5 .38 4.68 5 .06 4.61 5.19 5.24 4.99a2 
§.e.E. .!,4 __ 1·13 __ _ 3.:..31. __ l .2_0 _ _ -2.~.9§. __ l -2.8 _ _ _ 3.:..51. __ l.-14 ___ 3.:..1.! __ .2_.16 _ __ 3.:..62. __ l·i5~-
Ave 4 .Slb 4.68b 5.02b 4.36b 4.84b 4.55a 4 .72b 4.47b 4.59a 4.96b 4.67b4 

BLADES OF PRINCIPAL LATERAL BRANCH LEAVES 

Jul 13 3 .21 2.80 2 . 88 2.84 2 .86 2.88 2. 80 2.88 2.88 2 . 74 2.88c1 
Aug 10 2,66 2 . 31 2 . 40 2.52 2 . 28 2.43 2.52 2.29 2 .48 2.38 2 . 43b2 
.§.e.E.14 __ £.2_6 __ _2.:..ll _ _ l-l2 ___ 2.:..3.Q. _ _ 1.-.!.0 _ __ 2.:..4.! __ 1_.2_0 _ __ 2.:...0!... __ 1 ·15 ___ 2~1- _ l.-15.£.L 
Ave 2.8lc 2.42c 2.60c 2.55c 2.42c 2.58b 2.6lc 2.4lc 2 .57b 2 .55c 2.55c4 

BLADES OF UPPER MAIN STEM LEAVES 

Jul.13 3 . 16 2 . 78 2 . 74 2.60 2 . 64 2 . 68 2.76 2.66 2. 58 2. 73 2 . 73dl 
Aug 10 2.42 1 .86 2.00 2.04 2 .01 2.05 2.03 1.80 1. 84 2.02 2 .0lc2 
~e~ .!_4 __ .!·.!!.2 ___ l.:..61 _ _ .!-§.7 ___ 1.:..41 _ _ .!·i4 ___ 1.:...7.!!. __ .!·10 __ _ 1.:..2.Q. __ .!,.~6 _ _ _ 1~5! __ .!,.~5~-
Ave 2 . 47d 2.80d 2. 14d 2 .0ld 2 .03d 2.l7c 2.lOd l . 89d l . 96c 2.lld 2 . 10d4 

MEANS - OITERALL 
Jul 13 4.27A 4.05A 4.32A 3.96A 4.24A 3.87A 4.06A 3.98A 3 . 76A 4.lOA 4.06a5 
Aug 10 3.68B 3.568 3.888 3.608 3.71B 3.448 3 .78B 3.47B 3.62A 3.80B 3 . 65b5 
~e~ .!_4_ - 2 .. ~3£ - -3..: ... 0iC_ - .~ .. iS.£ - -3..: ... oic _ _ 1_.Q7£ - _3.:..02.C __ 1_.1_9£ - ...J..:..82.C _ _ l . .Q.2~ - _3~2iC_ - J. . .!.5.£5_ 
Ave 3.74AB 3.56CD 3.88A 3.54CD 3. 67BC 3.47D 3.74AB 3.440 3.47D 3.72AB 3. 62 

21 Means are significantly different when followed by all unlike letters. Compare means fo llowed by s~all 
letters with similar subscripta and without subscripts within varieties , only. 
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Table 5. Average Calcium Content (7.) of Certain Peanut Leaf Segments, Holland, Va., 1970·71. 

Date 
of NC NC ACC. Va. Flo- Flori- NC ACC. Va. 

Sampling 17 15714 72R Runner ~iant 366 61R 
F 

392-1 

PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES 

Early 
Runner 

Mean 
all 

NC 5 Cultivars 

J ul 13 l . 10 1.18 1.22 1.10 l.10 l. 15 1.10 l. ll l.22 1.26 l.15d1* 
Aug 10 l.24 1.50 1.28 1.24 1.18 1.43 l.46 1.25 1.36 l.52 l.3Sd2 
~e.E_ !4 __ !·i9 _ _ -1.:_8.Q _ _ !·.§.5 ___ l:....6f!... _ _ l·!O __ _l_:_6Q. __ !._i8 __ _ l:....7i __ !·~4- __ 1:....5.i __ !-~3!!3_ 
Ave l.34d l .49c l.38d l.33d l.26c 1.40c l.35c l.36c l .4lc 1.44c l.38d4 

PETIOLES OF UPPER MAIN STEM LEAVES 

Jul 13 1.24 1.38 1 . 52 1.44 1.18 1.45 l . ~9 1.39 1.46 1.30 l.3Bc1 
Aug 10 1.60 1.96 1.94 1.74 1.64 1.79 1.94 1.85 1.84 1.87 l.82b2 
§.e.e.14 __ 1·!4 ___ 2..:...31... __ 1_._iO __ _ 2_:...4Q. __ ]....17 _ __ 2_:...4'!:._ __ 1_.i3 __ _2.:_3]_ __ £.i2 ___ 2.:._41_ __ ]....l0~3-
Ave l.69c l.89b l.95b l.86b l.73b l.9la l.89b l.85b l.9lb l.87b l.85b4 

BLADES OF PRINCIPAL LATERAL BRANCH LEAVES 

Jul 13 1.42 1.58 1.46 1.56 1.38 1.48 1.44 1.36 1.74 1.64 l.Slb1 
Aug 10 1. 76 1.86 1. 72 1. 70 1.62 1.62 l. 77 l. 78 1. 70 1. 72 l. 72c2 
~e~ 1 4 __ '!_.'!:_7 _ __ 2.:....41... __ !·2.4 __ _ 1.:....91... _ _ ]_.Q.l _ __ l .:....9£ __ 1...•.!3 _ _ _ 2:....2Q. _ _ 1.Q.6 _ _ _ 2.:.3l __ ]....! 2£3..:.. 
Ave l.82b L9Sb 1.7lc l.73c l.67b l.66b l.78b l.78b l.83b l.90b l.78c4 

BLADES OF UPPER MAIN STEM LEAVES 

Jul 13 l.78 2.02 1.88 1.82 1.52 1 .84 1.77 1.60 1.88 1.78 l.79a1 
Aug 10 2.10 2.42 2.36 2.33 2.12 2 .04 2.48 2.36 2.41 2.32 2.29a2 
~eE. !_4 __ ±_.].4 _ __ 2~~_7! __ ±_.!8 _ _ _ 2:....71... __ 1_.~2- _ _ 2..:...21 __ 1...·!3 _ __ 2..:...5i _ _ l·2...0 _ __ 2..:...7§. _ _ ! ·loll.... 
Ave 2.2la 2.38a 2.37a 2.29a 2.09a 2. 03a 2.36a 2.17a 2.39a 2.29a 2.26a4 

HEA.."S - OITERALL 

Jul 13 l.40C l .54C l.S2C l.48C l.30C l.49C l.40C l.37C l.58C l.50C l.46c5 
Aug 10 l.67B l .94B l.83B l.7SB l.64B l.72B l.91B l.81B l.83B l.86B l.80b5 
~e.e. l:_4 __ 1_ • .£.~ __ 2..:...3!A __ !.]...2! __ 2.:....lJ..A __ .£.·l~ __ 2.:._03_A __ ~.£2~ __ 2..:...2.Q.A __ ]_._3.5! __ 2.:}lA __ !·1...0~-
Ave l.76B l.93A l.86BC l.80CDE l.69F l.75EF l.84BCD l.79DE l .89AB l.88A.B 1.82 

:.1 ~eans are significantly different when followed by all unlike letters. Compare means followed by 
small letters with similar subscripts and without subscripts within varieties, only. 



Mg Contents 

Average Mg contents varied rather widely among variables measured (Table 6). 
Most of this variation (1.8% to 0.5%) occurred in the petioles of the uppez: main 
stem. Overall, percent Mg was highest in the upper main stem petioles, lowest in 
the principal lateral branch petioles, an<l intermediate in the blade portions. 
Also overall, percent Mg in the leaf segments was highest in the August and l°"1est 
in the July sampling, although that in three of the leaf portions tended to be 
lower in the last than in the first sampling. However, rather little difference in 
percent Mg occurt'ed among saa1pling date means c:-.xccpt in the upper main stem petioles 
in which the Mg contents increased IDarkedly with maturity. It is noteworthy that 
Mg seems t:o be especially conce.nti:ated only in the petioles of certain leaves and 
not in the petioles of other lea~ or blades of the same leaves. 

Variability in Mg content among cultivai:s and lines was less than 0.3% except 
in the petioles of the uppei: main stern leaves in which the variability was aa much 
as 1.0%. The main stem petiole samples obtained near maturity from Florunner con
tained 1.8% Mg. Ea>:ly Runner was second highest with 1.4% Mg in simifai: Sal!1plcs. 
NC Acc. 366 gene>:ally was lowest in Mg content. Among the SYP gi:oup, NC Acc. 15714 
and Florigiant (as well as Florunner) leaf segments frequently were relatively high 
in Mg content:, whereas the Va. 72R segments generally were below average. 

:B Contents 

Ave>:age B contents found in the leaf portions are given in Table 7. The 
range in :S contents was from 82 to 22 ppm. The leaf blade po>:tions we>:e higher 
in :S content than the petiole po>:tions which were similar for both branches. Also, 
the main ste1J\ hladea were higher than the lateral branch blades in B contenc. The 
effect of stage of growth on B content va>:istions was small although the September 
samples averaged lower in B content than the other samplings. 

Variability in B content among cultivars and lines 1vas relatively low. 
Greatest va>:iability among cultivars and lines in B content was in the September 
leaf blade samples, particula>:ly the upper main stem blades. Overall, Florunnct, 
NC Acc. 15714 and Va. 72R, all in the SYP group, were highest in 11 content. The 
other SYP cultivar, Florigiant, was somewhat lower in B content. Va. 61R averaged 
lowest in B content although such differences were not significant, 

Mn Contents 

The Mn content of the various leaf segments are given in Table 8. Average 
l!1.~nganese contents ranged from 111 to 19 ppm. The leaf portions, particularly 
the blades of matui:c plants, generally were highest in Mn. llighest Mn contents 
were found in the upper wain a tem blades sampled in September and lowee t contents 
in the principal lateral branch petioles. Generally, Mn contents in the principal 
lateral bi:anch petioles die! not increuse appreciably as the plants matured. Aleo, 
Mn contents in petioles sn<l blades of the upper main stem and p>:incipal latcl:"a 1 
branches, rcspP.ctively, inc>:eased only slightly, a lt:hough consistently, with 
JTI<lWrity. 

There was no significant dif fcrence in average Mn contents among the cultivars 
and lines. However, among cultivars and lines, the range in Mn levels in blade 
tissues was appreciable, particulai: ly in the late sampling. Overall, Mn contencs 
of the E<1rly Runnel:" and NC Acc. 366 segme.nts were highest and lowest, i:espectively. 
Average Mn contents of NC Ace. 15714 and Va. 72R of the SYP group we>:e nearly as 
high as Early Runner, but average Mn contents of Florunner were nearly lowest. 
Manganese contents in Florigiant leaf segments were interIDediate. 

Zn Contents 

The Zn contents found in the blades and petioles are given in Table 9. Zinc 
coritents varied f>:om 60 to 18 ppm in the segments. Mature plant leaves generally 
were lower in Zn than younger plants. No difference in zu content of the petioles 
and blades was noted in the .July Sal!1ples. However in later samplings, the Zn 
content of the uppel:" main ste!D blades was highest and that in the principal lateral 
branch petioles, lowest. Principal lateral branch blade an<l upper main stem 
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Table 6. Average Magnesium Content (%) of Certain Peanut Leaf Segments, Holland, Va., 1970-71. 

Date Mean 
of NC NC ACC. Va. Flo- Flori- NC ACC. Va. F Eady all 

Sampling 17 15714 72R Runner giant 366 61R 392-1 Runner NC 5 Cul ti vars 

PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES 
Jul 13 0.56 0.63 0.62 0.75 0.64 0.59 0.58 0.60 0.63 0.68 0:63d1* 
Aug 10 0.67 0.78 0 . 71 0.77 0.76 0.72 0.82 0.74 0.73 0.80 0.74b2 
~e:e. !.4 __ Q.§.6 ___ 0.:_7f±. __ Q.13 _ __ 0.:..61 __ .Q..14 __ _ 0.:..5§. _ _ O§i _ _ Q.iO ___ 0.:..51 __ .Q..2_4 ___ 0.:..5~d.1 
Ave 0.63b 0.72b 0.62b 0.74c 0.65c 0.6lb 0.63c 0.64c 0.6)c 0.66c 0.6Sc4 

PETIOLES OF UPPER MAIN STEM LEAVES 

Jull3 0.72 0.88 0.85 - 1.08 0.7l 0.76 0.84 0.82 0.86 0.68 0.82a1 
Aug 10 0.86 1.06 1.02 1.27 0.92 0.82 0.91 0 .97 1.02 0.88 0.98a2 
!e.2 !.4 __ ! ·!8 ___ 1.:..1~ __ !·.Q.2 __ _ l .:..81 __ ! ·!-7 ___ 0.:..8~ __ !..QS ___ 1.:..2£ __ !.·!:..O __ _ 0.:_9Q __ 1_.l!a.l 
Ave 0.92a l.04a 0.97a 1.38a 0.94a 0.80a 0.93a 1.02a 1.09a 0.82a 0.93a4 

BLADES OF PRINCIPAL LATERAL BRANCH LEAVES 
Jul 13 0.71 0.74 0.67 0.87 0.80 0.65 0.70 0.82 0.78 0.69 0.74c1 
Aug 10 0.71 0.77 0.74 0.82 0.89 0.65 0.78 0.86 0.75 0.74 0.77b2 
!ep_ !.4 __ Q.18 _ __ 0.:...6§. __ Q..§.4 ___ 0.:...71 __ Q..18 ___ 0.:..53- _ _ Q.§.6 _ __ o.:...BQ __ Q.§.3 __ _ 0.::-7!:.. __ Q • .§_7)U_ 
Ave 0.67b 0.72b 0.68b 0.80bc 0.82b 0.6lb 0.7lb 0.82b 0.72b 0.72b 0.73b4 

BLADES OF UPPER MAIN STEN LEAVES 
Jul 13 0.75 0.92 0.72 0.90 0.80 0.72 0.72 0.80 0.79 0.70 0.78b1 
Aug 10 0.70 0.75 0.72 0.92 0.80 0.62 0.75 0.81 o.so 0.66 0.7Sb2 
!e.e_ _!4 __ Q . .§.3 ___ 0.:._6±_ __ Q.i2 ___ 0.:_7!!_ __ Q.]_4 ___ 0.:..5! __ Q.§_O ___ 0.:_71_ __ Q_.§.4 ___ 0.:_5~ __ Q.§_39_ 
Ave 0.70b 0.77b 0.69b 0.85b 0.78b 0.62b 0.69bc 0.7 7b 0.75b 0.63c 0.72b4 

:MEANS - (l\IERALL 
Jul 13 0.69 0.79 0.71B 0.89B 0.74B 0.68A 0.71B 0.76B 0.76 0 .68 0.74c5 
Aug 10 0.74 0.86 O.SOA 0.94AB 0.84A 0.70A 0.80A 0.86A 0.82 0.76A 0.8la5 
.2_eE_ !4 __ Q.1.6 _ __ 0.:_8Q __ Q..!_0! __ 0.:_92_A __ Q•!J.! __ O.:_&!_B __ .Q..ll! __ 0.:_8l_A __ Q..!O _ __ 0.:_6!_B _ _ Q.1.7£5_ 
Ave 0.73CD 0 .81B 0.74CD 0.94A 0.80B 0.66E 0.74CD 0. 81B 0.79BC 0.71.D 0.77 

_*j )o!eans are significantly different when labeled with all unlike letters. Compare means followed by 
small letters with similar subscripts and without subscripts within varieties, only. 



Table 7. Average Boron Content (ppm) of Certain Peanut Leaf Segments , Holland, Va., 1970-71, 

Date 
of NC NC ACC. Va. Flo- Flori- NC ACC. Va. 

Sampling 17 15714 72R Runner giant 366 61R 
F Early 

392-1 Runner 

PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES 

Mean 
all 

NC 5 Cultivars 

Jul 13 28 33 30 28 30 32 28 29 27 29 29c1 * 
Aug 10 27 29 27 34 26 32 28 28 25 26 28c2 
~e.£. .!,4 __ l} _ ___ 2.§. ___ ..?_4 ____ 2.2_ ___ ..?_8 ____ 2.2_ ___ ..?_6 ____ 2.§. ___ 1_0 __ __ 2! _ __ .F£.L _ 
Ave 27 30 27 30 28 31 27 28 27 28 28c4 

PETIOLES OF UPPER MAIN STEM LEAVES 

Jul 13 29 28 33 29 27 32 26 29 33 27 29c1 
Aug 10 25 28 27 28 28 28 27 24 28 26 27c2 
~e_p_ .!_4 __ ..?_5 ____ 2.§. ___ ..?_2 ____ 21 ___ £6 ___ _ 2.§. ___ ..?_3 ____ 21_ ___ 2Z, ___ ±_6 ____ 2Z,cJ__ 
Ave 26 27 27 27 27 29 25 25 29 26 27c4 

BLADES OF PRINCIPAL LATERAL BRANCH LEAVES 

.Jul 13 60 53 56 54 54 52 52 57 49 55 53b1 
Aug i o 57 59 64 52 46 46 ss 52 50 58 53bz 
~e.2. .!,4 __ 10 ____ s..?_ ___ 1s ____ Sl ___ ,i3 ___ _ 3]_ ___ f!6 ____ 41 ___ i 4 ____ 4! ___ ,i6E_3 _ _ 
Ave 56 55 58 52 48 45 51 51 48 54 Slb4 

BLADES OF UPPER MAIN STEM LEIAVBS 

Jul 13 65 59 63 65 56 58 49 72 57 50 59a1 
Aug 10 61 66 66 69 58 58 51 60 67 59 63a2 
~e..e. .!_4 __ §.1 ____ Si ___ i,7 _ ___ Bl, ___ 2_4 _ __ _ 51_ ___ !J_B ____ SJ_ ___ !_2 _ ___ 51 ___ i,9.!,3 __ 
Ave 62 60 62 72 57 56 49 63 65 54 60a4 

MEANS - OITERALL 

Jul 13 46 43 46 44 42 44 39 47 42 40 42a5 
Aug 10 42 46 46 46 40 41 40 41 42 42 43a5 
~e_p_l4 __ i2 ____ 4.Q. ___ _!O ____ 4]_ ___ 18 ____ 3.2_ ___ 18 _ ___ J! __ _ iJ ____ 3]! __ _ 1_9E_s __ 
Ave 43 43 44 46 40 40 39 42 42 40 41 

* I Means are significantly different when labeled with all unlike letters. Compare means fol lowed by 
- small letters with similar subscripts . 
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Table 8 . Average }langanese Content (ppm) of Certain Peanut Leaf Segments, Holland, Va., 1970-71. 

Date 
of NC NC ACC, Va. Flo- Flori- NC ACC . Va . 

S~ling _!2 15714 72R Run_c1_E!!_ __ gfant 366 6lR 
F 

392- 1 

PETIOLES OF PRINCIPAL LATERAL BRANCR LEAVES 

Early 
Runner 

Mean 
all 

NC 5 Cul t ivars 

Jul 13 20 27 27 22 22 22 23 20 28 22 23b1* 
Aug 10 24 25 28 23 21 23 25 21 29 23 24d2 
~e.12.1,4 ___ 2!_ ___ lO _ _ __ 3~ __ _ !,9 ___ 1_2 _ __ _ !2 ___ £5 ____ 21 ___ _ 31 ___ '1_4 _ __ 1,6..£3 __ 
Ave 23b 27c 30c 2lc 22d 22c 24d 2ld 3ld 23d 24d4 

PETIOLES OF UPPER MAIN STEM LEAV ES 

Jul 13 21 30 28 23 21 26 25 23 32 22 25b1 
Aug 10 23 33 35 28 33 25 33 27 37 28 30b2 
§.e.E. 14 _ __ 2.2. _ __ 16 ____ 41 __ _ 14 ___ 13 ____ 1 4 ___ 15 ___ _ 3.!. ___ _ s!!._ ___ 1_4 _ __ 16.£.3 __ 
Ave 24b 33c 35c 28c 29c 28b 3lc 27c 4lc 28c 30c4 

BLADES OF PRINCIPAL LATERAL BRANCB LEAVES 

Jul l3 42 59 54 42 41 36 47 44 61 43 47a1 
Aug 10 50 62 66 43 46 47 53 49 62 44 52bz 

i:~; 14
- - -~ia -- - t~b - - -~tb -- - i~h" - - t~b" --- i~a -- ~~l> - - ~%b-: -- -~*b -- - %~b" - - %~~- -

BLADES OF UPPER NAIN STEM LEAVES 

Jul 13 46 63 59 46 43 41 58 45 67 43 Sla1 
Aug 10 57 80 82 60 59 49 76 62 89 54 67a2 
~e.E. .!_4 ___ 61 _ __ 2_0 ____ 9~ ___ &_7 ___ I_S ____ ~- __ 2_0 _ ___ 6l ___ .!-1.!. ___ ]}_ _ _ .§.O!J __ 
Ave 55a 78a 79a 58a 59a 50a 75a 58a 88a 58a 66a4 

MEANS - O\TERALL 

Jul 13 32 45 42 33 32 31 38 33 47 33 36b5 
Aug 10 38 50 53 38 40 36 47 40 54 38 43ab5 
§.e.12. .!_4 __ _ 4! ___ 11 ___ _ 6_1 __ _ iO ___ is ____ _18 __ _ .2_2 ____ 4£ ____ 6~- __ 2._6 ___ 2_0.!,S __ 
Ave 37CD 51.AB 53AB 37CD 39C 35D 46B 38C 56A 39C 43 

*I Means are significantly different when labeled by all unlike letters . Compare means followed by 
- small letters with similar subscripts. 



Ta~le 9. Average Zinc Content (pp~) of Certain Peanut Leaf Segments, Ho lland, Va., 1970-71. 

Date 
of NC ?i:C Acc. Va . Flo- Flori- NC Ace . Va. F 

SaDpling 17 15714 72R Runner giant 366 61R 392-1 

PETIOLES or PRll\CIPAL LATERAL BRA.'lCH LEAVES 

Early 
Runner 

Mean 
all 

NC 5 Cultivars 

Jul 13 42 54 38 41 45 38 51 43 50 39 44 
Aug 10 26 28 28 27 28 27 30 28 34 25 28dl * 
.§.e~ .!.4 ___ 2.!. ___ 11 ___ -2.~ ___ .!.8 ___ 14 ____ 13 ___ 15 _ __ _ 21 ____ 21 ___ 1_0 _ ___ 21c1 _ 
Ave 30 34 29 29 32 29 35 31 37 28 3lc3 

PETIOLES OF t:PPER MAIN STJ!M LEAVES 

Jul 13 44 51 47 44 44 43 51 41 51 37 46 
Aug 10 24 31 31 30 34 33 30 32 38 30 3lc1 
.§.e.E. .!.4 ___ 2§. ___ lO __ __ 2! ___ lO _ __ 19 ____ 13 ___ 16 ____ 22. ____ 3§. ___ 19 ____ 22.bl _ 
Ave 31 37 36 35 36 36 36 34 42 32 36bJ 

BL..tJ>ES OF PRINCIPAL LATERAL BRANCH LEAVES 

Jul 13 41 60 41 37 48 39 49 41 43 43 43 
Aug 10 34 37 37 32 32 35 38 32 49 32 35bl 
~e.I!. .!_4 ___ 21 ___ l_3 _ ___ 32. ___ 11 ___ 18 ____ 16 ___ 11 ____ 2.§. ____ 3!!, ___ 1_6 _ ___ 2.§.bl _ 
Ave 34 43 36 30 36 33 40 33 42 34 36b3 

BLADES OF UPPER ::-!AIN STEX LEAVES 

Jul 13 45 49 44 38 46 42 48 44 37 37 44 
Aug 10 36 46 41 37 40 38 44 44 38 38 4Da1 
!eR. .!.4 ___ 32 ___ f!.2 ____ 4.Q. ___ 1_5 _ _ _ i2 ____ 1_9 _ __ _.2.2 _ ___ 41 ___ _ 3.§. _ __ 1_6 ____ 4.Q.al, _ 
Ave 40 46 42 32 43 40 47 42 37 37 4la3 

MEANS - OVERALL 

Jul 13 43 53 43 40 46 41 SO 42 45 39 44a4 
Aug 10 30 36 34 31 33 33 35 34 41 31 34b4 
~el!.14 _ _ _2.§. ___ l_2 ___ _ 3.! __ _ 1_6 __ _ ll ____ lO _ __ ll _ ___ 2.2. ____ 31 ___ J._7 _ ___ 3Qc11. _ 
Ave 33 40 36 31 37 35 39 35 41 33 36 

*I Means are significantly different when labeled with all unlike letters. Compare means fo llowed by small 
- letters with similar subscripts. 
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petioles were similar in Zn content in the September samples, 

The overall Zn content means were quite similar among cultivars and lines. 
lloweve-c, average Zn content of Early Runner sa1nples was highest, followed closely 
by NC Acc. 15714 and that in Florunne-c lowest. Average Zn contents of the Va. 72R 
and Florigiant tissues were intermediate. 

Cu Contents 

The Cu contents of the leaf segments are recorded in Table 10. Average Cu 
contents ranged from lo co less than 5 ppm. Gene-cal ly, Cu contents decreased in 
both petioles and blades as the_p_l.ants matured, Overall, average Cu content of 
the blade portion of principal lateral branch leaves was highest whereas, the 
petiole portion was lowest. The blade and petiole portions of upper main stem 
leaves were intermediate in Cu. The blades were higher in Cu than the petioles 
J.n both cases. The Cu content differences among the leaf portions occurred 
mainly in the latter two samplings, Cultivar and line vari<lbility in Cu contents 
was insignificant. Among all cultivars and lines, Florunner and Florlgiant of the 
SYP cultivar group averaged second highest and lowest, respectively, in Cu content. 
The other 2 SYP cultivars were intermediate. 

DISCUSSION 

One or more of the SYP cultivars was highest or equivalent, statistically 
ln overall average content of each of the eight plant nutrients assayed in this 
investigation. NC Acc. 15714 was highest in Ca and higher than roost in Mn, ll and 
Zn contents; Va. 72R was highest in K, and higher than roost in P, B, and Mn; 
Florunner was highest in Mg and B, .ind higher than most in Cu; and Florigiant was 
interiuediate or lower than moat cultivars in nutrient contents. In fact, Flori• 
giant was lowest in overall average contents of Ca and Cu, and lower than most in 
II. Also, Florunner was lowest in Zn and lower than most in P, K, Ca, and Mn. The 
other two SYP culcivars were interinediate or not lower than most in contents of any 
nutrients. 

Hence, only Florunner of the SYP group was highest in at least two nutrients. 
Alllong the other cultivars and lines, only Early Runnel:' was highest in two nutrients 
(Mn and Zn). lfarly Runner was next highest to the SYP group in projected yield 
po~ential. Thus, the SYP group and Early Runner 1~ere highest in the eight nutrients 
investigated. Va. 6lll. and F392•1 were each highest in one nutrient {P and Cu, 
respectively). On the other ha11d, the SyP group was lowest in three of the eight 
nutrients. Florigiant accounted for two. 

The data obtained in this study show that the projected high yielding culti• 
vars and lines did not contain highest content~ of all nutrients in any leaf 
seginents. Nevertheless, these high yielding cul ti vars did include 111ore of the 
cultivars which were highest in contents of one or more nutrients. 

Some cases of especially high Mg and Mn contents occurred in certain culti• 
vars. This was noted in the September sampling, particularly. The Mg content 
of Florunner main stem petioles, and the Mn contents of the main stem leaf blades 
and to a lesser extent the lateral branch blades of Early Runner, NC Acc. 15714, 
Va. 72R,and Va. 61R were relatively high. lt seems that the Mg and Mn nutrition 
requirements of these cultivare may war-cant special attention. 

An important question in these considerations is the extent to which g~neral
ization or averaging across segments or dates of sampling can be done without 
confusion or alteration of apparent relationships. In this investigation, there 
was greater variation in Ca contents especially, but also in K and Mg contents 
than for other nutrients alllong cultivars and lines that was related to sampling 
di:[ferences, Somewhat more of the variability among cultivars was related to 
the leaf segment variable than to sampling dates. However, where appreciable 
content variations occurred, the relationship between general averages and 
specific variable 111eans was reasonably good, 

Nevertheless, a certain amount of sampling specificity seems warranted to 
identify significant differences in nutrient uptake potentials. For the optiOTUm 
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Table 10. Average Copper Content (ppm) of Certain Peanut Leaf Segments, Holland, Va . , 1970- 71 . 

Date 
of NC NC ACC. Va. Flo- Flori- l:iC ACC. Va. 

Sampling 17 l57l'i 72R Runoer giant 366 61R 
F 

392-1 

PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES 

Early 
Runner 

Mean 
a ll 

NC 5 Cultivars 

Jul 13 12.9 10.1 10.9 12 .4 11.6 9.8 l l.O 11.S U. 4 12.6 l.l .2 
Aug 10 7 . 8 6.S 6. 7 6.5 6.6 5 . 4 6 . 0 6.1 7. 0 7 . 0 6.5 
~e.E_.!_4 _ _ _ 5,:..4 _ __ .§.·.2. __ _?_.:..6 __ _ .2_.!!_ _ __ 4.:..8 ___ 6,:..0 _ ___ 4,:..9 ___ 1·1 _ _ _ 5,.:..6 ___ ! ·1 ___ 5,:..7 __ 
Ave 8.7 7.8 7. 7 8.1 7.7 7. 1 7 . 3 7.6 8.3 8.6 7 . Bd1 "' 

PETIOLES OF UPPER MAIN STEM LEAVES 
Jul 13 10 . 8 11 .4 12 . 8 13 .8 12 . 2 9 . 1 13 .8 10.8 11.6 i2 .9 -- 11 .8 
Aug 10 7 . 1 9. 2 8. 5 8. S 7 • 0 7 • 9 7 . 9 7 • 9 10. 2 7 • 9 8 . 2 
~e.E. .!_4 ___ 7,.:..2 __ _ l_.Q _ _ _ 7,:..6 __ _ !·i __ J :..3 _ __ 8,:..6 ___ J.:_0 _ _ _ ~·~ _ __ 6.:_8 __ _ £_.~ __ _ 7,:..1 _ _ 
Ave 8.4 9.2 9. 6 9.7 8.8 8.5 9.6 8.S 9.5 9.0 9.0c1 

BLADES OF PRINCIPAL LATERAL BRANCH LEAVES 
Jul 13 15.4 11 . 9 11.9 10.8 12.S 13.0 13.8 12 . 1 11.4 13 . 5 12 . 7 
Aug 10 10.2 9.8 9.6 10.7 9.6 11.4 10.2 9.4 9.4 8 . 9 9 . 7 
.§_e.E_ .!_4 ___ 8,:..8 ___ ~.1_ ___ 8,:..2 __ _ !·.f _ _ J:...8 _ __ 8,.:..0 ___ _ 8,:..2 _ _ _ 2_ • .Q. ___ 9.:..4 ___ !·i _ _ _ 8.:..6 __ 
Ave 11. 5 10 .O 9. 9 10.u 10. 0 10.8 10. 7 10 .2 10 .1 10 .3 10. 3a 1 

BLADES OF UPPER MAIN STEM LE.AVES 

Jul 13 11.4 12 .2 10 .S 12.9 11.8 11.6 10.9 16.2 11.1 11.2 11 .6 
Aug 10 7.4 8.4 7.8 8.8 7.3 8.7 7.2 12 .7 8.4 8.7 8.7 
~e.E. .!_4 _ __ 8,:..8 ___ ~·.Q. ___ 9.:..0 __ _ .~:! _ __ 8.:..6 ___ 9.:..1 ___ -8.:..0 ___ l ·l - __ 8.:..B ___ .§_ • .2_ _ _ _ 8.:..6 __ 
Ave 9.2 9.5 9 .1 10.l 9.2 9.8 8.7 12.2 9 .4 9. 6 9 .6b1 

MEANS • O!JERALL 
J ul 13 12.6 11 . 4 11 . 5 12.4 11 . 9 10.9 12.4 12.7 11.6 12. 6 l2 . 0a2 
Aug 10 8 . 2 8 . 4 8.1 8.6 7.8 8.3 7.8 9.0 8.8 8.1 8 . 4b2 
~e.E. .!_4 ___ 7.:,.5 ___ l·1- __ 7.:..6 ___ l·i _ _ J:...0 _ __ 8.:..0 ____ 7.:_l ___ l·!!. ___ 7,:..8 ___ l·i ___ 7.:,.4S,.2_ 
Ave 9.4 9.1 9. 1 9.5 8.9 9.1 9. 1 9.6 9.3 9 . 4 9.3 

* I Means are signifi cantl y different when labeled wit h all unl i ke letters. Compare means followed by 
- small letters wi th s imilar subscripts and without subscripts within varieties , only. 
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(highest content) date of sampling in each case, nutrient contents.based on the 
highest level varied among leaf segments as follows: P decreased 30%; Ca de
creased 40%; K, Mg and B decreased 50%, Mn decreased nearly 70%, but Zn and Cu 
contents did not vary appreciably. Similarly, date of sampling variations 
influenced nutrient contents as follows; P, Ca, ~1g, Mn, and Cu decreased about 
30 to 35%, whereas K, Zn and B contents varied little. Thus, variability among 
contents of these eight nutrients will be increased more by sampling only one 
leaf segment than by one sampling date. 

Results of this investigation indicate that highest contents of all eight 
nutl:'ients except P (nearly as high, ho<~ever) can be identified by sampling only 
the upper main stem leaves. However, the blade and petiole portions must be 
sampled separately both during~e active flowering period and again near matur• 
ity. The late sampling date is necessary for identification of highest Ca, Mg, 
and Mn contents. Earlier samplings are best for highest P, K, n, Zn, and Cu 
contents, 
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SCREENING PEANUT GERM l'LASM FOR RESISTANCE TO VERTICILLtUN WILT 
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ABSTRACT & PAPER 

ABSTRACT 

Ve:rticillium wilt of peanuts was identified in Oklahoma in 1970. 'the disease 
appeared in irrigated fields :l.n late summer and caused loss in yield of 63%. It 
has the potential of beco••ing a serious disease in this area. The funeus per·
sists for lone periods in the soil and has a very wide host ran17.e . Therefore, 
wilt is difficult or i1apractical to control with fungicides or crop rotation. A 
possible control may be the develop1nent of resistant varieties. Search for re
sistanc~ to Verticillium wilt in peanuts is the first step in a breeding program. 

Eight commercial S11anish peanut varieties and 81 plant introduc tions were screen
ed initially i n a naturally-infested field . Twenty-four entries which showed 
l ess than 40'.% disease prevalence in the field were selected and furth e r evaluated 
in a greenhouse as well as a growth chamber by artificial inoculation at an 
inoculu•n level of 4 .5 x l06spores/ml. Uiseasc severity in both environ1nents was 
rated three times after inoculation at time intervals of 20 days. A rating 
.5cale of l to 13 was uiied, where l indicated healthy plants and 13 indicate<l 
completely defoliated, dead plants. 

On the basis 0€ the mean disease severity i ndex, entries were div ide<l into toler
ant, intermed iate am! susceptible groups. 'fhe Argentine Spanish peanut variety 
and 9 of the introductions were placed in the tolerant group; however, the line 
Georgia llunch 182-28 previously reported to be highly resistant, ranked in the 
intermediate group. 

l'APER 

Verticillium wilt of peanuts (Arachis hyposaea L .) has been reported from Asia , 
Australia, and the Uttited States of America (1, 2, 3). In Okl;i.homa, Verticillium 
wilt of peanuts was identified in late summer of 1970, where it cauaed loss in 
yield oi 63% (6). Since this fungus has an extremely wide host (S) 
range and can persist for long periods of time in soil (7), it has the potential 
of becoming a serious disease in tl1is areu . 

Verticillium wilt occurred in irrigated fields, particularly in low areas . Wilt 
symptoms began to appear in late August and were characterized by stunting , leaf 
yellow.i.ng, withering, defoliation and brown discoloration of the v11l!cul.11r tissues. 
Severely infected plants were dead by harvest time, The disea.se occurred irreg
ularly over large nrcas. Therefore, spot treatment of infested soil with chem
icals might be difficul t and uncertain, while treat111ent of entire fields would be 
expensive. As a result , control of Vecticillium wilt by 11.eans of resistance 
would be desirable. 

Two species of Verticillium (Verticilliurn albo-atrum and y. dahliae) have been 
recoi;niz"'d as causal organisms of wilt but cogent opinions support both the sep
aration or the synonon1y of. the two species. Therefore, in this study only the 
genus name of the pathogen was considered . 

MATERIALS AND HI::Tlmns 

Preliminary screening of 89 peanut accessions was made in a naturally infested 
farmer'i; field near the Caddo Peanut Re8earch Station, f't, <.:obb, Oklahoma in 1971. 
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A ran<lomize<l block <le.sign was use<l an<l replicnte<l 4 times. The soil type was a 
fine sandy-loan• in which peanuts. sorghum and cotton wi::re in rotation. 

The disease prevalence <lata for percentage of Verticillium infected plants were 
rt<cor<led 90 clays uftcr planting. Entries which sho<.re<l less than 40% disease 
incidence were selected for further evaluation under gre.enhouse and growth cham
ber "nvironlilents. 

Procedures were the .same for both greenhouse and growth chamber plantings. Flats 
were filled with vcrr.iiculite, and replicated 4 times in a completely randomb.ed 
desitln. Inoculations were ~a<le Ly dipping rQots of tg-day old secdllngs (n a 
spore susp.,nsion "'ith an inoculum density of 4. 5 x 10 'spores/ml• adjusted by 
r.1cans of a her.1acytor.icter. The Jis.,ase scve<lty of indlviduAl plants, hoth in 
r;r,,..,nhou8C and growth charnber was rated three tiones after inoculation: first 
rntinr. after 20 days, second rating after 40 <lays an<l f1.ttal r<1ting fiO Jays after 
l11oculatiou. An arbitrary rating scale of 1 to 13 was us~d, iu which 1 indicated 

110 disease anti 13 inJicatcrl a completely defoliate.I, dead plant. 

RESULTS A:m l.llSCUf>SlON 

The \'1ean Verticilliurn wilt St>.v.,ri~y .score for each .,eanut accession is given in 
Table 1 for botl1 tloe gr<~enhouse anti £rowth chamber test:;. Sir,nificant eorrelo·· 
~ion co<!fficients were obtaine<l he tween the re.,,u.1 ts uf the grt:cnbouS{• an<l growth 
chamiler, intlicating co1ap11r<1hl"' result.-; in both studies. All inoculat<?d plants 
hecnmc frirect"<l but tit<! <legr"e of disease severity, ho<1eve(, was quite. varlabl<! 
in differerit entries. Thus, .,,; ~ii U1u .:.lie! of multiplt! raui;e tests for mean 
1lisp:l•;c. :;<:V«rity scor<°, ":1u·ies ~·:ert> divided into tolerant, intcr!'1cd\atc and 
,;uN~c1>ti1>le groups. 

The Spuni.&h l""mu~ varic~; •. \rg.rnti<1e, ant! 'l of the introJucti.ons: i'-338, P-42S, 
r-~Jl, P-4:J<>. j'-/142, P-!.l;fi, l'-5)'.>, l'-~5'), .rnd p .. 623 W('t'I! placl'.<l ln tile tolerant 
);l"uup. Iu contra~t tlito ~ foto 'Gcot·gia !lunch 1137.· ·28' previously r.eportc-cl (ti) to 
'"' 1,;.;;:1ly resista11t, r.rni·.e..i i•• t::., i.ntcrr.,c-Jiat c ;:;rou;>. r.11t.d cs }'-J(; L, P-162, 
P-tffi!l, <ind P-870 were pl<,cc.! lr, 1:?11> su,,;Ce<ptihl" group. under lC?ss inocult•r.' 
prcH~urc such as u1hlel· ficl<l cond:itiolls. enL:riP.::; of the lOh~r;1nt r~roup nli3ltt he 
consid~reJ resistAnt. '['l~C"Ge f i.ncJin;:t: ~n1;;;.;<~:;t that rf'~i~tauce to \'erticilliom 
"'Llt. "'"Y <.:<.i:.;t i11 """1" l Lilt<.~ of ,)~anuts and further invest ir,ations r.1ay lead to 
desirable levels of rrsistnncr to Verticilllu~ ~flt. 

1. !'rank, 7.. R., <•n<l J. J:rikun. 1969. l.:valuation of peanut (Araclds hyposaea 
L.) varieties for Vcrticillium wilt t(!sistancc. l'lant o;s. !lcptr. SJ: 
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Table 1. Verticillium wilt ceau severity score of 211 pcanuc
11 

accessi<.>ns in 1,;reenhouse and growth chaaber tests,-

Okla. Grouth 
P-No. Variety or P. !. ;10 . 

Tolerant Group 

0431 
0446 
0338 
0425 
OS59 
0442 
0628 
0555 
0002 
0436 

268778 
268825 
25%71 
26875!! 
240555 
263818 
268707 
248768 

Arg<'ntinc 
268795 

Intcrmcuiate Groue 

06211 
0664 
0719 
0552 
1436 
0422 
0701 
0730 
0614 
2399 

263703 
268742 
268801 
248763 

i:.lixie Spanish 
268749 
268785 
268811 
268686 

Georgia aunch 182-23 

Susceptible Group 

0870 
0361 
0362 
0860 

26G7C6 
260616 
268626 
268680 

Greenhouse 

6.9 
6.8 
7.1 
7.4 
7,4 
8.3 
7,9 
7 .'J 

s. '• 
8,4 

8.Li 
8.6 
8.1 
8.4 
8,9 
9.0 

8.6 
!l,'J 
8.9 

9.7 
10.3 
10. 3 
9,5 

Chamber 

6.7 
7 ,(' 
(•. 9 
6.7 
7.1 
6.9 
7 .I• 

7 ·'· 7.4 
7.4 

7 ,f, 
7.5 
8.2 
s.o 
7.5 
7.5 
$.~ 

i:. 5 
8.3 
:J.6 

9.8 
9.3 
9.6 

10.(; 

f..8 
<;,9 
7.0 
7.1 
7.2 
7.6 

7 "' 7.f, 
7. "J 
7.~ 

fi.0 
:1. 0 
S.1 
3.2 
~.2 
~.~ 

C • .5 
!l.5 
il.6 
e .. 1 

9.7 
'l.S 
').') 

10,0 

Y Rating gcale : 1 ~ no disease and 13 completely 1lefolia ced, dead 
plant. 
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PnANUT MYCORRHIZAE: A· FUNGUS-ROOT INTERACTION 

by 

Charles R. Stichler, Robert E. Pettit, 4nd Ruth Ann Taber 
Dep4rtment of Plant Sciences 

Texas A & M University, College Station, Texas 77843 

UITRODUCTION 

In recent years there has been an increasing interest in mycorrhizal fungi 
and the effects of infection on plant growth (2,6,11,16,29). It has been well 
established that few plants are free of mycorrhizal infection. In general, 
mycorrhizal fungi are considered to be symbiotic with the host and cause 
little damage to it although conflicting reports exist concerning their 
beneficial (5,11,18,28,29), harmful or unimportant effects (17,18,21,23,31). 
Numerous workers have stated that under certain conditions these fungi are 
beneficial to plant growth (2,5,6,7,11,18,20,28,29) and the fungus is 
especially important in the uptake of phosphorus in deficient soils (11,15, 
19,24). Ross and Harper (28) have shown increased amounts of r, N, Ca, C11, and 
Mn in leaf samples from infected soybeans as well as yield increases of 
29-40% from infected soybeans grown under field conditions. Mycorrhizae <~ere 
of no significance in sulphur accumulation by Pinus ra<llata even after sulphur 
starvation (19). Deal et. al. (7), tn field tests of replanting vine.yards, 
reported that when fertilizer was added to soil the activity of the mycorrhizac 
decreased but that the mean fertlli:ted root weight was twice that for infected 
roots without fertilizer. Marx (18) showed that under fertilized pot 
conditions sour orange seedlings did not increase signiftcantly .in Rize when 
infected with mycorrhizae. Daft and Nicolson (6) stated thac the mycorrhizal 
association would "confer greater relative benefit to the host under poor 
nut:rient conditions". They found that the extent of the stimulus in r.:ohacco, 
matze, and tomato was dependent on nutrient conditions and level of root 
infr::ction. 

Mycorrhizal fungi are divided into three main categories: (1) ectomycorrhiznc, 
which form a dense mantle of hyphae (Hartig net} around the roots but never 
penetrate the root, (2} end0111ycorrhlzae, vhich grow extensively within the 
root tissue but do not form a Hartig net and (3} ecten<lomycorrhizae, which 
both penetrate the root c<:clls and form a Hartig net. The host range of the 
endomycorrhizae includes many field crops, including maize, forage crops, 
cotton, soybcans, citrus (12) and peanuts (1,4, 16). Although the hyphae grow 
between as well as inside the cells, little damage is caused to the root (12). 
The hyphae often form distinct structures inside the roots, arbuscules and 
vesicles (hence the name vesicular-arbuscular mycorrhizae). 'fhe arbusculcs are 
composed of large "trunk" hyphac with many smaller branches that fill the 
invaded cell and function as haustoria. The branches may eventually be 
digested and a dense granular material deposited in their place (11). 
Vesicles are generally round to oblong sacs filled with a lipid-like 
material and probably function as storage organs for the fungt. lf the vesicles 
form a thickened wall they are termed chlamydospores and function as survival 
structures. 

There are four kinds of spores or fruiting structures formed hy vesicular
arbuscular mycorrhizae. These are chlamydospores, azygospores, zygospores and 
sporocarps. Chlamydosporcs arc oval to round spores with thickened cell 
wall; azygospores are large spores with abortive subtending ~yphae 
reminiscent of the monoclinous (or androgynous) condition in certain 
phycomycetes; zygospores are sexual spores resulting from the union of two 
compatible hyphae or suspensors; and sporocarps are aggregaces of spore types 
grouped together either loosely and randomly or inside or submerged ln sporocarps 
of varying complexities. These fungi are considered to be phycomycetes, 
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in the family Endogonaceae . 

The purpose of our work was to examine peanut roots and soils i n Texas 
for inci dence of endoniycorrhizae, t o charactorize any spore types found and 
relate incidence to fert ilization levels. 

MATERIALS AND MF.THOns 

Both soils and peanut roots were examined for the presence of mycorrhizae spores . 
Soil samples were obtained from peanut f lelds during the fall of 1971 and 
examined for spores by the wet s l evl ng and decanting techni que ui1ed by 
NicolRon and Gerdemann (10). Only a limited number of 9pores was obtained using 
this method and theref.ore a sugar gradient technique, modif ied from that 
described by Ross and Harper (28) and Ohm ( 27) was developed. Peanut roots 
were blended for 30 seconds in a Waring Blender, 2-3 mls of the comminuted 
roots were added to 50% sucrose in a 50 ml centrifuge tube and centrifuged 
at 1700 rpro~ for 3 minu tes . The sugar solution contai.ning the s pores was 
washed t horoughly through a I/ 200 u. S. standard sieve (74 u, Tyler equivalent 
200 mesh) and the spore.a were picked from the remaining debris with a controlled 
suction device (8). Col lected spores were inoculated into pots, containing 
s and and vermicul i.te (2 :3) , about l" bel ow surface- sterilized St arr peanut 
seed. Approximately 100 chlamydospores were i no<:u1o ted into each pot. Plants 
were removed weekly from individual pots beginning after three weeks of 
growth i n ~ontrolled environmental chambers . Other plants were grown in pots 
e.ontaining natural peanut fie ld soil and others in pots with annd and 
vermicuJ:ite inoculated wi th chopped infested roots. All were exnmined after 
3 month~ , either by direct ohservation of the roots after gentle washing or 
after clearing of the roots by soaking 3-5 minutes in a 3% solution of 
slightly HCl-acldified NaOCl. A weak solution of toluidine blue was used to 
stain the fungal structures arter soaking for 1 hour or more. Paraffin sections 
(10u) of root tiss11es were also examined f or mycorrhizal str uctures . 

RESUJ:l'S 

E~amination of the root~ a nd soils from peanut fie lds in Texas revealed the 
presence of several mycorrhizal spore types (Table 1). The type "A" 
chlamydospores {Figs 1 , 2,3) are thick-walled spores that are borne on thick
walled coenocytjc hyphae and develop from thin -walled vesic l es i n the 
cortical root tlssue as well as in t he potting media or soil. The outer wall 
of the spore is colorless, brittle and some ttmes laminated (arrow Fi g. 1). 
"l'he wall c<tn be cracked and rolled off t he inner wall by applying s light 
movinS pressure to the coverslip on a slide . The inner wal l is membranous, 
yellow, s light} y pliahle , and if broken folds rather than shatters like the 
outer wull . The spores contain many small oil-like droplets; however, with age 
the o U may coalesce into a single large globule . Arbuscules were present in 
the cortical tissue but not observed in the vascular region of the root. The 
spore attachment is si.rnple ; not "funnel" or ' 'bulbous"-shaped like the spores 
described by Masse and Bowen (22). This specios is probably a species of 
the genus Gl omus (14,21,30) bu t has not been previously described. 

The type "B" spores (Tabl e 1, Fig. 4) represent another spec-Les . The spores 
hav" only one thin wa ll and may be vesicles . They do not fo rm a double wall or 
even a t hickened wall. The spores are fo rmed hoth in the soil and roots. 
In the s oil they develop in groups of 20- 110. This i;pccies i s probably also 
a member of the genus ~· 

The type "C" spores (Table 1) differ from the type A in that they have only 
one thick brown wall and the vesicles in the root do not develop into 
chlamydospores . At the present time these are being investigated further. 

The type "D" a:i:ygospores (Figs. 5,6,7,8) are characteri:i:ed by t he i r large size and 
a distinc t bulbous swelling at the base of the spore . ~his species does not 
produce vesicles in the root, but only on hyphae in the soil (Fig . 9). The 
vesicles are quite small , i n tight groups , a~d have small echinulations (Figs. 10, 
11). This species is probably a member of the genus G1gaspora . 
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TABLE I 

MYCORRHIZAJ, SPORE TYPES ASSOCIATED IHTH PEANln'S IN TEXAS 

Shape and Size W31l8 Where 
T:i!!e l'igs . Kind Color !.! Inner Outer Found 

A 1 ,2,3 c hlamydosporeA globose (80)120- l-2u 12 -ZOl• all over 
yellow 240(260) Texas in 

roots :ond 
SQ i l. 

B 4 vesicles oval to 60-110 none.~ l -2u soi 1 from 
g l obose Stephenville· 
yellow 1'ocas 
20-110 in 
group. 

c chlamydospores g l obose 125-200* * 8-14u* roots and 
brovn soil, Br vao 

and Wol l<!r, 
sporocarp ca 3rnm Texas 

D 5,6,7, azygospore. glohoae (JOIJ)350- 2-411 hya 1i ne roots <in<l 
8 durk 450(475) (:a lu ~oil Bryan 

brown nnd Stephen-
9,10, vesicles oval 30 very very "i lle, Texas 
11 echinulate thin thin 

up to 15 in 
a cluster 

* Paucity of spore.q preven ted accurate measurement of slze range . 

DISCUSSION 

The f inding of several specie!l of mycorrhizae fungi in f(,l<l\!l 11eam1t roots 11nd 
Boil necessitates a study of the effec ts of their presence there. Conxideration 
will have. to be given to their d istribution, influcn~e on the pe;inut plant 
growth, and relationship with othe r soi.1 microorga11isms. The effec t.s of. the 
add 1 t!on o f funglc'Ldes and fertilizers to peanut fields wi J 1 need ."\tudy. NC\shelm 
and Linn (25) working with the mycorrhizal fungus E11dogone fascicubta Thaxter 
on corn, showed that this fungus is s lightly sensitive to the. funr.ic lue 
Cap t an and modcr<i te.ly sensitive co 'ferraclor . If t he mycor rhizae oo peanuts 
;ire s ignificantly beneficial, these mycor rhizae should not he l nh l bitcd b y 
broadcast application. Nesheim speculated that, since fungicides "r" usua l}y 
banded in a row, t hat once t he r oots grow t hrough the treated zoue the.y would 
probably control peanut root discuses without exerting a permanent d~' trimentill 
e ffect on the mycorrhizac. In speculat ing, where soil pnthol!c:-ns i,Lre a 
l imiting factor in production, it would be better co hand fungicides (or 
possible pathogen control rather. tha n be concerned with elimino~ing the 
mycorrhizae . Since peanuts have a lowe r fertility rcqui rP.ment thao most other 
fie l d crops the influence of the mycorrhizae. on peanut plant nu tl'i~i on may 
be l ess important than on that of oche r crops. 
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F.ii;. 1. Type "A" ch lamy<lospores. Arrow, 
laiulnate<l wall. 

Fig. 2. Concentration of type "A" c:hlamyclospores 
in the peunut root . 

•• 
• 

Fig. 3. Stn!ne<l LypP. "A" chlaroydospores on 
hyploae out" l<le peanut root.. 
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Fig. 5. Type "J)" azygospore. 

Fig. 6. Base of type "D" azygospores (arrow 
abortive hyphae). Note rough surface 
of azygospore. 



• 

Fig. 7. Projections on surface of type "D" 
azygospore. 

Fir,. 8. Fragments of crushed type "D" azygospore. 
Note thin hyaline wat1. 

Fig. 9. Cluster of type "D" vesicles. 
Compare with Figure 10. 

153 



154 

Fig. 10. Cluster of echinulate type "D" 
vesicles. 

Fig. 11. Close~p of cluster of echinulate 
type "D" vesicles. 

Fig. 12. Hyphae of a typical. peanut mycorrhiza 
fungus in peanut root. 
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EVALUATION OF SAl'IPLING ERRORS IN DETERMINING GElltlINATION 
PERCENTAGES: APPLICATION TO P~ANUTs!/ 

by 
J.H. Young 

Associate Professor, Biological and Agricultural Engineering Department 
North Carolina State University, Raleigh, North Carolina 

Determination of the germination percentage of a lot of. seed is an important 
step in its quality evaluation. The result of a germination test is often used 
to make important decisions concerning the marketability of a lot of seed or the 
feasibility of practices used in the production of the seed. Thus it is impor
tant that the germination test be accurate. This accuracy has been seriously 
questioned in several phases of the peanut industry in recent years due to var
iations in test results of different samples from the same lot. It is the belief 
of the author that the major portion of the variation between samples may be 
attributed to sampling error rather than to the testing procedure itself. It 
is the purpose of this paper to discuss the. magnitude of the errors whic.h 1nay 
be expected due to sampling alone and the .adequ<lcy of test results based upon 
certain sampling schemes. 

The adequacy of test results depends not only on accuracy but also on the pur
pose for which the result is to be used. For example, a sampling and testing 
procedure may be quite adequate for determining whether the germination percen
tage of a particular lot is greater than some critical germination percentage 
while at the S3me time being completely inadequate for estimating the true 
germination percentage with a high degree of confidence. The various reasons 
or purposes for which germination tests are conducted may be classified into 
the following three groups: 

!. Estimation of the true germination percentage of a seed lot. 
2. Prediction of whether the true germination percentage is above 

or below some predetermined level. 
J. Estimation of the differences in germination percentages of 

two or more lots of seed. 

The errors lnvolved in testing for each of the above listed reasons will be 
evaluated using the binomial probability distribution. The analysis is based 
upon the following assumptions: 

1. A seed either germinates or does not germin;ice. 
2. There are no errors due to variations in the germination test itself. 
J. Samples are taken in a random manner such that all seeds have an 

equal chance of being chosen. 

If the above assumptions are not met, then additional errors will be introduced. 
Thus, the errors to be evaluated here may be described as minimum expected 
errors due to the random sampling process. If lots of seed are not well mixed 
so that the samples are biased in some m<lnner or if there are v:i.riations in gcr
roinator conditions or analyst readings, the errors involved in germination test
ing trill be higher than those to be evaluated here • 

.!/paper number 3819 of the Journal Series of the North Carolina State University 
Agricultural Experiment Station, Raleigh, North Carolina. 
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Theory 

If random samples of size n are selected from an infinite binomial population 
(a population in which each individual unit ls either good or bad, red or black, 
etc.) the sampling distribution obtained will be: 

0,1, ..... , n, (1) 

0 < p < 1, 

where 
f(x) the probability of having x good units in the sample of 

size n, 

C(1\,X) = n!/x!(n - x):; binomial coefficients, 

p probability of a success (i.e. a good unit), and 

x =number of successes (good units}. 

In the case of testing seed for germination a success is s seed which will 
germinate and p is the decimal portion of the total populutton which will 
germinate. 

Other important parameters of the binomial probability distribution are the 
mean and the variance of the sampling distributions. The mt<an .ls given by: 

II ; n p, 

where 
l• ; mean number of successes in a sample of size n. 

The variance of the distribution is given by: 
2 

o = n p (1 - p), 

where 2 
o ; variance of results of samples of size n. 

(2) 

(3) 

Equation (3) has a maximum value for any given n when the value of p is 0.5. 
Thus, the greatest variability between germination samples will be found when 
the true germination percentage is 50%. The variabi.1.1 ty decreases to zero for 
populations hav:Lng true germination percentages of either 0 or 100%. 

Estimation of True Germination Percentage 

Figure 1 illustrates the sampling distribution obtained by repetltive 200-seed 
samples of a population having a true germination of 80%. The figure was plotted 
using tabular values of tht< binomial distribution published by the staff of 
Harvard University Computation Laboratory (1). It can be seen that the values 
of germination obtained range from approximately 69 to 90% but that 99% of the 
values fall between 73 and 87%. Thus, a 200-seed sample may be described as 
having an accuracy of + 7% at the 99% confidence level when the true germination 
is 80%. The accuracy (plus or minus deviation from che true value) of the ger
mination percentage determined by a test depends upon the true germination per
centage and upon the confidence level specified. Although not obvious from 
Figure 1, it is of interest to note that !f the true germination of a lot is 
greater than 5G%, it is more probable that the result of a sample wit.I be too 
high than that it will be too low. This bias is due to the skewed binomial dis
tribution. 
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The accuracies may be quickly predicted by approximating the binomial distribution 
with a normal distribution having the same mean and variance. This approximation 
results in a symmetrical distribution rather than the slightly skewed binomial 
distribution. However, the magnitudes of the sampling errors are similar for 
the two distributions. Thus, the normal approximation was used to estimate the 
sampling errors to be expected for various sample sizes. The magnitude of the 
error is given by: 

where 

E 100 Z J P ( l : r), ( 4) 

E error (in %) associated with sampling, deviation from true 
percentage, 

Z number of standard deviations from the mean of the normal dis
tribution which are required to give the desired confidence 
level, 

p true germination probability (true germination percentage 
expressed as a decimal), and 

n ~ number of seed in sample. 

The values of Z required to glvc SO, 75, 90, 95, and 99% confidence levels are 
0.675, 1.15, 1.645, 1.96, and 2.575 respectively (Ostle, 2). '!'able 1 gives the 
resulting accuracies for various sample sizes, true germinations, and confidence 
levels. Thus, the accuracy based on the nonnal distribution is+ 7.3% for a 
200-seed sample at the 99% confidence level when the true germinition is 80%. 
This corresponds closely with the value obtained above using the actual binomial 
distribution. 

Inspection of Table l reveals that, even with a 500-seed sample, the accuracy 
at the 99% confidence level is only approximately + 4.6% when the true germin
ation is 80%. Thus, if more accuracy in cstimatio-;;- of true germination percen
tage is desired, the sarople size must be increased still further. In order to 
determine the sample size required for a given accuracy, equation (4) may he 
solved for n co obtain: 

2 
10,000 z 

2 
E 

p(l - p) ( S) 

Table 2 gives the sample sizes required for accuracies of + 1, 2, 3, 4, and 5% 
for various true germination percentages and confidence levels. Thus, in order 
to insure that the sample result is within ~ 1% of the true germination 99% of 
the time, a sample size of 10,700 seeds is required when the true germination 
is 80%. Since the true germination ls not knoi.m when sampling occurs, the worst 
case of a true germination of 50% must be assumed. With this assumption, a 
sample of 16,600 seeds must be tested to give an accuracy of+ 1% at the 99% 
confidence level. A reduction in the confidence level to 95%-reduces the sample 
si7.e required to 9,700 seeds. The commonly used sample size of 200-seeds is 
within :!:. 3% of the true germination only about 50% of the time if the true 
germination ls 50%. Thus, it is apparent that in order to accurately predict 
the true germination percentage of a lot of seed, much larger samples must be 
used and care should be taken to assure that the sample is a randomly-selected 
representative of the lot. 
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Table l. Acc.urac.y of germ.inetion tests base<l 1.1pon. S.lmples of verious ~iie.6. (E:xptessed 
as a 11lus. or minus deviation fro'(ll, t't"Ue ;>erceti.t.:.ge) 

Confidence Level Tt:ve GeTtlloa.tion S""'!'le Size 
Percentage 

100 200 300 400 soo 
.50 so 3.4 2.4 1.9 l. 7 l.S 

70 3.1 2.2 1.8 1.5 1.4 
15 2.9 2.1 l.7 L.5 1.3 
80 2.7 1.9 1.6 :?..4 l. 2 
8; 2.4 J. .i' 1. 4 !.2 1.1 
90 2.0 1.4 l . 2 1.0 0.9 
9; l.S L O 0 . 8 0.7 0.7 

• 75 so ;.~ 4 .l 3. 3 2.9 2.6 
70 ;.3 ).7 3.0 2.6 2.4 
75 5.0 3.s 2.9 2.s 2.2 
30 4.6 3.3 2. 7 2. 3 2.1 
s; 4.l 2.9 2~4 2.1 1.6 
90 3.S 2.4 2.0 1. 7 :..; 
95 2.s 1.8 1.4 l .l l.l 

.90 so 8.2 ).8 4. 7 4.1 3.7 
70 7 .s 5.3 4.~ 3.8 3,4 
75 7 .1 ;.o 4.~ l.6 3.2 
80 6.6 4. 7 3. 3 3. J ·2.9 
85 5,9 4. 2 3.4 2.9 2.6 
90 4.9 3.s 2.8 z. 5 2.2 
9S 3.6 2.5 2.1 1.8 l .6 

,gs so 9.8 6.9 s. 7 4.9 4.4 
70 9.0 6.4 5.2 4.5 4.C 
75 s.s 6.0 4.9 4.2 3.a 
80 7.8 s.; L..) 3,9 3.5 
BS 7 .o 4.9 4.0 3 . .s 3.1 
90 s.9 '-·2 3.4 2.9 2.6 
9; 4.3 3.0 2.; 2.1 1.9 

. 99 so 12.9 9.1 7 .4 6.4 5.8 
10 11.~ 8.3 6.8 S.9 5.J 
75 11.2 7 .9 6.4 5.6 s.o 
80 10.3 7 .3 6.0 5,1 4.6 
85 9.2 6.5 5.3 4.6 4.1 
90 7. 7 s.; 4.5 3.9 3.S 
g; 5.6 4.0 3.2 2.8 2.5 

Table l. i\ccur:acy of serm:S.n~tioo tee.ts b.a.sed U?On ss.ple.9 
of veT1ous sizes. (Expressed as a plus or :Di::1.u9 
d~viation frocn tYue pt.tc~nt:age). 

Table 2 . $srople eh.es rt.c;uit:e.d cc gi•:e. varioug $1;.c.urac.ie9 of testing for gemioation 
perc.antage. * 

ConfiC.enc.a. i.eve.1 true Cerm.~na.tion A::.c.urac:y 
Percentage (!;X) 

l 2 3 4 s 

. 50 50 1200 300 200 80 so 
70 1000 300 200 60 ~o 

15 90v 300 :oo 60 40 
80 800 200 80 ;o 30 
85 600 200 70 40 30 
90 500 200 50 30 20 
95 300 60 30 20 10 

.7; 50 3400 900 400 300 200 
70 2800 700 400 200 200 
75 2500 700 300 200 100 
ao 220~ 600 300 200 90 
85 1700 500 200 200 70 
90 1200 300 200 80 50 
95 70() 200 70 40 30 

.90 50 6SOO 1700 800 500 300 
70 5700 1500 700 !.OO 300 
7S 5100 1300 600 !iOO 300 
so 4400 llOO 500 300 200 
as 3500 900 400 300 200 
90 2500 700 300 200 100 
9S l300 400 200 eo 60 

.95 ;o 9700 2400 1~00 600 400 
70 8100 2100 900 600 400 
75 7300 1800 eoo soo 300 
80 6200 1600 iOO 400 300 
85 4900 1300 600 400 200 
90 ~soo 900 400 300 200 
95 1900 500 300 200 so 

.99 so 16600 4200 1900 llOO 700 
70 14000 3SOO 1600 900 600 
7S 12500 3200 1400 800 500 
&O 1o;oo 2700 1200 700 soo 
85 ssoo 2200 1000 600 400 
90 6000 1500 iOO 400 300 
95 3200 600 400 200 200 

*Se.c:iple sizes have beeD increased co the ne."Xt h:Lgher ~W\dred !or sample sizes 
gre.atet: than 100 and co the next hig:ter ce-n for sample sizes. less than 100. 

table 2. Ssmp.lee s1ze.s re.quired co give various accur.ac.ie& 
of u.stiug for germ.i.nacion percentage.* 



Predicting Germinations Above or 
Below a Predetermined Level 

Fortunately, germination tests are not conducted primarily for estimation of 
true germination percentage in many cases. Often, the information desired 
from the test is whether or not the lot has a true germination percentage above 
or below some predetermined level. For example, in North Carolina peanut seed 
must test 80% or above in order to be sold as certified seed. Thus if a lot 
has a true germination of 50%, a testing accuracy of + 29% is sufficient to 
J.nsure that the sample would nol;-.pass the critical test. lf a lot has a true 
germination of 90%, a testing accuracy of ±. 10% is sufficient to insure that 
the sample will equal or exceed the required level of performance. Thus, it is 
in the region near the predetermined standard level that sampling errors become 
important. 

figure 2 illustrates the probabilities of rejecting or accepting lots of seed 
based upon the germination result of a 200-seed sample for various true germin
ation percentages when it is required that the sample germinate 80% or higher 
for acceptance. The curve is plotted from tabulated values of the binomial 
distribution (1) and assumes that a sample germination of 79.5% woul<l be rounded 
to 80% and thus would be acceptable. The curve is called an operating charac
teristic (or OC) curve. An ideal OC curve would have a probability of 1.0 of 
rejecting any lot with a true germination percentage less than 80% and a prob
ability of 0.0 of rejecting a lot with a true germination greater than or equal 
to 80%. Thus, the shaded areas in Figure 2 represent regions of errors due 
to s311lpling. In area 1 lots are accepted which should not be accepted (consumer 
risk) and in area 2 lots are rejected which should be accepted (producer's risk). 
'l'hus, the range of true germinations in which the probability of an error in 
rejecting or accepting the lot is greater than 0.01 is from 73 to 85%. The 
probability of accepting lots of seed having germination percentages of 79, 78, 
77, 76, 75, 74, and 73% are 0.47, O.J4, 0.23, 0.14, 0.08, 0.04, and 0.02 res
pectively. The probabilities of rejecting seed lots having germination per
centages of 80, 81, 82, 83, 84, and 85% are 0.39, 0.26, 0.16, 0.08, 0.04, and 
0.01 respecctvely. 

After a peanut seed lot in North Carolina has been sampled and a 200-seed sample 
has successfully germinated 80% or higher, the lot may be "tagged" as "certified" 
seed. lt is still subject to uddltional sampling and testing to insure proper 
labeling. In this case, a 400-seed sample is used and a tolerance is allowed 
for possible sampling error. Figure 3 shows the operating characteristic curve 
for a 400-seed sample with a tolerance of 5% when the acceptable level is 80%. 
W!ih the 5% tolerance in effect, the seed lot would not be rejected (sale would 
not be stopped) if at least 74.5% of the sample germinated. Figure 3 indicates 
that some seed lots having germination percentages below 80%, but which had 
passed the in!tJ.ul testing, 1.rould be rejected by the second or "official" test. 
kowever, virtually none of the seed lots having true germination percentages 
equal to or higher than 80% would be rejected by the second test. Figure 4 
oshows ihe resultant OC curve when seed lots are subjected to the "certification" 
testing and then the accepted lots are subjcctcd to the "official" testing. 
The curve in Figure 4 is only slightly different from that of Figure 2 with the 
d lffen•nces being slightly higher probabilities of rejecting seed lots having 
true germination percentages less than 80%. 

If all seed lots accepted for sale as "certifle<l" seed were subjected to the 
"official" test and if all true genninations were equally probable, areas 1 
and 2 :ln Figure 4 would be respectively proportional to the number of seed lots 
accepted which should have been rejected and to the number of seed lots rejected 
which should have been accepted. Since the OC curves of Figures 2 and 4 are 
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only slightly different, little error is introduced by assUJlllng that all the seed 
lots accepted by the "certification" test arc retested by the "official" test. 
However, all true germination percentages are not equally probable in nature and 
some distribution of these true percentages must be known in order to convert the 
probabilities of Figure 4 to numbers of lots rejected or accepted. 

In order to obtain estimates of the prior distrLbution of true gero1ination per
centages, the results of p<:<anut germination tests conducted by the Seed Testing 
Division of the North Carolina Department of A~riculture during the ~rop years 
of 1965-1970 were analyzed to determine what porlion of the samples resulted ln 
germinations of each value between 0 and 100%. There were considerable differ
ences between the distributions obtained for the sil< years analyzed. Figure S is 
a plot of the frequency distribution for the 1967 crop year which appeared to be 
near the average of the six year period. The distribution is skewed toward the 
higher germinations with che peak occuring at 96%. 'l'he mean and the standard 
deviation are 84.5% and 12.9% respectively. A sununary of the statistics found 
for the frequency distributions of all slx years is presented in Table 3. 

The frequency distributions found for the test results are not the true prJor 
distributions since sampling error was involved in each of the tests which tend
ed to bias the distribution toward the extremes of 0 or 100%. However, the dis
tributions should be near enough to the true prior distributions to be used in 
estimating the number and percentage of peanut: lots which are affected by the 
errors in areas 1 and 2 of Figure 4. Table 4 gives estimates of these errors. 
The estimated monber of lots having a true germination less than 80% which were 
accepted by the testing procedure varied with the prior distributions of thl' 
various years. '!'he estimated "bad" lots accepted as " percent of the total lots 
tested varied between 0.94 and 2.95% with an average of 1.96%. '11oe estimated 
"good" lots rejected as a percent of the total lots tested varied between 1.03 
and 3.30% with an average of 2.14%. The estlmated percentage of lots having 
true germlnations fn the range of 73-85% which were misclassified was relatlvely 
constant and averaged J6.18%. Over the sJ.x-year periocl upproxim<itcJy 2:>% of all 
lots were in the 73-85% range of true gcnnlnati.ons. 

Thus, i c appears that sampling errors are 11.ot unreasonable in the present tests 
for "certification" of peanut seed and the s\lbsequent retesting for proper 
labeling. The percentage of the total lots which were mis-classified was esti
mated to average 4.17. over the six-year period studied. This perccntagP. ~ould 
inct:ease if a higher percentage of the total lots had true germina·cions in the 
critical range of 73-85% and wo\lld decrease if a lower percentage of the total 
lots hnd true germinations in the critical range. 

Esti01at!ng Differences in Cermination Percentages 

In seed quality research, the aim of germination testing is often not to deter
mine true germination percentages or to determine wliecher the gel'ltlination is 
above some predetennined level. Rather the primory purpose for conductlng 
germination tests is often to estimate differences in germination percentages 
which may be related to differences in production practices or other var1ables. 
In these cases, the accuracy in predicting differences between lots is of interest. 

If two equal samples are taken from the same lot of seed, the probability of get
ting no difference between the sample results ls given by: 

n 
G(O) = >: P(i) . l'(i), (b) 

l = 0 

where 
C(O) probability of getting zero difference between samples, 
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T~ble 3. Germination percentage tttatistlc.s for peanut seed tcsteJ hy th~ Se.ed 
Test.inH Division of the North Cel.rolin~ Department of Agriculture .. 

Year 

To~al 

Number 
of 

Samples 
l\vg. 
Germ .. 

Std. 
Dev. 

% Leas 
th~n 70 

% Less 
th•n 75 

% Less 
than 85 

% Le•s 
th•>n 90 

% Less 
th"n 95 

1965 

1%0 

1967 

1968 

1969 

1970 

2028 86.8 

1742 78.3 

2366 84.5 

2574 78.5 

2340 91.9 

2340 84.S 

ll.6 

15.1 

lZ.9 

u.1 

s.o 
12. 7 

8.0 

22.5 

J2.0 

22.3 

l.9 

12. l 

12.6 

29. 7 

J.6.3 

31.0 

).4 

17.5 

18.9 

ltl.6 

26.2 

42.9 

7 .o 

26.0 

29.4 

56.0 

36.8 

60.9 

12.6 

37. 6 

47 .6 

75. 3 

53.4 

80.5 

23.4 

53.0 

Table 3. Geroin<1tion perc.,ntage s~Atiat!c• for pe•nut """d tested by th;, 
Seed Tes~ing Dividon of the North Carolina Departoteo~ of Agr.f
culture. 

1'able. 4. Estimates of numbeT1; and percent.Agee of peanut lots mie-clat:1sified during 
the 1965-70 pc.ri.od due co sampling errors. 

Year Total 

No. of lo~a te$t"d 

Bad 1 lots accepted 
Nucubcr 
% or Total 

Good2 lote rejected 
Number 
% of t:otal 

TotRl lota llTiprop"rl.y 
CAtcgorizc.<l 

Nt'..mber 
% of 'l'otal 

Number of lots ifl 
7.)-115 rang" of true 
gerutl mtl ions 

% of lots ill 73-85 
ro.nge of true 
germinations 

1965 

2026 

27 
l.J) 

38 
1.87 

65 
3.21 

447 

22.04 

1966 

1742 

50 
2.87 

48 
2.76 

98 
5 .63 

585 

33.58 

l.961 1968 

2366 

43 
1.62 

45 
1.90 

88 
3,72 

551 

23.2!1 

2574 

76 
2.95 

85 
3.30 

161 
6.25 

975 

37 .R8 

1969 

2340 

22 
0.94 

24 
l.03 

46 
1.97 

266 

11. 37 

1970 

2340 

45 
l.92 

4 7 
2 .01 

92 
J.93 

576 

24.62 

13390 

263 
1.96 

287 
2.14 

550 
4.11 

3400 

25.39 

% of lots in 73-85 
f;.ttlgc of Lrue g~r
miClD.tions which 
were irnprop~rly 
c.<>tegorizcd 14.54 16. 75 15 .97 16. 51 17 .29 15.97 16.18 

- A "had .. lot 1~ a lot ha.vlng A l.ru~ germln.atlc.m less than 80%. 

- A tlgoqd" lot is a lot having a tt:UC germination of aox or hlgbcL 
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'l'ttble 4. Bstima.tcs of numbers a.ml percentages of peanut lot~ mia-c;lAtH:dfi~ 
during Ll1e. 19h5-70 perJoO doe. to ~~mpling errors. 

74.4 

94.9 

79.8 

95.3 

52.7 

76. 7 



n ; number of seed in each sample, and 

P(i) = probability of h<lving i germinable seeds in the sample of si?.e 
n. 

Likewise, the probability of getting a <lifference, o, between the two swnples 
is: 

n n 
C(D) E f(i) • P(i - D) + ~ P(i) • P(i + O), 

t = 0 i = 0 

where 

(7) 

C(D) ; probability of getting a difference of 1) between the samples. 

Figure 6 is a vlot of tlie cumulative probability distribution for differences 
hetween two 200-seed samples taken from a pov11Jation having " true ger111in;ition 
percentage of 50%. Avpro:xim.~Lely 1% of the time the cwo samples will differ by 
mort' than 13% in germination. This means that in order to test for <lifferences 
between two lots of seed, differences greater than 13% must be observed in or<ler 
to be 99% confident that any difference exists. Thus, it is app.~renl that larger 
sample sizes arc required to verify differences in germination of different st,ccl 
1.ocs. 

The distr·lbution of sample <lifferences may also be a11proximaLe<l by a normal pro
bability distribution. In Lhis case the variance is the sum of the v:1rirrnc:es of 
the individual sample distributions. When boLh samples come from the same pop
u·1 at ion, the variance is: 

where 

2 
<J = 2 n p(l - p), 

D 

? 
o variance of the sample differences. 

D 

Then the magnitude of the error involved in estimating diffcr.t•nccs bP.Lween 
germination of lots becomes: 

where 

~ 
D 

JOO z J~(_l_-Jl 
ll 

E error associated with sampling for <llfference between seed lot 
D gcnninati.ons. 

(8) 

(9) 

Comparison of equatloris (9) and (4) reveal that the error assoclate<l with 
estimating differences is related to tbe error in estimating true germinations 
by: 

E =ff F. 
1) 

(JO) 

Tab I e 5 gives the resulting accuracies for various sample. sizes, true germinations, 
and confidence levels. The accuracies are calculatccl base<l upon the assumption 
that the san1ples come from populat lons having equal true germination pcrc~entages. 
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tab~e 5. Accuracy of <:s<:im.,u• ci dUfereoce.s be,~ec.n setinS.:-.(1,ticD pe:oc.e:-.taau based 
'-'?CD cE.«iple.s of vst"ious 9~ze.s. (!.>.-pt'~ueC. M a ph.:9 or minus 4evie.tiou 
f'C'o:t. the C1."ue dtf!<:t-e.."\CC: iu gE.I''IDi:".&CiOD.) 

Couf!denu tevd True GeL.D.1M.t1oD S~le SLz.e 
'?e:-c'n'=.ase• 

100 :!OO :31)0 •OO 500 

.so j{l ' ·a 3.4 2.8 2.4 2.: 
10 '·· 3.1 2.; 2.2 2.0 
75 •.1 2.9 2.4 2.: 1.8 
80 ) . 8 2.J 2.2 :.9 l. 7 
85 3.4 2.• 2.0 1.7 :.s 
90 2,9 2.0 1.7 :.4 1.3 
95 2.1 1.5 1.2 l.O 0.9 

.IS ;o ! .l ;.1 4.7 4.1 3.6 
70 1.s 5.3 4.3 3.7 3 , 3 
75 1.0 s.o 4.1 3,5 3. l 
80 6 .5 4,$ l.9 3.3 l.9 
85 S .8 •.1 3-' 2.9 2.6 
90 • • 9 3,5 2.8 2.4 l . 2 
95 ) .5 2.5 l.O LS l.6 

.90 ;o 11.6 8.2 6.1 J.8 S.2 
10 10.1 7.5 E.2 ;.s 4.8 
JS 10.0 1.: s.s s.o •.5 
60 9 .3 6.6 5.• 4. i 4.2 
o; 8.3 5,9 4.8 4.2 3.7 
90 i .!l •.9 4.0 3.5 ).l 
95 s.1 s.6 <..9 2.S 2.3 

.95 50 u .9 9. 8 0.0 6.9 S.2 
10 U .7 9. 0 7.3 s.4 5,' 
75 12. 0 a. s 6.9 6.0 5.4 
eo u .1 7. 8 6.4 5.> 5.0 
as 9 . 9 1.0 5.7 4.9 £.4 
90 8. 3 s.9 £.8 <.2 3.7 
95 6 . 0 4. ) 3.5 3.0 2 .1 

.99 so 1a. 2 12.9 10.5 9 . l 8.1 
70 16. 7 11.a 9.6 .8.3 7.j 

75 u .s 11.2 9.1 '·' 7.1 
80 1 .. 6 lO.) 2.4 '·' 6.S 
85 13.0 9.2 J.5 6 . S s.a 
90 10 .9 7.7 6.3 s. s 4.9 
95 7,9 S.6 4.6 4.0 3.5 

" - Acc·.;r.ic.~<:s a"Ce c0tl.c.ub.t1::d .... 1c:., che .ts~~ption c~sc &acnplc& cc111c !t"o«>. lots 
~"''>'ins ~he •o.me true ge:in!r.E.:Lon perceDt~ee. 

Table. ~. :\.:curacy o! estltns.tes of difiltre:'lces betc..•eeD £ermi!'l.at1on 
percentages baseC. upou ssm;>les of vaT1ous sizu. (ilx
p'!essed as s. ~lus or :t.L:":.us dev!st1oC\ !rom. :he true d!f• 
fennce in get'Vlit1atlon.) 

t.tbl.e 6. ~~!:W~~:=~~e:~!~~t~=e 1!;e. t:r~~~:.!1Cut"oc.~e9 of tesctoa for d1!fere.ucH 

C0Df~de0c.e Le.vel :'r·.a. C·e':'lllL~ac:.10: Ac:cura~y 

Percntagd/ ~%) 

l 2 3 ' s 
. !(I 50 2300 000 300 200 90 

10 200C !C{l 300 200 eo 
;5 1800 5C·3 200 200 70 
80 lSOG 400 200 ;o 63 
85 1200 lOO 200 80 ;o 
90 90C 300 90 50 'O 
95 500 lCJ so ;o 20 

.75 so 6100 11CO 800 500 300 
10 5600 1400 700 400 300 
75 5000 1300 ~00 GOO 200 
30 4'00 ll.00 500 300 200 
85 3'i00 900 400 .?OJ lOO 
90 l400 600 ;oo lOO 100 
95 1300 400 200 80 so 

. 90 so 13600 3'00 1600 900 600 
70 ll400 2900 1300 aoo 530 
7S 10200 2600 1200 700 5JO 
80 S700 2200 1000 600 GOO 
es 6900 1800 800 ;oo 300 
90 ~930 1300 600 400 no 
95 2600 700 300 lOO 200 

.9S ;o H300 48~0 2200 12•30 800 
70 16200 41{10 1800 11-30 700 
75 H!OO ~600 1600 930 600 

e' 12300 3100 1'00 830 ;oo 
85 9800 2300 1100 100 4CO 
90 7000 1800 800 530 JCO 
95 3700 1000 500 300 200 

.~9 ;o lllOO 8330 J700 2100 HOC 
10 27900 1000 .?:oo 1~00 1200 
JS 24900 6300 2800 ltOO 1300 
60 2~.?00 =tioo 2400 :li0·3 303 
s; l70CO l.3::10 1):100 :ioo )03 
90 12000 3C00 )400 800 SC:l 
9! 6300 1€00 700 403 300 

l - SaV1ple s~zes have been i.nc:-useG to th.e next h1ghet' ·:"lun<=.red !'er samp~E. 
si.:tu §C'Mter than. 100 end to the :-.ext hl@h.er cec\ !"er s~ ... pte. ~~~es less 
than 100. 

l. - Semple s1H6 arc c;.e.l~uleii:..O "'ith th~ ne·3-pt~on th*-C UAples C.C:'M: !t'ooi 
lots '.'":.S.Vifl.i <::he S&:'lf: Ct'tle @ercinat1on rnc:e:ttsge. 

table 6. Sa::plc.aiu.s req·.:!r<cd to glve v.nio~s ac::"rad.e:o 

:!n~:::1~ !:~ ~!!!~l?:ices 1~ ~e~.1Mttcm p~~-



If no knowledge of che true gern\ination percentages is available, the accuracy 
l>nsed upon a 50% true germination (the worst case) should be used as an estimate 
of the sampling error. If tloe popu·laUons are known to have germinations higher 
than 50~, the accuracies may be estimated based upon the higher true germination 
percentages. Table 6 gives the sample s.i.:iics n"iuircd for various accuracies of 
determining differences in germination of two lots of seed, The sample sizes 
required for estim<1ting d;ffen•nc"s <lrc twice as large as those required for 
estimating true germination percentages. For exnmple, if lt is deslred to esti
mate the difference .. in germination of two lots of seed for which no prior 
knowledge of ~t.e true germinadon i:,; aV<lilablc, sample sizes of 33,200 seeds must 
be used to Le 99% confident thar-fhe estimated difference is within + 1/. of the 
true difference. Tf the two lots arc known to have true germination:; of approx
i.mutely 80%, a san1ple si:i:e of 21,300 seeds may be used for the S<lme accurucy and 
confidence level. 

The sample sizes required to give high accuracies arc mttch higher th.-in those \</Mch 
are normally used in germl.nntion tests. However, replicate samples are often used 
to Increase accuracy. It can be shown though that the sampling errors obtained 
hy testing four 200-secd samples are the same as the errors obtained by testing 
one 800-seed sample. Thus, It Is the total number of seed tested that determines 
the accuracy in both estimates of true germination and in el':timates of dif
ferences in gerrnin."ltion between lots. 

Swrunary and Conclusions 

T.b" binomial probability distribution and its approl<imation l>y the normal pro
Labilit.y distr.lbuLion were used to evaluate the sampling errors to be expec:te<l 
in conducting germination tests for various purposes. Major findings of the 
study are.: 

I . ln order to accur:Hely estimate the true germination percentage of a 
lot of seed, it is necessary to test re.latively large numbers of seed. 
Tables 1 and 2 were prepared to gl.ve the ;tc~ur:i.1;y to be el<pecLed when 
samples of various sizes are used and to give sample sizes required 
for certain accuracies. 

2. Sampling errors were ev<oluatt•d for the situation in which the purpose 
of testing is to predict whether tl1e germination is above or below a 
Vl'.edetermlned level. llased upon these evaluations, it was <•stlmated 
that, due to sampling t•rror alone, approximately 4.1% of the peanut 
seed lots in North Carolina would have been improperly classified as 
above or uelow 80% during the years 1965-70 based upon the present 
testing procedures. 

3. In order to accurately estimate differences in germination percentages 
of two seed lots as is of.ten the purpose in seed quality n•search, it 
ls ncccssury to test samples twice as large as those needed in esti
matJng true geruiination percentages. Tables 5 and 6 were prepared to 
give the accuracy to be expected when samples of various sizes are 
u.<>ed and to give saD1ple sizes required for certain accuracies. 

Two additional interesting observations bear repeating. They are: 

1. Jf tht• true gcrminat;on percentage is greater than SO%, all predictions 
of the true germination are slightly biased toward the higher germina
t 1 ons. 

2 . Replications of truly random samples of a glvcn size do not decrease 
s:i.mpl ing errors any more th:i.n increase.ing the sample size to contuin 
the. same total number of seed. 
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IIWLUENCE OF SEE!) QUALITY .lllW ENVIRON>IHIT 
ON PI'.ANU1' INJURY BY HF.l:illCIDRS.!/ 

Paul ~ . Santclmann, Professor 
Department of Agronollly, Oklahom.'.l. 

State Univers ity, Stillwater, Ololahoma 7~0711 

INTRODUCTION 

Herbicides are used extensively for controlline weeds in pennuts in order to 
nia.intai n economically hich production leve ls. I'armers have l earned through 
e:i:perience t hat vroperly used lterl>icides us u.i.lly µrovide r,nod 1.eed control 
without c r op injury. l.;ol'lever, anyone who gr°'".~ plnnl!; lou s lcn1:11c<J tirn t 1na11y 
plant an<l environmental factors may effect t he yicl<l level ott aine~. as ~ell 
as how the plant will react t o fertil1 ?.CT. or other mntcr"ial:;. Ti1ui,;, it is 
re.'.l.sonalilc to expect thnt some of titese factors will i11flueuce the ability 
of a herbicide to either kill wcc<lu or injure tltc crop. 

Factors such as rainfall, so:l l type, te111pcr11turc and moi3turc havt· :,ccn !ihown 
to influence the phytotoxicity of so1~c he rbicides to pe.~nuts (5 , 1, 7, 3), 
Other factors i:oay also l;e involved - such or. the qunlit)t of r:1e seed usc<l, 
inter ac t ions of the hcrt-icides wi t;t otlte r pesticides, or v ar'l.ou i; npplication 
f3ctor s ( 11). l'o-"t of t he pesticide interac tion research hns l•een conducte1l 
using trifluralin with crops ot!1e r t h an peanuts. Sor.tc lonve r c[lottcd 110 inter
action (8, 6 , 4) whereas others have reported that so1:1<: interllctions i'ct<:ecn 
insecticides and herb~. cidcs could o~cur (1, 9, 2, 8). 

The r e hlls been little rescarcl1 rHt ti1c influe nce of pe<inut '-'ce rl 111rnlity on 
herhl cido phytotoxicity . Sor.1e (G, 11, 12) hove shown tlt<tt pl11ntii.g lnw 
quality seed may result in a reduction Jn c r op f;rm·.tlt .rnd yield. 

e xperiment s hav e teen conduc t ed over the pose several )'Ca n; i n Oklnlioma t<> 
determine the i nf l uence o f envir onmental (act u r s and peanut seed si.:e , uual ity, 
and inj ury on t he susceptib i li t y n f ve:iuut seedlings to lterl. i<.:i<!to injury. 
Since t lt e s e cxpcrimtonts have veen conduct"d in s "verol di[[u r ent \lays i.n hotlo 
the r,rccnhouse an<l fi eld, the recearch procedure used for e ach expe.ri1aent l<ill 
ht' discussed 1,·ith the r e llults of tiiat cxpcri1111:mt. 

:·:lffl!ODS /llW Rl'.St;LTS 

Seed Size: Four seed sizes of Starr pe.<ntu ts were used in field and greenhouse 
experiments to detenoine if seed size varia t i on resulted in seedlings ti1at 
were inore susceptible to herbicide injury . Seed sizes use<l uer c: (<t) stnall 
(retained by 13/G4" sie ve) , (b) mcdiulll (retained by 15/64 " sieve), (c) r egular 
(retained by 17/64" sie ve), and (d) large (retained Ly 19/64" sieve) . The 
seeds were planted in greenhouse pots or in field soil treated with Trefl:m 
at 1/2 or l lb/A, or were treated after planting Hith J\ll\ibcn at 2 or 4 lh/A. 

In the greenhouse both hervicides caused some slight stunting for all seed 
sizes 10 days after treatment. More top and root injury occurred "hen usillr. 
s mall seeds in Treflan treated soil than when me.diurn , regular , or lar g.e seeds 
were pl anted. There 1111a little difference i n root i njury betwe en t h e various 
seed sizes vben Amihen was used. 

llcontri bution from the Oklahoma Agriculturul ~xperiment Statton, Stilluater. 
Appreciation is expreRsed to Loyd V. Hill, l'homas Peeper, Ro land Cargill, 
and Robert Matthiesen for their help in these various stu<lieR, and to the 
Oklahoma Peanut CommiaRion for partial financing of this re11e11rc1t. 
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In the field there was more root injury to seedlings from small seeds than 
large seeds, but there were no significant differences when comparing either 
cxtreio.e with the intermediate sizes. As size increased, top growth increased 
with all treatments involved. There were no yield differences with any of the 
seed sizes planted in soil treated with Treflan at l/2 lb/A or with .l\miben. 
There was a yield reduction when small or medium size seeds were planted in 
soil treated with 1 lb/A of Trcflan. 

Seedcoat Removal Treatments: Various seedcoat removal treatments were tried 
to determine if they caused young peanut plants to be more susceptible to in
jury from Treflan and Amiben in the greenhouse. The following treatn1ents Ycre 
made to regular size Starr peanut seed; (a) visibly sound - normal seed with 
a full seedcoat, (b) seedcoat partially removed - 1/2 of the seedcoat was re
moved, (c) seedcoat absent - the seedcoat was completely removed, (d) splits 
with a seedcoat - one cotyledon and radical 'With the seedcoat present, and 
(e) splits 'Without a seedcoat - one cotyledon and radical with the seedcoat 
absent. Seeds 1'ith these various treatments were planted in the greenhouse 
and treated. 

Stunting of the peanut scedlines occurred when using one-half of a seed 1'ith 
and without a scedcoat with all herbicide treatments. There was generally 
ereater top growth when whole seeds rather than half seeds were planted. 
However, all seeds 'Without a seedcoat planted in soil treated with Amiben at 
4 lb/A resulted in stunting and severe root inJury. There was less root growth 
from plants at half seed without a seedeoo.t than any other seedcoat removal 
treatment. However, this reduction was not si1:nificant when comparing the 
herl,icide treatrnents to the similar untreated check. 

Nechanical Seed Paniage: Various 1:1cans of mechanically injuring Starr peanut 
seed were used to <letennine if seedlings from damaged seed were more suscept
ible to herbicide injury. The following <rere the treatmeots: (a) visibly 
sound shelled seed (mechanically shelled), (h) sl1elled seeds dropped 10 feet 
through a 3/8 inch brass pipe onto a concrete floor, ~11th the germ end of the 
seed placed in a downward position, (c) seeds dropped LO feet through the pipe 
with the germ end in all upward position, (d) seeds dropped 10 feet t!1rough a 
3/4 inch aluminum pipe onto a concrete floor with the side of the seed placed 
in an upward position, (e) the germ end of the seed passed across a flat file 
to cause abrasions of the gen• end, (f) unshelled seed dropped 10 feet through 
tl1e aluminum pipe, and (g) ,unshelled sound seed. Seeds for treatments (f) and 
(g) were .shelled by han<l prior to planting. The seeds were then planted in 
.!IOil and treated with either Amiben or Treflan. 

Plants from the untre:ited check plot and the various mechanical injury treat
ments were more vigorous and h:id more top growth than plants from the same 
seed injury treatr.umts treated with herbicides. This was not true of root 
growth. There was a reduction in top dry weights froro seedlings whose seed 
\rer~ dropped on the eerm end or side, dropped while in the shell, or when the 
germ end t.•as mechanically abused. Taproot length was reduced from seed dropped 
on the germ end an<l from mechanical abuse to the germ end compared to sound 
shelled seed when averaged across all treatments. 

Pesticide Interactions: Experiments were conducted in the greenhouse and field 
in which either Treflan at 1/2 and 1 lb/A, Vernam at 1/2 and 3 lb/A, or Amiben 
at 2. and 4 lb/A were applied or :lncorporated into the soil where other pesti
cides had been used. The insecticides, fungicides, and nematoci<les were used 
as recommended on the {able. 

~lo reduction in peanut root or top growth occurred as a result of cornhination 
treatments of herbicides Yith the fungicides PCNB, chloronitropropane, or 
combinations of the two fungicides in the greenhouse. Root growth stunting 
occurred when l lb/A of Treflan was used either alone or with some insecticides. 
Some stunting of peanut seedlings occurred when using Treflan and 2 lb/A of 
Disulfoton. 'l'here 11as no apparent top or root growth reduction with 1/2 lb/A 
of either Treflan or Vernam when used in combinations with Phorate, Aldicarb, 
or Disulfoton in the greenhouse. Soil treated 'With dibromochloropropane at 
l or ll~ gpa caused as much injury to peanut roots as Vernam or Treflan 
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treatments. There was a reduction from root growth from plants grown in soil 
treated with Treflan and D-D at 8 gpa when compared to the check pots where soil 
was treated with the nematocide alone. Very little difference in plant injury 
was noted when using Treflan or Allliben on peanut seed treated tdth Ccresan, 
Arasan, or Captan seed treatments in the greenhouse. There was some root in
jury from the herbicides alone which might have ~sked any interactions. 

Disulfoton, Phorate, Dibromochloropropane, and PCNB were used with Amibcn and 
Treflan treatments in the field for two years, Little difference in root in
jury was noted from the treatments used in these experiments. In one year the 
netnatocide alone reduced top and root growth more than motit of the other treat
ments, but this difference was not generally statistically significant. Little 
difference in plant growth was observed within each herbicide treatment for 
the various pesticides used in this study. 

Depth of Incorporation: Trcflan (at 1/2, l, and ll:i lb/A) ·and Vernam (2, 3, and 
4 lb/A) were incorporated either O, 1, 2, or 3 inches deop in the field. All 
were incorporated immediately prior to planting with a power rotary tiller 
set at the desired depth. The soil type was a Norge sandy loam. 

The activity of the Vernam \..'as greatly improved by incorporation and "1aS 
directly related to the depth of incorporation and the rate of herhicide appli
cation. Very little crop injury and no significant yield reductions were 
noted either year that the experiments were conducted. The "1Ced control oh
taincd with Treflan was also drastically improved by incorporation, as the 0 
inch depth (preemergencc) had the poorest weed control. Surprisingly little 
crop injury was noted with Trcflan at any rate or depth of incorporation. 
However, there was a yield reduction at the high rate of Treflan when there 
was no incorporation. 

Hethod of Incorporation: Treflan was applied prior to the plantinr, of peanuts 
and then incorporated with either a ground driven rotary hoe, a t:in<lem disk, 
or a spring toot!1e<l harrow. ln1mediately after incorporation peanuts were 
planted in the usual manner. 

On a sandy loam soU incorvoration 1 to 2 inches deep with a disk harrow pro
vided better weed control without crop injury both years the experi1nent was 
conductc<.l. 11.esults with spring toothed harrow incorporation were somewhat 
similar to those with disk incorporation, but were not quite as good. The 
ground driven rotary hoe provided poor incorporation and poor weed control. 
Non~. of the incorporation procedures used with l/ 2 lh of Tre!'lan per acre 
resulted in signi(icant crop damage. 

Soil Organic tlatter Content: A greenhouse experiment was conducted to deter
mine the effect of organic matter content on the phytotoxicity of Treflan and 
Amiben to young peanut seedlings. Pure white Quartz sand was used as a basic 
plant crowing medium. The organic matter used consisted of a l:l mixture of 
alfalfa meal and ground wheat straw. The organic matter was added to the sand 
in sufficient quantity to achieve organic matter levels of O, .:;, 1, 2, or 47.. 
Herbicides were then applied to the soils and peanuts planted. 

Peanut root injury from the herbicides decreased as the soil organic matter 
level increased. There was a greater incidence of peanut seedling disease at 
the higher organic matter levels. lloth peanut top and root groYth were reduced 
with the use of the herbicides at the 0% organic matter level. Plant growth 
was optimum when 1/2 and 1% organic mattet: levels were used. Plants gro~1ing 
in the 0% organic matter and treated with herbicides were stunted as compared 
to either plants gromi in untreated soil or to plants with the SOl1\e herbicide 
grown in soil with the higher org.tlnic matter levels. This was particularly 
true with Treflan. 

Soil Temperature: Eiq>eriments were conducted in the greenhouse and fiel<l to 
evaluate the influence of soil temperature on peanut injury by herbicides. In 
the greenhouse Arniben at 2, 4, and 6 lb/A applied preemergence, Vernam incor
porated at l~, J, and 4~ lb/A, and Treflan incorporated at 1/2, 1, and l~ lb/A 
were applied to the soil. The planted and treated pots were then placed in 
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water baths maintained at 70, 80, 90, or 1000 F. 1'he plants were grotm for 21 
days and then the soil washed from the roots and the injury evaluated. In the 
field 4 dates of planting were used to approximate different soil temperature 
levels. Treflan was incorporated prior to planting or Amil>en 11as applied as a 
preemcrgence treatment immediately after planting. Soil temperature vas mea
sured at the soil surface and at 2 and 4 inches beneath the surface. r.oot 
injury evaluations were made two weeks after each planting and treatment. 

In the greenhouse soil temperature variations ::;ignificantly effected the dc-
8ree of root injury peanut seedlings suffered. As an average of all trcatmen~s 
the least peanut injury occurred at 90°, and this was significantly less than 
at 70 or 100°. Injury at 80° was significantly less tilan at rno0

• /,lmost all 
treatments shoved significant differeuces due to soil tempcrature. f.ml.ben 
caused the greatest degree of root injury, particularly ldth the 4 and (, lb/A 
rates at a 70° soil temperature. Veruam c;1used th<'! leilst root Lujury at all 
rates, although at both temperature extremes more root injury occurred. Treflan 
at the 1/2 lh/A rate was very similar co Vernam, but at the hi.r,her rates caus"<l 
more injury. 

In the field the nverage url.nimum and maximum ter.1perature values '-'Ctc. tahulateu 
for four two vcek periods. In general as the tenperaturc of the sol.l :incrcnsetl, 
root injury from either Amihen or Treflan decre<111ed. t:..,r<• injur'' •ms note<! 
at the earlier application date, i.e. cooler soil and air tc1aperatun·. 1'.s 
soil temperatures increased from 55 to r;,0

, peanut injury decre<l.'!etl from a 
very severe condition at 55° co negli&ible injury at 7S0

• 

Soil Moisture: Two experiments were conducted in the erccnhonst· to ,.,valuate 
the influence of soil moisture on i·1crbicide phvtotoxicity to peanuts. In on" 
experiment approximate soil moisture tensions were maintained hv addinf h>o,<11 
amounts of ,,•atcr thro1.<gh a straw to tile soil in the pots. In a sccono e::q•eri
ment soil moisture was controlled hy saturation frequency. Tmmty-on~ days 
after treatment the soil was washed fron t11c roots and the ro<>til visually rated. 
Significantly more Treflan and i\mil>cn injury occurrP.d 11ith the driest soil con
ditions. Less root injury occurred tJith \'ernar.i under the varvinP, moi:<t.ure 
conditions. 

Postemergence Hcrliicicle.:;: Experiments were conducted to detcrmine the influc•nce 
of the ti1J1e of application of groundcrac\; and po:;temertl""'"~ ;1cr\,id<lcs to 
growing peanutR in the field. Dinoseb (dinitro), 2,4-nll, .~ncl .'.l forr.iulat,·.cl 
mixture of Alan.'.l\l + dinitro were applied at diffcrent tir.ies .~ftcr J.>C?an11t 
emergence. Peanut injury was observed throue,h the season and yields colle?cted 
at the end of the season. 

Dinoscb treatll\cnts following emergcncc cau:;ed slight l!rov iojury, \,ut ti1e pl~nts 
recovered within t~:o weeks. Treacments ai>plicd at the eroundcraclc stnt:e si10,,cd 
no injury in two of ti.e three years. Treatmeut>l 14 and 26 d:iy>" after. r,rouncl
crack caused some initial iujuTv in tl1e form of leaf necrosis, tut it dissipated 
within two weeks. Yield data showed diffeTences only with t;1i:! 28 clay treatment. 

l./hen used at the r,roundcrack stage, 2,4-UR caused no pl:Oaliut in.iury. Treat
ments 7, 14, or 28 days follo1-ri11g c1nergenc" produc"d very slir,ht i.njury O«af 
and ste~• curl and chlorosis) all of which dissipated within t''O vecb;. 'f11crc 
was no significant influence on yields from any stage of trc.~tment. A com
bination of dinoscb and 2,4-nB produced uo injury symptoms wh"n aJJplit'<l at 
the groundcrack stage. 

Mixtures of diphen.sn1id, Amibcn, or Alanap Hith dinosel> caused no injury t:;ien 
used at the gcoundcr.sck stage. Some leaf necrosis and chlorosis clevclopcd 
on plants treated 7 or more days after emergence. llot,cvcr, the~e symptorns 
dissipated within two weeks. With all these coP>hinations if more thtm l~,; lL/f, 
of dinoselJ was used sor:i.e yield reduction (Ind continued plant injury occurred 
when applied 28 days after plant emergence. The optimum time to apply these 
chemicals to minimize crop Injury appe(lrs to be during peanut emergence. Treat
ments caused greater injury which persisted longer as applications we're made 
lator into the growing stages of the crop. 
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CONCUJS ION 

The herbicides used in these studies C1lused vartous degrees of injury to peanut 
seedlings , depending on the conditions. In most instances where the recom
menJed rate of the herbicides were applied root or top injury 'Was held to a 
minimum. Frequently, however, where rates exceeded the recommended level for 
the soil type used there was considerable root pruning or top stunting. There 
were definite interrelationships between seed si2e or seeJ injury and the de
groc of peanut susceptibility to herbicide injury . 

Various field cultural practices had some relationship to peanut 111jury by the 
herbicides used. Little consistent interaction 'l<aS found betueen the various 
types of pesticide$ that were compared. lfouever, practices such as the depth 
and method of soil incorporation, the soil organic matter level, and soil 
t emperature and moisture conditions had direct influence on the amount of plant 
injury thP.t occurred. In particular, soil temperature conditions that varied 
from optimum planting temperatures seem to increase the chances for peanut 
seedl i ng injury. Posteme rgencc herbicides only caused peanut seedling injury 
when Applied after the plants had grown out of the seedling stage. 

It would appear that peanut injury from herbicides used for t·1eed conu·ol may in
crease when combinations of two or more adverse conditions occur at the same 
t i me. If conditions are such - either through seed influences or environmental 
factors - that a less vigorous peanut seedling may result then the plant 
apparently is more susceptible to herbicide injury. 
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ABSTRACT &: PAPER 

A direct gas -chromatographic method for the preparation of peanut butter 
volatiles profiles has been developed. An aqueous s lurry :>f peanut butter is 
injected ont o a plug of glass wool in a glees liner in the heated inlet of a ges 
chroinatogrsph. A~er 20 minutes, the glsas liner containing the spent sample is 
removed from the inlet. The volatiles which have been eluted from the peanut 
butter and collected on the top portion of s Porapek P column ore r esolved by 
temperature programmed ees chromatography (OC) between 4o end l80° C. Volatiles 
which have been tentatively identified included 2-methylpropenal , 2 - and 3-
methylbutenal (unresolved), C-2 through C-10 n-eldehydes, pyrazine, methyl
pyrazine, dimetbylpyrazine, benzaldehyde end phenylacetaldehyde . 

CC volatiles profilee were determined for 14 peanut butters which had been 
flavor scored by a taste penel on a scale of 1 to 10 111.th 10 as t he best score. 
When t he ratios of the methylpropanol to the hex.anal peak areas were plotted 
agains t the taste panel flavor scores, 9 of t he 14 points were almost on the 
regression line, and tbe other 5 points were wi thin one flavor score unit of the 
regression line. When the ratios of the 01etl"lylbutanel to the hex1mal peek areas 
were plotted against the ta s te panel flavor scores, 9 of the 14 points were 
almost on the regression line , and the otber 5 points were within a half unit 
of the regression line. 

IIm!OOOfflON 

Because most of the peanuts produced in t hiS country ere used f nr fnod, f'lavor 
of peanuts and peanut products is very important. A nwnber of studies have been 
made of COlllponents which may be related t o the characteristic flavor of raw and 
roasted peanuts and also to off-flavors in peanuts (l-13). Recently, Singleton 
et al. (14) have related the ratio of acetaldehyde and pentane t o methanol in 
vola tiles from raw peanuts to curing temperatures of peanuts and a lso to the 
development of off-flavors in peanuts. F:lr these studies concentrates of volatile 
compoWldS were prepared end then were analyzed by gas chromatography (Ge) or other 
means. Since large santpl es of peanuts are required and since preparation of 
concentrates is tiroe consuming, these procedures ere not suiteble for quellty 
cont rol ' of peanuts or peanut products. we heve recently developed a direct gAs 
chromatographic method for t he quantitative determination of residual hexane 
in oilseed meals end flours (15), and we have elso demonetreted that volatiles 
profiles can be obtained tor: vegetable oils (16), peanuts end a nUIJ'lber of other 
foods by direct GC (17). We have now adapted t his method for the evaluation of 
peanut butters. 

MATERIALS AND METHOI:6 

Materials 

Unopened, peanut butter aemplee were provided by Procter & Gamble Company.!/, 
Cincinnati, Ohio. These samples had been flavor scored on a scale of l to 10 

!J Use of this or other company or trade name by the Department does not imply 
approval or recolllllleodation to the excluei on of others that may also be suitable . 
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with lO being the best score obtainable. Evaluations of the strength of peanut 
flavor end of degree of staleness were also given for each sample. Samples of 
peanut butter evaluated by the taste panel had been teken from other jars of the 
same batch of peanut butter es those used for GC evaluation. Samples for botb 
tests were taken e half inch below the surface of the peanut butter. 

Microliter syringes were from the Hamilton Company, Whittier, California; dis
posable, 20-gage, NenoJeck needles from Roehr Products Company, Deland, Fla., 
butyl rubber stoppers, alU10inwn retainer rings and a crimper for securing the 
rings from Wheaton Glass Company, Millville, N. J.; Porapek P, 80-100 mesh, from 
Waters Associates, Framingham, Mess. Silicone 0-rings which were from Tek Labs, 
Baton Rouge, La. were conditioned for 2 hours at 2oo•c before they were used. 
Pyrex brand glass wool 1118nufactured by Corning Glees Works, Corning, N. Y. was 
heated et 200°C for about 16 hours to remove volatiles. 

Semple Preparation 

A 10-ml serum bottle containing about 10 small glass beads wee weighed with s 
butyl rubber stopper end aluminum retainer ring. About l ml of distilled water 
was added to the bottle end reweighed. The serwn bottle and the peanut butter 
to be sampled were placed in a glove bag which was flushed three times with 
nitrogen gas. The jar of peanut butter was opened, the top half inch was removed 
from a s111all section of tbe surface, end s l-to-3-gram sample was removed from 
this point end placed in the serum bottle. The bottle was capped with the stopper 
which was secured by crimping the retainer l'ing, removed from the glove bag and 
weighed. Enough water was then added by syringe to bring the ratio of water to 
peanut butter to 1.5 to 1 and the sample wee shaken by hand until e smooth slurry 
was obtained. 

Gas Chromatography Procedure 

A MicroTek ~000 MF gas chromatograph which was equipped with dual flame 
ionization detectors, a Westronics recorder and an Infotronica CRS integrator 
wee used. A silicone 0-ring was placed et the base of the inlet of the gas 
chromatograph. A borosilicate glass liner which was carefully packed with a tight 
plug of volatile-free gl.ess wool at the bottOlll and a loose plug Just above it was 
inserted above the silicone O·ring in the heated inlet. The liner was then 
tightened in position with the inlet retainer nut to produce a seal between the 
lower lip of the liner sod the base of the inlet. On closing the inlet system 
with the septum end septum nut, the carrier gas wes forced to flow upward end 
through the liner as shown in Figure 1. 

A 500-µl syringe fitted with a 20-gege needle was filled to the 50-µl mark with 
distilled water, taking care to remove all sir bubbles from the needle. The 
syringe was then filled to the 350-µl mark with the aqueous slurry of peanut 
butter, and its contents were injected onto the loose plug of glass wool in the 
liner of the inlet which bad been heated to about 14o°C. The sweep of the carrier 
gas and the steaming action of the water promoted rapid elution of the volatiles 
which were swept onto the top portion of the colwnn maintained at 4o9 during aa 
initial hold period of 20 minutes. The liner containing the spent sample wee 
then removed from the inl.et, and the volatiles were resolved by teroperature 
programming the c:>lumn oven from 40 to l.80°. 

A 1/8" X 6• stainless steel U-tube packed with Porepak P wes used to resolve the 
volatiles. The column oven was programmed at 5• per minute for 18 minutes, at 
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2° per minute for 10 minutes, at 15° per minute for 2 minutes, and then was held 
at 180° for 20 to 30 minutes. The temperature of the inlet was set at 140° and 
of the detector at 250•. The flow of helium carrier gas was set at 70 ml per min
ute, the eydrogen at 6o ml per minute, and the air at 1. 2 cubic foot per hour. 
About 70 minutes after the aqueous slurry of peanut butter had been inJected, 
50 µl of water was injected into the liner to clean the column. The column was 
then cooled to 40° for the next nm. 

SEPTUM NUT 

IN LET RETAINER NUT 

INLET LINER 

GLASS WOOL SILICONE 0 RING 

INLET 

COLUMN 

Figure l. Cross section of gas chromatograph inlet with inlet 
liner containing glass wool. 
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Results and D:l.scuseion 

To acbieve rapid and lll8ximum elution of vol.atile components from peanut butters 
by direct gas chromatography, it was necessary to force tbe carrier gas to flow 
through the aqueous slurry of peanut butter which wss injected upon volatile-free 
gl.ass wool in the liner of the properly heated injection port of the gas 
chromatograph. It was al.so necessary to prepare the aqueous slurry of peanut 
butter under a nitrogen atmosphere and to concentrate the volatiles on a cool 
gas-chr~tograpbic column to obtain reproducible results. 

In preliminary experiments, the sample of peanut butter was epread over the 
inner surface of the inlet liner which had a S111811 plug of vol.stile-free Blass 
wool at the bottom to prevent seepage of oil or migration of solid peanut 
material onto the colUlllll. When the liner containing the sample was inserted into 
the heated inlet and the carrier gas was forced through the sample, a fairly good 
volatile profile was produced, but the elution of volatiles was poor. If the 
peanut butter was dispersed in two parts of high quality salad oil, end the 
slurry was inserted in the inlet liner above tbe plug of glass wool, the elution 
of volatiles was greatly improved; but the results were still not satisfactory. 

Since the injection of water above samples of meals and flours from oilseeds 
resulted in quantitative elution of residual hexane (15}, dispersion of the 
peanut butter in water instead of oil was tested. The amount of volatiles eluted 
by this technique more then doubled. The results were further improved if the 
slurry was placed on a loose plUg of glass wool which allowed better diff'usion of 
sample. However, e tight plug of glees wool was placed es usual st the bottom 
of the liner to prevent oil seepage or migration of peanut butter material onto 
the column. 

The recovery of eldelzydes such as hexenel was more reproducible when the aqueous 
slurry of peanut butter was prepared under e nitrogen atmosphere, end the sample 
was injected into the liner after it had been positioned in the heated inlet end 
the inlet system closed. The best recovery and resolution of volatiles was 
achieved by heating the inlet to about 140° prior to injecting the sample on the 
loose plug of glees wool in the inlet liner. It was also necessary to allow the 
liner with sample to remain in the heated inlet for about 20 minutes while main
taining the column oven et 40° to concentrate the volatiles on the top portion of 
the cool column. Af'ter the spent liner wae removed from the inlet and the inlet 
was closed, the column oven was temperature programmed between 40° and 180° to 
resolve tbe volatiles. 

Volatiles profiles were prepared in duplicate for 14 flavor-scored peanut butters. 
The elution timee of 20 compounds reported to be present in roasted peanuts 
(l,2,4,5,7-13) were checked by adding 5 to 25 perts per million of these com~ 
pounds to the aqueous s~urry of the peanut butter. The compounds checked were 
methanol, pentane, acetone, etbanal, propsnal, methylpropanal, butanal, 
2-metbylbutanal, pentanal, hexanal, heptanal, octanal, nonanal, decanel, 
benzaldehyde, pheuylacetaldehyde, pyrazine, pyridine, methylpyrazine end 
2,4-dimetbylp~rezine. Compounds that were tentatively identified by their 
retention times ere ill.ustreted in three representative volatiles profiles as 
shown in Fig~ 2. The upper chromatogram was produced by a peanut butter which 
bad a taste panel score of 9; the middle chromatogram was produced by e peanut 
butter which hes e taste panel ecore of 5; and the lower chromatogram was 
produced by a rancid peanut butter. 
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Figure 2 . GC volatiles profiles tor peanut butter aemplea: 
(I) a peanut butter which had a taste panel score of 9, 
(II) e ~eanut butter which hed e taste panel score of 5, and 
(III) a peanut butter vhich ves rancid. Tentative 1dent1-
ficsti on of peeks: (a) methanol, (b) ethsnal, (c) propaoal, 
acetone and pentsne, (d) meth,ylpropanal, (e) butsnsl, (f) 2- end 
3-methylbutsnel (g) pentanel, (h) pyrez ine end pyridine, 
(i) hexenel, (J) metbylpyrezine, (k) heptanel, ( l) dimetbyl
pyrazine , (m) octenal, (n) benzsldehyde, (o ) nonenel, 
(p) pbenylacetaldeh,yde, and (q ) decenal. 
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Although t he steam vol.stile fraction of roeeted peanuts is a complex mixture of 
many c ompounds (10), the peek ares of the components hsving retention times 
coroper11bl e to methylpropanal, methylbutenel , 2, 4-dimethylpyr11zi ne and phenyl
aceteldehyde which ere pr ominent in the volatiles profiles of roested peanuts (17) , 
and hexaual vhi ch is as sociated wi th 011 oxidation ( 18) appear to be of most 
interest. When a reas of t hese peeks were compered vi t h the tast e penel scores of 
t he peanut butters, there did not appear to be any correlati on . However, when 
the ra t i os of the methylpropana l to the hexsnal peak areas were pl otted against 
the t aste panel flavor scores, 9 of t he 14 points were a lmost on the regreseion 
line , and the other points were within one flavor score uni t of the regression 
line es shown in Figure 3. The correlation coefficient wee 0.93 , When the 
ratios of the methylbutanal to t he hexanal peak areas were plotted against the 
t aste panel rl.evor scores, agai n 9 of the 14 point6 were almost on the regression 
line , a nd the other 5 points were within a half unit of the regression lir.e as 
s hown 1n Figure 4. ~e correlation coefficient 'ol&s O. 96. 'fhe peak ares er the 
major volat iles, the GC end taste penel f l avor scores, anil '.;he taste psnel 
descri pti on of the peanut butt ers are Gbown in Table 1. 
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Figure 4. Linear regression line of plot of ratios of 
1aetbylbutanal to hexanal peak areas against taste panel 
flavor scores of peanut butters. 
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Based on these data, the ratio of the methylbutanal to hexanal peak areas 
appears to be a good indicator of flavor quality of peanut butter. However, 
since peanut butters frOUI only one source were used in this study, it is 
p:.issible that other factor or factors will have to be considered when enaly1.ing 
peanut butters from other eources which have been 1aade from different types of 
peanuts or stored under other conditions. Additional studies are in progress 
to determine whether this procedure 19 generally applicable. 
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Table I. Gas chromatography and taste panel evaluations of peanut butters 

Semple ~ak area of major volatiles.!/ GC acoreY Taste penel evaluation 
MPA MBA IMP PAA HA A B Flavor pane l description 

score Pee nut Stele 

1 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

47 

44 

61 

46 

56 

50 

49 

62 

36 

73 

26 

57 

48 

38 

51 

73 

42 

85 

31 

58 

45 

44 

21 

25 

64 

63 

66 

21 61 

25 83 

31 104 

26 59 

20 

42 

'27 

22 

ll 

17 

94 

39 

94 
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ABSTRAm' AND PAPER 

ABSTRACT 

Enzymic end nonenzymic causes of lipid oxidation (rancidity or staling) in 
peanut butter that may possibly affect shelf life of the product were investi
gated. Various minor constituents were added either in water or in peanut oil 
to peanut butter samples that 11ere stored and analyzed at intervals for lipid 
pero.xidation contents by two methods. The first, a spectroph-:>tocnetric method, 
meaGures oxidation of' the polyunsaturated fatty acids present in peanut butter; 
the second method reports oxidation es peroxide values. Additives included 
salts (e.g. NaCl, KCl, FeC13, etc.). purified metal-containing enz.~:mes (e.g. 
cytochr0111e-C, tyrosinase, and peroxidase), and peanut extracts (containing 
peroxidase, lipoxygenase, and linoleic acid h,ydroperoxidase). ~~e effects of 
these sddi tives were foll':>wed over a period of four weeks Results indl cAted 
that the metal-containing enzymes, whether added in water or in oil, appeAreo 
to cause the greatest increase in peroxidati:m. All additives when emulsified 
in oil caused the greatest increase in perox1dQt1on. A correlation of the ti.'.'l 
analytical methods and interpretation of these results are discussed. 

INTRODUCTION 

Although peanuts ere used in many different food products, ~ne of' the r.J')$t 

important uses in this country is in peanut butter. In 1970, the three 
billion-pound crop was valued at $379 million, of whir.h, approximatel,y 25% 
went into peanut butter (1). This past school year, the U. s. Department of 
Agriculture alone purchased 23 million pounds of peimut butter, exceec\ing the 
old mark of 17 m1ll1-:>n pounds (2). 

Since peanuts contain 26'fo protein and are exceptionally high in the B vi tamJ ns, 
they are both wholesome and nutritious. However, the main reason Americans eAt 
peanuts is not for health reasons, but for their enjoyable flavor enc pl.;..c.~ant 
aroma. Naturally, preserving these characteristics is of msj'.'lr irnportance. 

Shelf life can be described ea the time elapsing before the onset of rsncid1ty, 
or stalirig, a phenomenon essociated with oxidation of unsaturated fatty sci de. 
The initial step in oxidati-:>n is the addition of oxygen to form per-:>xides or 
bydroperoxides at or near the points of unsaturation. Since peroxides ere 
highly reactive unstable compounds, they reedily decomp~ue into various acid$, 
alcohols, aldehydes, ketones, and other hydrocarbons, whi·:h are the substsnees 
responsible for off-flavors and rancid odors. In general, the higher the 
degree of unsaturation, the more susceptible the product is to oxidetion. 
Since peanut oil contains approximate~ soi unsaturated fatty acids, peanut 
products are subject to the development of oxide ti ve rancidity. 

Ill<• 



As part of our pro8ram to preserve the desirable characteristics and high 
quality of peanut products, experiments were begun to investigote both 
enz.ymic and nonenzymic factors that may affect the shelf life of peanut butter. 

MATERIALS AND !4ETHODS 

Peanut butter used in these studies was e ccm1oerctel product to "ll1ch the 
various materials wet·e adcied. En7.ymes were purchoserl fr'.'l:'!: Nv.tri.ti'.>nel E;io
chernical C'.'lrp., Ohio, and spectrophotometric grade hexane fr'.)I'•: )1~llin;,;kt"'.1Ut 
Chem. Works, Missouri. Peanut :Jil was a commercial sample p\.\rch~scd locF.'lly . 

Peanut lipoxygenaae extr'acts were prepared by the procedure 0f' ~t. Angd:.> end 
Ory (3) except that the 25-50% ammonium sulfate precipitate woe er.!p~.".lyed t<S 

the source -of enzyme in Lhese experiments. This ct·uc\e extract. contains two 
enzymes associated with lipid oxidati'.'ln, lipox;ygenase and lin:.ileic ocid h.~ rtr:>
pcroxide isomerase, and possihly e third enzyme, peroxid6se. 

For e!lch series of test:;, 20 g :;amples of peanut butter were weighed int-.> 
previo:.1sly auto~laved Rmall glass Jars to which vari::ius meteriah were e~de<l 
and mixed \Jell. The jars were tightly closed And stored in the dark rit <'tt,bient 
temper6tures until analy·.:.ed. The additives >lere diBsol.veu or suspcndcc in either 
deionized water or peonut oil, then added to butter, snd mixed by ~1P.nuel $ti.r
ring. Those additives suspended in peanut oi 1 wet·e emulslfie«: b:y s~micati ·m 
for ab-out 15 eeconda with a Branson sonifier. 

In studies on the eff'ect(l 0f additives diss0lved in woter and rep-orted i.n 
Tables l and ?. , all <Jdeiiti ves ••ere suspended ~1r ai ss:.ilved in ?. • ) ml of 
deionized water. The sample with no additives and the Sa!Uple with :ml.'· 'Weter 
added were used es c0ntr:.ils, In studies for Tables 3 and 4, ~niy 1 ml ~f water 
was employed, while in Table 5, 1 ml of peanut oil wes used, 

On predetermined days (0, 7, 14, and ~8) a small porti:;n (about 1,2 g) or the 
peanut butter samples was acc·uratel.y weighed into large centrifuge tubes and 
30.0 ml ot' hexane added to each. After th::irough stirring 0f each sem-i::le, 
they were Allowed t::i stand f:.ir one hour, then c;entrifuged at l?,000 x e f~>r 

15 min at 4°C. The precipitates were discarded and the supernatants, which 
contained the lipid, were immediately analy<:.ed for total perox:t.de and c')n· 
jugated diene hydroperoxide contents. 

Peroxide values (P. v.) were determined by an odaptetion of the ::ifficial methc~ 
of the American Oil Chemists' Society ( 4) greatly scaled down to penui t 
detenn1nation of 150 + 5 rog of oil. The sample was dissolved in 1.00 ml of 
the off'iciel solvent In a 10 ml erlenroeyer flask. One drop uf freshly prepared 
saturateel aqueous potassium iodide was added and the mixture stirred for 
exactly ::me minute with a micro stirring bar and a magnetic stirrer. The 
reaction 11as ,then quenched with 1 ml of boiled deionized wetei; and the 
liberated iodine was titrated with O. 002 N thiosulfate t.o a colorlesc end poJ.nt 
witb indicator starch. Blanks were deterroined, 6Ud tbe results were calculated 
as milliequivaleots of peroxide per kg uf uil as in the ~fficisl methuc. T~e 

thiosulf'ate was standardized daily. Approximately O. 5 1; of a w/w s-olution of 
priroar-1 standard potassillll1 b1n1odate (ca. O. '.> mg/g water) W6S weighed into 10 ml 
erleniaeyer flasks, 6Dd iodine was liberated with l. rol or boiled deionized water, 
3 drops of' glacial acetic acid, and 1 drop of saturated aqueous KI. 
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Conjugated diene hydropermdde (CDHP) contents of the hexane-soluble fracti:)l}S 
were determined by measuring their absorption et 234 nm w1th a Beckman DU 
spectrophotometer equipped with a Gilford Model 2000 Multiple Semple Absorbance 
Recorder. Esch sample was assayed by diluting e 0.2 ml portion of the auper
natant to 3,0 ml with fresh hexane and reeding against a hexane blank. The 
concentrations of CDBP were calculated from an emax of 24,500 (5). Values ere 
given in µmoles of CDHP per g of peanut butter. 

RESULTS AND DISCUSSION 

Oxidation of' wisatureted. fatty acids has long been a problem in the food 
industry because of the development of rancid odors end flavors. In the present 
study, two methods were used to detertnine the degree of renciaity in the peanut 
butter samples. The first is the well established peroxide value determination, 
which measures the to~l amount of peroxide in s given sample. The second is 
a spectrophot:xnetric method, which detertnines the conjugated diene hydro
peroxide content foI'll\ed. During the oxidation of the unconJugated fatty acids, 
a shi~ of a double bond occurs to form, a conJugated acid. These compounds 
absorb strongly in the ultravio1et region and can be accurately measured 
spectrophotometrically. The close correlation of these two taethods used to 
follow the development of rancidity and the effects of additives on peroxidstion 
of fatty acids ls shown in the following tables. 

Table 1. Effect of additives on peroxidation of fatty acids 
in peanut butter 

ADDITIVE PEROXIDE VALUE 1"mevkgJ 

DAYS STORED 
0 7 !!±.. ~ 

NONE -l.8. 2 -- 30.l 37.4 

PEANUT EXTRACT 13. 5 16.4 18.o 17.2 

BOILED EXTRACT 7,5 6.3 5.B 7.3 

FERRIC CHLORIDE!/ 8.2 6.0 5.5 1.2 

CUPRIC CHLORinEY 4.9 3,5 2.4 3.4 

HEMOGLOBINV 4.2 3.3 2.1 4.5 

BOILED PEROXIDAS~ 2.6 18.1 25.8 38.2 

BOILED CYTOCHRCMEY 3.1 2.5 2.3 4.1 

ErmJ/ 3.9 3.6 3.9 6.5 

RAHEY NICKEL!/ 2.6 2.4 2.7 4.4 

DEIONIZED WATER 2.2 2.0 2.4 3.4 

y O. 02 mmoles 
y 0.1% 
l/ o. 01 mmoles 
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Table 2. Effect of additives on peroxidation of fatty acids 
in peanut butter 

A!Jl.JITIVE 

NONE 

PEANUT EXTRACT 

BOILED EXTRACT 

FERRIC CHLORIDE Y 
CUPRIC CHLORI DE 1f 
HEMOGLOBIN y 
BOILED P~ROXIDASE g/ 

BOILED CYTOCHROME 

Er:trAJ/ 

RANEY NICKEcY 

DEIONIZED WATER 

y 0.0? mmoles v. 0.1;, JI 0,01 tlllJIOles 

cY 

CONJUGATED DIENE HYDROPEROXI DE CONTENT 
-- (µrooles/g) 

DAYS STORED 

0 7 14 28 
lf.o 10. 0 9.5 11.0 

6. 5 8.o 7.5 7.5 

4.o 5.0 4.o 4.5 

4.0 5.0 4.5 4.5 

4.o 4.o 4.o 4.o 

4. 5 4. 5 4.o 4.c 

4.o 7. 5 7,5 10.0 

4.o 4.5 3,5 4.0 

4,5 4.5 3. 5 4.o 

4.o 4.0 4.o 4.s 

4.0 4.o . 3,5 I 3.5 
...L 

Results in Tables 1 and 2 show a steady rise in peroxidat i oo for the untreated 
control, ~hich represents the rate found under normal conditions. All peenut 
butter samples with water added, except one, shoved e stabilizing effect with 
no observable increase in peroxidation. This antioxidant- like effect of 
water was also noted by Lebuza and coworker s (6). 

Pl:?anut lipoxygenase, the enzyme considered t o be a prime cause of lipid 
oXidetion, did not produce as great en increase in oxidation as might be 
expected. This was observed for both heat-treated and untreated enzyme 
extracts . Ferric chloride end cupric chloride , salts of two metals that have 
been strongly itnplicated in .fatty acid oxidation (7), oleo did not show on;y 
increase in oxidation of the oil in peanut butter. Perhaps the "peroxide 
l owering" et'fect of water is strongly overriding tbe effect of the additives. 
The reasons for this is unknown, but t he effect of wat er on peroxidation is 
being invest i gJ1ted further. 
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Since hemoproteins (e.g., peroxidase and cetalase} ere reported to catalyze the 
oxidation of unsaturated fatty acids (8,9), the effects of some of these com
pounds were also examined. In 1970, Eriksson and associates (9) reported that 
the increased ability of heat-inactivated metalloenzYllles to oxidize linoleic 
acid was retained after storage 11t 2°C for at least four months. They proposed 
that the heat treatment possibly increased unfolding of the protein, causing 
a greater exposure of the heme group to the unsaturated fatty acid substrate, 
thereby increasing lipid oxidation. 

The three heme-containing proteins employed in our experiments were hemoglobin, 
peroxidase, and cytochrome-c. The latter two are known to be present in peanuts. 
Results in Tables l and 2 demonstrate that only ~ne of these proteins, the 
boiled peroxidase, actually caused an increase in peroxidation of the peanut 
butter samples. This indicates thst, the heme group must be in soroe particular 
configuration to be an effective catalyst of fatty acid oxidation in roasted 
peanut products and to overcome the effect of water. 

On the assumption that some of the Raney tlickel catalyst used in hydrogenatbn 
of the oil. which is added to peanut butter as a stabilizer during the lflanu
facturf.ng process ir.ibht also be a possible cause of increased peroxidation, 
Raney Nickel was also tested. Results showed that this metal. did not increase 
-:>xidation of fatty acids in the oil. 

While studying the in vitro oxidation of fatty acids ca telyzed hy peamlt 
lipoxygeoase earlie?, ;;e';iOticed that certain inorganic salts enhanced 
activity. Experiments were therefore undertaken to investigate the effect, if 
any, of some salts on nunenzymic oxidation ?f fatty acids in peanut butters. 
The results are summarized in Table 3. Each salt was dissolved in l tnl ~f 
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Table 3, Effect of salts on peroxidation of fatty acids 
in peanut butter 

ADDITIVE* P.V. (meq/kg) CDHP (µmoles/g) 

DAYS DAYS 

0 28 0 28" 

NONE 22.4 28.0 8.7 10.l 

DEIONIZED WATER 11.l 9.6 6.s n.1 
SODIUM CHLORIDE 8.6 7.8 s.9 5.9 

POTASSIUM CHLORIDE 7.l 6.5 5,5 5.5 

CALCIUM CHLORIDE ' -_,.·.\';I s.6 5.4 5.l 

SODIUM ACETATE 3.4 l.9 4.3 4.5 

SODIUM DIHYDROOEN 3.0 2.l 4.6 4.5 
PHOOPHATE 

PGTASSIUM CARBONATE 2.l l. 7 4.2 4.2 

* Cone. of all salts, 0,02 moles 



deionized water, then added to a 20 g sample of peanut butter. The untreated 
control sample showed the only increase in oxidation during the first 28 days 
of storage. None of the salts tested, including sodiUJn chloride which is s 
noJ'lllal ingredien~ of peanut butter, had any effect on fatty acid oxidation. 
These results were the same whether measured by the chemical or the spectro
photometric methods used, It is possible that the concentrations of salts 
employed were not high enough to-overcome the apparent inhibiting effect of the 
water. Thfa will be ex:;>lored f\lrther using higher concentrations of salts. 

Table 4 shows another series 01' materials investigated for their effects on 
peroxidation in peanut butter. The additives were dissolved in 1 ml of water. 
A second control consisted of l ml of water added to the peanut butter. In 
this series, untreated peroxidase BS well Bs boiled peroxidase, were added. 
Two other enzymes, o commercial lipoxygenase and a commercial tyroslnase (both 
are found in peanuts) were also added. Tyrosinase is a copper-containing 
enzyme unlike the iron-containing enzy1ne, peroxidase. E:oo'A, a known chelating 
agent acceptable by F.D.A. as a food additive, was added vith the boiled 
peroxidase to cietermine if it would offset the peroxidizing effect of the 
boiled enzyme. 

Table 4. Effect of additives on peroxidetinn of fatty acids 
in peanut butter 

ADDITIVE 
P. V. (roeq/kg) 

DAYS 

0 1 28 

NOHE 31.8 52.2 

DEIONIZED WATER 34.6 32.9 

FERRIC CHLORIDE!/ 16.2 14.4 

l''EHHOUS SULFATE 23.4 20.6 

Ctl'R i:C ACETATE 19.1 37.0 

CUPfiOUS CHLORIDE 22.4 20.1 

PEROXIDA.S~ 16.1 35,4 

BOILED PEROXIDASE 17.5 24.8 

BO~~ROXIDASE + 2~.4 23.9 

SOYBEAN LIPOXYGENASE 5.0 4.3 

TYROSINASE 2.4 2.5 

BOILED TYROSINASE 2.6 3.3 

Tl Cone . of all salts, 0 . 02 mrooles 
gj_ Cone. of all enzymes, O.l~ JI Cone. of EDI'A, O.l mmoles 

CDHP {µinoles/g) 

DAYS 

0 28 

10.5 15.1 

11.0 11.2 

6.8 7.l 

8.1 8.2 

7.7 11.4 

8.2 8.3 

6.9 11.4 

7.3 9.1 

B.2 9.0 

4.7 4.6 

4.2 4.2 

3,9 4.4 
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Results showed that the c:introl semple i11creased in P,V. from 31.8 to 52.2 
meq/kg of oil during the first four weeKs of storage, for a difference between 
the two of 20.4. The CDHP velues s howed an inc rease of 4.6 µmoles/g of peanut 
butter. The peanut butter control containi ng water again did not show any 
increase in peroxidation, nordi.d ferric chloride, ferrous sulfate, cuprous 
chloride, soybean lipoxygenase , or the copper-containing en2yme, t~rosinase. 
There was , however, a very s i gniftcant increase in pernxidAtion with added 
cupric acetate, peroxidase, and to a lesser degree, boiled peroxidase. A 
most interesting point in this series is the fact that EI11'A Added wtth the 
boiled peroxidase appeared to offset the oxidizing effect of the bolled enzyme. 
Determination of the :iptiroum concentrati:m of EDrA necessary to reverse the 
e ffect11 of peroxidase already present in peanuts ic beinB pursued further. 

In the first four series, materials were eithe!' dissolved or· Ruspended in 
water, but the water itself had an inhibiting effect :in peroxiclatiuu. We, 
therefore, added some of the saTOe materials in peanut oil, emulait'yine; them 
by son1cotion and adding the emulsions to peanut butter ser.-,ple!l aM assaying 
their effects :>ver a four-week period. All concentrations were the some As 
used for T8ble 4, except sod1U111 chloride, which was 0. 04 mm=les. 
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Table 5. Effect :>f additives on peroxidat i:>n of fatty acids 
iu peanut butter 

ADDITIVE l P. v. (meq/~g) CDHP (µmole a/e) 

I DAYS DAYS 

0 28 c, 0 28 t, 

NONE 30. 0 31.1 0.1 10.5 11. l o. 6 

PEA1M' OIL 16.4 24. 9 8.5 8.2 9.3 l.6 

SODIUM CHLORIDE!/ 14.3 24. 9 10.6 8.? 9.8 l .G 

CUPRIC AC"'filAT'F3J 11.8 3:J. l 21.3 7.7 11.0 3. 3 

FERRIC Cl:IL-0 RI IJEY 10.3 36.8 26.5 G.G l C.7 4. 1 

SOYBEAN LIPOlCYGENASElf 1.0 n .o 14.o 6.1 9.4 3. 3 

TYROS IN.ASE G.3 24. 9 W.6 5.8 10.2 4.4 

CHLOROPHYLL 1. 9 26.6 18.7 6.o 9.8 3.8 

PEROXIDASE 5.4. 27 .0 ?l. 6 5. 5 10. l 4.6 

BOILED PEROXIDASE 1. 3 26.6 19. 3 ) .8 9.9 4. l 
...l y 0.04 mmoles 

Y 0.02 nunoles 
~ Cone. of enzymes end chlorophyll, 0.1~ 



These r esults, in Table 5, differ considerably trOIIJ those in Tllble 4. When 
onl,y peanut oil wes added, there was en increase in perox1dation by both essay 
method&, P. V. end CDKP. Us i ng the values shown in t he third and ~ixth columns 
as a basis for comparison, t he most signific.ent changes occurred i n samples thllt 
contained ferric chloride, cupric aceta te, soybean l ipoxygenese, tyros inese, 
pe ro.xide se, and a magneeiwn·coEteining pigment found in plants, chlorophyll. 
In comparison to results shown in Table 4, the effect of untreated peroxidase 
was egein greeter than the effect of boiled peroxidase, Ferric chloride in 
peanut oil greatly increased per.oxidation, while the same selt added in water 
did not affect lipid peroxidation (Tables l , 2, end 4). Tyrosinase and 
lipoicygensse, which seemingly had no effect when dissolved in water, bad a large 
effect on lipid oxidat i on when dissolved in peanut oil, Chlorophyll, which wes 
repoz·ted t o oXidize linoleic ecid {10) shoved en increase in perox:idst ion when 
di ssolved in peanut oil. The effect of lipox;ygenase , which d::>es not contai n 
a metal cofac tor, is leas then those substances that contain e metal-chelate 
cornplex . Since peanut oil alone increased peroxidetion and some of these 
materials when suspended in water did not, these substances when added in oil 
t o peanut butter may produce some sort of synergistic effect. Another possi
bility is that the oil, or some component in t he oil, such as unsaturated 
fa tty acids , may be acting as an initiator of peroxidation, 

Water prevents peroxidation of unsatura ted fatty acids in peanut butter es 
measured by two diffe rent methods, a chemica l and e spectrophotometric method. 
Peroxidase and cupric acetate increase peroxidation of the fatty ec1ds whether 
dissolved in water of in peanut oil. The increase in peroxidst i on caused by 
boiled peroxidase is probably due to the metal-protein complex , and can be 
overcome by adding the chelating agent, EIY.rA. Added peanut oil causes en 
increase in per::ixidetion in stored peanut butters . Certain aelts, enzymes, and 
chlorophyll emulsified in peanut oil, had an additive effect on peroxidetion 
of unse t ur8ted fatty ac1ds when added to peanut butter. 

While the peroxide vel.ue method i s probably the most widely used for f::>llowing 
fatty acid oxidation in food products, the spectrophotome tric method can also 
be uee<I t-::> provide e quick, accurate, and easy procedure for obtaining comparable 
results . 
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CHARACTERIZATION OF FRO!'EINS FROM SUBCELWLAR 
FRACTIONS OF PEANUTSlf 

by 

T. J. Jacks, !{. J. lleucere and L. Y. YaJ;,~u 
Southern Regional Research Laboratory.:;.. 

Nei~ 0r leQnS, La • 70179 

l\IlSTHl\C'f 

cotyledGnary tissue of peanut seeds were 1nechaoica ll.Y ee parata<l into three 
eubce llular tract tone. Examinations of the fractions with tl1e e lee tr on microscopa 
tch'jW<~d that the heavy, Light, and iotermed ia te ("fines") fractions were cnmp·.;sed 
of' a leurone grains (prate ln l>odtes), 12 pherosomee, and heteroe;eneoue cytople11;~, 
rec::iective l.v. Resulte from immunochemistry, chromatography and ultracent-rifugatioo 
indlcatait tho.t, pl:'ioci'Jally$ arachin co<nprised the aleurone grain fraction, 
~onaracili.n the "tines" fractioo, aod structu-raL protein the :;phero12ornal fraction. 
Reiiults fi":Jm amino acid analyses indicated large dlffe1·ences in amino acld 
contents and A/E ratios amoog the three fractlone. The E/T ratios for the 
aleu.rone grain, "fines" and spheroeomal fractions were t.85, 2.05, and 3.37 re
&pccti,vely. 

UITRODUCTION 

Aoout ;'fa of the totat world ~upply of peanuts 1.e produced ill the United States, 
where aro\Uld three-fourths of the eupply ls 11Sed directLy as food. Nearly 
ooe-tbird af &he total supply 1.s i;iroduced in Indla, where 10~ or less t.e 
consumed directly es food {l). When not consumed directly, peanuts are used 
pri111arily ae a eol.lrce of o1l and secondarily as a Sol.U'ce uf ;>rotei.n. In vlew of 
the increaeing demand for food protein, however, this order might soon reverse. 
Stnce oilseed p-rotelns will be used for food only if tliey l!an t;e presented i.o 
a>Jpeali.ng and acceptable forms (2), reeearch coocerning th~ [>reparation aod 
pro~rties of these proteins has ~reat ly increased ill 1>1Sgni t11ne. It is thought 
that relatively purified protein:= can be incorporated in a -iroad variety of foods 
wHh ~rco ter consumer acceptance. 

The heterogeneity of peanut protelne ie well known. Howeyer, the intrecellula1· 
locations cf ~he varioue proteins are not lrncrwn wtth certainty. In this report, 
we describe severs l phys \cocberaica l properties of the proteitJfl associated with 
µh:fl' icatly and rnorpho l-:igica l.ly d lfferent subce llular fractions isolated 
111echanica lly from dormant peanut cotyledons. 

17"""116r preeentatlon at tbe American ~anut Research end Educatlon Association 
- Meeting, l\ll:>auy, Georgl.a, July 16-19, 1972. 

gl 
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MATERIALS AND METHODS 

Virgin.ia 56-R peanut cotyledons were blended in cottonseed oil (l.00 g of' tissue 
per 200 mls of oil) and fract ionated accordiOB to Dieckert, et~· (3) , In brief, 
the cel1-free homogenate was centri!Uged at 26<Jo g for 15 min to _produce a 
supernatant and a pell.et. The pellet, resuspended in oil, was layered over a 
mixture of oil and CCl4 having a density of 1.43 g/r.il and centrifuged at 26oo g 
for 15 mln . Particles Elt the interface uere isolated to yield the ale:urone grain 
(protein bod~•) fraction. The "finei;" frac tion was prepared :from the supeTMtant 
by centrifugation at 20,000 g for 30 miri. J\na..1.yses of the fractions were 
performed after oil was removed with cold acetone or hexane. 

Oil-rich epherosomes vere ,.aolated from cotyledons by the proced•Jre of Jacks, 
et al, (4). Jn brief, n cell-free preparation of t iosue ho1110genized in vater 
was centrifuged a t 15,000 s for 20 min, The resultant "fat pad," washed sever<=J. 
ti.mes by resuspension and centrifugation, was the spherosomal fraction. For 
chemical analysis, the fraction was dried and then defatted wtth hexane or hexaoe
acetone (3:2, v/v). 

Examinations of the aubcellular particles with the electron n1icroscopc wRs done 
as follows. The dried "fines" and aleurone grain fractions and the ophero3om~l 
fraction in water were fixed at room tfilllperature for l hr in 0.1 M pnosphate 
buffer, pH 7 .2, containing l'.' Oso4, then thoroughly riru;ed in 0 .1 H phosplK.~e 
buffer. The f'i xed materials vcrc serially dehydrated with n'l.uE:OUG ace~one .eolu-::ions 
and e~beddcd in Mare.glae Recording to Erlo.ndoon (5). 

I111munoelectrophoresis vafl performed according to Grabar e.nd Willia.mo (G) in 
0 .025 M Vernal buffer, pB 8 .2, using l.5\1(, Iona.gar. !;lect.rophoreais Hl\G cc . .r:r .ieu O\H" 
at room temperatuxe with a voltaee gradient of 4 v/cm for 2 hr ~nd antibodies 
were prepared and applied to the Bels as tleflcr1bed previously (7). 

Sedimentation analYf;eG were performed in phosphute buffer, pH 7 .9, ionic s~reae;th 
0 .c3, and oed1mcntation constants were ce.1cul.ated according to i'ichachman (8) . 

DEA.E cellulose chromatography wus carried o•.tt by the procedure at' Dechr.r;f, ec al. 
(9). In brief, 10 mg of protein Jn phospha.te buffer., pH '(.9, iontc strcnetilo-:03, 
wai:: adeorbed on 2 g of Dl!:AJo! cellulose. Elution was with a linear g.radietii; of O co 
O .6 M No.Cl. 

Amino acid composi t.ions were determined b.Y Worthington Biochemical r:or.p. ( 10) 
or in our laboratory by the Moore and Stein procedure (11). Ni trogen content was 
measured. by the Kjeldahl method and protein vas determined accordine to Lowry, 
et al. {12). 

RESULTS AND DISCUSSIOH 

To determine what intracellnlar components of peanv.~ cells are contA.incd in each 
subcellular :fr!'l.ction, the fractions were exA.minccl w~~;·-. :::.n electron r.1icrot:co:pe. 
Figure lA ehows tha.t the ":fines" fraction conto.ioed aleurone &rain fragments 
(or smal.l aleurone grainfl) and morphologically unidentified material that 
probably correspon:is to cytoplasm between aleurone grains and that contains such 
organelles ae ribosOltles and endopl.asmic reticulUDI (ER) , The !IJ.eurone grain 
fraction (Figure lB) contained particles ranging in d18lneter from 5 to l~ which 
are morphologically recognizable as aleurone grains (13) . The spherosomal fraction 
(Figure 2 ) cons isted of osmioph111c globul.es ranging from 1 to ai in uiaJaeter that 
correspond to typical oil-rich spherosomes (4,14). 

199 



The eubcell.ular fractions were analy~ed. il:nmunochemically to determine which peanut 
proteins comprised each fraction. Original che.racteri~ation of the major 
peanut proteins by this technique, shown in Figure 3A, was described in detail 
by Daussant, et al. (15). ResuJ.ts presented in Figure 3B indicate that the bulk 
of the "fines;;-proteina is categorized in the coll.EII'achin system. The aleurone 
grain f'raction contains mostly a-are.chin, an "a-e.rachin contaminant" (15), and a 
trace of~- conarachin. The "fines" f'raction contains a trace of a-arachin 
and is Ill.Ore heterogeneous in composition than the a1eurone grain fraction. The 
spherosomal. fraction consists of only one roajor antigenic protein, which corre· 
sponds to structural protein of membranes. 

To estimate the molecuJ.ar weights (MW) of the proteins comprising each 
eubcellular fraction, the sedimentation rates of the component proteins of the 
fractions were measured in the uJ.tracentrif'uge. From the studies of Johnson and 
Naismith (16), who correlated observed sedimentation rates of peanut proteins to 
MW, we estimate that the principal proteins of the "fines" :fraction are 
generally s.maller tba.n 100,000 MW and those of the aleurone grains are greater 
than 200,000 MW. Peak 3 in Figures 4A and. 4B corresponds to a-arachin which in 
the associated state has MW of about 390 ,ooo (l T) • The presence of a-arachin in 
the "fines'' fre.ction is in accord with the aleurone grain component observed in 
the electron microscope (Figure lA). Peak 2 of the aleurone grain traction 
(Figure 4B) is either a subunit of ex-are.chin or the "cx-arachin contaminant" (15) 
that is observed by iJUmunoelectrophoresis (Figure 3B). Only one peak, which 
corresponds to ab011t 20,000 MW, was observed during the sedimentation of 
spherosomal protein in the ultracentrifuge. 

To further determine which peanut proteins are contnined in the subcellular 
fractions, the proteins of the "fines" and aleurone e;rain fractions were 
chromntographed on DE/IE-cellulose. Results, shown in Figure 5, indicate that 
the ''fines'' :fraction (line A) predomins.tely contains proteins o:f the classic 
conar'-1.chin system (groups I, II, and III). However, some overlapping of "fines" 
proteins with aleurone grain proteins (line B), which consist mainly of group IV 
proteins (a-are.chin) occurs under these conditions. Again, the presence of 
arachin in the "fines" f'raction was expected from resuJ.ts by electron microscopy 
(Figure I.A), immunoelectrophorcsie (Figure 3B), and ultracentrifugation (Figuxe 4A). 

Proteins comprising the subcellular fractions were also characterized with 
respect to amino acid compositions. Results of determinations of Slllino acids in 
meal and in subcellular fractions are sholrn in Table I. 

Meal and Aleurone grains of peanut, as oilseed meals and globulins in general, 
are rich in arginine?, aGpartic acid, and glutainic acid. Indeed, the amino acid 
composition of the aleurone grain fraction corresponds well to that of purified 
ct-arachin (18), which is expected from illllDUnochemical and. ultra.centrifugal 
analyses (Figures 3B ii.nd 4B). The majo1· differences between the "fines" fraction 
und ~he previously mentioned tvo f'ractions are the leaser amount of arginine and 
the greater content of lysine in the "fines'' than in the other fractions. Of 
particular interest is the amino acid composition of spherosome.l protein (Table I). 
This protein is particularly rich in leucine and alanine, 
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'Which r ender the protein hyd:>:"ophobic, and threonine o.ad gl~•c1oe . 

'.Co asseES the peanut protetna nutritionally, the amino acid cvmpoaiti-:me of 
meat and subcellulsr frac ttuns (Tal>le I ) 'Were evalU<1ted acc'lrding to the jol.nt 
expert group of the FoOd and Agriculture Organizat ion a nd World Health Organiza
tion (19). The ratios Of the content of each eeeentte.l amino acid to the content 
CJ! the total eeaenti.lll amino acids, tbe A/E ratios (19) are shO'WO in Table II. 

Th.ese data indicate tbat the meal and al.eurone grain frnct ton are deficient ~r: 
lye 1.ne and sulfur~cool:aioing amino acids, es ar·e !lloot atilt!!' ot lseed niea :.e rnKi 
storage p1·cteins . The "fines" troction ap;ieal'e adequate in l~ine bllt both the 
"f!.nei;" and sphero11omal fractions are aleo deficient in ioul!. ,\:' -<:cotllininl! 
aintno ac:td!l. 

A protein that i~ unduly rich tn the ten eesent ial o.min ::> l'.c~\i.f: ~)ould n·:;;t ~)r<:.v '..;:~ 

suff.tctent nU;rogen :for 111.etaooli.c ~recesses without obliga ~()\";)• catabolism of 
the essential arntno actd6'. Tltus, the proportion of the t':>~Hl nl.trn.:;cn •ntr:l:e 
that eeseot1.a1. amioo acids furm. in<iicates hc1w a given ;:irc~etn tul.fU.ls 
oioritimal requiremeote f'J!' proteins . '.f'hts proporti.on, the i: /T ratir. (lS:) , ts 
(in g of e!lt:entlal amine acid:; per g of nitrogen) l.49 f::>r rneal., l.35 for 
ateurone grains, 2.05 for "fioee, " and 3.37 for spherOEooiee. The value f er 
aleurone grains le elmtlar in magnitude t u tbat for wheat gluten, the value for 
"finee" is simil.sr to the FAO i;e.ttero, and the value for ephcroeomee is greo.te r 
than those for caeein, egge, and milk (19). 

The authors are grateful t o E. Cookerton for amino acid determinations, 
W. Carney for ultraceotrtfugat1on, and J. Beraqu18t for p!lotography. 
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Tabl e I 

Amino Actd Contents!!./ of Meal a 11d Subce llulnr Ft:'actione 
of Peanut Cotyl edons 

.Aleurone 
Amino Acid Meal grains Ftnee Spheroeoinee 

lysine 2.8 2.9 5.8 5.1 

htat tdtne 2.2 :> .2 l.9 2 .0 

arginine 10.0 12.2 11 .6 7 ,'.) 

ae par tic acid 10 .6 12.7 7.7 7.5 

threonine 3.4 2 .11 4:r 10.0 

seri ne 4.2 4.5 4.1 7 .7 

glutami c a cid lR.6 23.2 11. 7 8 .8 

proltae 2 .9 5.4. 3.1 li.13 

glycine 5 .4. 4.5 4.8 9.6 

aleot oe 3.4 3.9 5.0 9,7 

cysteioe 0.4 trace o.6 0.3 

va ttne 4.1 4.2 4. 1 6 .7 

me t bioni ne 0.9 0.9 1.5 l.9 

1.eoleucioe 3.2 3.5 3.4 5.5 

leucl.ne 5.9 6.3 5.9 n.6 

tyrooine 3.4 l1.0 3,2 7,4 

phenyl.8 1.anioe 3.8 5.4 3.6 5.li 

!./ Va lues are g of amino acid per 16 g ot oitrogen 

!!_/ From reference 19 

£1 Probably t;oo high (19) 

FAO--,-
Pattern!v 

4,3 

2 .o=./ 

4.3 

2.3'=./ 

203 



Amino Acid Meal 

l.,ys ine l.1.7 

threonine 143 

cyete1ne 17 

valtne 172 

metbtooine 38 

Leol eucioe 134 

leucine 248 

tyrosioe 143 

pbenyla I.anine 160 

Table II 

A/E Ratios~ of teal aod Subcellular 
Fractions at Peanut Cotyledons 

Aleurone 
graine Fioea Spherosomea 

98 177 95 

81 143 186 

18 6 

142 125 124 

51 46 35 

115 104 102 

213 l8o 215 

135 98 137 

182 110 100 

~/ Values are mg of. amtno acid per g of tota 1 eesent ta l amino actde 

"!./ From reference 19. 

£1 Probably too hlgb (19) 
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Pattero£/ 

134 

89 

6-t=i 
131~ 

112.I 

134 

152 

89 

89 



Legends for Figuree 

Fig. l. Electron ml.crographs Of eubcellular fri;octiuns. 
A, "tines" fraction; B, aleurone graio fraction. 
Abbrevi•tlon•: ER, endoplasmic reticulum; AG, a leurone 
gt·ains. In all f'iguree the bar represents lµ. 

Fig. 2. Electron micrograph of spberosomal fraction. 

Fig. 3. I11llllunoelectrophoresie of total peanut proteins (A) and 
isolated fractions (B). Abbrevlat 1.ons: T, tota 1 
proteins; CL, a1-conarachin; C2, O!.c>-conarachln.: A, Cl-srachin; 
F, ftnee; AO, aleurone graine. Troughs were filled three 
times with antibodies against the tote. 1 peanttt prate ins after 
electrophorel!'ie. 

Fig. 4. Sedimentation patterns of isolated flnee (11) ancl a1eurone 
grains (B). Sedimentation constoote in A, (1) 3.0 s, 
{2) 5.4 S, (3) 14.8 S; in B, (1) 2.5 S, (2) 9.5 6 1 

(3) 14.8 8. The photographs we1•e tal<:en 28 min aftc.r top 
speed (59, 7Bo rpm). flo corrections were made to reduce 
aedimentation coefficients relative to viscoeity aod density 
C1l water ef; 20°C and for zero concentration; S refers t.o the 
observed Svedberg unit. 

Fig. 5. ChromatograUIS on m;Al!;-cellttloE<e of eubcellular fract.ione. 
A, "fines" fractioo.; R, aleurone grain :fraction. '1'he 
sloping straight line indicates the eodiu.m cbloride grttdient 
ae measured on the eluate. Roman numerals refer to the 
cl.aeslc leolated fractions reported by Dechary, et al. (9). 

132-72 
(CP) 

205 



INTROGRESSIV!t lIYBRIDIZATION IN ARAClllS VIA THE 
BRIDGE CROSS TECl!NIQUtl/ 

Donald J. Banks, Research Geneticist, USDA, ARS 
and Associate Professor, Agronomy Department, 

Oklahoma State University, Stillwater, Oklahollla 74074 

ABSTRACT 

1:hus far, the transfer of much of the valuable germ plasm, such as resistance to 
nematodes, viruses, leafspots, and other fungi, from the wild species of ~ 
directly to cultivated peanuts, Aracltis hypogaea L., has not been achieved. The 
failure to accomplish these goals_J_i; due, in part, to post-fertilizatiol\ abor
tions on the part of the interspecific hybrid embryos or to sexual sterility of 
the surviving hybrid plants (when the crosses are successful) owing to chromo
somal imbalances. 

Fortunately, cross-compatibility studies of Arachis species by Drs. W. C. and 
H. P. Gregory, and their co-workers, North Carolina State University, have re
vealed that a few wild species of Arachis (without appreciable pest resistance, 
themselves) can be crossed with several of the pest resistant wild species and 
with cultivated peanuts. Thus, there is the possibility of using some wild 
species as bridges over which the pest resistant germ plasm can be directed into 
~-· hypogs.ea. 

We have succeeded in producin~ some putative allohexaploids and allotetraploids 
involving !!• hy£osaca and some of the bridge species. Presently, we are pursuing 
several of the possible routes of introgression which may allow this valuable 
wild germ plasm to he incorporated into future peanut cultivars. 

!/Based on cooperative investigations of the Plant Science Research Division, 
Agricultural \{esearch Service, U. S. Department of Agriculture and the Oklahon1a 
ABricultural Experiment Station, Stillwater, Oklahoma 74074. 

INHERITANCE OF POO PU8ESC£HCE IN ARACHI S HYPOGAEA L. 

Nguyen V. Tan, Graduate Assistant 
A.J. Norden, Professor 

Agronomy Department 
University of Florida, Gainesvi lie, Florida 

ABSTRACT 

32601 

Pubescence (epidermal hairs) on the pod of the cultivated peanu·t, Arachis 
hypogaea L., results in soi 1 particles remaining attached to the pod at harvest 
and after storage. This characteristic reduces market appearance of unshelled 
peanuts and may be related to susceptibi llty of the peanuts to pod and seed 
disease organisms and to yield. Crosses were made between heavily pubescent 
(tomentose) lines F 458-4-9-2 and F 458-4-1-9 and the glabrous lines f 416-2-8-1, 
F 431A-13-l-4, Ga 119-20 and Pl 279956. Pod tissues are maternal in origin, and 
therefore the genotype of the F1 is expressed in the pods that contain the r 2 
seeds. 

The F1 plants bore pubescent pods. Data in the f2 generation indicated that in 
each cross two loci segregating independently and acting additively \~ere in
volved In the development of pod pubescence. In crosses Involving F 416-2-8-t 
and f 413A-13-l-4 a ratio of 5 tornentose: 6 pubescent: 4 puberulent: I glabrous 
was obtained. In crosses involving Ga 119·20, a ratio of 5 tomentose: 6 pubes
cent: S glabrous was obtained. F3 data supported the above hypothesis. In 
crosses involving Pl 279956, F2 and F3 data did not fit either of the above ratios. 
Ratios in favor of the glabrous phenotype and other distorted ratios were ob
tained. In these latter crosses, differential segregation and/or differential 
fertilization, chlorophyll deficiency, seed size, or some other factor may have 
been involved. These latter crosses are being studied further. 
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INH!ll{Il'ANt:ll OF OLUC/LINOLEIC FATTY ACID RATIO l~ Pl::ANOT:';, 
Araclois hyJ?.o_gaca L. 

Yai-po Tai, Former Research Assistant, 
J. S. Kirby, Assistant Professor, 

aud R. S. ;-fatlock, Professor uml \lead 
Department of Agronon1y, Oklaho1na State University 

Stillwater, Oklahoma 740711 

F 
1 

• s, F
2

' s, F) • s and backcrosses ir.volving scver<il peanut culLiv;ari:. were uscJ to 
dctctlt\ine the inheritance pattern of the O/L racio in peanuts. The cultivars 
used varied widely in 0/L ratio and ranged frolll "very low'' (approxir.iatcly 0.93) 
to "high" (approxir.iately 3,00), Most of the pc;inut s~.c<l 11op11lations vcrc pro 
Juced in the ~rcenhouse. lioth a rapid rnicroanalytical proce<!ui:c <in<.J u i:<Jlf-c.,ed 
technique were used to determine the O/L ratio oro an in<.iivi<!ual seeo l>asis. 
According to the reciprocal cros1:cS and hackcrosses, no ap:;>Arcnt <inr. consi.::t<'n~ 
evidence was obtained to support m<itern.'"11 influence on the O/L ratio in peanuts. 
l..>ata from I' 

1
, r

2
, F 

3 
and backcross 1)()pulationr; indicated that inh<>ritancc> or the 

O/L ratio in peanuts is controlled l>y eencs actin~ quantit<\t.ivcly. ln f, -=~•"' 
populations, crosses between "l.01/1 an<l "low" 0/L rati<i cul ti.vars !<ho«cJ, ~"" 
expected, the narrowest continuous ran~e of var i~ t ion ·~-.rhcrc~s c.co~; c;c~; !-:~~t\.'(~t:"n 

"very low" and "high" O/J. ratio culli.vars t;avc lht•. t·:i<l,;,st coatfrLuous ranee of 
variatiorL 

RELATIONSHIP Of SHELL DAMAGE TO COLONIZATIO>I 0: PEANUf SccO 
BY ASP2RGILLUS FLAVUS 

by 

o. M. Porter, F. 5. Wright and J. L. StP.P.le 
Southern ~P.gion, Agricultural Research ~ervicc, USDA 
Tidewater ResP.arch and Continuing education CentP.r 

Holland, Virgini;i 23191 
ABSTRACT 

Differences in colonization of !;eed by Aspcroillus ~ wr!re 
noted when comparisons were made between seed frcm sound or 
damaged peanut fruit with different moisture contents. Seed from 
fruit with visible damage (shell damage detectP.d visually) and 
invisible damage (shell dam~ge detected by a staining technique) 
were colonized more frequently · by Jl• flavus than thosP. from sound 
fruit (no visible or invisible damage). $P.P.d from invisibly 
damaged fruit were coloni~ed almost as rapidly as seed from 
visibly damagP.d fruits. In fact, the isolation frequency of 
Jl• fl~vus from invisibly and visibly dam<igP.d fruit was 23% and 26~, 
respectively. A· flavus was isolated at a frequency of 8% from 
nondamaged fruit. 

After incubation at a temperature and relative humidity conducive 
to the rapid proliferation of Aspergillus spp. for a period of 24 
to 48 hours, a,. fLavus was isolated ju$t as readily from sP.ed~ 
from invisibly damaged fruit as from visibly damaged fruit. 
Although the isolation frequency of A.• flavus fran seed from 
sound fruit increased with time, the frequency did not approach 
that obtained from seed from damaged fruit. Before incubation, 
the isolation frequency of A· ~ from seed from non-inoculated 
fruit with moisture contents of 10%, 30% and 50% was 4%, 7% and 
10%, respectively. Following incubation the isolation frequency 
of A· ~from seed was greater in partially dried fruit than 
in fruit with a high moisture content. The isolation frequP.ncy of 
A• flavus from seed from partially dried fruit with a moisture 
content of 10% and 30% was 20% and 25%, respectively, following 
incubation. Oue probably to competition with other fungi during 
incubation,~·~ was isolated less frequently (12%) from 
seed frOIJl fruit with a ~0% moisture content. 
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ECOLOGY AND CONTROL OF THE BURROWING BUG, 
PANGAEUS BILINEATUS {SAY) 

J. W. Smith, Jr. 
Texas Agricultural Experiment Station 

c. L. Cole 
Texas Agricultural Extension Service 

Texas A&M University 
College Station, Texas 77843 

ABSTRACT 

Ecological studies were conducted to determine wild alternate host plants, 
cultivated alternate host plants, field invasion patterns, overwintering 
habitats, and natural biological control agents for the burrowing bugs, 
Pangaeus bilineatus (Say), Pangaeus congruue (Uhler) and Cyrtomenus 
ciliatus (Palisot de Beauvois). Results show that several Cydnidac invade 
peanuts with P. bilineatus being the only econotnically important invader. 
Several existing cultural practices· were found that may cause high winter 
survival. Surveys of habitats adjacent to peanut fields revealed some 
invasion patterns. Only one parasite and one predator have been found to 
date. 

The use of field scouting and proper timing of granular insecticides proved 
adequate in controlling this pest. Increases of $300 per acre were demon
strated. Effective control was highly dependent upon application timing. 

Resistance of Peanuts to the 

Southern Coni Rootworm 

W. v. Campbell, Professor of EntomoloGY 

and 
D. A. Emery, Professor of Crops Science 

North Carolina State University 

Raleigh, North Carolina 

ABSTRACT 

Peanut accessions and varieties have been evaluated for rcsi!:tanne to 
the southern corn z'Ootworm Diabrotica. undecimpunctata. howa.rcl.i Da.rber in 
field trials since 1961. Accessions were planted in single row, replicabed 
plots. The criterion for resistance waa the number uf rootwurm penetrated 
pegs and pods on five randomly selected plants per entry coU1pared with the 
da111age on NC 2 susceptible check. 

Accessions with low rootwoun damage were retested severll.l years tu 
confirm the damage rating and several accessions designated as having 
moderate resistance to the rootworm were crossed with commercial varieties 
of peanuts. Selections for rootworm resistance were made from tho F5, ?6, 
and F7 progenies. Some of the hybrids have good agronomic qualities, are 
high yielding, and possess moderate resistance to the rootworm. 

A study was made of the nature of rootworm resistance. Lignin, a 
chemical imparting hardness to cells, was identified in the hulls by histo
chemical technique. Chemical eJCtraction of lignin from the hulls revealed 
resistant varieties in general had a higher lignin content than susceptible 
peanuts. These data sll€gest resistance to the rootworm ma,y be improved by 
selecting paanuta with highly lignified hulls. 
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A PEST MANAGEMENT PROGRAM 
FOR INSECTS ATTACKING PEANUTS IN TEXAS 

Clifford E. Hoelscher 
Texas Agricultural Extension Service 

Stephenville, Texas 76401 
J. W. Smith, Jr. 

Texas Agricultural Experiment Station 
Texas A&M University 

College Station, ·rex"'s 77843 
Paul w. Jackson 

Texas Agricultural Experiment Station 
Stephenville, Texas 76401 

ABSTRACT 

Data will be presented on the effects of leaf removal on irrigated peanuts 
in Texas. These studies aid in establishing possible yield reduction guide
lines from leaf-feeding insects. Information will be provided on the 
current peanut grower education progran1 for insect pest management on 
peanuts. The pest management program uaea several types of biological 
control agents with properly timed insecticide application based on frequent 
field inspections. Results of a survey of insecticide use on peanuts in 
the West Cross Timbers area will be presented. This survey covers a three 
year period (69, 70, and 71) for both dryland and irrigated cultures. 

TJIE EFFECTS OF NEMATODES UPON YIELD AND QUALITY OF SPAMISH P~ANUTS WITH CONTACT 
AND PIJMIGAN'.l' TYPE NEMATICIDES 

T. E. Boswell, Associate Professor 
Texas A&M University Plant Disease Research Station 

Yoakum, Texas 

and 

w. H. 'fhames, Jr., Professor 
Department of Plant Sciences 

Texac A&M University 
College Station, Texas 

ABSTRACT 

Granular and fumigant type nematicides were compat:'ed in £fold trials to inves
t.i.gate thej r effec't,iveness for controlline nematodes on peanuts. 

Nematicide::; were applied as preplant, planting ti.me and pegging time treatments 
or combinations of these. Nematode determinations were made from soil samples 
taken pre-treatment, SO days after planting and at harvest tiJlle and .from shells 
at harvest. Root knot indices were recorded. Part:i.al regressions were run to 
determ:ine if correlations existed between the vaX'ious nematodes and yield, qual
ity and value. 

Nematicide treatments significantly increased yield and vsJ.ue per acre in a 
test with moderate numbers of lesion and ring nematodes. r'uradan lOG .incor
porated at plantjne gave the highest value per a.ere and the lowest count of 
lesion nematodes in shells at harvest, Tho dichloropropene nematic.i.des did 
not control ring nematodes as well as the more persistont nomaticides. Sig
nificant positive correlati<?J'la occurred bet1reen numbers of Criconernoides in 
soil 53 deys after planting and percent damaged kernels. 

Mocap applied at pegging gave better control of lesion in pods than Mocap ap
plied at plant.ing. Significant negative correlations between yield and value 
at harvest and pre-treatment Pratylenchus counts indicate that early soil sam
pline using a bioaas8;,Y technique is promising and may eventually be used to 
predict yield. 
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Yield and vaJ.ue per acre were significantly different due to treatment in a 
test with a root !mot nematode problem. The dichloropropene nematicides gave 
the highest yields {up to 70 percent above the check) followed by DBCP and by 
IBCP plus phosphorothioate types. Nhen used aJ.one the phosphorothioate nem
aticides were grouped near the bottom of the treatments. Furadan and Mocap> 
applied at pegging ot' planting time> were less effective than the dichloro
propenes or DBCP against Meloidog;yne aronaria. 

SPANISH PEANUT YIELD RESPONS~ 
TO NEMATICIDES APPLIRO AT PEGGING 

FOR LESION NEMATODE CONTROL 
by 

R. v. Sturgeon, Jr., Extension Plant Pathologist, 
and C. C. Russell, Nematologist, Botany and Plant Pathology 

Department, Okluhomil State University, Stillwater, Oklahoma 74074 

ABSTRACT 

Root lesion nematode, Pratylenchus brachyurus, control studies carried 
out in Southern Oklahoma over the past four years show economic:i.l yield 
increases with pegging-time nematicide applic:ition. Studies consisted of 
replicated tests and large field plot nematicide trials comparing pegging
time applications of fumigunts and non-fumigants to a standard preplant 
fumigant-nen1aticide. '!'he nematicide trials were carri<.<d out ln fields 
showing heavy infestations of lesion nematode with a very light infestation 
of Northern root-knot, Meloidogyne hapla, and ring, Crlconemoides sp., 
nematodes. Soil and plant samples analyzed indicate the population of lesion 
nematode began to increase within the plots mid-season (July 15-20), becoming 
quite heavy in late August. Pegging-time applications hai;e produced 
increased yields of 230 to over 900 lbs. per acre more than non-treated plots 
and 170 to 600 lhs. more per acre than at-plant nematicide applications. The 
continued increased yields obtained from pegging-time applications over at
plant applications indicate that growers can expect to increase yields from 
nematicides upplied at pegging-time in fields having heavy populations of 
lesion nematode; however, wh<.<n damaging infestations of root-knot and lesion 
nematodes arc present, at-plant and mid-season pegging-time applications are 
needed for greatest in~rease in yield. 

Results of studies carried out during 1969 and 1970 encouraged large
scale lesion nematode control demonstrations; hence, during the l 971 season 
five-acre grower demonstrations were carried out in three locations over tlie 
State. These stu<lies consisted of two cleared materials--Dasanit 15G at 3 lbs. 
ai/acre and Mocap lOG at J lbs. ai/acre applied mid-season on approximate.Jy 
five acres ut each location and a non-treated area within the field. Analysis 
of root and soil samples taken prior to nen1aticide applications showed heavy 
populations of lesion nematode were present. Increased yields of 260 to 900 
lbs. /acre more than the non-treated area were reported ·at the various locations. 

These groi.rer demonstrations further substantiate the merits of mid-season 
pegging-time application of a nematicide when hea\'¥ infc~tations of lesion 
nematode are present. 

SCME OBSERVATIONS ON LEAF RUST AND LEAF SPOTS 
OF PEANUTS UNDER EPIPHYTOTIC CONDITIONS 

A. L. Harrison> Plant Pathologist 
Texas .A&M University Plant Disease Research Station 

Yoakum, Texas 

ABSTRACT 

Leaf rust, Puccinia arachidis, was first observed in Western Frio County in 
early July :in 1971 nearly 30 days earlier than it had ever been observed before. 
A second rust area was found in Eastern Atascosa County in early August. Both 
areas appeared to start independently of each othex·. The rust spores that 
started these infection sites appeared to have come from some outside source, 
possibly from the Yucatan Peninsula. Rust spread rapidly from these two areas 
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so that by early September ruBt was found in every .field examined in the South 
Texas peanut belt, and caused serious 1.osees in many fields. Before the end of 
the eoason, verbal reports stated that rust had been found in many of the pea
nut areas of Texas and ll1 Oklahoma. 

Losses from leaf rust and Cercospora 1ea! spots , Cercospora personata and f · 
arachidicola, wel'e greatly reduced w:i.th eight sprays applio<l at appro:;dmately 
weekly intervals with Dravo 7'5wP, Bravo 6F, Man:z;ate 200, Dithano M4S, Fungi 
Speree and combinations of Benlato + Manzate 200, Benlate + Bravo 7SWP and Di
thane M4S + Du-Ter even under the extremely high dfoease pI'essures experjenoed 
in 1971. In one te:it good control was obtained even thoueh both leaf rust 1md 
Cercospora leaf spots were present when the first spr~ application was made 
Augusl; 11 on 34 day old peanuts. The folb.ge on the check And buffer row::; was 
severely affected by the time the plants were 90 days old in this test . 

The results of tho 1971 tests verified the preliminary report in 1971 that pea
nut rust in the near absence of Cercospora leaf spots can be a :ierious economic 
disease of peanuts, and .furthermore, it appears as thongh tho lnitilll infection 
has come from some outside source. All evidence to date ia negative that rust 
will overw1nter in the South Texas area. 

SHRINKAGE OF Pt;ANUTS IN STORAGE 
Whit o. Slay and Ree<! s. Hutchison 

Industrial P.ngineer and Investigations Leader, rei;pectively 
National Peanut Research Laboratory 

·rransportation and Facilities Research Division 
llandling and Facilities Research Branch 

ARS, USDA, P. O. Box 110, Dawi;on, Georgia 31742 
Roy Heatwole, Mathematical Statistician 

Biomctri.cal Servict's Staff 
ARS, USDA, Beltsville, Maryland 20705 

ABS1'RACT 

Spanish-, Runner-, Florunner-, and VirginiH-type farmers' stock peanuts 
were collected at buying points in Ceorgia , Florida, nn<l Alabama, and 
store<l [or period11 of 5, JO, 60, and 90 days ut the Na tionaJ Pe!lnut: Research 
Laboratory. At the end of each storage pedod, a represcntut1ve part o.f 
each sample was gru<le<l. The results were compared with the grade factors 
obtained from the grade ma.cle at the buying point t o determine c.hangcs that 
occurred during the storage periods. Each type of peanut was sizP.d ovE<r 
scr eens o f f our differ ent sizes t o determine the screen neC>.ded to indicate 
the same percent sound mature kernel (SMK) outturn after storage as w~s 
shown by the first grade. Following each storage period, shelled kernels 
from each sample were returned to storage and rt,screened along with 1,;he 
farmers' stock samples stored for longer periods. The 11hellcd samples werf'. 
used to represent loose shelled kernel$ (LSK) in farmers ' stock. 

The research was o cooperative study between Transportot!on and Facilities 
Research Vivision, ARS, and the Federal-State Jnspeccion Service .. 

INFLUENCE OF PHO'IDPERIOD ON FLOWERING AND FRUITING IN PEANUTS 

J. C. Wynne, R. J. Downs and D. A. Emery 
Instructor of Crop Science; Professor of Botany and 

Director of Phytotron; and l'rdfessor of Crop Science and Genetics 
North Carolina State University, Raleigh 27607 

ABSTRACT 

Present-day peanut var ieties flower and produce fruit progressively throughout 
the growing season. Consequently each plant has developing fruit of varying 
degrees of maturity which results in lower yield and quality. Plants t ha t 
flower over a short period of time subsequently producing fruit of similar 
maturity would be desirable and possible through genetic alteration of photo
periodic response. 
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In order to determine the photoperiodic response of peanuts, plants of six 
lines of Arachis hypogaea L. representing the two subspecies and two of the 
wild species of Arachis were subjected to two long-day (9 hr + 3 hr inter
ruption) and two short-day (9 hr) photopcriodic treatments in the North Carolina 
State unit of the Southeastern Environment Laboratories, All treatments were 
at constant day-night temperatures of 30°c day-26°C night over a period of 64 
days. 

Vegetative growth for plants of the ~· hypogaea lines was reduced by short-day 
treatments. Plants grown under short days also began flowering slightly later 
than plants gTOwn under long days. However, plants grown under short days 
produced more fruit than plants subjected to long-day treatments. 

Both vegetative and reproductive growth of the two wild species, !· villosa and 
~. duranensis, was favored by long-day treatments. ~·~did not flower 
under shore-day treatments. 

The quantitative short-day photoperiodic response for yield of fruit of the 
six ~· hyp_ogaea lines probably cannot be used to increase uniformity of fruit 
maturity under field conditions. Peanuts are commonly grown under long-day 
conditions. However, better adapted varieties may be selected through dif
ferential responses to photoperiod. 

BREAKING DORMANCY OF SEEi> OP PEANUTS (ARACHIS HYI'OGAEA L.) 

J. E. Bear and W. K, Bailey 
Plant Genetics and Germplasm Institute, Agricultural Research Service 

U.S. Department of Agriculture, Beltsville, Maryland 20705 

ABSTRACT 

Treatment of peanut seed by coating them with a slurry consisting of the seed 
protectant thiram (bis (dimethylthiocarbamoyl) disulfide) and ethrel (2-
chloroethylphosponic acid}, was highly effective in inducing dormant seed of 
the breeding line NC Ace 344 to germinate promptly when planted in a sandbed 
in greenhouse. 

Thiram dust was applied to seed at rate of 6 ounces per 100 pounds of seed. 
Ethrel in water at a concentration of lo-3M, adiusted to pH of 6.0, was aoplied 
to the dusted seed in sufficient volume to give a slurry that covered the 
surface of every seed when the seed-chemical mixture was stirred. Treatment 
with this slurry resulted in 99 co 100% germination when seed were planted 
immediately or when they were dried and stored for as long as 2 months before 
planting, in contrast to 2 to 4% germination for seed treated with thiram 
dust only. 

Ethrel used ~t this concentration in this mixture had no apparent adverse 
effect on foliar or root development of 10-day old seedlings or on dry weight 
of above ground parts of 24-day old seedlings. 

SEED DORMANCY OF DIFFERENT BOTANICAL TYPES OF 
PEANUTS (ARACHIS HYPOGAEA L.) 

W. K. Bailey and J. E. Bear • 
Plant Genetics and Germplasm Institute, Agricultural Research Service 

U.S. Department of Agriculture, Beltsville, Maryland 20705 

ABSTRACT 

Spanish and Valencia peanut cultivars (subspecies fastigiata} are frequently 
described as having no post-harvest seed dormancy; whereas Virginia cultivars 
(subspecies hyPogaea) are described as having post-harvest seed dormancy. 

We have found that following curing at .20-32° {70-90°F) for 8 to 16 days, 
mature seed of the Valencia and Spanish cultivars 'Tennessee Red', 'Argentine', 
'Starr', 'Comet', 'Spanhoma', 'Spancross', and 'Tifspan' grown at Rolland, 
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Virginia, in 1970 and 1971, showed from 29 to 78% dormancy when planted in 
a sandbed in greenhouse at 20-32° (70-90°F). When grown, cured, and handled 
in a similar manner in 1969 and 1970, mature seed of the Virginia cultivars 
and breeding lines 'Florigiant', 'Florispan', 'NC 2', F393-9, and F393-6 
showed from 11 to 68% dormancy. Inourstudiea, seed dormancy of the Valencia 
and Spanish cultivars frequently was fully as great as that of the Virginia 
cultivars tested. 

However, a dormancy characteristic which clearly distinguish~s between these 
two groups of cultivars is the capacity of the seed to sprout prematurely 
prior to digging while still in pods attached to living plants. Under 
certain environmental conditions, seed of the Valencia and Spanish culcivars 
sprout prematurely prior to digging_;. seed of the Virginia types rarely sprout 
prematurely. 

E1''FEC1' OF SEED SIZE AND SEEDING AA'l'F. ON 
PEWORMANCE OF STARR SPAJIJJSH PRl\NU'l'S 

Lew:i:; E. Clari<.:, l\ss.i.stant Pro1'essor 
Dep11rtment of' Soil and Crop Sciences, Te.x.n:; 

A&M University, College Station, Texas '((8h3 

l\BRTRACT 

Thi'; inveF.t.igation wus ~onducted to detenril11e the effe~t of' seed size on 
germination, fie.la emergence, .stand establ.i slunenL, and yield of •:;·Lnr'l'' Spa.n
i:;h peanut.s. 

Comroercially proce:;:;ed :;eed lot:;, .i.ncluu:ing la:q~e (due 19/64 in. :;lot), reg
ular (pass 19/64 and ride 17 /64 in. dot), metliwn (pasf' 1'( /64 anrt ride 15/64 
iu. :;lol), a,nd r.mall (pass l'.i/64 and ride 13/64 in. slot) size seed were 1iscrl. 
Germination tests were couduc-Led al three laboro:tories in 1970 and at fonr 
laboratories in 1971. 'l'hrec seeding rate:; were used in fi::ld plantings at. 
f'i•1e lor.ation:; in 1970 nn(l at three .locat.ions .ln l9'(l. l\H tests were plante(l 
one r·o•11 per bed on 36 to 110 inch beds, a.ml a.11 were irrigated exr.cpt at. one 
1.ocat:ion in 1971. 

There wer.e differences in germination per·ceuta.gcs among la.boratorie;; and 
A.lllong seed :;i<:e:i both yea1·:;. Mean germination percentages over. laboratories 
.i.n 19'(0 shol'lerl that med lwn size seed germinated lcs:; than the large and reg
ulat' sl7.cr.. Medium and .small size :;eeu germinated significantly le;;:; thnu 
large and regular $fae :;eeu in lSl'(.l • 

In 1'.i.eld tcp.t.B, seed sizes did not re:;ponu tbe uame at all locntio!l:; nor iu 
both year:;. Re15Ular and meu.i.1trt1 s.i.ze r.ccd performed more consistently over 
all tep.t.s than either large or :;mall s.i.7.e teed.. There ,~ere no s.ign.if:icant 
difference:; in y.i.el<l associated with seed she when popnlation:; of 60,000 
pla.r1L;; per aci:-e from large, regular, and medium si<:e :;eed were e:;tablishctl. 
Populations of' 70,000 to 80,000 pla.nts per acre from u1nall size seed were 
nc:ccssary to provide compar·a.ble y.i.eld. 

01.ISt'.RVATIONS ON Till: Ol::VELOPMENT OF ENOOSPEKM IN Pl!:ANU'l'S!_I 

J. H. Kubicek, Gra<luate Research Assistant and 
i>. J. Jlanks, Research Geneticist, USDA, ARS 

Agronomy lJepartrocnt, Oklahoma State University 
~cillwater, Oklahoma 74074 

ABSTRACT 

An investigation of endosperm development, behavior, and composition was initi
ated in the genus Arachis. The main objective was to establish a better under
standing of the factors controlling normal endospen11 development and to detect 
some possible differences (genetic markers) in the physical and chemical char
acteristics of the endosperm components in several diverse peanut genotypes. 
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Several studies, involving histochemical and biochemical analyses, were conducted 
on non-cellular endosperm. Developing embryos and endosperms fro•• some inter
specific hybrids and self-pollinated plants were studied to ascertain the behavior 
of the endosper m in relation to the developi ng embryo and to clarify the extent 
of endosperm t i ssue in mature seeds. 

2/ These studies were part of a Master of Science thesis by the senior author- , 
Results of these studies follow: 

(1) Cellular endosperm appears to exist as a single layer of cells covering the 
embryo (cotyledons) of fresh mature seeds. 

(2) Hybrid endosperrus and embryos between Arachis hypogaea and~· ~· (P.I. 
262133).1/ were found to be retarded when compared to the endosperms and embryos 
from developing selfed ovules. Uyperplastic activity of che maternal tissue was 
noted in aborting hybrid ovules of the above cross w!oen the wild species was the 
pollen parent. 

(3) Starch granules are conspicuous components of non-cellular peanut endospertn. 
Birefringence end-point teDtperature data revealed that the starch granules in th" 
endosperms of two~· hypogaea genotypes (narrO\lleaflet and P.I. 260688) di f fered 
in physical structure from the otl1er endosperms examine<!. Variations in starch 
granule size by genotype were observed in a she distribution study using endo
sperm starches at three stages of development (approxiJJJately 14, 24, and 28 days 
after pollination). 

(4) 'fhe non-cellular endospenn of ~· ££· (P. I. 262133) appeared to be devoid of 
valine, methionine, and arginine but these amino acids were present in the other 
endosperms studied, 

Jj Based on cooperative investigations o( the Plant Science Research Division, 
Agricultural ll.esearch Service, U. S. Department of Agriculture and the Oklahoma 
Agricultural Experiment Station, Stillwater, Oklahoma 74074. 

2/ - Some Anatontical, llistochemical al\d lliochecical Analyses of t:ndosperlll in the 
Genus Arachis, Oklahoma State University, Stillwater, Oklahoma, Hay, 1972. 

1/unde&c ribed wild, diploid, annual species (100J8). See Suonrtt, J. and W. r.. 
Gregory, Oleagineux 22:1-5 (1967). 

NEW METHOD TO ESTIMATE SHELF-LIFE 
OF PEANUTS AND l'E.ANUT PRODUCTS 

Charles E. Holaday and Phillip C. Barnes, Jr. 
l'eanut Quality Investigations 

National Pea.nut Research Laboratory 
ARS, USDA, P. 0. Box 637, Dawson, Ga, 31742 

ABSTRACT 

The active oxygen method (ADM} of the American Oil Chemists' Society , most 
widely used to eetimate the ahelf-life of peanuts and peanut produats, is 
time conauming and results occasionally differs among laboratories . The 
National Peanut Research Laboratory has developed a simple method that re
quires only 75 Ilrl.nutes, Light transmittances at 315 mµ of a sample of 
freshly pressed oil is measured before and after heating for 1 hour at 
150°C. The ratio of the two readings is significantly correlated (r = 0.85) 
with results from the AOM method. Oils with ADM values above 20 hours have 
a comparatively long shelf-life while those with AOM values below 20 hours 
have a shelf-life of short duration. An AOM value of 20 hours corresponds 
to a transmittance ratio of .640 . 
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UTILIZATION OF PEANUT FLAKES IN FOOD PRODUCTS 

J. H. Mitchell, Jr., Professor 
and 

R. K. Malphrus, Laboratory Technician 
Food Science Depart!l\ent, Clemson University, 

Clemson, South Carolina 29631 

AJ!STRACT 

In view of the popularity of peanuts in the form of peanut butter, salted 
peanuts, and in confections, psychological factors should be favorable for 
the introduction of peanut materials in other foods, provided they have 
high quality in terms of flavor, texture, and appearance and can compete in 
the economy of the food marketing system. In an effort to expand the 
utilization of peanuts, we have developed precooked peanut flakes which are 
essentially flavorless and white in color. Thus, they may be utilized in 
fonnulating a widoo variety of food items. The full-fat flakes, which have 
a shelf-life of at least six months at l00°F when packaged in air, have been 
used to the extent of fifty percent in the formulation of boneless chicken 
and turkey rolls which have excellent acceptability as judged by consumer
type taste panels. Ingredient costs for these types of products are reduced 
substantially, as compared to the all meat products, by incorporating 
peanut flakes. Among other products which have received excellent acceptance 
ratings in taste tests are simulated coconut candy, cheese-peanut flakes, and 
meat analogs of the bologna type. 

CHENICAL DETOXICATION OF AFLAl'OXINS 
DURING WET-PROCESSING OF PEANUTS 

Khe.e Choon Rhee, K. R. Nntarajan 
Carl M. Ccl.tcr and Karl F. Mattil 

~STRACT 

The frequent occu'l:rence of aflntoxins in peanuts hc'\s posed a serious 
problem in the utilization of peanut products as a source of protein to supple
ment low-cost protein diets. The present investigation is the first definitive 
study of the distribution of aflatoxins in peanut protein co1tcentrates and 
isolates prepared by wet-processing directly from raw peanuts. The results 
indicate that majority of the a£latoxins present in the peanuts tend to remain 
with the protein fractions during wet-processing. For exa111p le, in the concen
trate process, the concentrates contained about 80-90% of the total uflatoxins; 
oil about 4-8%; and whey solids about 7-11%. In the case of the isolate process, 
the isolate contained about .50-.56%; fibrous residue about 20-30%; oil about 6-8%; 
and whey solids about 10-20%, 

In order to determine the effectiveness of various chemicals to detoxictttc 
or remove the aflatoxins in protein concentrates and/or isolates, certain 
chemicals were incorporated into the processing systems at the protein extrac
tion step, Thus far, for protein concentrates, hydrogen peroxide proved to be 
the most effective detoxicating agl~nt. At the 0.5% hydrogen peroxide concen
tration, the reduction of aflatoxins Ill nnd ll2 was 97% and 96%, respectively. 
ln the case of protein isolates, sodium hypoehlorite was most effective. At 
the o.2% concentration level or hi!lhcr, virtually all of the aflatoxins in 
t~ isolates was dctoxicated. 

An aqueous solution of a 357. isopropyl alcohol reduced the aflatox:i.n 
content of the coneentratl'S by about BO% and this can be usc<l P.Cfectively in 
conj unction with other chemicals. Higher concentrations of isopropyl alcohol 
proved to be undesirable because of the formnt:i.on of p'l:otein gels, Methylwnine 
was also testl'<l but was less effective than isopropyl alcohol when used for the 
isolate preparation procedure. 
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MYCOTOXl N GROUP DISCUSSION 

Morris Porter, leader 

Plant Pathologi st, Southern Region, ARS, USDA 
Tidewater Research Center , Holland, Vir9i ni a 23391 

This discussion group was we ll attended and the selected topic 
parti cipants st i mulated much discussion by their presentations on 
mycotoxins concerning different segments of the peanut industry . Many 
question5 were raised and comments were made by members of the audience. 
The fl rst topic di scuss<?d was "Mycotoxin pr oblP.ms from a sheller • s 
standpoint" . Bi 11 Birdsong, topic leader, pointed out Sl'veral 
mycotoxin problems that face the sheller . It was notod that aflatoxin 
detection and elimination is costly not only i n manhours but a l so i n 
capital and space . 

Ed Sexton and Wilbur Parker led the discussion on "Mycotoxin probl ems 
from a proce ssor' s standpoint". The ma in point made i n this discussion 
was that the solution to the mycotoxin problem must be based on 
prP.vP.ntion rather than elimination. 

The next i t'!m discussed was "Mycotoxin problems from a foreign 
standpoint" . Ken Garren, topic l ead er, related how certain countries 
do not consider af latoxins to be a real problem in peanuts imported 
from the United States. It was noted that Japan has a lower aflatoxin 
tolerance than does the United States. 

Followin9 discussion on these specific problems several persons wrir e 
asked to inform the group of mycotoxin research currently underway. 
Bill Dick ens provided bri~ f sunrnaries of research being conducted by 
the Agricultural Research Service of the United Sta t es Department of 
Agriculture? . USDA mycotoxin r esearch is being conducted at many 
different locations throughout the country and involves proj ects 
dealing with toxin identification , charactarization, isolation of 
toxic factors , detection, resistance to fungal colonizatjon, drying, 
etc. 

Bob Pettit of Texas A&M University reported on resP.arch designed to 
discover methods of reducing aflatoxin contaminati on of peanut 5eed 
under field conditions, 

Durham Be ll repor ted on research involving Aspergillus flavus currently 
under.,ay a t the Uni versity of Georgia. 

Mycotoxin r Asearch at Auburn University in Alabama involves several 
departments and many staff marnb~rs according to Urban Diener. Research 
is currently being conducted on many different toxin 5 includinq 
aflatoxin , ochratoxin, citrinin and rubratoxin. Slides of data from 
recent public3tions and equipment were shown. 
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VARIETIES AND BREEDING DISCUSSION GROUP 

Donald J. Banks 
Leader 

There were 45 persons in attendance representing all couimercial peanut
producing areas in the United States, as well as workers in Central America, 
France, and England. Many different subject matter specialists were repre~ented. 

The informal di~cussion was preceded by the presentation of a p<lper written 
by w. A. Carver, Agronomist Bmcritist, Florida Agricultural Experiment Station. 
Dr. Carver, who resides in Gainesville, Florida wns ttn<ible to attend the meeting. 
The paper, "Observ<ltions of a practical peanut breeder," was read by A. R. 
Norden. 

Reports were given by states indicating estimates of the major varieties 
being grown in 1972: 

Alabama (Rogers) PlorunneT 85-88% 
Florigiant 12-15% 

Florida (Norden and Gorbet) 

Georgia (Hammons) 

North Carolina (Wynne) 

Oklahoma (KiTby and TTipp) 

Virginia (van Schaik and Allison) 

Florl•nner 98% 

Florunner 71% 
Starr 12% 
Tifspan and Spancross 8% 
Argentine 1% 
Florigiant 8% 

Florigiant 48% 
NC 5 19% 
NC 2 15% 
NC 17 10% 
Avoca 11 2% 
FloTunner 1% 
Others 5% 

Comet 35% 
Starr 25% 
Spanhoma 20% 
Argentine 15% 
Dixie Sp<lnish and Spantex 5% 

Florigiant 
Virginia 61R 
Virginia S6R 
NC 17 
Others 

60% 
15% 
10% 
10% 

sx. 
Virginia 72R is a newly released variety. 

Texas (Simpson and Smith) Starr 
Cornet, Spanhoma, 
Argentine, Spancross, 
Spantex, Wilco l, and 

60% 

Florunner 40% 
Two new breeding lines from Starr parentage 
that outyield Starr by 10% are entered in 
the National Regional Variety Tests. 

Wilco I Acres (Conway and Warnken) Texas 
Georgia 
Oklahoma 

4,500 
4,000 

500 

New Mexico (Hsi) Valencia 8,000 acres 
Valencia A is a new vnriety release. 
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Wallace Bailey (Beltsville, Maryland), Agricultural Research Service, U, S, 
Department of Agriculture, discussed the National Regional Variety Tests, Because 
of the reorganization of ARS, plans for the 1973 tests are uncertain at present 
but seeds are being produced for them. The 1972 tests are continuing as planned. 

F, H, Smith (South Carolina) indicated that although South Carolina grows 
only about 14,000-15,000 acres of peanuts, they are very interested in the peanut 
research and education activities of APREA. He expressed great concern about 
the disease, Cyl indrocladium, in his state, 

Clyde Young (Georgia) discussed his work in peanut cheinical composition and 
speculated that sometime in the future, peanuts may be analyzed in such a way 
that. their parentage and the area in which they were producc.<d can be determined. 

Pierre Gillier, Director of the Peanut Department, I,R.H.O., Paris, France, 
discussed peanut research for which he is responsible in Senegal, Mali, Upper 
Volta, and Niger. They are developing high oil content peanuts with Rosette 
disease resistance and drought•tolc.<rant Spanish varieties. 

Ron Gibbons, Team Leader of the Grain Legume Productivity Unit, Agricultural 
Research Council, Malawi, discussed the peanut research being conducted by his 
team. Malawi produces abouc 40,000 tons of shelled nuts. Chief varieties are 
Chalimbana, a jua11>0 type for confectionary uses, Mani Pintar for the oil tr ad<!, 
and Malimba, a Spanish type for salted nuts. 

w. E. Bolton of the United Fruit Company discussed their work in Nicaragua and 
Honduras. 

There was a discussion of some of the important peanut diseases and 
insects and breeding programs aimed at finding and utilizing resistance or 
tolerance to these pests which included: leafspot, rust, Pythium pod rot, pod 
breakdown, Cylindrocladium, blackhull, Vcrticillium wilt, nematodes, foliage
feeding insects, lesser cornstalk bOYer, burrowing bug, potato leafhopper, and 
southern corn rootworm. 

D. J. Banks (Oklahoma.) described a new breeding technique employing plant 
growth chambers which allows for crossing (emasculation and pollination) during 
the day (8:00 a.m. to 10:00 a.m.) rather than at night as done conventionally. 
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P~:ANllT- VARIJ-:TIES Rtf.lSTEIIBD IN (;ROP SCIENCE, 1969-1972 

Rcgi,;tratiou 
Variety No. Yc.ai:-

FJor.igl.aot 1969 

Flo runner 2 1969 

Spaocros" 3 1970 

Tif~pan 4 1970 

NC 2 1970 

NC 5 6 1970 

NC 17 7 1970 

Vil:ginl.a Bunch 6 7 8 1970 

Southeastern Runner 
56-15 9 1970 

Virginia 56R 10 1970 

Virginia 61R 11 1970 

Georgia 119-20 12 1971 

Vir~inia 72R i.1 1972 

New Mexico 
Valencia A 14 1972 

Spantcx 15 1972 

Starr 16 1972 

Originating 
1nsr:1 tut ions. 
(::I.gene ies, or 
org8nj za cions 

Florida Al::S 

Auth.or(s) 
of 

registration 
nl:'ticles 

W. A. Carver 

Crop SciencP. 
Reference 

vol. no. pag.,s 

9(6):849-850 

i:'lorida AES A.J. Norden, R. W. Lipscomb, 9(6):850 
w. A. Carver 

Georgia Coastal Plain & 
Okbhotoa AES & ARS, USfJA R. O. HalOlllons 10(4) :459 

Georgia Coastal Plain & Okla 
AES & ARS, USfJA R. 0, Hammon" 10(4):459 

North Carolina AES W. C. Gregory 10(4) :459-460 

North Carolina AES U.A. Rmery,W.C. Gregory 10(4) :460 

llorth Carolina AES 

Georgia AES & ARS,USDA 

Georgia AES & ARS,USDA 

Tidewater Res. Station 
VPI, Holland, Va. 

Ti.dcw1>ter REs. Station 
VPI, Holland, Va. 

Georgia Af.S & Al\S,USJ>A 

Tidewater Res, Stat1on 
VPI, llolland, Va. 

New Mexico State U. 
AES 

Texas A&M U. , /d·:s 

Texas A&M u., AE~ 

D. A. E1nery 10(4) :460 

R. o. Hatlllllons 10(4):460-461 

R. O. Jlaromons 10(6) :727 

M. w. Alexander 
A. n. Allison 10(6): 727 

M. W. Alexander 
A. H. Allison 10(6):728 

R. 0, Hammons 11(2):313 

M, W, Alexander 
II. 11. Mozingo 12 (l): 127 

ll.C.11. Ilsi 
R, E, rinkner 12(2):256 

C. !. Simpson 12(1): 395 

C. E. Simpson 12(3): 395 

REGJSlRA'l' I ON OI' f.!!ll.'IPl.ASM 

GP-NC 343 GP l 1971 North Carolina AES 

R.t:ClSTllAT!ON OF PARENTAL LIHES: None 

W. V. Campbell 
D, /\, Emery 
w. c. Gregroy 

11 (4): 60) 

List prcparc<l by R. 0. HnD'JUon~, Chairman CSSA Suocollllailtee for Pean11t Variety R•'1;i.:tralion. 
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Wi!;ED CONTROL DISCUSSION GROUP 

by 

J. R. Bone, Discussion Leader 
Product Development Representative, Rhodia, Inc,, Chipu1an Oivision 

Interest ccntored on coutrol of weeds escaping currently available herbi
cides. Weeds receiving the most coubncnt were Yellow Nutsedge, Texas Panicum, 
Texas Star Bur and Florida Bcggarweed. 

In the Southeastcni. peanut producing areas considerable effort has been 
placed on soil injection application of Vernam for Yellow Nutsedgc control. 
Those reporting cited promising control, but indicated additional evaluation of 
injection methods will be necessary. The Te-x.as delegation reported interesting 
activity on Yellow Nutsedgc with the experimental hel:bicide MBR 8253. 

Texas Panicum remains a pl:oblem in many peanut producing areas. Effective 
control from eicperiroental applications of Sutan was reported from Georgia: Ver
n3m followed by ~alan was also effective. Cobex and A-820 were reported to have 
effectively controlled Texas Panicum in experimental trials in the Southwest. 
Lasso applied preemcrgenec or postC111Crgence in combination with Dinitro report
edly controls Texas Panicum as well as a number of other weeds. 

Discussion pl:oduced little new information relative to the control of Texas 
Stal: Bul: Ol: Fl01:ida Beggarweed; few registered and fewer cxpcriuu.:ntal herbicides 
offer adequate control. 

Postemergence broadleaf weed control in peanuts was a topic of considerable 
interest. Reports of exper:ifticntal evaluations conducted in most pcanuc pl:oducing 
arc.as indicated 2-4 D8 Amine effective on a number of broadlcaf weed species. A 
petition requesting registration of 2-4 DB Amine for usage on peanuts tul.s been 
submitted to the Environmental Protection Agency• but to date 2-4 DB Amine is ~ 
registered for peanuts. llASF 3512 was also reported as effectively controlling a 
wide spectrum of broadleaf weeds when tested as a postemel:gence treatment. 

This summary in no way constitutes a recolllllcndation or endorsement .. of any 
practive or product discussed. 
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DISF.hSF. DISCUSSION GROUP 
by 

R. V. Sturgeon, Jr., Uiscussion Group Leader 
Extension rlant Pathologist, Oklahoma State University 

Stillwater, Oklahoma 

The panel members ~1ere: 

1 . K. H. c;arren, USUA, HoUand, Virginia. 
2 . o. M. Porter, USUA, llo1lund, Vlrg1nia. 
'.L s. S. Thompson, Georgia Experiment Stntion, Tifton, Georgia. 
4. v. H. Smith, Georgia Experiment Station, Experiment, Georgiu. 
S. c. Wendell Horne, Texas A & M llniversity, College Station, Te.x(ls. 
6. R. E. Pettit, Texas A & M University, College St."ltion, 'l'e.xne. 
7 . l'. A. Backman, Auburn Univl,rsity, Auburn, Alabama. 
8. J). 11 • Wadsworth, Oklahoma State University, StJll.woter, Oklahoma. 
9. J)uvid c. H. H•:d., New Mexico State University, Clovis, New Mexico. 

iO. I{. V. Sturgeon, Jr., Okluhoma State University, Stillwater, Oklahoma. 

The Uiscasc Discussion Group pane.lists from across the peanut-producing 
area of the United States reported on disease problems in their areas. Reports 
wen• m11de on research programs now in progress. K. 11. Garren, Holland, 
Vi1·ginia, reported on Cylindrocladi11n1 black rot: problc:m in Virginia and North 
Cu~olilla. D. M. Porter, Holland, Virginin, reported on disease problems during 
1971 and the condHions in the Northeast Area at this time. 

Sum 'I'hompson, Tifton, Georgia, reported that Cercospora le11fspot was quite 
clainaging in Georgia <luring 1971; however, little dise<tse could be found at 
this tlme. He reported chat ru:st was found throughout the Georgia peanut area 
and <lid not feel that it was heavy enough to cause serious damage. Don Smltli 
presented research work on the epidemlology of c;ercospora leafspot and 
discussed some of the methods used in his studies. Ile and Sam Thompson both 
mentioned the development of rust and loot• it was perhaps related to the large 
acreage of peanuts sprayed with Benlate in Georgia during 1971. Don discussed 
the development of leaf scorch (Leptosphaerulina) as did D. M. l'orter from 
Holland, Virginia. Don also reported on a new leaf spot infecting peanuts in 
the area of the Ceorgia F.xperiml•nt Stal. Ion. 

Paul Backmun, Aubur.n, A1aban1a, stated thnt Cercospora leafspot was quite 
exLenslve throughout Alabama during 1971; however, a:s in the Georgia area, it 
was slow developing thi.~ year. lie reported that hlahama was now suggesting 
the use of only two fung:icides--Rravo and Renlate; however, if growers did not 
have spraying equipn1e.nt available, they could go to a sulfur-copper dust, Paul 
also reported on his seed I ing disease control studies. Southel'n Blight was 
reported to Le exLen:s lve through the Southeastern Area, causing serious damage 
in many fields. 

Wendell llor.ne ,, 'rexas, reported that Cercospora leaf.spot was quite extcn-
s cve throughout Texa.~ during 1971 und had been reported early this year in 
muny ."l.re:is of the .State. Rust 1.1us quiLe extensive during 1971; however, only 
in the Yoakum area was it scri.ous enough to cause 1.<xtenstve damage. Ile men
tioned t11at nematodes wen• a problem in Tex11s; however, growers should Htilize 
their nemuto<le detect ion lahorntory for proper ident if icat lon before making 
chemical controls. Wendell reported a foliar dj.sease proLlem, thought to be 
caused by air pollution, and introduced R. F.. rettit f.rom College Statlon, who 
discussed a new rolinr disease proLlem appearing in Texas which resembled air 
pollution damage but appeared to be caused by rungi. He seated that this foliar 
disease prohlcm had the potential of being qulte serious; however, they were 
not ready to name the pathogen until positive identification of the problem 
could be mad!:'. 
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R. V, Sturgeon report ed that Oklahoma had one of its more ser lous lcaf
s pot epi demi cs during 1971 and that the d isease had been ident ifi e d ear lJ.er 
this yea r than before. With the p roper environJRcntal conditions, Oklahornn 
could expe c t iino ther damaging year from Ccrcospora leafspot. Rust <.>as found 
throughout the State ln 1971; however, H was no t s ever e and caused lit tle if 
uny dumage. lfarioui; foliur diseaseA , Sltch a s Leaf Scorch <and llotrytis, d eveloped 
during the season, especially under cool, rnotst fall conditions. A fol inr 
disease siniilar t o that reported by Wendell Horne of '.l:exas, t hought to be 
caused by air pollution (C'.alled Leuf Ur.oozing), was quite evident across t l1e 
Stote during the year. lt is f elt thut Recondary organisms, l\lternaria and 
l'usari um, invade the damaged t i ssue auct cause se ~ious defoliation o f t he peanut 
plaOl:-:-- stur geou a lso gave a progress repor t on applications of soil fungiciJe 
through t he l rrigntion system. 

D. F. Wadsworth discussed n new disease problem developing i n Oklahoma , 
coused by Verticillium , a nd showed slides o f the developing mi crosclerotia 
withi n the peanut pods . Even though infection occurs r eadily within pods, t he 
fungus has not been isolated from seed. 

Dav1ct c. H. Hsi, Clovis, New Mexico, reported t hat leafspot was serious 
i.n the New Mexico Area in 1971 , antl that a soil r oot- rot probl em, lllackhull, 
caused by Thiel aviopsis, could be controlled by lienlatc i .ncorporat e d at high 
r ates i n the soil . 

I n summary , Cercospora leaf spot wat>l reported to be a serious problem in 
oll areas <luring 1971 . Fowever, it seems t o be develop ing qul t e Alowly in t he 
South and Eastern Area. Oklahoma nnd Texas reported that Cercospora lenfs pot 
was s howing up e arly this year. Peanu t r us t was. reported to be widespread 
throughout the peanut-producing areas, yet only in a limited area in Texas was 
it considered t o cause seri ous damage . A nitmber of foliar diseases were 
discussed and consider ed to be ca us i ng extensive damage in mill\y areas. Va rious 
pod and r oot-rot problems wer e common to al l areas; however, the d t seases sccOK~ 
to differ wi th reporting areas. Nematode.is were repoi: t ed to be a se r ious prob le,. 
in mos t areas. The need f or addi tional resea r ch on the various d i sease problems 
woa quite evident . The disease discussion s ession was well nttende<l, and lt 
was quite obvious that diseases are an important facto r in peanut production, 
an<l there are many problems yet unans wered. 
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l!ARVESTI1'1G !\ND CURING DISCUSSION GROUP 
J. L. Butler, Leador 

Agricultural Engineer. Forage and Oilseeds Investagator. Lea<lor, USDA 

Thls discussion was started by Extenslon AgriculLural. 
out the major harvesting and. curing problems in their 
'l'hi:; was i'ollowed ·b.V a report from a design enginee"('. 
conchuled hy agricultural engineers giving reports of 
harvesting and cw:·iag. 

Engiueei·s pointing 
pa:!.'ticular areas. 
The program was 

their re:;carch on 

Pete Blwne, from Oklahoma State Univcrsi ty, report.en that one of the ma,ior 
p:i:-oblems f'acing the indust:r:y in Oklahoma was the lack of ade<,1uute dxying 
faci.J itic:;. Consequently, H was not uncommon, especially in eastern 
Oklahoma i'or loads of peanuts to get hot enough to smoke wh:i.J.c wui ting to 
get to U1e drier. One other problein on the horizon is that of complyin1r 
vri th the anti-pollution law:;. 'l'hc re:iponsc from the group indicated that. 
this is a very reii.l problem in s·Lates oLher than Oklahoma. 

Nat Person, i'rom Texa::; A&M reported that the ·two widely separated produc
tion Areas in •rcxa:; had different problems. The condi'Lions in south Texas 
arc such U.<;i,t peanuts may be 11.llowed to over-dry in the windrow. In the 
northern production area, the problem:; arc very similar to those in 
Oklahoma, since only the Red River separates the tvro. The nlllll.ber of ISK's 
11,nd sound spllts ap:pea.rs to be excessive in both areas. 

BilJ...y Mayf'icld, from /\uburn University, repoi::Leu that the nw11ber of 1'a1'.'m 
dr lers :i.n /\lubama was in.creaslng rapidly but that more were needed. The 
sulwgi.ng attachment, avai.lable on the Long corobine, has created much 
interest and he thought that more inf01·mation on this unit 1~as desirable. 

,J. L. Butler i·eported that Mr. L. E. Samples, from Tifton, thought that 
timely digging and reducing the time in the wind.row were two very :important 
aspectR of ha:cvesting and cu:z·ing for Georgia conditions. 

Mr. James Keel, producer, roporting on conditions in eastern North Carolina 
stated that the salvaging attachment for combines also sal.vagod oyster 
::iholls, roots and other f'orcign material which the combine could not 
separate frDlll 'the peanuts. When the question of a satisfactory cleaner 
was put to the audience, no suggestions were offered. It appears that 
resea.rch effort should be directed. to soJ v:i.ng this problem. 

Andy l;l.rnbcrt, of Virginia, reported OJI observations of the ss.lvaging attach
ment wider Virginia conditions last fall. More than 11 inches of rutnf'all 
occurred during October. As a result, the fields were :;o wet that the 
salvager pick-up could not comb the :;oil, it was set. to just sklm the 
surface. On pea.nuts which had been in the winuro1v for l'(-18 days, the 
salvaging uttactm1ent recovered an average of 160-?.03 pounds l_)er acre, if 
only unshelled sound mature pods are considered. Ile also reported that 
when itJ.verted w:indrow::i, which had been dug for 18 days were reshaken, just 
p:cior to combining, the number of pods losb did not appear to be excessive. 

George Frushour, engineer with Lilli :iton Corporation, reported on the 
sequence o:f developing a combine. In this interes Ung talk i:L was :pointed 
out that ::mggestions from /\I'fil:I\. Di:;cus::iion Grouvs, requests from farmers 
and sales people and research engineers aJ.l had a significant beariug 0J1 

the design. He then described the design reatures of the new COllibine, 
stating tha·~ unl.ess used properly, these design feature:; would he of no 
value. Practicall.y all combines, regardless of make or model can l>e 
adjusted to do a better ;job than most of them arc presentl.v doing. 
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Bobby Clary, Oklahoma State University, stated that ventilated bodies on 
trucks and trailers, often accompanied by small fans had met. vri th good 
acceptance and were successful in helping keep tile temperature of peanuts, 
awaiting the urier, in the ::iafc range. Ile also stated that the loss of 
windrowed peanuts to varmints, particularly crows, was consideI'able. No 
solution:; to this problem were suggested. 

No.t Person, agaln reporting for Texas A&M stated that not all splits and 
LSK's could he attributed to the combining and dryi.ng operations. Under 
south Texo.s conditions, the splits will increase wbile the pea.nuts are 
in the windrow awaiting combining. Much of th:is problem can be solved 
by combining b~fore t..he moistu.:r:e content of the pennuts in the windrow 
drops below 16 percent, he stated. 

J. L. Butler reported. Lt.at cooperative work, between the ARS engineers 
at Tiftcn and the former t-iQIID group at DawRon, was ueing conducted on two 
different methods for accurately, quickly, simply and cheaply determining 
the optimum maturity for harvesting. One method utilizes a methanol extract 
of freshly dug, ground whole pods. The other is based on the ratio of 
electrical :i.Jr(pedance at 5 Hz and 500 ,000 Hz. Although both show promise, 
more research will be conducted. before recommendaLions can be made. The 
same groups are also try:ing to determine exactly what takes pl.ace in the 
curing opcro.tions. \fork is o.lso underway at both 'l'ifton, Ga. and Holland, 
Va. (Scott Wr. .i.ght) on units which combine the d.i.gging and picking operations. 
Both, opero.ting with sli~itly different principles, o.rc reasonably 
successfully pic~ing peanuts with no mora dllJllage than hand picking. More 
development ol' -1..be units will lie done this year. 'l'he reports of Session 1 
of Tuesday morning were recommended aR being especially pertinent to this 
discussion group. 
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INSECT CONTROL IN PEANUTS DISCUSSION GROUP 

by 
J. w. Smith, Jr •• Discussion Group Lea<lcr 
Assistant Professor, Entomology 
Texas A und n University, College Station, 

Texas 

The discussion group was attended hy 25 persons and represented by Ento
mologists from all major peanut pr.o<lucing areas. Dr. John C, Smith and Dr. 
w. v. Campbell representing the liast Coast, Dr. John c. French and Dr. Loy w. 
Morgan representing the Southeast, and Dr. C, li. lloelsher and Dr. J. W. Sruith, 
Jr. representing the South1~est. A representative from each area gave a brief 
inforn4~l overview of the insect problem~ from their area. Such topics as (1) 
key pests, 11dnor pests, their status und control, (2) current an<l future re
search aimed at solving pest problems, (3) educational programs involved in 
obtaining grower acceptance of control practices, were discussed for ouch geo
graphic rcgi on. 

In the Virginia-Carolina producing area, thrips, Southern corn rootworm 
and Potato(• leafhopper are consi<lered th" major pests. MUlllerous other minor 
pests were named. Insecticides used for control of Southern corn rootworm and 
tlu:ips are usually used as prcvent.'ltive rocasures. Although in the case of 
Southern corn rootworw, weather conditions play a major role. The use of in
secticides for control of potatoe leafhopper is considered a "cosmotic" progrS111. 
:Producers do not tokrato the foliage discoloration produced by this insect. 
Research in North Carolina, by Dr. Campbell, has shown that Southern corn root
wor111 populations can be predicted as used in a control program, 

In the Southeastern region foliage feeders present the major insect pest 
problem. Granulate cutworm, corn em:votu1, and loopers comprise the majority of 
the foliage feeding cornplex. Under drouth conditions the lesser cornstalk borer 
can be a problem, White fringe beetle is a pest in certain areas. 

In the Southwest, the lesser cornstalk borer is the key pest. A pest 
munagc111ent program available to producers for controlling this insect on dryland 
and irrigated peanuts was presented. 'J.'he system is based on economic thresholds, 
selective insecticides and natural biological control. Economic thresholds for 
foliage feeding insects was also presented. A major problem facing entomolo
gists in the Southwest was grower acceptance of control practices. 

A general problem arising from all areas concerned spider mites. Spider 
mites are becoming more abundant in peanuts in the Southeast and East. During 
1970, the Southwest had a niajor outbreak of spider mites, but this problem has 
been solved by not overusing foliar insecticide applications, The use of regu
lar scheduled foliar treatments induced its outbreak in the Southwest. In most 
cases no registered acaracide is available for controlling spider mites, espec
ially where organophosphorous resistance has been <letecte<l. 
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QUALITY 

Discussion Group 
by 

Clyde T. Young, Discussion Leader 
Department of Food Science 
Georgia Experiment Station 
Experiment, Georgia 30212 

Quality has many faces and means something different to each of us, and 
each of us has our own definition as it relates to our research. Our ideas do 
not change much from year to year but these small changes can have an important 
impact on the improvement of quality of peanuts and peanut products. We shall 
discuss quality as it relates primarily to the finished product although it is 
also related to seed quality. Some individual aspects of quality presented by 
members of the discussion group were as follows: 
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1: Laboratory and biochemical techniques that can aid the peanut breeder. 

2: Conswner quality of peanut butter and salted peanuts including freedom 
from molds and pesticides, and adequate in methionine. 

3: Relationship of oleic/linoleic ratio to quality. 

4: Seed quality including germination and oleic/linoleic ratio. 

5: Effect of mechanical handling equipni.ent on organoleptic values. 

6: Effect of flavor volatiles on quality. 

7: Effect of drying and storage on quality. 

8: Changes in flavor, aroma and staling and nutritional qualities of 
peanut products. 

9: Influence of physiological and growth fac~ors, and the synthesis of 
flavors by enzymetic reactions. 

10: Effect o( various harvesting and curing treatments on quality. 

11: Quality factors related to production, drying and curing; especially 
splits and aflatoxins. 

12: Quality as rclatad to chemical and microbiological control of mycotoxins. 

13: Manipulation of fatty acids, amino acids, and other quality factors in 
various wild species of Arachis by genetic control. 

14: Quality as related to consumer acceptance. 

15: Control of oxidative rancidity. 

16: Subjective and objective methodology for determining peanut quality. 

17: Th~. various phases of quality related to the end product. 

18: Effect of roastin~, roasting reactions and roasting defects on flavor. 

19: Utilization quality including the incorporation of flavor, fut\ctional 
and nutritional characteristics at a price that the product will 
penetrate the market. 



20: Quality of the raw material that <·Till provide end products with good 
flavor, appearance, texture, stability and free from natural toxins. 

21: Quality as related to organoleptic values, mycotoxins, and blanching 
t rea tmenta. 

22: Effect of fungicides, herhicides, environment, variety, maturity 
processing, storage, and chemical cornposition on quality of peanuts and 
peanut products. 

The key point in quality at p1·esent appeared to be utilization since 
one•thir<l of the peanuts are surplus. 

One company reported on the production of food grade peanut grits and flour 
on pilot plant scale indicating that technical literature and samples were 
uvailable. Protein content of the pro<lucts wus 57% (when using the 6.25 con
version factor which is standard for the food industry). PER values were lower 
than desired. It was suggesl:e<l that some research was neede<l in which PER values 
are obtained usin~ the proper conversion factor of 5.46. 

The peanut crop in the United States provi<les an excellent source of protein 
available since on<:-third of the production is above that required for domestic 
consumption. Several laboratories arc now examining the possible development of 
food t.;ra<le protein from this readily available source. For example, the 
Souchern Regional Lab has <leveloped an air clussification method for separation 
of protein fractions. The Texas A & M group is usini; aqueous separation of oil 
and protein to preserve the functionality of the protein in natural form for the 
foot.I in<luscry. 

Since it requir.es the peanut breeder about 15 years to <levelop a new variety 
thus it is essential that processing techniques be developed co use the pi:esent 
availuble p<:anut::.. 

Better ruethods ure needed to meusure iodine values. There was some question 
as to what io<line values were <lesirahle. How important are behenic and arachidic 
f.auy acids to health't '11iese fatty acids are low and vary among varieties. 

fie present, the peanut industry does not have a means to adequately grade 
quul ity so t:hat the farmers, shellers and processoi:s rnay sell and buy accor<lingly. 
The tobacco farmer docs not receive the same price for every pound of his tobacco. 
For example, if he C\tres his tobacco at too high a temperature, he receives 
consi<le:rahly less for his product. Also different lots of peanuts are mixed sn<l 
lose their identity at the warehouse which makes it <lifficult after shelling to 
<letcrminc the source of poor qualicy. There is a need to improve the present 
grading system to either reward the "good" quality and/or penalize the "poor" 
quality. 

What do we need in the peanut industry to initiate such a grading system 
so that we can upgrade the quality to the Consumer and divert the poor peanuts 
to non-consumer USl's? 

We need a chemical test that can provide results in no more than 15 minutes, 
and preferably in 5 minutes. Tiie measure of maturity by the free arginine metho<l 
(AMI) takes about 15 minutes from start to finish and can analyze about 100 
samples/day. This proce<lure will be further autom.-itcd to analyze 40-50/hour. 
llins arc nee<led at buying stations to keep different lots segregated. There 
are generally too many varieties at present to be most efficient. lf "lots" of 
peanuts arc segregated, then it would not be as important to ru$h the gl:'ading 
an<l analysis. '111ere appears to be a definite need to keep lots segregated 
so as to preserve identity. This will definitely cost money and it is a question 
of who is willing to pay for it? The need to establish a rapi<l method for 
maturity is evident. Other possible factors that need to be considered rnay be 
starch or sucrose levels. In Che potcntiul production of a good roasted product, 
it may help to have growers grow a sin~lc variety for a given area. A point may 
be reached where industry contracts growers. 
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There is n need also to speed up measurement of volatile profiles. At 
present most quality measurements are primarily based on physical appearance and 
moisture. To go forward, we will need to measure maturity, flavor, roast level 
and fatty acid composition. The first need is to develop reliable methods and 
then speed these up through automation. Protein level may be important and is 
used to some extent in the wheat industry. With present control methods for 
diseases, the farmer no longer knows when to dig his peanuts. Higher yields may 
complicate the control of maturity in th~ Florunner. Maturity as based on screen 
size was not an important factor on flavor of peanut butter. 

228 



SOIL FERTILITY AND IRRIGA!l'ION DISCUSSION GROUP 

by 

L. E. Samples, Extension Engineer, Peanut Mechanization 
Cooperative Extension Service, College of Agriculture 

University of Georgia, Tifton, Georgia 

Reports were made to the group by Mr. Allen Allison and aJ.so by Mr, R. 
M. Carter on Soil Fertility. rt was noted that the use of minor ele
ments, liwa OJnendments, and general soil fertility was a matter of 
discussion for the entire group and interest was very, very high, rt 
wa.c noted that in the State of Florida minor elements, such as Boron, 
were added to reRnut fertilizer. Mr. Ben SpearG from the State of 
Texas also discussed the use of minor elements in fertility. 

Mr. J. R. Stancil, University of Georgia, Coastal Plains Experiment 
Statjon, made a repo1·t on pcanu t i r.rigo.tion whtch was also shared in 
by the group. !1r. Standl 01entioned that t.here were now some 12,000 
acres of peanuts under irrigation in the Sta-te of Goorgia and the use 
o.f water from JO to 45 dcys be ro1-e d·i gging has shown the greater rc
spo=e. In general, the peanut requirement is about • J inches of 
water. pe-r day. Irrigation frequency !'or inost :;oils i.n Georgia would 
average a f.i.vc-d.a,y irrigation interv:3.l. 

The discussion concluded with questions and an:;we·rn and participation 
was very good by ~he group. 
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SEED QUALITY DISCUSSION GROUP 
by 

Robert R. Pender, Discussion Group Leader 
Pender Peanut Corporation, Greenwood, Florida 

Peanut seed quality is uppermost in the minds of all producer~. Good 
quality seed with high germinating, vigorou:; growth and healthy plants arc the 
first prerequisites for harvesting a successful peanut crop. Maintaining 
excellent qual.i.ties in peanut seed is a continuing effort which seedmen an<l 
the industry must lend themselves to year by year, The industry mu~t dr.iw 
heavily upon the research efforts of Plant l'nthologists, Plant Breeders, and 
Extensive Service personnel for direction and guidance, Our sophisticated 
peanut varieties of today, coupled with <111 increasing amount of 1nechanical 
handling that our peanuts experience, presents an even greater challenge to 
us in preserving all the vigor, vitality and other favorable characteristics 
that m::1ke up what we refer to as a good, high quality, peanut seed. 

It was established first that a peanut plant when provided the proper 
balanced plant nutrients in favorable environmental surroundings will produce 
and develop healthy strong seedlings, The hard fact that we must recognize 
is that once these sound seedlings arc produced, it'~ from the time they fall 
into man1 s hands--our hands-- the digging, harvesting, curing, storing, sh.,11-
ing, treating, bagging, and hauling operations that we, as we 1ftovc through 
each of the aforementioned processes, lend some amount of damage and abuse to 
the seedling kernel that can never be replaced or recovered. This fact we 
recognize, consequently, we direct our efforts to~1ard 1ninimizing these p'Co
blems at all levels throughout the process. It's also, in these nreas that 
much of om: discussion and thoughts should be centered, the areas in which 
seed pe<111ut quality is effected the most, 

Discussion was directed townrds the various stages in handling secJ 
peanuts. Attention to adjusbnents of machinery and equipment during the har
vesting and curing operations are often sacrificed for the sake of quantity 
rather than quality. More attention roust be given in these areas if we arc to 
preserve high quality seed peanuts, 

Concern was also related to the use of liquid calcium applicotio1\s in 
lieu of a.pp lied gypsum and the plant's ability to translocote liquid calcium 
absorbed through the Foliar System as to applied gypsum which is fed to the 
plant through the Root System. It was agreed that peanut varieties requil'ing 
additional calcium for production of healthy seedling kernels, producers should 
maintain use of gypswo using the liquid form of calcium in conjunction with 
gypsum. The peanut plant has ability to utilize calcium applied boch ways, 
but it was decided that gypsum absorbed thro1,1gh the Root System was the better 
method to provide calciwn for producing high quality seed peanuts. 

Othcl' discussion was directed toward the extendc<l prolific life of tlie 
multi-cross varieties over the single-cross variety peanuts. The multi-cross 
varieties possess various favorable characteristics from each strain introduced 
into the line, consuqucntly, it was detennined that extreme clo~c sizing of 
seed for reproduction of the multi-cross variety peanuts could possibly attri
bute to more rapid degeneration o( the variety, To minimize this possibility 
it was the opinion of the group that close sizing of seed kernels in the lllUlti
cross varieties is not recommended and that producers and seedmen engaged in 
the production and sale of high quality peanut seed should maintain programs as 
close to nree<ler and Foundation seed as possible. 

Heal thy discussion prevailed <luring this forum. Keen interest and con
cern was expressed for the maintenance of high quality seed peanuts by the 
approximately 25 in attendance. 

230 



NEW PEANU'I PRODUCTS DISCUSSION GROUP 

BY 

Julius L, Heinis, Discussion Group Leader 
School of Agriculture and Home Economics 

Flori<la A & M University 
Tallahassee, Florida 

Peanut producerii, processors and researchers arc highly interested in 
developing new products which find good market acceptance. This has been the 
case starting with George W<1.shington Carvel:', the great black pell.nut scientist 
of Tuskegee l.nstitute. Some "new pt'oducts" may it\ fact not be so new, rather 
they are in need of further development. 

In my opinion it is important that we devote some effort to develop othel:' 
than conventional uses for peanuts. For instance, in my reading I discovered 
that a group at Cornell University studied fermented peanut press cakes (1). 
!hey reported that in Indonesia there is a product called 11ontjam11 and prepared 
it in their laboratory by extracting peanut cakes with hot water. After 
pastcuri~ation, 1% tapioca and spores of either Neurospora or Rhizopus were 
a<lded and the pH adjusted to 4.5. Fermentation progressed aerobically at room 
temperature for 24-48 hours. It is prefernblc, of course, to start with clean 
peanut cakes. But either fungus caused a decrease of 50% of aflatoxin when 
this substance was inoculated into peanut c.'.l.kes. 

What can we do with the hulls or shells besides use as fuel, litter or 
roughage for cattle? The skin contnins thiamin and ta:nnin which could be 
extracted, There may also be medicinal uses of peanut products. Woodroof 
(2) wrote about a peanut factor which plays a role in reducing bleeding time 
in hc1uophiliacs, and a purine which cnm;es relaxation of excised smooth muscles. 
r'rom the hulls we could possibly extract the chemotherapeutic drugs nitrofurans. 
Leaf proteins also deserve further investigation. 

The following experts agreed to appear on tliis panel: r rofessor Hubert 
Harris, Auhur.n \Jniverstty; Joseph Pominski, USDA• New Orleans; Dr. Carl M. 
Gate't', Tex.as A & M University; and Dr. Franklin Barton, USDA, Athons, Georgia. 

Professor Hubert Harris demonstrated the step by step products in his 
procedure for proparing peanut flour with oil contents from less than l to 22%. 
This procedure consists in dipping peanuts for a short time in boiling water, 
deskinning and defatting by screw pressing and hexane cxtration. The resulting 
flour is devoid of peanut flavor and can be used in making cookies and bakery 
goods. 

Joseph Pon•inski 'l:'eported on the development of a process in which 'l:'oasted, 
partJ.ally defatted peanuts contained nitrogen instead of air in the interstices 
of pores. At the Southern Regional Research Laboratory processes are being 
developc<l for making peanut flours (60% protein, moisture-free basis, MFll), and 
peanut concentratos (70% protein MFB). A pilot plant to produce protein insolate 
from oilseed flours .is under construction. 

Dr, Carl C:~ter discussed the method of processing peanuts in an aqueous 
system to separate a high quality oil and either a concentrate containing 67% 
or an isolate containing 88% proteins. Ihesc are essentially native proteins 
since they are not subjected to degradation by heat or solvent. The resulting 
products will soon be made available to the food industry for evaluation. A 
method or neutralizing the effect of aflatoxin was reported in a paper g:f.ven 
cal:'licr. 

One difficulty of acceptance, according to Dr. Ed Sexton, is that peanut 
proteitL is more expensive than soybean protein. Ho-.l'ever, this handicap may be 
ovcrconte hy stressing special properties of peanuts. 
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Dr. Franklin Barton reported tha.t the Russel Research Center in Athens, 
Georgia is making studies to find new uses for hulls. Peanut hulls were given 
in various proportions in a f~e<ling trial with steers. Pcstici<le residues 
ruust be considered in animal feeding, and efforts are made to improve the diges~ 
tibility of peanut hulls. 

Peanut hulls have been processed into fireplace logs. A combination of 
hulls and waxes yields a product that gives clean burning for about three hours. 

Ronnie Balkcom reported that peanut flour is used by one company for the 
production of barbe~ue sauce. Joe Sugg, also from the floor, expressed a 
dt<s ire that APREA and Peanut Commissions and Associations cooperate in every 
way possible to see that idea& for new products are followed through to successful 
<ll,vc. lopmr.n t, 

To get nn idea of the contents of protein and other major cons ti tucnts 
of various p(,anut: products, see the following table l which has been di:awn up, 
Lest l forget it, my 01m interest lately has been with increasing the methionine 
c.onl:«nt of peanuts through selection or addition of molybdenum to plants. 

REFERENCES 

l, van Ve"u, A.G., D.C,W, Graham, an<l K,H. Steinkraus, Fermented peanut press 
cake. Cereal Science Today 13 (3); 1968. 

2. Woodrvof, J.G 0 reanuts: Production, Processing, Products. Avi, rublishing 
Company, Inc. Westport, Connecticut, 291 p., 1966, 

232 



CHEMICAL COMPOSITION OF PEANUT PRODUCTS IN % (*). "' TA'SLB l . "' N 

Cake Ferll'ented Fresh 
Kernels t·~ea 1 Defatted Spread Ontjom Skins Shells Hay Leaves 

Prote in 2S.S 45.0 43 . 2 20.3 20 - 30 12.7 6.7 11. 2 0.5 

Oil , li pids 47 .5 8.8 16.6 52. l 3 - 9 11.8 1.1 5.1* 

Mo i s wre (ti2\.J) 5.6 6. (: 2.7 2. 2 70 .0.!, 9.0 7. 5 10.0 

Crude fiber 2.8 12 .1 - ( 1. 5) 2.0 34.8 60.8 21.9 

N-free extract 13.3 23 .1 - - - 20.5 19.7 42.l 

Ash 2.3 4.8 6.3 3.4 l. 0 11.2 4. 2 9.7 

Carbohydrates (18. 0) (32. 0) 31.2 22. 0 4. 0 

Others vi tamins ; thiamin *ether 

B-comp l e:r:, tannin extract 

E,K 

Possibl e uses food feed low food food source fuel, animal food 

vitamins, calory in of thia- mulch, feed feed 

medi ci na 1 food Indonesia min and l 1tter, 

tanni n roughage, 

abrasive, 

crown for 

bottles 
ni trofurans 

* r~-"i 1.,;i frn"' IJn".-!""""* anrl nthPr ~n11rl"P~ 



SUMMARY OF DISCUSSION 

SHELLING PLANT OPERATION AND POLUJTION CONTROL DISCUSSION GROUf 

BY 

R. s. Hutchison, Discussion Leader, 
Agricultural Engineer, u.s.D.A., Dawson, Georgia 

The group of approximately 40 people discussed problems in the following 
areas: (l) cleaning of farmers 1 stock peanuts; (2) shclHng of Florunner 
peanuts; (3) grading and sorting; (4) pollution and worker safety, and (5) bulk 
hcu1dliug. 

Cleaning:· Cleaning was discussed front th<& standpoint of removal of 
rocks, berries, s.:1nd, and large sticks, The general concensus wa~ that cleaning 
was beneficial to reduce the volume to be stored, improved insect control and 
improved quality. However, most agreed that cleaniug as a general practice is 
dependent upon a more strict requirement: tha.n the present 10 percent maxif11UJll 
foreign material content. Some of the participants brought out the fact that 
buying points do not use cleaners because they cannot regain the investment from 
cleaning charges. 

Shelling of Floruru1er: The main point brought out on shelli.ng Florunncr 
was that the rate of shelling with currently used equipincnt often ovcrt.:1xcs 
the separating equipment. 

Grading and Sorting: l:'roblcms in making count-per-pound were discussed 
and the concensus was that finding the proper siz:c of separating screens is 
generally a trial and error procedure, Improvements in separating can be 
made by using a uniform flow of roatcrial to the screens or cylinders and best 
sizes of screens available. 

Pollution and Worker Safety: The discussion centered around the noise 
level factor in shelling plants, and methods or reducing the noj.sc level or 
use of plugs and ear muffs. There was a brief discussion on the worker safety 
law and its implementation. 

Bulk Handling: Mainly, shipping in bulk was discussed and the relative 
merits of containel·s and burlap bagi; for shelled peanut handling, storing, 
and shipping. 
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MINUTES OF THE REGULAR BUSINESS MEETING OF THE 
AMERICAN PEANUT RESEARCH AND EDUCATION ASSOCIATION 
Downtowner Motor Inn, Albany, Georgia, July 18, 1972 

President Bill Mills called the meeting to order at 8:JO A.M. 
The minutes were approved as appears in the 1971 Journal. 
President Mills recognized the assistance of Mra, Ruth Sturgeon and 

Mrs. Bernie Tripp for their part in helping with the registration. 
President Mills then asked for coomittee reports, 
Finance--Harry Schroeder--See Appendix I, 
Harry Schroeder moved that the report be accepted. Seconded by 

Ray Hammons. Passed. 
Publications and Editorial--Joe Sugg--See Appendix II. 
Peanut Quality--Charles Holaday--See Appendix III. 
Public Relations--Astor Perry--See Appendix IV. 
Nomination--Bill Dickens--See Appendix V, 
Bill Conway moved that we elect the group by acclamation. Seconded by 

Fran~ Dollear. Passed . 
ProgralD--Olin Smith--See Appendix VI. 
A resolution was adopted by assembly action with a l ett er of appreciation 

going to Elizabeth Edmonds and Wallace Bailey for their many hours spent in 
compiling, printing, and distribution of the publication known as 
"Peanut Research." 

A resolution was also adopted by assembly action with a letter of 
appreciation going to the National Peanut Council for the financi al support in 
publishing the "Peanut Research," The presentation was made to Wayne Eaves. 

The Long Range planning report was reported upon with action noted by 
President Mills. 

Ammendments to the by-laws were adopted by assembly action by unanimous 
accord. 

Olin Smith was introduced as the new President of the Association. 
/ID announcement was made that the 1973 meeting of t he Association would be 

at the Lincoln Plaza in Oklahoma Ci ty, July 15- 18 . 
The 111eeting was a djourned at 9:30 A.M. 
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APl:'ENDIX I 

RJ£P0RT OF Tl!F. FINANC:F. COMMIT'l'EI:: 
Harry W. Schroeder , C:huirman 

The Finance Committee operates primarily ln an advisory capacity. In addition, 
it has the responsibility o.f making a limited audit of the Association's 
Financial Records . The Coll'oni.ttee' s au<lit of the lll'REA r ecords founcl them t o 
be i n agr eement with f inancial statct•ents from the First National 'Bank and 
Trust Company of Stillwater, Oklahoma. 'rhe Counnittee c0ntmends our executive 
secretary-treasurer for the excellent and efficient service he is givin~ 
the associat'lon concerning financial transoetions an<l records. 

APREA has been steadily increasing its finoncial reserve nnd it is At:ill the 
reconmenda tion of this C"mmittee that a formal "Reserve Fund" be established 
to further strengthen our financ ial base . Recent actions of the Association 
through its Executive Committee will perhaps make this possible. A contract 
for the publication of the book "The Peanut" has been authori?.ed . Although 
publication will be partially financed by pre-publicat.l.on soles and by utili
zing sorne of the Association ' s cas.h reserve, deficit financing w.ill be 
required. However, even moderately successful promotion and sales wlll <inable 
the APREA to quickly retire th.is debt with a profit thal could be substantinl 
if the sales are highly auccessful. The Finance Committee recollll!lends there
fore, that such profits Ahould be invested i n blue chip securi~les to .ini tiate 
the aforesaid formal "Reserve Fund." 

The fu<:ccutive Committee has i ncreased the rcgistratJ.on fees for the annual 
meeting for both members snd non-members . 'fhls action s hould provide sn 
addit ional income to meet inflationary pressures un normal expense JtemA . 
However, it is recommended tl1at the ef f ect of increased r egi stration f ees on 
att endance at the annual meeting be evaluated to determine the r c.'ll Jmpact of 
this action on the income of the Association. 

A review of the 1971 budget shows the year en<led with a caRh balance of 
$4,403. 79. Our budget for 1972 projects an income of $5 ,850.00 aotl expe11ditures 
of $5,468.00. 'fhe income estimate may be revlsed upward as a resul t of the 
increase in registratlon fees. The Association \olill probabl y end the year 
with a cash balance in exce~s of $5,000.00. On thi s basis we present the 
1972 budget for your approval. 

Early reports f rom the Publication Colllll1ittee indicate pre-publication soles 
of. "The Peanut " are proceeding at a bet ter than expected rate. However it 
will probably s till be neceRsary to borrow f unds to meet the total publication 
costs. Your Finance Committee has canvassed various sources associated with 
the organization and are pl eased to report tha t a loon can be obtu lnecl at 
equal or less than regular COl1'lllercial rates . Sales of the book should enable 
replacement of all moneya advanced for its publication in a relatively 
short time. 
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AMERI CAN l'RANUT RESEARCH AND EDUCATION ASSOCIATION 

Reserve - J anuary 1, 1971 

19 71 Budget Report 
Assct1; & Income 

Membership & Registration (Annual Meetl.ng) 
Proceedlng$ Sales 
Special Contributions 

TOTAL 

Budgeted 

$2 ,895.00 
s,000.00 

600.00 
250.00 

$8,745 .00 

J.iabilities and Expenditures 
January 1, 1971 - December 31, 1971 

Item Budseted 

1 Proceedings - Printing $2,500.00 
2 Annual Meeting - Princ:ing - catering - Hise. 750.00 
3 Secretarial Services 350. 00 
4 Postage 300.00 
5 Office Supplles 250 .00 
6 Position Bond for $5,000 (Exec . Secretary- 15.00 

Treasurer) 
9 Registration - St ate of Geor gia 5.00 

10 Miscellaneous soo .oo 

SUB-TOTAL $4,970.00 

Reserve - December 31, 1971 $3z 775.00 

TOTAL $8 , 745.00 

Transacc:ed 

$2 ,894.11 
5,077.00 

633.95 
240.00 

$8 ,845.06 

E~ended 

$3,343 .17 
470.57 
370 .00 
191. 71 

6.82 
13.00 

s. oo 
41.00 

$4 ,441. 27 

24 ,403.79 

$8 ,845.06 
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AMERICAN PEANUT RESEl\RCH AND EDUCATION ASSOCIATION 

1972 Budget 

Assets and Income 

Balance - December 31, 1971 
Membership and Registration (Annual Meeting) 
Proceedings and Reprint Sales 
Special Contributions 

TOTAL 

Liabilities and Expenditures 

Proceedings - Printing 
Annual Meeting - Printing - Catering - Miscellaneous 
Secretarial Services 
Postage 
Off ice Supplies 
Position Bond for $5,000 (Ii:xec. Secretary-Treasurer) 
Travel - President 
Travel - Executive Secretary-Treasurer 
Registration - State of Georgia 
Miscellaneous 

Reserve - December 31, 1972 
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SUB-TOTAL 

TOTAL 

$ 4403.79 
5000.00 

600.00 
250.00 

$J0253.79 

$ 3500.00 
600.00 
350.00 
200.00 
100.00 
13.00 

300.00 
300.00 

5.00 
100.00 

$ 5468.00 

$ 4785.79 

$10253.79 



APPENDIX II 

PUBLICATIONS AND EDITORIAL COMMITTEE REPORT 
Joe 8. Sugg, ChaiTinan 

The Publications and Edi tori.al Comm! ttee con tined its duties with the publi
cation of the l.971 Journal which was distributed and shoultl be in the hands of 
a·11 parties desiring one. Jn reviewing the suggestions from men1bers on how 
to improve publications and editorial activites of APREA, your Committee, 
through correspondence and a telephone conference call meeting, has reviewed 
opJnions ln this area conce'rni.ng the following: 

1. Publication of the Journal. 
2. Publication of "Peanut Rcseurch." 
J. Publishing a refereed Journal 
4. Report by Coyt Wilson and go ahead on publishing "The Peanut." 

As a report on the activities of the approved listed items in order presented, 
I submit the.< following: 

1. It was felt that the cost of publishing the Journal could be reduced 
by approximately 50% and the time required to get the Journal published could 
be brought within 30 days from the atljournment of APREA's annual conference by 
using a special for01at for all papers, abstracts, and addresses. 

Tloe size and format of tloe Journal woulcl remain the same. The Committee 
felt that this proposal had a sufficient merit to try out this year. Dr. Olin 
Smith was supplied prints of blue lined papc'r with a detailed outline of die 
format, which was distributed to all authors. It remains to be seen how 
suc~es.~ful this will be for the 1972 Journal. 

2. "Peanut Research," which has been printed and distributed by the 
National Peanut Council fr01n material gathered and supplied to the Council by 
Wallace llailey, has taken a change in direction. The National Peanut Council 
recognizing the :Independent activity of APRP.A, which needed strengthening by 
more accivities for its members, informed the Publications Collllllittee that after 
July 1, 1972 it would no longer print <J.nd rlistribute "Research." Likevise, 
th'' burden of gather.Ing material for "Research" was quite heavy on Wallace 
llailey. Your President was notified of tliis dcc{sion <'.Ind has asked that this 
commi ttec come up vi th a proposal. 

3. The Couun·Jttcc recognized that there has been considerable pressure from 
Lhe members of APREA for the publication of a recognized Scientific Journal. 
This within itself is no smal 1 task. Severa'l ideas have been put forth and 
the Chall" appo.lntecl vlallace Bailey, Chairman, Coyt Wilson and Astor Perry, 
com1Rittee members, with Terry Rc,.i, Peanut Journal and Nut World , Publications 
Consultant, to the committee. 

Wallace Bailey's report ~s attache<l hereto and will be reported hy Bailey 
at the Co:nm'lttee mcet·lng and co che lloard of Oirectors in that he has the 
advantage of the commie tee discussions. 

Charge.s or page limJ ts for published papers was deferred subject to recom
mendacions developed by the Ad Hoc Committee as proposed in Bailey's sub
committee report. 

4. Coyt Wilson at the time of our telephone conference call meeting 
described the status of the book "The Peanut." I might add that the conf cn•nce 
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call was an inexpensive method of having an effective meeting of a relatively 
small committee, when the subject to be discussed was studied before hand by 
the members. Our call which amounted to 34 minutes cost $74.00 which is much 
cheaper that a six man colllJl'littee meeting. 

Dr. Wilson stated that he needed some kind of authority to authorize the 
printer to begin printing. Each of the cOlllll\ittee members felt that Coyt had 
done a good job and as far as this Committee was concerned that we would give 
him the go ahead, subject to his getting approval from 'Bill Mills. Report on 
the publishing of "The Peanut" and its sales preceded this Committee report. 

Recommendations Relating to Publications Policy for American 
Peanut Research and tducation Association 

Wallace K. 'Bailey, Chairman 

We, members of a subcommittee of the Publications Committee of APRBA, charged 
with developing recommendations relating to a publications policy for APRRA, 
present the following report: 

It is our feeling that something should be done to enhance the prestige of the 
l\PREA Journal. Towards such an end we recommend that it be converted into a 
recognized scientific journal by requiring that all full-length research 
papers published therein, other than invitational papers, be critically 
reviewed for content by an editorial board before being published, and that 
the Journal publish results of original research only. 

We further recommend that the Proceedings of the Annual Meeting of APREA, 
including abstracts of papers presented be included as a section of one issue 
of the Journal each year. 

We rccolIVl'lend that an ad-hoc committee composed of the people 1 i seed below be 
appointed to develop standards for the Journal, standards for use of authors 
in preparing manuscripts for publication, and standards for use of editors in 
reviewing manuscripts: 

Ralph Matlock 
Curtis Jackson 
Leo Goldblatt 
Peter Tiemstra 

Olin Smtth 
James Butler 
Max :Bass 
Don Emery 

Al Norden 
Ray llammons 
Darold Ketring 
Preston Reed, Chairman 

Among the items for which this committee should develop recommendations are: 

Editor of the Journal 
Physical size of the Journal 
Quality of paper 
Type size and style 
Page charges 
Length of articles 
Subscription price 
Policy with respect to availability of reprints 
Format for literature citations, etc. 
Others 

We recommend that Peanut Research be issued on a monthly basis and that the 
scope of its contents be enlarged to include: 
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(1) more research achievements; 
(2) systematic listing in every issue of selected current references 

relating to research with implications for peanuts; 



(3) a systematic listing of all CRIS research projects that involve 
peanuts, first those now in effect in individual States and in 
different USDA agencies, and subsequently all new and revised 
projects as CRIS reports of them become available. These capsule 
reports should include location; project title; objective; research 
approach; scientist-man-year per year of effort involved; funds 
involved; duration; and name of principal investigator or project 
leader; 

(4) short full length general papers, review papers, articles describ
ing results of preliminary research towards which no additional 
research is to be applied, and articles submitted for publication 
in APREA Journal which the editorial board feels can be published 
more appropriately in Peanut Research. 

We propose the Peanut Journal and Nut World as a logical place for publica
tion of Peanut Research. 

We recoUUllend that assembling and organLzLng of material for Peanut Research, 
other than the full length articles, be handled by Ray Harranons and F.inory Cl1eek 
at the Georgia Coastal Plain Station, Tifton. 

We recommend that the editorial board for the APREA Journal solicit, receive, 
rt.view, and desJgnat.e full length articles for inclusion in Peanut Research. 

We are keenly aware that cost of publication is an important factor in relation 
to the cahnges that we are proposing. With this in mind, we sought from 
Mr. Terry Reel of Peanut Journal and Nut World estilllates of cost to APREA (1) for 
printing 300, 400, or 500 copies of each issue of the APREA Journal; and 
(2) for printing Peanut Research as a portton of PJ&NW and distributing a copy 
of same co all names on the APREA mailing list wf10 do not subscribe to the 
PJ&NW. These estimates are as follows: 

Printing APREA Journal, up to 500 copies per issue - $25 per page 

Printing and mailing copies of Peanut Journal and Nut World to 
recipients on mailing list for Peanut Research who do not 
subscr.lbc to Peanut Journal and Nut World, up to about 500 copies: 

Printing - No charge 
New mailing plates (non-recurrent) - 19¢ each 
Addressing <lnd delf very to post office 13¢ each 
Postage, domesttc - 13¢ each 
Overseas airmail - Variable, but about 90¢ to $1.10 each 

Hr. Reel stated that Peanut Research would be printed under this title begin
ning on a page with no advertising or other printed material and continue thus 
until all Peanut Research material for that issue has been completed, except 
th.at any space left at bott011l of the last page containing Peanut Research 
material would be filled with some other lil3terial. 

Mr. Reel stated by telephone that if APREA desired to handle distribution of 
the extra copies of Peanut Journal and Nut World containing Peanut Research, 
he would be glad to make the~e copies available to us at no cost. 
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Al'ttNDIX III 

REPORT OF THE PEANUT QUALITY COMMITTEE 
Charles E. Holaday, Chairman 

According to the constitution and by-laws of APREA the Quality ComDlittee shall 
actively seek improvement in the quality of raw and processed peanuts and 
peanut products through prO'll!Otion of mechanisms for the elucidation and 
solution of major problems and deficiencies. Since the organization of APRll.A 
the Quality Comnittee has endeavored to carry out this mandate. Although much 
work remains to be done some progress has been made toward developing proce
dures for measuring quality factors. 

Last year's Committee recommended four specific areas of endeavor for this 
year's Comnittee. They are as follows: 

1. Further improve the accuracy of the optical and refractive index 
methods for measuring maturity and iodine number, respectively. 
Both methods were tentatively approved by the Board of Directors 
for inclusion in the 1971 Journal. The Committee this year ran 
coll<1borative studies comparing the refractive index method 'With 
the Wijs method. Results showed that the refractive index method 
had a higher standard error and averaged about one and one-half 
points lower in iodine number than the Wijs procedure. No additional 
work was done on the optical density procedure. 

2. Develop equipment and methodology for measuring milling quality. 
The Committee was again unable to locate suitable equipment for 
making this measurement. 

3 . Develop appropriate methodology for measuring seed qual.l.ty. 'l'his 
is an area in 'Which the Quality Committee has expended little, if any, 
.;ffort. To correct this, Dr. T.ewis F.. Clark, agronomist with Texas 
A&M, was appointed to the Conmittee this year. At the annual meeting 
of the Quality Committee Dr. Clark discussed some of the problems 
in connection with seed quality and agreed to canvass the various 
states on seed quality regulations and make recommendations co the 
Committee on needed areas of research. 

4. Further discuss quality standards and work on the new maturity and 
peanut st3bility methods. The two new maturity methods, colorimetric 
measurement of a methanol extract of green po<ls and electrical 
impedance measurement of green pods were discussed by Dr. Jim Butler. 
Work on both of these methods was continued this past year and 
results showed that both had considerable promise. Two peanut 
stability methods, light transmittance of cold pressed peanut oil 
and the oxygen b0111b test, were discussed by Charles Holaday. Both 
Doth procedures appear to show promise. 

Dr. Tom Whitaker, Chairman of the Subco111mittce on Sampling, submitted a report 
on the activities of his Committee which is given below: 

With the approval of the APREA Board of Directors, the men1ber9hip of the Sub
committee could be expanded by the chairman as long as the individuals were 
APREA members. In this spirit, the membership was expanded in 1971 from a 
chairman and two members to a chairman and s.lx members. 

~he Subcommittee met in Raleigh, North Carolina to plan future activities. 
Various problem areas related to sampling were defined by both the Quality 
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Committee and the Sampling Subcommittee. As a result, the following indivi
duals were assigned to investigate the following areas: 

1. Aflatoxin Sampling - Whitaker and Dickens (USDA) 

2 . Sampling to Estimate Germination Percentages - J, H. Young (Agricul
tural Engineer, N. C. State University) 

3. Sampling to Estimate Damage - P. J. Tiemstra (nerby Foods) 

4. Sanipling to Estimate Moisture Content - IJr. G. :Srusewitz (Agricultural 
Engineer, Oklahoma State University) 

5. Sampling finished Product (raw or roasted) for Aflato.xin - Dr. Larry 
Atkin (Consultant Arthur D. Little Inc.) 

It is the desire of the Subcommittee to have all. findings and recommendations 
on the above areas be made available to APR~A members through presentations at 
annual APREA meetings, publication in the Proceedings, and documentation in a 
Sampling Handbook prepared by the Subcommittee. 

Or. Young loas written a paper concerning sampling of seed peanuts to estimate 
germination. This paper will be presented at the 1972 APRBI\ meetings and 
published ln the Proceedings. Dr. Atkin has prepared a paper applying the 
sampling statistics developed by Dr. Whitaker and Mr. nickens to sampHng 
finished goods such as salted peanuts. This paper will appear in APREA in the 
future. nr. Whitaker and Mr. Dickens have continued their studies developing 
sampling statistics to be applied to sampling shelled peanuts for aflatoxin. 
From their studies the variability of aflatoxin test results due to sampling, 
subsampling, and TLC analysis have been quantified. 

In aclclit!on, \~iitakcr and Dickens worked with the Peanut Administrative 
Committee (PAC) in revte.wing the aflatoxin sampling program used last year by 
the peanut industry. Several new sampling plans were evaluated (estimation of 
industry cost, consumer rlsk, and processor risk) by Whitaker and Dickens at 
the request of PAC. As a result PAC initiated new aflatoxin sampling procedures 
to be used on the 1972-73 crop. The plan is very similar to the one usecl last 
year. A single sS111ple of 48 pounds is drawn from the lot. The entire sample 
Js ground and approximately four 280 gm subsamples, two for the processor and 
two for PAC, are taken from the ground Diaterial for analysis. The processor 
will an:llyze the first subsample. If the concentration is less than 15 ppb, 
the lot is accepted and no further testing is made. If the subsample analy?.es 
greater than 15 ppb, the second subsample is analyzed by the processor. If the 
average of the two subsamples is less than 25 ppb, the lot is accepted. If the 
average is greater 25 ppb PAC will analyze its two subsamples and make final 
determination. If PAC's two analyses average less than 25 ppb, regardless of 
the Processors results, the lot is accepted. However, if the average is 
greater than 25 ppb, the lot is Indemnified by PAC. 

It is estimated that tho new plan will accept fewer had l~ts (consumer risk), 
reject more good lots (processor risk), an<l reduce the average concentration of 
aflatoxin Jn the accepted lots than the plan used last year. 'fhe operating 
characteristic curves for all sampling plans used by the industry since 1968 
are shown in the enclosed reports along with papers describing Dr. Young's 
and Dr. Atkin' s work. 

The Quality Committee recommended to the Board of Directors that members of the 
Subcommittee be made members of the Quality Committee. The recommendation was 
approved by the lloard. There arc four areas that this year's Quality Committee 
recomD1ends for consideration by the incoming committee: 
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1. Promote more research on the handling of seed peanuts and impr<.>Ve 
techniques for measuring germination and vigor. 

2. It is generally recognized that peanut protein is deficient in 
certain essential amino acids. The coD1Dlittee recommends that this 
problem be looked into. 

3. Determine if there is a need for new equipment to measure milling 
quality. 

4. Further study the new methods for measuring maturity. 

APPENDIX IV 

REPORT OF THE PUBLIC RELATIONS COMMll"fEF. 
Astor Perry, Chairman 

One of the major objectives of the Public Relations Committee is the securing 
and maintenance of membership. The Committee has engaged in che following 
activities chis year to accOlllplish these objectives: 

1. Contacted each old member whose membership hnd lapsed and encouraged 
them to renew their membership in Al'REA. It was found that many of 
these were people with only secondary interests in peanuts who 
have attended APREA meetings held in their areas and do not <wish to 
become continuous members. 

2. Compiled a list of 493 shellers, processors, and manufacturers who 
to our lmowledge had not been previously contacted concerning mem
bership in APRF.A. Letters were sent to each of these outlining the 
advantages of membership. Each rrospective member was invited to 
attend the meeting in Albany and a copy of the program and a motel 
reservation forro was included in each letter. 'l'he response to this 
membership campaign has been encouraging although it is not known 
how many members were obtained in this way. 

Membership in APREA as of July, 1972 was as follows as compared to 1971. 

CategolJ.' 
Sustaining Members 
Organizat!onal Members 
Individual Members 
Student Members 

1971 
l'7 

58 
207 
13 

1972 
16 
46 

265 
12 

In addition to the above activities monthly articles concerning the activities 
of APREA have been printed in the Peanut Journal and Nut World. The committee 
suggests that this policy be continued in the future as it provides members 
of APREA to promote our activities to the broad readership of thi.s Journal. 

Report of "The Peanut" Committee 

"The Peanut" Committee is a new COlllillittee formed in March 1972 to sell the APREA 
sponsored book "The Peanut" which is due to be published in November 1972. 
Since APREA has insufficient funds to pay the printing costs which will amount 
to approximately $15,600, a rather large committee was appointed by President 
Mills in order to sell as many copies as possible before publication. Pre
publication cost of "The Peanut" was set by the Executive Committee at 
$12.SO/copy and postpublication cost at $15.00/copy. "The Peanut" COIJllJ\ittee 

244 



is composed of 31 members, consisting of extension, research, grower, industry, 
and foreign representatives. 

In May, 1972 , 2000 copies of a one-page brochure was prepared which gave a 
complete description of "The Peanut." A handy order fol"IJl was incl uded as a 
part of t he brochure. Copies of these were sent to each c011111ittee member with 
suggestions on what specific audience each commit tee member should contaet. 
ln addition to personal contacts made by committee members several specialty 
publications such as the Oklahoma Peanut Grower, The Virginia-Carolina Peanut 
News, Oleagineux, and The National Peanut Council's Newsletter have printed 
the brochure in their publications , free of charge. 

As of July 18, J.972 orders totaling $5800. 00 have been received which has been 
extremely pleasing to the Commit tee. Indications are that by the time the 
book is printed pre-publication orders will amount to $8000 .00 or more. 

Once the printer delivers the book we have a period of 30 days to pay the bill. 
Uopefully by that time 1250 copies or enough to pay the bill will be sold. 
At th iR point it needs to be pointed out t hat this goal will not be reached 
unless each member of APREA makes a conscious effort to get his order in prior 
to November l and to encourage his colleagues and all other personal contacts 
to do the sue. The potential marlcet for a technical book such as "The Peanut" 
is l imited but it is our firm belief that a book of the excellence of "The 
l:'eanut" with its 20 chapters covering every phase, from its history to its 
consumption as a finished product, well illustrated with both color and black 
and white photographs should be on tho desk of everyone connected with the 
peanut indus try. 

As Chairman of "The Peanut" Committee, I would like to commend each committee 
member fol' their efforts in contacting their audiences, and the members of the 
ind us cry who have sent in their early orders. Writing, pulling together , and 
selling "The Peanut" represents the most difficult project undertaken by APREA. 
If every member does his part, this project can be a successful one. 

RESOLUTION 

WHEREAS, the National Peanut Council, has for the past ten years published and 
mailed to all members of AFR.EA and its predecessor organization PIWG copies of 
"Peanut Research" on a regular basis without charge or obligation to either 
organization, 

THEREFORE, BE IT R~SOLVEn that we the members of APREA express our sincere 
appreciation for this act of kindness a nd generosity on the part of the 
National Peanut Council. Without their help there would not have been a Peanut 
Research bulletin since PIWG existed without any operating funde. The APREA 
now in its t hird year and with some operating funds can now asswne thiR 
responsibility. Thank you, National Peanut Co"Uncil, for giving us a wonderful 
helping hand in our early years as an organization. 

RESOLUTION 

WHEREAS, during the past 10 years the publication "Peanut Research" has been 
sent to a ll members of APREA and its predecessor organization PIWG on a 
regular basis, and, 

WHEREAS, the entire burden of compili ng, writing, and editing said reanut 
Research bulletin was borne by one of APREA's and PIWG's charter members, 
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Mr. Wallace K. Bailey of the USDA Research Center at Beltsville, Maryland, and 
his secretary, Mrs. Elizabeth Edmunds; 

THEREFORE, DE IT EESOLV£D that we the members of APREA wish to express our 
sincere appreciation to Mr. Bailey and Mrs. Edmunds for the excellent job they 
have performed in reporting in a brief and concise manner the results and 
status of peanut research work in this country and in keeping all of us abreast 
of new and significant happenings in other areas of the peanut industry as we11. 

APPENDIX V 

REPORT OF THE NOMINATING COMHITTEE 

The Nominating Committee of APREA has selected the following slate of nominees: 
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President Elect - Edwin L. Sexton 
USDA Representative - Reed S. Hutchison 
Executive Secretary-Treasurer - Leland Tripp 



APPENDIX Yl PROGRAM COMMITTIIB REPORT 

O. D. Smith, Cha.iriuan 

Program Planning Local Arl"aDgementa 

c.;, M. Cater P. c. Dani.es, Jr. 
L. E. Clark P. D. Blankenship 
W. G. Conway R. J. Cole 
Wayne Eaves J. I. Davidson, Jr. 
C. IV. Horne J. w. Gre(;!n(;! 
N. K. Person Martha ]]ar~voo<l 
C. E. Simpson C • E • Holaday 
J. W. Smit11, Jr. R. S. Hutchison 
B. R. Spears J. w. Kirksey 

F. P. Mcintosh 
W. T. Mills, Chairman 
J. L. Pearson 
IV. o. Slay 
J, D. Woodward 

'l'he program cammittee, compri.sed of 24 memrera, was divid(;!d into subcommittees 
on Program PJ.a1mi.11p; a..nd Local Arro.neements aa shmm ahove. Each of these sub
collJlliL Lees was further divided into subcoromittees in March and cho.raed with 
spec:i.fic rcsponsihilHiea. Portit:ipaLion by the entire irembet•ship was excellent 
and app1-eclation is extend(;!d for th(;! ti.Ire and (;!ffort giwn and t.he eood job ·they 
have do11e. 

A call for pa.por titles with brief sumrnarie:; of the suhjec·t 1113 Le rials to be 
p1·es(;!nted was isaued in early febr11ar·y to the Association 1ueU1bership. The 
tit.les and auimnary of each pa~r proposed was reviewed by J or more membera of 
the l'rograia Planrline SubcommiLLee wiLh participation by all nemhet'8 of the 
sub~ammit.tee. l!:ach i;a~r· waa discu.saed befoIV thl:! entire subcommittee on 
March 15. Fifty-two p<:Lp<!I'S were proposed of which 44 appear on ~he program. 
Those proposj.ng popcrs whkh v.ere no~ incl11ded on the prograiu were encouraged 
to parti~ipaLe ln the Diacussion Session related to their subject. 

A request was issued to the membership for response on aubject areas for 
Discussion Seasions. A total of 92 responses was rec~iwd. On tre basis of 
the informaLion gathered 11 Dii;cu:;sion Sea::iiru1a wer-e planned. 

The program planned and ai·ranged by the Program Cammittce follows: 

SUNDAY AFTEH.NOON, July 16 

l - 5 
J - :! 

'7 - 10 

Rtlg istrat ion 
Co.nmittee Meetings 

Peanut Quality 
Public Rela~ions and "The Pao.nut" 
PU:blicat ions 
Finance 
Long Hange Planniue 

Board of Diredora Meeting 

MONDAY, July 17 

8 - 5 Registration 
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GENERAL SESSION. W. T. Mil.fa, Presiding 

8:JO President's Wclcomc - W. T. Mills 
8:45 Do11estic Peomit PI·odnct.ion and Pricirig - Mr. Laurel C. Meaue 
9:25 Peanut Exports and Their Future - Mr. John Dcluic 

10:00 Coffee Dreak 
10:30 - 11:50 Two Concurrent Sessions 

Session 1. D. Gorbet, Presiding 

10:30 

10;50 

11:10 

11:30 

Introeressive Hyb1·id.i.'.6ation .in Al·achi::i via the B~·.idp,e 
Cr08G Tecnniql.ll:l - D. J. Ba.ilk:; 
Pcrten~ial Sources of I?eili1ltance to Pod Dreakdov/ll in PeanuL::i -
P.H. lf'an Schaik, K. H. Garren and D. M. Porter 
Inheritance of Pod Puhescence in A:N1<.:hiG hvpopaea L. - N. V. 
Tari and A. J. Norden 
InheriLance of Oleic/Linol.eic Fatty Ac.id !laLio .in L'ear.uts, 
Arachfa hypogaea L. - Yai-po Tai and J. S. Kirby 

Sesi:;ion ;?. • U. L. Diener, Presiding 

lO:JO 

10:50 

11:10 

11:30 

11:'.iO 

Ghernicals in the Winu:cow for Controlling Aflatox'lm in Pconut.s -
D. K. Bcll and B. Doupnik, Jr. 
RelaL.ion.Ghip of Shell Damige to Gulonization of Peanut Seed by 
As!£rcillus fla= - D. M. PoI"Lel', F. S, Wr.i.~ht iml J. L. SLeele 
Chemical Detoxication of Af'latox5.n~ during Viet-Processing of 
Puanuta - K. C. Rhoe, C. M. CaLer and ](. F. MatL.il 
PI"oLeins from PeanuL Cul.Liva1·i:: (A.c·achis hypogaea) grown in 
different Areas. VI. Changes Induc<.:d in Gel Elect.rophore·tic 
Pattur1ui by .fu;pcrciJ.lu;.; ConLwoination - J.P. Cherry, fl. L. Ory 
and n . Y • Mayne 
Lunch 

DiscWJ!;ion Grrnipa. J. W. Smith, Jr., Coordinator t'or All Sei:;sions 

1:1'.i 

2:4'.i 
3:10 -

1 . MycotoxillS - D. M. Porte1·, Leade1· 
2. Varieties and nreeding - D. J. Banl<B, 
3. Weed Control - J. R. Bone, Leader 
Coffee Break 

5 :10 Two Concurrent Sessions 

Session 1.. 1. Refili1ieer, P:Ies.idinp, 

Leader 

:J:lO The DamagB and Control of the Lcs~er Cornstalk Borer, El.a.smo
~ lienqgepui:; (:6elle1·) - J. G. French anti 1. VI. Morgan 

3:30 .l!:cology and Control of' the Burrowing Bug, Panqaeua bi.J.i.nC!atus 
(Say), in South Texas - J. W. Smith, J1·. and C. J,. Cole 

3:50 ConLrol. of tJi.e Granulate Gutwo11a, FcJ tia suhterranea (Fabriciuii), 
a Foliage !!'ceding Pcs t of FeauuL:; - 1. VI. Morean and J. c. French 

4 :10 Chemical Control of Southern Gorn Rootworws on ~anuts in Ti de
water Virginia - J.C. Smith 

4:30 Rosia·tance of Peamits to the Southern Gorn Rootwonn - W. V. 
Campbell and D. A. Eirery 

4: 50 A Peat Manaeemeut Pro~·am for Insecti:; A~tacking Peanuts in TexaR -
C • .I!:. lloeli::cher, J. W. Sw.itll, .Tr. and P. W. Jack;;on 

SCaaion 2. D. F. Wadaworth, Presiding 

J:lO The EffecLG of Nematodes upon Yield and Qu.Uity of Spaiush 
Peanuts with Contact and l!'umignnt Type Nematic.ides - T. E. 
Boswell and W. H. Thrune.G, Jr. 

3:30 Spaniah Peanut Yield JJei:;ponse to Ne1aaticidea Appl..i.ed at 
Pegging t'or Lesion Nematode Control - R. V. Sturgeon, Jr. and 
C • C • Russell 
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3; 50 The Possible Effect of Fungicidei; on the Maturity Index of 
Peanuts - C. T. Yomig and D. H. SmHh 

4:10 Peanut l.>ir.lear:e ConLrol in Malawi., Central Africa - R. W. Gibbons 
and P. C. ~rcer 

4 ;30 'fhe Cylindrocladium Blackrot of PeanuL in Vireinia and North 
Carol i.nn - K. H. Garren, M. K. Beute and D. M. Porter 

4: 5U Some Observatio1l.'.l on Leaf Runt and Leaf Spots of Peanuts under 
Epiphytotic Concl.i.tiona - A. L. Harrison 

!i::LO Adjourn 

TUESI>AY, July 18 

8 - 12 Rceil'!tration 
8:JO - 9:40 nuainess Meet.ine - W. T. Mills, Pre<lidirir; 

CC8J1Jllittcc Rcporta 
l!:lect:inn of Officern 
l::ly-Law Amc.mdrrant 

9:40 Coffee D1oeak 
10:00 - l~:OO Two Concurrent Sessions 

Seasion J.. N. K. furson, Presiding 

10;00 

10:20 

10:40 

11:00 

11:20 

11:40 

Developnent and Evaluation of Peannt SalvaP,.i.ng and Clea1iirie 
:Rqui~nt - G. Fl. Duke 
Curine Poanuti; with Periodic ltigh Tc.:mper-aturc - J .• M. Troei;,rer, 
,J. L. Flutler and. J. L. Pearrion 
The Effect of Drying Hates on Separation of' Cotyledons of Dald. 
KernelG - J. D. Woodward aud R. S. Hutchison 
Evaluation of D.i-1-p-nenLhene for P0Lei-1Lial Ui;es on Farmers' 
Stock l'e<muts - J. I. !Javictson, Jr., F. P. Mcintosh and L. M. 
Redli1:ieer 
Shrinkage of Peanuts in SLora!{e - W. O. Slay, R. l!:. !lea Lwole 
and H. S • HutchiRon 
Cer~ain Phy'.;iual. and Mechaniua1 PI·operties or Vireiuia 61R 
Peanut::; - J. L. Stecl.c, l". S. Wright and P. H. van Shaik 

Sciision ?. • J. F. McGill, Presidinp, 

10:00 
10:20 

10:40 

Jl:OO 

11:20 

12:00 

A Plow-Plant Syst8m - J. L. Shepherd 
~ffe<.:t of Calcium Som•ues arui a Fungicide on Peanut Prodnct.ion -
F. R. Cox 
Compara·Live NuLrienL Contentll of LaLeral versu.'.l Central Branch 
Leavell of 10 Virginia-Type Peanut Linell and Cultiv-.ns - D. L. 
Hallock and D • C. M>irtons 
Influence of Photoperiod. on Flowerirl8 arul fo1:•1Liting in Peanuts -
J. C • Wynne, R. J. Downs and D • A. Emery 
S~reeuiue PeanuL CeI'm Plaam for ReofaLance Lo Ve1•t:i<.:.ill.i.1un 
Wilt - B. M. KhD.n, D. F. Wadsworth o.nd J. S. Kirby 
Puanut Mycorrhizae: A F\me;al Root I11Lera0L.ion - C. n. St.iuhle~·, 
R. l!:. PeLtit <1.nd R. A. Taber 
Lunch 

DiauuoGion Groups. 

1:15 

2:45 
:3:10 -

l. Diseast!s - R. V. Stureeo11, Leader 
2. HarveriLine and Gur:ing - J. Outler·, Leader 
J. Inneots - .r. W. Smith, Jr., Leader 
Coffee llrco.k 

5 ;10 Two Concurrent Session£ 

Seas ion l. A. H. Allison, Prea:id.ing 

:3:10 Saoopling Problems in !Ntcrmining GerminDtion Purcentaees - J. H. 
Yourig 
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J:JO BreaJd.1ie Dormancy of Seed of Pea.nuts (Arachis h.ypogaea) -
J. IL Dear and w. K. Bailey 

3: 50 seed Dol'Ulancy of Different Bo~aniCal •.rypes of PeanuLs (N:achls 
hypogaea L.) - W. K. Dailey and J. E. Bear 

4:10 Effect of Seed Size and Seeding l!ate on Parformancc of Starr 
Spanish Peanuts - L. E. Clark 

4: 30 Obse1-vations on the Developnent of' Endosperm in Peanuts - J. M. 
Kubicek and D. J. BankB 

4:50 ID.i'luence of Seed QualHy and Environrr.ent on Peanut Injury 
by He1·bic ides - P. w. Santelll:aIU1 

Session 2. Edwin Sexton, Pcc:tiding 

3:10 New Method to Estimate Shelt'-Life of Peanuts ana Peanut Products -
C • E • Holaday and P. C • Barnes, Jr • 

3:JO Determlnation of Flavor Profiles of Peanu~ Du~te1•s by Direct Gas 
Chro:antograpby - S. P. Fore, L. A. Gol.dhlaL L and II. P. Dupuy 

3:50 A Comparison of Mlnor Constituents in Peanut Butter as Possible 
Sources of Fatty Acid Poroxidation - A. J. St. AIJeelo, R. L. 01·y 
and L. E. Drown 

4:10 Characterization of ProteinS from Subcellular FracLlom of 
Peanuts - T. J. Jacks, N. J. Ne11cere and L. Y. Yatsu 

4:30 Proteins from Peanut Cultivars (&acbi.!l hypo1raea) erown in 
Different Areas. V. Biochemical Observations on Electrophorctic 
Patterra of Proteins and Enzymes - R. L. Ory and J. P. Cherry 

4:50 Utilization of Feanu~ Flakes in Food Products - J. H. Mitchell, 
Jr. and R. K. Malphrua 

5:10 Adjourn 

WEDNESDAY, July 19 

Di.acussion Group:1 • 

8:1'.i 1. Quality M:!asurement - C. T. YoUiig, Leader 
2. Soil Fertility and ll·rieation - L. E. Samples, Le!lder 
3. Seed Quality - R. Pender, Leader 

9:30 Coffee Break 

Disc11Ssion Group:i. 

9:45 l. New Products - J. L. Helnill, Le!lder 
2. Shelling l'la.nt Operations and Pollution Control - R. S. 

Hutchison, Leader 

GEMl!:ML SESSION. W. T. Mills 1 P~sidi.tJe 

ll :00 Tom· Information - n. S. Hutchison 
11: 10 Committee Appointments and Canel udilie RemarkG - 0. D. Smith 
11:45 Lunch 

l:OO - 5:00 Tours 
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BY-LAWS 
of 

AMERICA."! PEANUT RESEARCH MID EDUCATION ASSOCIATION, INC. 

Art.lcle I. Name 

Section 1. The name of this organiv.atlon shull be "AMERICAN PF.ANUT RJ'.SF.Al{CH 
ANO 1muCATION ASSOCIATION' INC: ... 

Article II. Purpose 

Section 1. The 1•urpvse of the Association shall be to provide a eontinuin~ 
meuns for. the exchange of inforu1ation, cooperative planning, and periodic 
rcvi"w of a 11 ph<is('S of peanut research and extension beln~ curr led on by 
Stale Resc<irch Divisions, Cooperative State llxtensi.on Services, the Unite<l 
Slat.es Uepartment of Agrictilt\>l.'"c, the Commercial Peanut Industry and 
supporting se.rvice businesses, an<l co concluct said Association in such 
m:inner as to comply with Section 50J (c) (3) of tf1e United States Internal 
Revenue Co<le of 1954 and Ac ts amendatory thereto. Upon the <H.ssolution 
of the Association, aLI of the assets of the A.~sodation shall be trans
ferred to <in organization whose purpos1.<s are similar to those of t.hi s 
Association or to "uch vther charitable or educaU.oni1l organization exempt 
from Federnl income tax under the provisions of Section 501 (c) (3) of the 
Uuit"'d States Internal Re.venue Code of 1954 and Acts amendatory thereto 
a.s tne dirP-ctors may appoint provided that no dJrector, officer or member 
of this organization m:ty in any way benefit from the proceedcs of rlissolution. 

Article 111. Membership 

Section L The several <'.las ... es of 111embership which shall he recognized are as 
follows: 

a. Ind iv lcluu l mcmbcrshi.ps: Individuals who pay dues <it the full rate as 
fixed by the Board of Directors. 
b. Org:1n lzat·I onal memberships: Industrial or. educational groups that pay 
dues as fixed Ly the> Boa.rd o( Dlr'cctors. Organizationa.l members may 
dcstenatc one representative who shal 1 l\ave ln<Hvidual member rights. 
c. 8u,;taining memberships: lndusaial organizations anrl others th<lt puy 
<lues as fixed hy tlte Ho:ird o[ Directors. !lust<iining membe.rs are thoGe who 
wish to support this Association financially to an extent beyond minimum 
n,qul rc1ncnts .1s set forth in Section lb, Article III. S11scajning members 
may designate one representative who shall have individual member rights. 
Al.so, 11ny organization may hold sustaining •ncmbcrshi.ps for any or all of 
its divJsions or sections with individual member rights at~c.ordecl each 
sustaining meml>ership. 
cl. ~tudent memberships: Full-time students chat ptiy dues at a special 
rate as f.lx('.d by the Board of Directors. Persons presently enrolled as 
fuU-time student,,; at any r'<~cognizecl coJ'I egc, university or technical 
,;chool arc eligible for student men1bership. Posl doctoral student.s, 
employed persons tak·ing refresher courses or special employee training 
progt·ams are not eligible for stu<lent membership. 

Sec.tion 2. Any member, p:trtic:ipant, or rcpr.,scnla t:lv1.< duly serving on the 
Bou rd of D·i rectors or a Conunittee of this Associati.on and who is unable to 
attend any meeting of th« lloard of ,.ucn C.:ommittee n1ay be temporarily replaced 
by an :1 I l1.<rna tc selected by the agency or party served by such member, 
participant, or representative upon appropriate written notice filed with the 
pr«:s idcnt or Committee chairman evidencing s\lch designation or scle.ct.lon. 

Section 3. All classes of membership may attend all meetings and partic.ipate 
in d1s<'.ussions. Only lndiviclu<tl members ur tbo,;e with !ndlviduul rn"mbership 
rights may vote and hold offit~P.. Member.~ of al 1 classes shall receive 
notiflc.<it·ion and purpoo;es of meetings, anrl shall n•cc:lve minutes of <ill 
Procee<lings of t.he AmP-rican Pet\nut Resc<trch and Erlucation 11.ssoclittlon. 
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Article IV. Dues and Fees 

Secti on 1. The annual dues shall be determined by the Board of Directors with 
the advice of t he Finance Committee subject to approval by the members nt 
the annual meeting. MiniJJlUlll annual does for t he four classes of membership 
shall be: 

a. Individual memberships: $5.00 
b. Organizational memberships: $25.00 
c. Sustaining memberships: $100.00 
d. Student memberships : $2.00 

Section 2. Dues are receivable on or before January 1 of the yeor for which the 
membership is hel d. Members in ar rears on April 1 for llues for the current 
year shall be dropped frOll the rolls of this Association provided prior 
not ification of such delinquency was given. Membership shall be reinstated 
for the current year upon payment o! dues . 

Section 3. A $5.00 registration fee will be assessed at all regular meetings 
of this As!:lociation. The amount of this fee may be changed upo~recommenda
tion of the Finance Committee subject to approval by the Boar<l of Directors . 

Article V. Meetings 

Secti on 1. Annual 'meetings of the Association shal l be held for the presen
t ation o! papers and/or discussions, and for the transaction of business. 
At least one general business session will be held during regular annual 
meetings ae which reports from the executive secretary-treasurer and all 
standing Committees will be given, and at which attention will be given to 
such other matters as the Board of Directors may designate . Also, oppor 
tunity shall be provided for discussion of these and other matters that 
members may wish to have brwght before the Board of Directors and/or 
general memberships . 

Section 2. Additional meetings may be called by the :Board of Directors either 
on its own motion or upon reques t of one-fourth of the members. In either 
event, t he time and place shall be fixed by t he Boar<l of Directors. 

Sec ti.on 3. Any member may submit only one paper as senior author for cons icler
ation by the program chairman of each annual meeting of the Association. 
F.xcept for certain papers specifically invited by the Association president 
or program chairman with the approval of the president, at least one author 
of any paper presented shall be a member of this Association. 

Section 4. Special meetings or projects by a portion of the Association 
membership, either alone or jointly with other groups, 'lllUSt be approved by 
the Board of n.Lrectors. Any request for the Association to underwrite 
obli gations i n connection with a proposed special meeting or project shall 
be submitted to the Board of Directcn:s, who 1ll6Y obli.gste the Association to 
tile extent they deem desirable. 

Section 5. The executive secretary-treasurer shall give nll members written 
notice of all meetings not less than 60 <lays in advnnce of annual meetings 
and 30 days in advance of all other special project meetings. 

Article VI. Quorum 

Section 1. Until such time as the membership association reaches 200 voting 
members, 20:% of the voting members of this Association shall constitute a 
quor1J111 for the transaction of business. When the membership exceeds 200, a 
quorum shall consist of 40 voting members. 

Section 2. For meetings of the Board of nirectors an<l all Cummittees, a 
~ajority of the members duly assigned to such Board or COD11T1ittee shall consti
tute a quorum for the transaction of business. 
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Article VII. Officers 

Section l. The off leers of this organi.zation shall be : 
a. Prei;ident 
b . President- elect 
c. Executi ve Secretary-Treasurer 

Section 2. '!'lie president and president-elect shall s erve from the close of the 
annual genc.ral meeting of thiR Association to the c lose of the ne.x:t annual 
general meeting. 'l'he president-elect shall automatical l y succeed to the 
presidency at the close of the annulll general meeting. If the president-elect 
sltou1d .~ucceed to the presidency to complete an ·unexpired t erm, he shall 
then also serve as president f or the following full tenn. In the. event the 
pn,i;ident or president-elect or both sho\tld reslgn or become unable or 
unavailable to s erve during thelr terms of office, the lloard of Directors 
s hall appoint Ii president or hoth president -elect and presidenc to compl e te 
the. unexpired r.erms until t he next annual general meeting when one or both 
offices, if necessary , wi ll be filled by norn1a l elective procedure. The 
mosc recent available pas t president (previously PIWC chairman) shall serve 
os presidenc unti l the Board of Directors can make such appoi ntment . The 
president shall serve ~ithout monetary compensat ion. 

Section J. The officers aud directors shall be elected by the members i n 
attendance at r.he annual general meet i ng from nominees selected by the 
N<)minatlng Committee or members nominated for t his offi ce from the floor. 
The president-elect shall serve without monetary compensation. 

Section ~. The executive secret ary- treasurer may serve consecutive yearly 
t erms subjecc to re-election by t he member ship at the annual meeting. The 
t enure o f the executive secretary may be discontim1ecl by a two- thirds 
ma j ority vot e of the 13oard of T>i rectors who then shall appoint a temporary 
executive Recrctary to fill t he unexpired t erm. 

Section 5. The pr esident shall arrange and pres ide at all general meetings of 
t he .Board of Directors and with the 11dvice, counsel, and aAshtance of the 
president-elect and secretary-treasurer, And sub jec t to consultation with 
the Board of Directors , shall carry on, transact and supervise the interim 
afftiirs of the Association and provide leadership in the promotion of the 
objectives of this Associa tion. 

Section 6. The president-elect shall be program chairman responsible for 
development and coordi nation of the overall progr am of the educational phase 
of the annual meeting~. 

Section 7. (a) 'l'he executive secretary-treasurer shsll counte-rs i gn oll deeds, 
leas..-.s and conveyances executed by the Association and affix the seal of 
the Association chereto and to such other papers as shall be required or 
directed to be sealed. (b) '!'he el<.t.cutive secretary-treasurer ahal l keep 
a record of t he deliberations of the Board of Directors, and keep safely 
and systematically all books, papers, records , and docl.IIl\ents belonging to 
the A~i;oclat l on, or in any wise pertaining co the busincos thereof . 
(c) ·rtte execucive secretary- trea.i;urcr shall keep account for all monies, 
crcd~ts, debto, and pr operty, of any and every na t ur e, of this Association, 
which shall come int o his hands or be disbursed and sha ll render such 
nccounts, statements, and inventories of monies, debts, and property, as 
shall be required by the Board of Directors. (d) The executive secretary
treasurer shal l prepare and distribute a ll not i ces and report i; as directed 
lo these By-laws , and other information deemed necessary by the Board of 
Directors to keep the membership well informed of the Association activit i es. 

Secti on 1. 
a. The 
b. The 
c. '.Che 

Article VIII. ~oard of Directors 

The Board of Directors shall cons ist of the followi ng : 
pres ident 
most i rrunediate past president able to serve 
president-elect (elected annually) 

253 



d. State employees' representative - This director is one whose e1npJoyment 
is state sponsored and whose relation to peanuts principally concerns 
research, and/or educational, and/or regulatory pursuits. 
e. United States Department of Agriculture representative - '!'his director 
is one whose employment is directly sponsored by the USDA or one of its 
agencies and whose relation to peanuts principally concerns research, and/ 
or educational, and/or regulatory pursuits. 
f. Three Private Peanut Industry representatives - These directors are 
those whose employment is privately sponsored and whose principal activity 
with peanuts concerns: (1) the production of farmers' stock peanuts; 
(2) the shelling, marketing, and storage of raw peanuts; (3) the 
production or preparation of consumer food-stuffs or manufacturecl products 
containing whole or parts of peanuts. 
g. A person oriented toward research - to be named by the chairman of 
the Board of Uirectors of the National Peanut Council. 
h. The executive secretary-treasurer - non-voting member of the Roard of 
Directors who may be compensated for his services un a part or full-time 
salary stipulated by the Board of Directors in consultation with Finance 
Committee. 
i. The president of the National Peanut Council - a non-voting member. 

Section 2. The Board of Directors shall determlne the time and place of 
regular and special meetings an<l may authorize or direct the president to 
call special meetings whenever the functions, programs, and operations of 
the Association shall require special attention. All members of the Roard 
of Directors shall be given at least 10 days advance notice of all n1eetings; 
except that in emergency cases, three days advance notice shall be sufficient. 

Section 3. The Board of Directors will act as the legal representative of the 
Association when necessary an<l, as such, shall administer Association 
properties and affairs. The Board of Directors shall be the final authority 
on these affairs in conformity with the By-laws. 

Section 4. The 'Board of Directors shall make and submit co this Associadon 
such recommendations, suggestions, functions, operations and programs as 
may appear necessary, advisable, or worthwhile. 

Section 5. Contingencies not provided for elsewhere in these By-laws shall be 
handled by the Board of Directors in a manner they deem desirable. 

Article IX. Committees 

Section 1. Members of the Co!Dtl\ittees of the Association shall be appointed by 
the president and shall serve 2-year terms unless otherwise stipulat~cl. The 
president shall appoint a chairman of each Committee from among the incumbent 
committeemen. The Board of Directors may, by a two-thirds vote, reject 
Committee appointments. Appointments made to fill unexpected vacancies by 
incapacity of any Committee member shall be only for the unexpired term of 
the incapacicace<l coll'llllitteeman. Unless otherwise speciftcd in these Ry-laws, 
any Committee member may be reappointed to succeed himself, and niay serve 
on two or more CO"lll!Dittees concurrently but shall not holcl concurrent chair
manships. Initially, one-half of the members, or the nearest (smaller) 
part thereto, of each Committee will serve one-year terms as designated by 
the president. 
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a. Finance Committee: This CollllDittee shall include at least four members, 
one each representing State-, and USDA-, and two from Private Business -
segments of the peanut industry. This Committee shall be responsible for 
preparation of the financial budget of the Association and for promoting 
sound fiscal policies within the Association. They shall direct the audit 
of all financial records of the Association annually, and make such recom
mendations as they deem necessary or as requested or directed by the Board 
of nirectors. The term of the Chairman shall close with preparation of 
the budget for the following year, or with the close of the annual 
meeting at which a report is given on the work of the Finance Committee 



under hi.s Chairman11hip, whichever is later . 
b. Nominating Col1llftittee : Tllis Commiccee shall consist of a t least three 
members appointed to one-year ter ms, one each representing State-, USUA-, 
and Private Business - segments of the peanut industry. Thie COlllDlittee 
shall nominate individual members to fill the positions as described and 
In the manner set forth in Articles VII an<l VIII of these By-laws and 
shall convey their nominations to the president of this Association on or 
before the date of the Annual Meeting. The Conun1.ttec shall, insofar as 
possible, make nominations for the preefidcnt-elect chat will provide a 
balance among the various segments of the Industry and a rotation among 
Federal, State, and lndu13cry members. '!he willingness of any nominee to 
accept the re~ponsib1lity of the position ghalJ be ascertained by the 
Coounittec (or members making nominations nt general meetings) prior to 
the clectlon. No person may succeed himself as a member of this Committee. 
c . Publications and P.ditorial Commlttee: This Cotl!l1littee shall consist of 
at least three members appointed for indeterminate terms, one each 
representing .Stotc- , USDA- , and Prlvate Business - segmenta of the peanut 
indus try. This Committee shall be r esponsible for the publication of the 
procce<lingR of all general meetingt; and s uch other Association sponsored 
publications ai; directed by the Board of Directors in consultation with 
the Finance Committee. 'l'his Committee sha 11 formulate and enforce the 
e<liLOrial pol i cics for all publications of the A9sociation, subject to the 
directives from the Board of Directors. 
d . P.eanut Quality Collllllittec : This Coumittee shall include at least seven 
members ; one each actively involved ln research in peanut - (l) varietal 
development-, (2) production and marketing practices related to quality-, 
and (3) physical and chemical propertiee rela ted to quality-, and one 
each representing the Grower-, Shell.er- , Manufacturer-, and Services
(I'esticides and HarveRting Machinery, in particular) segments of the 
Peanut industry. This Committee shall actively seek improvement in the 
quality of raw and processed peanuts and peanut products through promotion 
of mechanisms for the elucidation and solution of major problems and 
deficiencies. 
e. Public Relations Committee; This Committee shall include at least 
11ix members, one each representing the State-, USDA-, (;rower- , Shell.er-, 
Manufacturer-, and Services-, segments of the peanut industry. This 
Commit tee shall provi.de leadership and direction for the At1sociation in 
the fol lowing areas: 

(1) Membership: T>cvclopment and illlplemencacion of mechanisms to create 
interest in the ARsoclation and increase its membership. 
(2) Cooperat i on: Advise t:he lloard of Directors relative to the extent 
and type of caoperntion and/or affiliation t:llis A9sociation shoul<l pursue 
ond/or support with other organizatlons. 
(3) Necrology: Proper recognition of deceased members . 
(4) Resolutions: Proper recognit~on of special services provided by 
meinbers and friends of the Assoc.tat ion. 

Artlcle X. Divisions 

8ectlon 1. A Division within the Association may be created upon recommendation 
of t:he lloard of Direct or s , or members may petition the Board of Directors 
for such status, by a two-t:hirds vote of the general member ship. Likewise, 
in a similar manner a D!vtsion may be dissolved. 

Secci.on 2. Divisions mey establish or dissolve Subdivisions upon the approval 
of the Board of Directors . 

Sec tion 3 . Dlvisions may make Uy-laws for their own government, provided they 
are consistent with the r.ulei:; and regulations of the Association , but no dues 
1nay be assessed. Divisions and Subdivisions may elect officers (chairman, 
vice-chairman to succeed to the chairmanship, and a secretary) and appoint 
collllllittees, provided that the efforts therof do not overlap or conflict with 
chose of the of f lcers and Cornmic tees of the main body of the Association. 
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Article XI. Amendments 

Section 1. Proposed amendments to these By-laws must be submitted to the 
Board of Directors whose recommendation will then be considered at the next 
regular annual meeting of the Association except as provided in Section 2. 

Section 2. Amendments shall be adopted only when a majority of those holding 
individual membership rights vote and then only by the vote of two-thirds 
of those voting. If a majority of the individual members are not !n 
attendance at the first regular annual meeting following announcement of 
proposed amendments, the executive secretary-treasurer shall mail to all 
such members of the Association ballots concerning such amendments. Members 
shall be allowed thirty days to return mailed ballots after which the vote 
of those returning such ballots shall be binding subject to the regulations 
above. Failure of a majority of the members to return their ballots wl thin 
the allotted time denotes rejection of the proposed amendment. 

Section J. Proposed amendments slated for adoption or rejection must be 
brought to the attention of members either by letter or through Association 
publications at least thirty days prior to consideration for final adoption. 
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Adopted at the Annual Business Meeting 
of the American Peanut Research and 
Education Association, Inc., July 18, 
1972, Albany, Georgia. 



MEMBERSHIP LIST 
Al1ERICAN PEANUT ){RSF.ARCH AND BDUCA'flON AS80CIATION 

July, 1972 

SUS'l'AINING MF.MBERSHIPS 

Anderson's Peanuts 
Division of AlahB.Jna Fanners Coop., Im.: . 
P , 0. Box 1335 
Andalusia, Al.a. 36420 
Attn: JOHN W. ANDERSON 

ere International 
lleRt 'F'oorli; Research Ce11ter 
1120 Commerce Ave. 
Box 1534 
Union, N.J. 07083 
Attn: DANIEL MELNIGK, Vice-I'res. 

I'roduct Researclo & Quality 
Control 

Derby Voods, Inc. 
]327 West 48th Place 
Clolcago, 111. 60632 
Attn: S. E. Tl~RNF.Y 

Dothun Oil Mlll Company 
P.O. llox 458 
Dothan, Ala. 36301 
Aten: J. H. BRYSON, JR. 

l'aul Ha ttaway COOlpany 
P.O. Rox 669 
Cordele, Ga. 31015 
Attn: R. F. HUDGINS 

Sec. -'l'rco.s. 

Hershey Foods Corporation 
Hershey, l'a. 17033 
Attn: E. W. MEYlli{S 

Director of Research 

Keel Peanut Company, Inc . 
P.O. Box 878 
Greenville , N.C. 27834 
Attn: JAMES T. l.O.IEL 

Oklahoma Peanut Commission 
Box D 
Madill, Okla. 73446 
Attn: WILLIAM FJ..ANAGAN 

'F'..xe:c. Secretary 

Peanut Butter Manufacturers & 
Nut Salters Assn. 

807 Jefferson Bldg. 
1225 Nineteenth St., N.W. 
Washington, o. c. 20036 
Attn: JAMES E. MACK 

Pender Peanut Corporat·Ion 
P.O. Box 38 
Greenwood , Fla. 32443 
Attn: kOBRRT PENDER 

H. B. Rees~ Candy Co., Inc. 
Hershey, Pa 17033 
Attn : GllilkGE D. McCLF.ES 

Vice-President 

Stevens Indus tr ies 
Dawson , Ga. 317~2 
Attn: C. M. CRUIKSHANK 

Turner Sales & Supply 
P.O. Box 847 
Tifton, Ga. 31794 
Attn: LUTHER 'rlJRNF.R 

United States GypsU111 Company 
101 South Wacker Drive 
ChiCAgo, Ill. 60606 
Attn: ll. W. PAVIS 

ORGANIZATIONAL Ml!MBF.RSllIPS 

Lilliscon Corporation 
Box 407 

Alabama Peanut Producers Association 
P .0. l!ox 1282 

Albany, Ga. 31702 
Attn: WILLIAM T. MILLS 

M & M/Mar.s 
P.O. Box 326 
Albany, Ga. 31702 
Attn: MRS. MARTHA llARWOOl> 

Dothan, Ala. 36301 
Ac tn: JAMES 1!.ARL MOllL~Y 

Presldent 

Alford Refrigeration Warehouse 
P.O. Box 5088 
nalla~. Tex. 75222 
Attn: WILT.11\M L. CRADY 

Vice-President 
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All American Nut Company 
16901 Valley View 
Cerritos, Calif. 90701 
Attn : WILLIAM V. RITCHIE 

President 

Birdsong Storage Company 
Lock Drawer 1400 
Suffolk, Va. 23434 
Attn: BEN M. BIRDSONG 

A. H. Carmichael Company 
Brokers & Manufactore.r 's Agents 
Shelled Peanuts 
2353 Christopher's Walk , N.W . 
Atlanta , Ga. 30327 
Attn: BROADUS CARMICHAEL 

Jack Cockey Brokerage Co., Inc. 
P.O. Box 1075 
Suffolk , Va. 23434 
Attn: JOHN COCK.EY, JR. 

Denison Peanut Company 
Denison, Te~as 74020 
Attn: GEORGE MORROW 

Fisher Nut Company 
2327 Wycliff Street 
St . Paul, Minn. 55114 
Attn: LOUIS R. SMERLI NG 

Fr ito-Lay, Inc. 
Research Division 
900 N. Loop 12 
Irvlng, Texas 75060 
Aten: B. W. HILTON 

Vice Pres. & Director 
of Research 

General Foods Corp. 
250 North Street 
White Plains, N. Y. 10602 
Attn: J. J. SHEETIAN 

Georgia Agricultural Commodity 
CODl!Dission for Peanuts 

110 East Fourth Street 
Tifton, Ga. 31794 
Attn: GEORGE P. "PETE" DONALDSON 

Executive Secretary 

GFA Peanut Assn. 
Rt . 19 South 
Cemilla , Ga. 31730 
Attn: D. H. HARDEN 

Manager 
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Gillam Bros . Peanut Sheller , Inc. 
Windsor , N.C. 27983 
Attn: H. H. GILLAM 

Vice-President 

Gorman Peanuts 
P.O. Box 698 
Gonnan, Texas 76545 
Attn: 'l'. IL BIRDSONG III 

Harrington Manufac turing Co. , Inc. 
Lewi ston , N. C. 27849 
Attn : J. J. HARRINGTON 

George F. Har tnett & Company, Inc. 
540 Frontage Road 
Northfield, Ill . 60093 
Attn: GllORGll F. HARTNETT 

Hobbs Engineering Company 
P .o. Box 1306 
Suffolk, Va . 23434 
Attn: JAMES C. ADAMS, JR . 

Institut De Recherches 
Pour Les Huiles et Oleagineaux II 
13 Square Petrarquc 
75 Paris, France 
Attn: PIERRE GILLIER 

Director of Peanut Dept. 

J . R. J<lJlles Brokerage Co . 
l'.O. Box 214 
Suffolk, Va. 23434 
Attn : RUTH .I. MOORE 

Law & Co1Upany 
Consulting & An!llyt Leal Chemisti; 
P.O. Box 1558 
Atlanta, Ga. 30301 
Attn: WILLIAM W. McBEE 

The Leavl tt Corp. 
P.O. llox 31 
100 Santlll i Highway 
Everett. Mass. 02149 
Attn: JAMES T. HINTLIAN 

President 

Charles Matthews Company 
J>.O. Box 4059 
Dallas, Texas 75208 
Attn : CHARLES S. MATTHEWS 

National Peanut Corp. 
Planters Peanuts 
200 Johnson Ave. 
Suffolk, Va. 23434 
Attn: D. M. CAR!ER 



Nat'lonal I'eanut Councll 
Bender Building 
1120 Connecticut Ave. 
Washi ngton, D. c. 20036 
Attn: JOHN CURRIER 

President 

N. c. Crop Improvc:ment Assn. 
State College Station 
llox 515 5 
Raleigh, N. c. 27607 
Attn: FOIL W. McLAUGRLl N 

Djrector in Char ge 

N. C. Peanut Growers Assn., Inc. 
r. o. llox 1709 
'Roc;ky Mount:, Jll. (;, 27801 
Aten : JOF. S. SUGG 

Oklahoma Crop Improvement Assn . 
Oklahoma State". University 
Stillwat (•t', Oklahoma 74074 
Attn : F.D GRANSTAFF 

Secretary-Manager 

Olin 
Agriculture Djvision 
P.O. llox 991 
Little Rock, Ark. 72203 
At~n: L. RF.IO FAUl.l<NKR 

l'carmt Grower s Coop Mtl rkecing Assn. 
~·ranklin, Va. 2385 l 
Attn : S. 'WOMACK LEE 

Manager 

~eanut Processors, Inc . 
Box .1.58 
Dublin, N. C. 28332 

Pea rson Candy Company 
2140 West Seventh Str eet 
St . Paul , Minnesota 55116 
Attn: GEORGE PEARSON 

Pert Lab, Inc .• 
P.O. Box 267 
1108 N. Broad Street 
Edeo.nton, N. G. 
Attn: J.R. BAXLEY 

Pond Bros. Peanut Co ., Inc. 
P .O. Box 1370 
Suffolk, Virginia 23434 
Attn: RICHARD POND 

Preferred Products Company 
101 Jefferson Ave ., South 
Hopkins, Minn. 55343 

Reeves Peanut Company 
Eufaula, Ala. 30627 
Attn: M.M. REEVES 

Seabrook Blanching Corp. 
Tyrone, Pa. 16686 
Attn: C.B. SMITH 

Shel1 Development Company 
P.O. Box 4248 
Modesto, California 95352 
Attn: R. BLONDEAU, Mgr. 

Pesticide Development Dept. 

Southeastern Peanut Assn. 
P. o. Box l 746 
Albany, Ga. 31702 
Attn: JOHN W. GREENE 

Executive Director 

Southwestern Peanut Growers Assn. 
Gor111an, Texas 76454 
Attn: ROSS WILSON 

Manager 

Southwestern Peanut Shellers Assn, 
6815 Prestonshire 
Dal las, Texas 75225 
At to: SYDNEY C • REAGAN 

Texas Peanut Producers Board 
P.O. Box 398 
Gorman, Texas 76454 
Attn: WAYNE EAVES 

Tom's Foods, Ltd. 
900 8th Street 
Columbus, Ga. 31902 
Attn: GEORGE JENKINS 

Peanut Purchasing & Selling 

Uni-Royal, Inc, 
Route 113 
Donalsonville, Ga . 31745 
Attn: SIDNEY FOX 

Area Supervisor 

Virginia-Car olina Peanut Assn . 
Lock Drawer 499 
Suffolk, Va. 23434 
Attn: W. RANDOLPH CARTER 

Executive Secretary 
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Virginia Peanut Growers Assn. 
P.O. Box 149 
Capron, Va. 23829 
Attn: RUSSELL C. SCHOOLS 

Executive Secretary 

Wilco Peanut Company 
P,O, Box 921 
San Antonio, Texas 78206 
Attn: W.G. CONWAY 

INDIVIDUAL MEMBERSHIPS 

Allison, Allen H. 
Associate Professor of Agronomy 
Tidewater Research Station 
Holland, Va, 23391 

Anderson, W.B. 
Soil Chemistry 
Texas A&M University 
College Station, Texas 77840 

Andress• c. R. 
Stauffer Chemical Co. 
Agric. Chemical Division 
P .0. Box 7222 
Houston, Texas 77008 

Andrews, Olin N., Jr. 
1731 Pineknoll Lane 
Albany, Ga, 31705 

Atkin, Lawrence 
c/o Arthur D. Little Co. 
Rockefeller Center - 630 Fi.fth Ave. 
New York, N.Y. 10020 

Ayres, James L, 
Gold Kist Research Center 
P.O. Box 388 
Lithonia, Ga, 30058 

Backman, Paul A. 
Dept. of Botany & Microbiology 
Auburn University 
Auburn, Ala, 36830 

Bail<:aloff, Alex 
P.O. Box 26 
Field Officer 
Peanut Marketing Board 
Kingaroy, Queensland 
Australia 
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Bailey, W,K, 
Plant Genetics & Germplasm Institute 
ARS, USDA 
Plant Industry Station 
Beltsville, Md. 20705 

Baker, W.R. 
Peanut Belt Research Station 
Box 177 
Lewiston, N.C. 27849 

Banks, Donald 
Agronomy Department 
Oklahoma State University 
Stillwater, Okla. 74074 

Barnes, George L. 
Dept. of Botany & Plant Pathology 
Oklahoma State University 
Stillwater, Okla, 74074 

Barnes, Phillip C. 
USDA, ARS, MQRD, PQI 
National Pee.nut Research Lab. 
P.O. Box 637 
Dawson, Ga, 31742 

Barton, Franklin E. II 
USDA R,B. Russell Research Center 
P.O. Box 5766 
Athens, Ga. 30604 

Bartz, Jerry A. 
Building 162 
Plant Pathology Dept. 
University of Florida 
Gainesville, Fla, 32601 

Baum, Claude S. 
Norfolk, Virginia 23500 

Beach, Minton 
N.C. Peanut Growers Assn. 
Oak City, N.C. 27857 

Bear, John E. 
Plant Genetics & Germplasm Institute 
ARS, USDA 
Beltsville, Md. 20705 

Belfield, Fred Jr. 
Box 628 
Nashville, N.C. 27856 



llell, Durham K. 
Plant Pathology Dept. 
Coastal Plain Station 
Tifton, Ga. 31794 

Beute, Marvin K. 
3407 Gardner Hall 
N.C. State University 
Raleigh, N.C. 27607 

Birdsong, W.M. Jr. 
llirdsong Storage Co., Inc. 
P .0. Box 776 
Franklin, Va. 23851 

Blankenship, Paul D. 
TFRD, HFRB 
National Peanut Research Lab. 
P.O. Box 110 
Dawson, Ga. 31742 

Blondeau, R. 
Pesticides Development Dept. 
Shell Development Co, 
P.O. Box 4248 
Modesto, Calif. 95352 

Bloome, Peter D. 
216 Ag Hall 
Oklahoma State University 
Stillwater, Okla. 74074 

Bolton, William Earl 
Apartado 465 
Managua, Nicaragua 
Central America 

llond, M.D. 
Peanut Specialist 
Auburn University 
Auburn, Ala. 36833 

Bone, James R. 
P.O. Box 96 
Searcy, Arkansas 72143 

Bordt, William H. 
Research Chemist 
CPC Internacional, Inc. 
1916 Webster Street 
Alameda, Calif. 94501 

Boswell , T. E. 
Plant Disease Research Station 
P.O. Box 755 
Yoakum, Texas 77995 

llrooks, Stanley N. 
Plant Industry Station 
Beltsville, Md. 20705 

Brown, A.L. Jr, 
CPC International 
P.O. Box 460 
Confederate Avenue 
Portsmouth, Va. 23705 

Brown, Lawrence W. 
Tidewater Research Station 
Holland, Va. 23391 

Brown, R,H, 
170 Broomsedge Trail 
Athens, Ga. 30601 

Bruce, W.M. 
Coastal Plains EXperiment Station 
Tifton, Ga. 31794 

Brusewitz, Gerald H. 
Ag. Engineering Dept. 
Oklahoma State University 
Stillwater, Okla, 74074 

llryant, P.C, 
County Agent 
Martin County 
Williamston, N.C. 27892 

Buckley, Ellis c. 
2720 w. Mockingbird Lane 
Dallas, Texas 75235 

Burnette, David J. 
V.P.I. Extension Service 
139-C Baker Street 
Emporia, Va, 23847 

Butler, James L. 
AERD, ARS, USDA 
Coastal Plain EXperiment Station 
Tifton, Ga. 31794 

Campbell, W.V. 
N.C. State University 
Dept. of Entomo1ogy 
Box 5215 
Raleigh, N.C. 27607 

Carter, Robert L, 
Agronomy Dept. 
Georgia Coastal Plain Ex:p. Station 
Tifton, Ga. 31794 

Carver, W.A. 
605 N.E. 7th Terrace 
Gainesville, Fla, 32601 
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Cater, Carl M. 
Oilseed Products Division 
Texas A&M University 
P .M. Box 183 
College Station, Texas 77843 

Cecil, L.L. 
International Marketing 
Diamond Shamrock Chemical Co. 
300 Union Commerce Bldg. 
Cleveland, Ohio 44115 

Cecil, Sam R. 
Food Science Division 
Georgia Station 
Experiment, Ga, 30212 

Chapin, John s. 
Area Agronomist 
Texas Agriculture Extension Service 
P.O. Box 1177 
Stephenville, Texas 76401 

Cherry, John P. 
Dept. of Biochemistry & Biophysics 
Texas A&M University 
College Station, Texas 77843 

Childress, H.B. 
CPC International 
P.O. Box 460 
500 Confederate Avenue 
Portsmouth, Va. 23705 

Clark, L.E. 
Texas A&M University 
College Station, Texas 77840 

Clary, Bobby L, 
Ag, Engineering Dept. 
214 Ag Hall 
Oklahollla State University 
Stillwater, Okla, 74074 

Cobb, Leonard 
P.O. Box 218 
Bronson, Fla. 32621 

Coggsdale, Bob M. 
V,P,I. Extension Service 
104 E. Constance Road 
Suffolk, Va, 23434 

Cole, Joe E. 
Area Ag'l'onomist 
Texas Agriculture Extension Se'l'Vice 
Box 490 
Denton, Texas 76201 
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Cole, Richard J. 
National Peanut Research Lab 
P.O. Box 637 
Dawson, Va. 31742 

Coleman, H,R. 
CPC International 
P.O. Box 5056 
Dallas, Texas 75222 

Collier, Claude R. 
P.O. Box 221 
Fort Gaines, Ga, 317Sl 

Conkerton, Edith J. 
USDA-SRRL 
P.O. Box 19687 
New Orleans, La. 70179 

Cox, F.R. 
Soil Science Department 
N.C. State University 
Raleigh, N.C. 27607 

Cullipher, Jack 
1708 Rosewood Drive 
Greenville, N.C. 27634 

Daniels, Eston 
P.O. Box 362 
Lyons, Ga. 30436 

Davidson, James I. Jr. 
TFRD, HFRB 
National Peanut Research Laboratory 
P,O, Box 110 
Dawson, Ga. 31742 

Davis, Colin R. 
Vice President 
The Ferguson Mfg. Co., Inc. 
Factory Street P.O. Box 1098 
Suffolk, Va. 23434 

Dees, Matt Jr. 
Thompson-Hayward Chemical Co. 
P.O. Box 8070 
Wainwright Station 
San Antonio, Texas 78208 

Demuynk, Ty J, 
Agronomy Dept. 
University of Florida 
402 Newell Hall 
Gainesville, Fla. 32601 

Dickens. J.W. 
P.O. Box 5906 
Raleigh, N.C. 27607 



Diener , Urban L, 
Botany & Microbiology Dept. 
Auburn Uni versity 
Auburn, Ala. 36830 

Dollear, Frank G, 
Route 02 Box 204 
Pearl River, La. 70452 

Duke , George B. 
Agricultural Engineer 
USDA, ARS 
Tidewater Research & 
Continuing Education Center 
Holland, Va, 23391 

Dunning, R.D. 
Product Manager 
Best Foods 
Division of CPC International 
International Plaza 
Englewood Cliffs, N,J, 07632 

Dupuy, Harold P. 
Southern Regional Research Lab. 
1100 Robert E. Lee Blvd. 
New Orleans, La. 70119 

Ed..iards , II. C. 
H.T . McGill Inc. 
P.O. Box 517 
Brookshire, Texas 44234 

Emery , Donald A. 
Crop Science Dept. 
N.C. State University 
Raleigh, N.C. 27607 

Fennell, John J. 
1620 Post Oak Tower 
Houston, Texas 77027 

Fol and , Edward 
DuPont 
3355 Lenox Road 
Atlanta, Ga. 30326 

Foraker, Rhea 
Sandy Land Research Station 
Mangum, Okla. 73554 

Fore , Sara Pauline 
Southern Regional Research Laboratory 
P. O. Box 19687 
New Orleans, La. 70179 

Forrest, J .L. 
4505 McEwen Road 
Dallas, Texas 75234 

Forrester, Glenn 
Route f/2 
Columbia, Ala. 36319 

Fox, Sidney W, 
Uniroyal Chemical 
Division of Uniroyal , Inc. 
Rou t e /1 3 
Donalsonville, Ga . 31745 

French, John C. 
Extension Entomologist 
P.O. Box 1209 
Tifton, Ga, 31794 

Fugate, Woodroe 
P .O. Box 114 
Williston, Fla. 32696 

FUlenwider, Bruce 
Research Products Co. 
P.O. Boie 1057 
Salina, Kansas 67401 

Garren, Kenneth R. 
USDA , ARS 
Tidewater Research Station 
Holland, Va, 23391 

Gibbons, R.W. 
Agric, Research Council of Malawi 
Grain Legume Res . Laboratory 
P.O. Box 215, Chitedze Res. Station 
Lilongwe 
Malawi 

Goldblatt, Leo 
Southern Regional Research Lab . 
P .O. Box 19687 
New Orleans, La. 701 19 

Gorbet, Daniel W. 
Agric, Research Center 
P.O. Boie 878 
Marianna, Fla. 32446 

Gray, Jam.es S. 
Lance, Inc. 
Charlotte, N. C. 28201 

Greer, Howard 
Extension Weed Control Specialist 
Oklahoma State University 
Stillwater, Okla. 74074 
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Griffin, William J. Jr. 
P.O. Box 87 
Hertford, N.C. 27944 

Hallock, Daniel 
Tidewater Research & 
Continuing Education Center 
Holland, Va. 23391 

Hallllllerton, John L. 
Faculty of Agriculture 
Univ. of the West Indies 
P.O. Box 113 
Kingston 7, Jamaica 

Hammons, R.O. 
ARS, USDA 
P.O. Box 748 
Tifton, Ca. 31794 

Hannemann, Ernst 
P.O. Box 45 
Quality Peanut Co. 
Fredericksburg, Texas 78624 

Harrell, B.H. 
County Extension Chairman 
Northh8!11pton County 
Jackson, N.C. 27845 

Harris, Henry c. 
Universidade Federal de Santa Maria 
97 .100 - Santa Maria/R.G. s. 
Caixa Pastal 272, Brasil 

Harrison, A.L. 
Texas A&M University 
Plant Disease Research Station 
Route 03 Box 307 
Yoakt.UD, Texas 77995 

Hartzog, Dallas L, 
Research Associate 
Agronomy and Soils Dept. 
Wiregrass Substation 
Headland, Ala, 36345 

Haskins, Hatcher J. 
DeLeon Peanut Company 
DeLeon, Texas 76444 

Hays, Al T. 
U.S. Gypsum Co. 
Box 50073 
Atlanta, Ga. 30302 
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Hauser, Ellis W. 
Coastal Plain Experiment Station 
Tifton, Ga. 31794 

Heinis, Julius L, 
Professor of Bacteriology 
Florida A&M University 
Box 270 
Tallahassee, Fla. 32307 

Henning, Ron 
Route /13 
Belmont Road 
Athens, Ga. 30601 

Higgins, Dan 
546 Godfrey Lane 
Auburn, Ala. 36830 

Hodges, Larry L. 
920 Colony Avenue 
Ahoskie, N.c. 27910 

Hoelscher, Clifford E, 
Area Entomologist 
Box 1177 
Texas A&M Unitersity 
Agric, Extension Service 
Stephenville, Texas 74601 

Holaday, Charles E. 
Peanut Quality Investigations 
FCAP, MQRD, ARS, USDA 
Forrester Drive, Dex 637 
Dawson, Ga. 31742 

Holloway, Oris E. Jr. 
2323 Meadow Brook Lane 
Albany, Ga. 31700 

Horne, Wendell 
Extension Plant Pathologist 
Texas Agricultural Extension Serv. 
College Station, Texas 77843 

Hsi, David C.H. 
P"Cofessor 
New Mexico State University 
College of Agriculture 
Star Route 
Clovis, N.M. 88101 

Hutchison, Reed 
National Peanut Research Lab. 
P.O. Box 110 
Dawson, Ga, 31742 



Inglett, William A, 
P.O. Box 248 
Colquitt, Ga. 31737 

Jacks, Thomas 
USDA 
P.O. Box 19687 
New Orleans, La. 70179 

Jackson, C.R. 
Director 
Georgia Station 
Experiment, Ca. 30212 

Jackson, J,O. 
Texas Peanut Producers Board 
Route U3 
Corman, Texas 76454 

Jackson, Paul. W. 
119 W. Travis 
Dublin, Texas 76446 

Jenkins, George 
Peanut Purchasing & Selling 
Tom's Foods, Ltd. 
P.O. Box 60 
Columbus, Ga. 31902 
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P.O. Box 246 
Dinwiddie, Va. 23841 
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Tarleton State College 
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N.C. State Univernity 
Dept. of Food Science 
Raleigh, N,C. 27607 

Johnson, Dean Jr. 
P.O. Box 126 
Bronxville, N.Y. 10708 

Johnson, G.R. 
CPC International, Inc. 
International Plaza 
Englewood Cliffs, N.J. 07632 

Johnson, W. Hal 
The Progressive Farmer 
3803 Computer Drive 
Raleigh, N.C. 27609 
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Texas A&H University 
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NOR-AM Agricultural Products, Inc. 
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College Station, Texas 77843 
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Albany, Ga. 31701 
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Oklahoma State University 
Stillwater, Okla. 74074 
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USDA, ARS MQRD, PQI 
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Dawson, Ga. 31742 
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Best Foods Div. of CPC International 
5725 Highway No. 7 
Minneapolis, Minn. 55416 
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Route Ill 
Suffolk, Va. 23434 
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210 Coldstrea~ Ave. 
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Merritt Island, Fla. 32952 
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Derby foods, Inc. 
3327 W. 48th Place 
Chicago, Ill. 60632 
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