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BUILDING THE MAHKET FOR PEANUTS

by
Laurel . Meade, Acting Gensral Sales Manager,
Export Marketing Bervice, U, 8. Department of Agriculture

45 an Indiana farmer and seedsman, corn and soybeans were the most im-
portant crops to me. FPeanuts were guod o eat but rather far from a basic
commodity in my wiew. The pearmt progrem, from what I hesrd about it, prob-
ably was not too zound.

During the paet nine months I have become acquainted with many of the
Iine people in this industry, I now feel I understand the importance of
pearmts and the peanut program.

Feanuts, in the major producing aress of that commodity, are mors im-
portant than corn and soybeans. There is no question they are more profit-
able for the Tarmer than other adapted commodities., They are the major
gource of farm income which underlies the economy of those commmities.

43 scientiste, your pleasure and satisfaction come from discovery and
accomplisment 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 snd martketing are more efficient now than in past years.
fuality is better. Famm income i higher. Larger quantities are available
to i1l growlng consumer demand for a cost related to a farm price down [rom
00 to 75 percent of parity; and to lower kernel costs coming out of the high-
er kernel content of the unshelled peamits delivered by producers., In total
these items reflect a cost reduction, relatively, of 20 to 25 percent for
COonSumeTs.

I hope your contributions toward more efficient preduction and market-
ing of peanuts will be continued and enlarged in the fubture. Lot us hops,
alzo, that growth in demand can keep pace with that of production -- and not
lag as it has for the past ten years,

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

My emphaeis will be mainly on the other subjects. Let me comment
first on the other points.

Firat, the supply-demand situation - the peanut program is designed
to maintain an adequate and stable supply for the deomeatic [vod market in
thig country. Frice supports are related to the use and value of peanuts
for food in this country. Tho law [ixes & minimum acreage allotment and a
minimum price support level. In large part because of your fine work, pro-
duction on this minimum allotment has been moving up much faster than the
food use of peamits, A8 a comnsequence, there is a substantial surplus of
peanuts which are gold for crushing and export at prices related to the
world market value of peanute crushing for oil and mesl. This vaiune is
legs than one-half of our support price.



In 1960-61, food use of peanuts in this country was 849 million
pounds, shelled bapis. Im 1970-71 it was 1,155 million pounds - an increase
of 36 percent. The average annual increase was about 3,1 percent.

bt the same +ime CCC diversion for crushing and export rose [rom
165,000 tons to around 580,000 tons - an increase of 250 percent; and CCC
program cost rose from $19 million to over $80 million - an increase of
about 400 percent.

The peam:t program maintains prices well above levels that would pre-
vail without a program. It makes peanuts substantially more profitable than
altermativo crops and enterpriges - at a subatantial and rising cost to the
T. 8. Treasury.

The florunner variety has, &8 I have alreedy indicated, contributed
to more ellicient production of peanuts. The Farmer gete a larger return
frum the higher yield per acre. The consumer gets shelled peamuts for a
somewhat lower price because of the higher kemel content of the fFarmer-
stock pearnuts, Thus far the variety seems to be meeting with reaaonably
good acceptance with mamufacturers in this country and in foreign countriea.

There iz some uneasineses and uncertainty asbout the impact 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 may do so in other areas in the future. Obviously the higher yield adds
to the surplus above domestic foed requirements,

The pricing basis for peanuts (i.e., differentiala) have been a source
of controversy and conflict among shellers in the threc producing areas for
Many years.

During most of the 1950's, prices received by lammers for the differ—
ent types of peanuts were uged as a bagis lfor establighing dallar per ton
gupport prices. These prices were then "broken down" and applied to the
grade information to determine the loan value ol each lot of peanuts de-
livered by the farmer.

With the chronic surplus it became evident that the historical method
of pricing or establishing differentials resulted in the reading back and
continuation of previously established support price relationshipsz, There
were no free market prleces above support levels to indicate values. For
thig resson the differentials were shiltod gradually to what is now woniform
kernel pricing.

Ezssentially this means that uniform priccs are applied to sound mature
kermels, other kernels, and looge shelled kermels Ffor all of the different
types of peamuts. The only cxeception is the preminm for the large Virpginia
kernel type and the related price for the ¥alencia type.

Theoretically this system cannot be defended ag perfect or completely
gound. It is obvious, bowever, that historical prices would not refleoct
market value relatiomships. It is essential, therefors, that some method
or system be adopted and uged. I am not a poanut expert and do nct under-
gtand all the ins end outs of the differontial arguments. I hope that the
industry can satisfactorily repolve questionz relating to the pricing
method,



I do not intond that my commente about the peanut program be critieal.
There iz need for a farm program. Farm income should be higher than it is.
Wonetheless, along with growers and other members of this industry, 1 am
concerned sbout the ineressing disparity betweon production and food use of
peanute.

The belance of my comments will relate mainly to "other subjecte".

Don Paarlberg, Director of Agricultural Eeconomies in USDA, talked
about [arm policy at the recent Southeastern Shellers Convention. I brought
copies of his talk. What he say= about famm policy should be of intersst to
you., It strengthens my feeling that this indnstry shouid greatly increase
ites effort to expand the size of the market lor peanuts. Froduction then
ghould be geared to market demend - both domestic and export.

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

I'm sure every producer and every other member of the peanut industry
would like to see the domestic Tood market {for peamts cnlarged by 25 per-
cent this year - and by 100 percent in the next five years. I don't know
anyone who thinks this really can be done.

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

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

When peamita are crushed here or in other countries they move intoc a
huge, complex market, The oil from our entire crop of around 1,5 millicn
tonz would amount to little more then one percent ol world production of
Tata and oils and less than five perecent of world exports. This huge
markot will abgorb 211 the pearmits we offer for crushing. The price or
value of the peanuts in that market will be low. PRupplies of fats and
pils available from gources other than U, 8. peanuts will determine the
price level.

When U. 5. pearmtzs are exported for Lood usc they have a somewhat
higher valuoe than that for crushing. But in most of the world, except for
Canada, peanuts are not consumed for food as they are in the U. 5.! Total
food use is gmall, The U, 5. share of the world food market lor peanuts,
except for Canada, has been small. The value of U. 8. pesnuts in that
market has been determined largely by the prevailing world prices for pea-
mmts - less than half the U. 8. support price.

The world other than the U. 8. preoducez over 15 million tons of
peanuts. Yet, if food use in other countrics cgualled that In the U. S.
it would absorb most of the production ~ probably at a significantly higher
value.

The potential for expansion of the food market for peanmits in other
countries appears to be large., The expansicn will involve changes in food
habits -~ and this will be glow, Other countries will compete - and U, 8.

pearmitas will capture only a part of the larger market.



The task will not be easy but I think this industry should unite in a
atrong effort to expand the food market for peanuts in other countries. The
Department has indicated its willingness to support this effort.

The waye end means — the funds - to accomplish the Jjob may be a
smaller problem than the building of a team and development of = game plan.

Peannt growerg in the six mejor preducing states now have Funds and
programs - authorized by state laws — directved primarily toward merket pro-
motion and research. The totzl sum of money is not large relative to the
job to be donme, IFf used effectively, howewsr, i1t should help to build a
larger martket,

The building of the export food matket will depend in part upon the
quantity of peammts available to supply that market. For the next few
years the quantity available above domestic [ood requirements probebly will
be adequate to [Ill the demand. If the export market grows and more are
needed, farmers can produce them. I'm aware that it may be difficult to
reach agreement on prices and program terms relating to such production.
However, growers and other members of the industry in cooperation with
Government should be able to find a way to croes this bridge when they come
to i+,

The entire peanut industry can benefit from expansion and growth of
the food market (or pearmta. The best market ig here in the T. 3. Every
one interested in peanuts should support elforts to expand it, Some
ghellers, brokers or mamufacturerse may not be interssted directly in ths
forsign market; but they showld lend encouragement to others who work to
dovelop it.

I am doeply interested in prometion and market development by the
peanut indugtry. A4s a soybean grower, & long-time Director of the American
Soybean Association and President of that organization I have supported and
engaged actively in market promotion and development, I have a good idea
of what the task is. In 1940, some lj, 807,000 acres of soybeans were har-
vegted in the U. 8. The farm value waa about $70 willion, Ixporta worc
2mall,

Soybean oll was considercd vastly inferior to cottonseed o0il and un-
desirable a= a salad oil, Now it is the major 0il used in margarine and
holds a larger share of the U. 8. salad oil market than cottonseed oil,

In 1971 lammers harvested L2.4 million acres of soybeans having a
farm value of almost §3.5 billion - 50 times the $70 million in 1940. A
little over half of the U, B, soybean crop now is oxportcd as beans, oil,
and meal. Export value in 1971 was glmost 2 billion,

The growth of the export market for =oybeans, oil and meal is a direct
regult, iIn part, of industry - USDA martket development activities. Trade
teems and miseions, overseas offices, technical assistance on procesaing,
refining of oil, meal utilization indicate the nature and extent of the
effort. GQrowers, prmcessors and mannfacturers have helped get the job
done, The goybean people are contimuing to work hard on market develop-
ment.



Thiz leads me to say, that firet, there is urgent need for greater
effort on market promotion and development on peaxrmts if the industry erowth
rate ig to be incressed; and, second, that industry wide participation in
the development and in the execution of plans 1g needed if the effort iz to
guccaead.

Let me say thie another way. There ig a major game to be played. 4
strong team is needed., A gesme plan is necded. Xach member of the fteam must
play his position willingly and well if the team is to win.

Growers constitubte the largest segment of the peanut induetry, They
have gome funds that now are uged for promotion and development activities.
They have not yet come fogether to form a team, to develop & game plan and
to play the game of market promotion and development as a team. I hope they
will do so and that they will be joined by shellers and manufacturers,

1t i vital that manufacturers be on the team. They have lmowledge
of marketing that may be translated to commodity promotion. Such promotion
cannot replace commercial brand name advertising and it should be planned
to aveid any such conflict,

In both domestic and export markets manufacturers may be able to con-
tribute to the effective execution of planms. They have trade contacts and
relationships which they may be able to touch and activate advantagecusly
without undue burden upon themselves,

In foreign markets they may have business interests which can profit
from organized market development activities by the U. 8. industry. They
likely will be the key in the production and marketing of kmown and of new
peatut products in foreign countries,

I have developed a strong friendly interest in this industry over the
ghort span of nine months. I hope and believe its wmembers can construct
and effectively implement a sound plan for market promotion and develomment.

This can lead to progress for the indneptry, and to production for a
growing market rather than to restriction and shrinksge of production,

Finally, mecmbers of this organization do not have direct responsi-
bility for promoting and building congumption of peamits. Yet, my deep
regpect and appreciation for your ingermity and ahility causes me to be-
lieve you can contribute much to that end. May I ask you to join the team?



FEANUT EXPORTS AND THEIR FUTURE
by
John Dehne

C & § Internatiunal Ltd., Toronto, Ontario

We just completed the 1971 c¢rop of 1.5 million tong, of which almost 500,000 tong
were B0ld through Commodity Credit Corporation, and if normsl weather conditions
continue during the next few weeks, the 1972 crop will be even greater. It is not
unreasonable to azgume that within the next few years our peanut production will be
near two million tons,

It is thersfore no coinecidence that your Progrem Chalrman hag invited exporters to
speak to yon during two successive annual meetings. The research and education
carried out by your organization hag to a large extent made it possible for the
farmers to produce these crops.

Some segments of the peenut industry aro concerned ag to whether increased crop
yields are actually needed, or whether thess peanuts will hawe to be crushed inte
0il, thereby adding more stocks to the American vegetable oil market, which ie
alresdy over supplied.

I pan assure you, Gentlemen, that we in the export trade can use every peanut whicn
your intense research helps to produce. After India and China, the United States is
the worldfs third largest pearmt producer, but you are already the world's largest
exporter of edible peanute. Out nexi goal ie for the exports to egual domestic con-
sumption, because a two milliocn tom cpop Tequires us to export 750,000 tons shelled
peanute in the form of e¢diblea, crushing stock, or ¢0il and meal.

Larger crops mean increased direct cost of the poanut progrsm, and any di=cupsions
must take this fact into consideration. Exports will help to reduce this cozt but
the price differential between American peanuts and world markets is too great to
cloge the gap. Export prices for edible peanutg hsve risen considerably over the
lagt few years, but so has the support price.

The peanet support program wae enacted by the Congresg, and therefore repregents the
wishes of many Americans. Not being a eitizen of this country, it is not for me fo
comment on the policy of your Govermment, but to condnet my business dealings withiz
thig policy.

Within that reference I want to take s few minutes to reply to the critics of the
peanut support progrem. Many other agriculfural commedities enjoy government suppor
in one form or another, but we seldom hear the cost being questioned.

Take for example that other great ¢ilseed crop, soyabeans, and the praise given to
those who promoted export sales. The fact is that during the 1970/71 seagon the
States exported about 870,000 tons of soyabean oil, but at least 75%, or abont
650,000 tons, were given away under A,T.D. funds, or Public Law |80, The value for
650,000 tonz soyshean oil is approximately 160 million dollars.

Take graine, cottonseed oil, tallow and lard, to mention a few commodities, but in-
volving very large exports under similer programs. To be sure, the Depariment of
Agriculture receivep credita frum other Government Departments for these cxporis,
which in the mysterious wayz of Government bookkeeping (American or others) make
these give-away sales look like commercially sound transactions.

Havs any of you heard guestions being asked about the spiralling cost of the soyabes
Program?



I refuse to accept thal our peanut program is the bad epple in Agriculture's very
big basket. To the contrary, we in the peanut indunptry can be proud of the fact
that every ton of peanuls, peanut oil or peanut meal ig exported for cash. About
60 million dollars is my eatimate of 1971 crop export revermes. It is true that
export prices are lower than domestic edibles, tut I want to reassure you all,
pspecially our Washington friends, that the prices paid to ¢.2.C. rellect world
markets.

There is another even more import aspect to the peanut program of which the eritics
mist be made aware.

During the laest 2 years we have seen a considerable expansion in the pearmt shelling
and erushing capacity. AL this very moment more new plants aro under construction
and existing mills are increasing their capacity and up-grading their equipment,

The transport industry is edding fleets of trucks, while the railroads are uwaing
more box cars and hoppers to transport the larmerstock to the mille and ship the
ghelled peanuts to Canada and the ocean portz2. The allied industries, and espec-
iglly peermt equipment marmufacturers, are enjoying a boom in sales and services.

This expansion i= not primarily being undertaken for the domegtic peanut market,
which zees 1ittle prospect for sizeable incresees in consumption and for which we
already have an excess shelling capacity. It is also [air to say that the industry
would not be expanding at ite current rate if the increased crop production had to
be diverted [or crushing only.

The fact is, Gentlemen, that the foreign buyers cash payments will pay lor this
tremendous expanzion in our industry in all peanut producing areas.

I suggest we stop talking sbout a peanut surplus with the implicaticn of charity
from Washington, If we compare the actual coat of C,C.C. of the peanut program with
the overall benefit to the economy ss a whole, I feel that all of us can =till ocur
critics and show that we have a viable and dynamic industry which benefits svery
community in which we operate.

From the 1971 crop the C.0.C. very successfully mold a record 81,000 tone Tarmer—
stock and almost 50,000 tons of shelled bagged peanuts [or export. Despite this
largs supply we 9aw the peanut oil market ranging from 17 - 19¢, while soyacil and
cottonzeed 0il hed marketing problems in the 12¢ range, a pesrut meal market of
$90.00 per ton, and export prices fur edible peanuts at much higher levels than moat
of us exporters had anticipated in the beginming of the scasgon.

The 1971 crop year was the first geason Tor Florunnerzs. This time last year foreign
buyere did not even kmow what thisz peanut locked like, let slone how thelr conpumers
would aceept it,

I have just returned from a Buropean trip end can report to you that Burcpean
roaaters are enthusiastic about the Florunners. With the 1972 crop, the Florunners
will be the FNo. 1 sdible peanut in Eurcpe, largely replacing African, Indian and
Chinege origing. The same holde true for Camada. On the other hand Japan, because
of import licenge epecificationa, is not expected to be a major buyer of Flurumners.
They prefer Virginias and Spanish.

It was also the first year for exports of shelled, fragmwented peanuts in bulk, to
European 0il erushera. My customers had but cne compleint, they could neot file
claims. We had the peanunts at the docks when the ships arrived to load and wo
shipped the quality we said we would pupply. They will be back for larger guantities
next year.



The third new venture was exports of fermerstock, which contribute nothing to our
industry and were opposed by almost every member who has a stake in seeing & viable
shelling and erueshing industry.

Therefore, I was pleased to learn that oilmillers hawe indicated a strong perference
for the eshelled and fragmented peamite, and thus at this time we do not anticipate a
repetition, in volume at least, of this form of peamit exports.

Feamul oil exports heve zleo increasded, but slowed towards the end of the crop
g2ca9%0n when American prices exceeded other origing by almost two cents psr pound.
Thege high oil prices during & record crop production are the best evidernce of a
succegslul export season.

In my cpinicn, 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 geparate marksts.

A domestic market adjusted to the support price but with captive buyers who have a
choice between American Spanish, American Hunners and American Yirginias, for an
approximate total of one million tone famerstock,

in export market with the potential to shsorb another one million tons of fammerstoc
provided sach of us, in our respective field, give ocur best effort to produce the
beet quality pearmts at compebitlive prices,

Cur three principle export markets, Canada, Japan and Europe, now import each year
sbout 450,000 tons of edible peanuts, and the steady annuel consnption increase
will goon raise these imports to 500,000 tons.

To be more specific, Canada imports 55,000 tone edible pearmts. 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-
egbic peanubt produoction, which, due to risging land values, i declining, and will
lead to increased importz of edible peanuts. Volume sales to Japan started three
years ago with shipments of 8,000 tons shelled Virginia=, and these purchases were
repeated each season, The Japanese also buy each season sbout 12,000 tons of
Virginia type from China.

From the 1970 and 1971 erop Japan started buying American Spanish against their an-
nual imports of 41,000 tong Small Kernels. If our Spanish export prices were more
competitive, Japan would purchase 20,000 tons or more of this variety.

The Japanese Heelth Anthority introduced an aflatoxin control program last year but
the sampling and analysis method are still sufTiciently flexible to permit imports
from origins already benned by Canadian and Burcpean marmfacturers.

Furope, including the United Kingdom, with imports over 330,000 tons shelled edible
peamuts, offers the greatest potential for export expansion from our current ship-
mente of arcound 50,000 tons.

While the States and Canada use over 50% of the shelled pearmts for psamut butter,
Japanese and Buropean consumption is almost entirely confined to salted nnts and
confectionary. 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 guantity of peanut butter, while the
Dutch are strong consumers and have several local manufacturers, some of whom pro-
duce an execellent quality of peanut butter.



But the rest of Eurcope hap not acquired the taste for this gonod food and I suggest
thet for any future peemit promotion programs it might be worthwhile to explore
peanut butter producticn in Germany and ths Scandinavian countries, If more
Furopeans oan be £0ld on peanut butier we would see a dramatic inerease in peanut
exporta.

To gain e larger share of these markets I cannot emphasize enough that the foreign
mamafacturer can buy worldwlde and does not have to depend on ghippers who look on
exports as a place to unload their inferior production. Too many times we hear the
comment that our peamnts are accepitable to the American menmufacturer and consumer and
therefore good enmough for foreign buyers. This stabtement may be partially true when
gpeaking of flavour and soundness of kemmels, but certeinly it is not true for grade
and cleanliness because too meny shipments reach overseas degtinations only to be
rejected by The mamufacturers, as happened again during this current seasom.

Many other exporting countries take greet care in shipping peanuts free from foreign
material, and alsc take better care in sizing the peanuts to the internaticnal.
gtandarde. 4 U.8., Fo. 1 grade certilicate certifies the variety, crop year and min-
imum gpereen sige, but not the grading requirTements of overseas manufacturers.

Each seagon pressure is applied on C.G.C. to lower the export grade specifications
in line with domestic grades, and to permit the export of splits, or as we understand,
some mills even snggest unrestricted export of No. 2 peanuts,

We mist give credit to our friemds from the C.C.C. that they have resisted these
pregsures beceuse Twthing could be more harmful to peanut exports than to lower our
exigting minimum ptandards, which if anything shonld be tightened to prevent poor
quality parcels from reaching the export markets. However, we cen live with the pro-
gram as it is todsy becawnse the foreign menufacturers will mot hesitate to ban
shippers whe do not meet the required standards.

We have two other problems on which we need your help, The first ie locose gkins,
and as fer as I know, this can be largoly overcome if more care and supervision is
applied during mechanieal drying.

The other problem, of course, ias aflatoxin,

The foreign buyer [inds it difficult to understand a shipment being officially
certified a8 negative when tolerances of 25 parts per billion are allowed. While
our stendards are besed on a tolerence cambining the L aflatoxinz, the Eurcpeans a=
well a= the Japanese concern themselves only with aflatoxin B1 with a tolerance af
only 5 parts per billion,

I am not qualified to ergue the dilference in approach between the || aflatoxins or
only B1, I am merely pointing out to you what is needed to meet the govermment reg-
ulations of foreign countries. On the other hand, the work done on our existing
aflatoxin regulationg and the certification of each lot haz been largely Tozponsible
for the increased acceptence of American peanuts on world markets.

However, that second million tons of lfarmerstock produces not only L00,000 tons of
edible pearuts but elsc 350,000 tone of oilstock residue which must be exported as
crushing stock cor oil and mesl.

43 recent as 1968 Furope imported over one million tons of shelled peamuts for
crushing. Unfortunately, high pricer compared to other oilsseds have reduced peanut
crushing to lesg than 500,000 tous, while imports of peanut oil are now only about
300,000 toms, compared with [50,000 fons imported by Britein and Western Burope
during 1968.



It is essential that we capture this Furcpean market for our oilstock residue in
order to maintain a stable and steady cutlet for our total peamut prodnction,
Fortunately, the Flotunner is also an excellent raw material for the production of
031l and meal end if competitively priced, we have nc problems competing wilth othsr
origina,

I am pure none of us favour an artifieial reduction in the pesrut crop, which will
happen 1f we cannot expand the sales outlets. I hope I have been able to comvince
you that the market already existe and speaking for our own group, I assure you that
we will sell them American peanuts, peanut oll and meal, sc that every crop 1s sold
before we ztart 2 new season,
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OBSERVATIONS OF A PRACTICAL PLAHUT BRELDER

W, A, Garver, Agronomist, 1925-64
Florida Apricultural Experiment Station
Gainesville, Florida
Consultant, peanut breedinyg, Gold kist Iae,

Atlanta, Georgla, 1364—

Statements listed below are based on working principles of the author, Some are
self-evident, others may nced experimental proofl of thelr wirtue or fault. These
are warked as """,

(1) Seed and Pod
Large seed size 13 generally asgsociated with Ligher vield of peanuts per acre,

Seed that lose their skins eagily {(known as blanclied or bald lLeads) are usually
very smooth surfaced and have thin skins, These characters should be selecked
out and such lines discarded. Less blanching occurs on seed with sliplt surface
grooves and thicker skins.®

When utility in processing will allow, a larper than usual runner-type soed
should be bred for the southeast area.

Uniformity 1o pod and scod size and shape should he carefully selected.

Pod size and sbape, alsoc seed sige and shape and color should comform to the
peanut type usually handled Ly shellers in your area, and should he of bvpe do-
gired by peanut processors aml the trade.

The pod should be cylindrical and strait, with slight waist betLwoeon scods, and
tough hulled-resistant te breakape in roupgh handling. The pod's beak should be
short amd strong.

Small waisc pods and leng slender pods break eagilly In handling, allowinp insects
and disease to reach the seed, and also results in excess of loosc shollod ker-
nels. Pegs of long slender pods break off easily at junction with pad.

In runners, the ratio of seed width to seed length should conform to that of
standard varieties. The so~called shoe peg shaped sced and roundish er marble
shaped seed should be avoided,

The peg should be of gowd size, not deteriorale easily and should hold tightly to
the pod and branch.

A slightly dircy (fuzzy) appearance of Lull at dipging is desirable, Dirty hull
appears tq be associated with high yield of peanuts per plant.#

White mold damaged seed results from disease of plant stems, spreading to peanut
hulls, and next to geed - while still in the soil,

Breeding lines that have sesd damage concealed under their skins must all be dis-
carded on sisht,

Split-skin is an undesirable character of seed, that occurs ir lhybrid lines. It
appears to be recessive in inheritance and can be eliminated by selection plant
rows that do not show split skins.

Split pod seen mostly in small-seeded lines is undesirable because seed are ex—
poged to water and te disease In the s0il, and to disease and insect damage 1in
curing and storage, This appears to be an inherited character and can be elim-
inated by selecting plant rows that are free of it.



There is a pod defect in which the hull is of soft tissue, becomes water soaked
before harvest, disintegrates, and becomes diseased along with Its seed. The
peg on these same plants shows the same defect. Teanut lines showing this defect
must be discarded in spite of their other good characters,

The shelf-life of seed and seed products, or the time span between harvest and
seed rancidicy should be noted for all faveratle lines that have hiph producing
capagity. Long shelf-life shows an analysis, a lower iodine number and lower
linsleic acid percentape.

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

(2) Flant Growth and Fruiting Habit

A line of superior ylelding capacity should produce a good fleld stand of vigor-
ous fast prowing plants and maintain a pood stand of healthy plants up to harvest
time.

The plant branching hahit that produces the highest yield of peanuts is the so-
called Virginia (or runner) type in which the side limbs bear vepetative and
fruiting branclhes in pairs alternately, or in other words rtwe nodes bear vegeta-
tive branches and two nodes bear fruiting branches along the side limbs. o
flowers are borne on the terminal or center branch.

Selection fer sherter internodes should be a profitable obhjective. An easential
character for high yield per plant is a prolific pegging habit - in which fruit-
ing points carry three or more pegs for several joints away from the central
branch,

Advantages of prolific pegging are: (1) the crop of peanuts are set over a shert
period, (2} earliness in maturity of crop, (3) less loss of peanut pods in the
soll at harvest - because the time lapse between first and last set pod 1s short,
and (4) a bigh yield of peanuts.

The ideal plant habit is a spreading bumch or semirunner which holds branch ends
above the soil.

The terminal or centtal branch of Virginia {or runner) type plants usually carry
several shorter limbs above the crop-bearinp omes. The top limbs make a good
zround cover and retard loss of moisture frow the =oil,

branches should be small in diameter and non-woody. FExtra large woody limbs make
a heavy plant which iz usually associated with a low yleld of peanuts.

liowever, strong plant limbs, and some naturc of branching which would hold most
peanut pods above the soll, when in the windrow, should improve seed quality.

The nonprolific plant or ome that averages little over one peg per node produces
relatively low yields of peanuts but large ylelds of hay. It does not respond in
peanut yield to high fertility aud pood culture.

Lower yields per plant and usually per acre are produced by plants having the
Spanish or Valencia branching habit -~ in which side branches send out fruiting
branchas largely — or few vegetative branches, Flants of the Spanish-Valencia
branching habit bear flowers, pegs, and pods on their terminal branch,

(3) Crosses and Selection Methods

Crosses hetween productive unrelated varieties or lines having widely different
characters have given best results,

When intercrvossing hybrid strains for the purpose of combining the good charac-
ters of each, let the lines be unrelated - to the best of your knowledge. Un-—
related parecncs Lhiave a betier chaonce of producing wipor and higl yield. Excep-
tlons arc known.

12



First generation plants from wide crosses can be detected by their plant charac-
ters. They are vigorous, wide spreading with long branch internodes, and make
thin ground cover. If parents are somewhat similar, their hybrid plants will
show souwe characters conlng from each parent.

Jome peanut strains have a very high potency in transmitting high yvield to their
descendants. Frequent wge of any one such line as a parent should he avoided.
gweruse could result in wide area plantings of ane blood lipe and lead to area
failure from a common disease.

Recessive characters, as dwar{ and albino plants, show up in the second genera-
tion of wide crosses,

Varlegated leaf plants, a form of maternal inherdtanece, can be eliminated by
pulling up such plants before harvest,

White mold discase of plants is inherited to seme depree, Selcction can he rade
to Teduce its incidence.

llesistance to scod disease damage, vwisible and conceasleod, iz inherited and can he
isolated by selection. llybrids between Spanish and Virginia juwmbo runner types
make good material from which to select, Always select the hiphest wielding line
having the least seed damage - when grown in the field in cewpetition with a
standard variety of high yield and high seed quality.

Only sinple plant selections are made In the second generation plant rows, hulk
harvest of plant rows in later years — usually starting in the third generation,
when plant and seed characters are fairly uniform, are desirable and produckion
is high.

kulk seed harvest from supericar plant rows are grown in preliminary porlermance
tests <ucre they are compared to standard varietics In yield and other cliaracters.

Many second generation plant rows cau be judged by sipght te Le inferieor in planr,
pod, or sced characters. GSucll are discarded without furcher planting, an cntire
cross in the third or fourth generations.

The breeader should walk over his Field weekly, carcfully ohserving eaclh line as
it develops from seedling to matute plant, taking notes en variaontsz from the
average in important factors such as rate of zeedlinp euverpgence, field srand of
planks, rate of growth, plant brapching habit, nuwber of brancles, length ol
interunodes, length of branches, time of flowering, fruiciog habit, nunber of peps
per node, talerance to drought, and reslstance to discase.

Phen paking cowparisons of different peanut materials in the [ield er In the seed
roow, it is well that the plant breeder observe and atudy the claracters of cach
row or seed sample until he can carry a picture of them in hls eye.

The usual heavy discarding of old lines calls for new crosscs ycarly and a con-
stant supply of new hybrid materials.

The peanut breeder must Lave ne werey in discardiog, but let his judgment he
based on knowledge.

Charles Darwin wrote as follows: ‘ot one wnan in a thousand has accuracy of eye
and judgment sufficlent to becomc an eminent breeder. If pgifted wicii these
qualitics and lie studies his subject for years, and devotes his lifetinme to it
with indemitable perseverance, be will succoecd, and may make great improvoments;
if he wants any of these qualities, he will assuredly fail". (See the Origin of
Specles by Charles Darwin, Chaprer 1, sublieading—Principles of Selectiom
Anciently Followed, and Their Effects.)
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POTENTIAL SCOURCES OF RESISTANCE TC POD BREAKDOWN IN PEANUTS
by
F. H. van Schaik, K. H. Garren, and D. M. Porter
Southern Region, Agricultural 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 breakdewn. Although
considerable variation cccurred from year to year, variatal rankings were
quite consistent. Five cultivars, all having Spanish types in their
prdigrees, exhibited low pod breakdown each year. They were 'Florunner’',
'Early Runner', 'Florigiant', 'NC 2', and 'NC 17', NC Acc 344, an
advanced breeding line from the North Carolina Experiment Station program,
also showed good resistance. Susceptible cultivars included 'Va. Bunch
46-2", 'Wa. 56R', 'Va. HIR', "Va. 72R', 'Va. Bunch 67', 'NC 3', and

'Ga. 119-20",

Of 39 breeding lines and plant introductions tested fer two years six
ranked among the 1% with lowest pod breakdown each year.

These results suggest that genetic sources of resistance to both organisms
causing pod breakdown in peanuts are avallable.

INTRODUCTION

Pod breakdewn, a rotting of fruits on otherwise healthy-appearing pranut
{Arachis hypogaea L.} plants is caused primarily by two organicms,

Pythium myrictylum Drechs. {1) and Rhizoctonia solani Kuechn {3). It is an
increasingly severe problem in peanut preducing areas. In Virginia and
North Carolina it is considered to be one of the most important factors
limiting production.

Overall, long term pranut c¢rop losses in the Virginia-Carolina ar~a duer to
pod breakdown are estimated fto be abeout 15 to 20 percent. Conditions have
been observed where ped breakdown in individual fi~lds was so severc that
harvest of thv crop was not considered worthwhijle.

The rot symptoms caused by these two primary organisms usually cannot be
distinguished wisually, Identification of ths sp=cific causal organism
requires making isolations from infectrd pods. The situation is further
complicated by Sclerotium relfsii Sacc., Fusarium spp. and other soil
borne fungi though the pod-rot phase of some of these organisms almost
always is preceded by above ground symptoms (2, 9}. The Ca, Mg, and K
cations from sulfates also influence the amount of pod breakdown (4]).
Other unpublished data indicate that various cnvironmental factors and
cultural practices such as temperature, humidity, rainfall, soil typre,
organic matter (both total content in the spil and type), and fertility
status may affect the amount of pod breakdown occurring.

& wvarietal screening program was started at the [ideawater Research
Station in Holland, Virginia in 1969 to determine if differences in
resistance to pod breakdown exist in peanut germplasm.

Screcning for resistance can be done under controlled conditions, such

as a greenhouse, where several variables can be eliminated and a plant’s
resistance to a single organism can be determined, or it can be carried
out under field conditions where all variables which effect the expression
of disease symptoms are at work, For practical purposes field screening
it considered to give more meaningful results as the interactions brtween
the organisms and with various environmental factors are of considerable
importance in the expression of the disrcase symptoms.
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This paper reports on the results of field screening of a number of
released and commonly grown peanut cultivars and breeding lines.

MATERIALS AND METHODS

In 1969 eleven peanut cultivars were planted in a randomizad block
oxperiment with 4 replications at the Tidewater Research Station in
Holland, Virginia. Cultural practices were those used for production of
good yields of high guality peanuts. HNo soil fungicides or nematicides
were uysed. In advance of normal plot harvest four plants were dug at
random in cach plot. After washing, the fruits were pulled from the
plants by hand and counted. The perrcent of each sample which showed pod
breakdown symptoms was determined. Isclations were made from random
samples of rotted pods to determine the most prevalent pathogen in the
field in which thr test was lecated.

In 1970 and 1971 the same procedures wore followed but the tests were
anlarged to include additional cultivars and breeding lines.

RESULTS AND D1SCUSSION

Pod breakdown counts expressed in percent of total fruit produced are
shown in Table 1. Pod breakcown was least severc in 1970, 1n 1969 the

Table 1, Percent fruit with pod breakdown symptoms of 20 peanut
cultivars and breeding lincs, Holland, Virginia.

1969 1970 1971 Ave,

Cultivar % Rank/ % Rank,/ % Rank/
or Line 11 — 50 - o2
Florunner 4,1 5 0.4 2 6. 15 3.6
Early Hunner 1.6 1 0.7 & 6.7 17 3.0
Florigiant 2.2 3 0.9 =} 5.6 16 3.2
NG Acc. 314 1.8 2 1.8 13 6.3 13 3.3
NC 2 3.3 4 [ A4 G.2 2R 4.4
NC D 11.1 10 3.2 23 2243 a1 12.2
NC 17 ——— - 1.0 10 1.0 4 2.8
Va. 56R 6.9 6 3.7 26 4.2 52 11.6
va. 61R 10.1 9 4.8 31 10,2 34 8.4
Va. T2R —— - - - 11.7 41 11.7
Va. Bunch 46-2 T3 7 5.5 16 10.7 37 4.9
Va. Bunch 67 9.3 B 2.7 20 10.8 38 )
Ga, 119-20 11.5 11 2.8 44 3.8 31 10.0
PI 295214 -— -— 0.3 1 6.1 3 3.2
Fl 341880 — - 1.0 g 9,7 10 3.4
FI 341884 —_— -- ¢.9 7 3.1 2 2.0
FI 341885 _— - 1.2 15 5.4 & 3,7
PI 343394 —_—— - a7 3 4.7 o 2.7
F 439-16-6 -— bt 1.3 11 3.0 1 242
PI 2343415 —_— — 20,8 50 15.6 48 19.2
Average all

entries 6.3 4.6 9.2 6.7
Range 1.6-11.5 0,3-20.8 3.,0-24.,2




predominant organism causing pod breakdown was P. myriotylum while in
1970 and 1971 R. selani was isolated with greater frequency from rotted
pods, The stem rot organism, S. rolfsii, greatly camplicated the pod
breakdown situation in 1971.

fhough several organisms may contribute to the pod breakdown syndrome
and though considerable seasonal variation occurred, varietal differences
in pod breakdown were consistent from year to year (Table 1). The same
five or six cultivars consistently exhibited the lowest percentage of
pod breakdown. It is of interest to note that the resistant cultiwars,
‘Flerunnar', 'tarly Rumner', 'Florigilant', "HC 2', and 'NC 17' all

have Spanish types in their pedigrees. NC Acc 344, which also showed a
high degree of resistance is a NMorth Carolina Experiment Station
breeding line derived from a cross of 'NC Bunch' and a runner type
introduction from Argentina (PI 121067). Highly susceptible cultivars
were 'NC 5', 'Va. 56R', 'Wa. 72R', and 'Ga, 119-20'. Intermediate in
rosistance were ‘Va. 6IR', 'Va. Bunch 46-2', and 'Va. Bunch 67', With
the exception of 'NC 9, which has Improved Spanish in its pedigree, all
of the highly susceptible cultivars and those ratad intermediate in
resistance are Virginia genctypes (A, hypogaesa, subspecies hypogaea,
variety hypogaca), derived as selections from Virginia genmotypes cor as
progeny selections from crosses among Yirginia genotypes.

0f 39 additional breeding lines and plant introducticns in the 1970 and
1971 tests six lines ranked among the 1% with lowest pod breakdown in
both ycars. Four of these (PI 295214, PI 341880, PI 341884, Pl 341885)
were among those teported (1) to be "moderately to highly resistant to
the Pythium pod rot complex™, one (PI 343394} was an apparent pod rot
resistant selsction 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 rtesistance to pod rotting organisms
are available.

Although these results appear to indicate @& high degree of actual
resistance to pod breakdown, only one of these tests (1971) produced
pod breakdown as severs as is often encountcred in farmers' fields with
commonly grown cultivars such as 'Florigiant', 'NC 5', 'Va. 96R', and
'Wa, 61R'., The data therefore must be interpreted as being indicative
of relative resistance among the cultivars and breeding lines.

An increased severity of pod breakdown is necessary to obtain a true
separation of susceptible and resistant types. Porter and Garren
{unpublished data) hawve found that high rates of cow manure applied to
the soil just beafere 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 the
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 mode of inheritance.
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predominant organism causing pod breakdown was P. myriotylum while in
1970 and 1971 R. selani was isolated with greater frequency from rotted
pods, The stem rot organism, S. rolfsii, greatly camplicated the pod
breakdown situation in 1971.

fhough several organisms may contribute to the pod breakdown syndrome
and though considerable seasonal variation occurred, varietal differences
in pod breakdown were consistent from year to year (Table 1). The same
five or six cultivars consistently exhibited the lowest percentage of
pod breakdown. It is of interest to note that the resistant cultiwars,
‘Flerunnar', 'tarly Rumner', 'Florigilant', "HC 2', and 'NC 17' all

have Spanish types in their pedigrees. NC Acc 344, which also showed a
high degree of resistance is a NMorth Carolina Experiment Station
breeding line derived from a cross of 'NC Bunch' and a runner type
introduction from Argentina (PI 121067). Highly susceptible cultivars
were 'NC 5', 'Va. 56R', 'Wa. 72R', and 'Ga, 119-20'. Intermediate in
rosistance were ‘Va. 6IR', 'Va. Bunch 46-2', and 'Va. Bunch 67', With
the exception of 'NC 9, which has Improved Spanish in its pedigree, all
of the highly susceptible cultivars and those ratad intermediate in
resistance are Virginia genctypes (A, hypogaesa, subspecies hypogaea,
variety hypogaca), derived as selections from Virginia genmotypes cor as
progeny selections from crosses among Yirginia genotypes.

0f 39 additional breeding lines and plant introducticns in the 1970 and
1971 tests six lines ranked among the 1% with lowest pod breakdown in
both ycars. Four of these (PI 295214, PI 341880, PI 341884, Pl 341885)
were among those teported (1) to be "moderately to highly resistant to
the Pythium pod rot complex™, one (PI 343394} was an apparent pod rot
resistant selsction 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 rtesistance to pod rotting organisms
are available.

Although these results appear to indicate @& high degree of actual
resistance to pod breakdown, only one of these tests (1971) produced
pod breakdown as severs as is often encountcred in farmers' fields with
commonly grown cultivars such as 'Florigiant', 'NC 5', 'Va. 96R', and
'Wa, 61R'., The data therefore must be interpreted as being indicative
of relative resistance among the cultivars and breeding lines.

An increased severity of pod breakdown is necessary to obtain a true
separation of susceptible and resistant types. Porter and Garren
{unpublished data) hawve found that high rates of cow manure applied to
the soil just beafere 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 the
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 mode of inheritance.
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CHEMICALS IN THE WINDROW FOR CONTROLLING
AFLATOXINS IN PEANUTSL/
by
D. K. Bell and Ben Doupnik, Jr.zz

FAPER

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 gecond consecutive year. Cultivar Starr {Spanish type) pesnuts were grown
according to lacal recommended cultural practices. Plants were dug and Inverted
in the windrow 135 days after planting. Then, samples of pods were collected and
asgayed for background contamination with A. flavus on high salt-malt agar and for
aflatoxins B G1», and Gp by TLC and the aquecus acetone method similar to the
methoda prev10usiy described (1), Before plating, kernels were soaked 3 minutes in
a 0.53% (w/v) solution of sodium hypochlorite. A. flavus was isclated from an
averape of 15,1% of freshly dug kernels, and total aflatoxing averaged 8 pph 1in
thege samples, After sempling pods, approximately 6.4 mm of water was applied to
the plet area by overhead Irrigation. After irrigation, agueous solutioms or sus-
pensions of 27 chemicals (Table 1) were applied to pods 1n each of four replicates/
treatment. Then, the plants were covered with Tri-P11 T) white, opaque molsture
barrier, which was gealed around the edges with moist soil. After 24 hours, the
Tri-P1i was removed, pods were inoculated with a dense aqueous spore suspension of
an aflatoxin-producing strain of A, flavus (NRRL 2999), and the Tri-P1i was rTe-
placed and sealed with moist seil. Both inoculated and nonincculated windrows
treated with water only were maintalned ag controls. After incubating 6 days,
samples were collected and kemmels from each replicate were assayed for A. flavus
and aflatoxins as described for digging samples.

Twenty treatments decreased amd seven increased aflatoxing as compared to the
controls (Table 1). Less than 20 ppb total aflatoxinag were recovercd from thirteen
treatments and none was found in four, In several treatments, total aflatoxipsg
were not positively correlated with degree of A. flavus infestation. Alconox
treated pods had 53% of the kernels infested with the fungus and 4.2 ppb aflatoxins,
and tin chloride Er?ated ones had 48,8% infested kerneli Ylth 24,2 pph aflatoxins.
With Zinc Omadine B-hydroxyguinoline sulfate, Borax boric acid, propiomic
acid, 1% potassium azide, and malachite green treatments, aflatoxin recovery exceed-
ed the extent of fungal infestation. This could be due to stimulation of aflatozin
accumulation and/or experimental error.

Results of this test and a similar ome conducted in 1970 indicated that aflatoxin
Contamlnagion of wi?dfowed pea?¥gs can be substantially reduced by chemical means.
Manzate Benlate‘ -, Botran‘ ‘, and secondary hutylamine treated pods had no
detectable aflatoxins. A. flavug, however was recovered from kernels of these
treatments. Apparently, aflatexin accumulation was prevented or nonaflatexin—
producing strains of A. 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 ascme of the applied chemicals a degree of effectiveness in suppressing
aflatoxin development that could not be anticipated under natural conditioms in a
field windrow. Additional tests will be needed to resolve thils question,

Vines and pods treated with potassium azide and propionic acid were discolored dark

brown to black and had a pungent, offensive cdor. Kernelg from these treatments
were normal colored and had only a slight off odor.
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Table 1, Chemicals applied to peanut pods 1n the windrow and Aspergillus flavus
and aflatoxins recovered from kernels of treated pods,

Kernels yielding

GConcentration/ Agpergdillug Totel
Chemical liter of water flavus, % 2 aflatoxins, ppbP
Manzate SODCP) {maneb) 12 g 7.0 0
Benlate 50W(T) {(bencmyl) 5 g 2,5 0
Botran TSW(T) (DCHA) 4 g 9.8 Q
Secondary butylamine 100 50 m1 12.3 a
Bordeaux 8-8-100 23 p 12.8 4,0
Alconcx(T) 50 g 53.0 4,2
Saccharin 100 40 g 22,5 5.5
Dithane M45(T) (mancozeb) 12 g 5.5 8.8
Copper sulfate 100 50 g 12.3 9.2
Sulfanilamide 100 50 g 0 12.3
Crystal viclet 100 200 mg 2.0 14,2
Potagglum azide 100 20 g 0.3 15.0
Nutonex Sulphur 94w¢D) 50 g 7.3 18.2
Difolatan 48T} (captafol) 20 m1 6.0 22.8
Tin chloride 100 50 g 48.8 24,2
Brilliant green 100 200 mg 3.2 25.0
Centlan vilolet 100 200 mg 4,5 29,2
Mertect 60W<T) (TBZ) 58 2.5 32.6
Dorax 100 10 g 2.8 44,2
Bordc acid 100 20 g 0.8 45,9
Boraxz 100 20 g 1.8 60,0
Malachite green 100 200 wg 3.5 62.6
8-hydroxyquinoline sulfate 100 30 g 1.0 66.7
Zinc Omadine 48EC 7 wl 12,0 67.6
Potassium azide 100 0 g 0,8 7.6
Borjc acid 100 10 g 8.5 79.2
Propionic acid 100 50 ml 4,0 90.0
Nonlnmoculated control 0 12.8 54,2
Inoculated control 0 24.3 37.7
Background contamination 0 15.1 8.0

2 Mean of four 100-kernel replicates,

Y Mean of four 25-g kernel samples.
REFERENCE
1. Bell, D, K. and B. Doupnik, Jr. 1571, Chemical treatment of peanuts

in the windrow to control Aspergillus flavus and aflatoxims. J.
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PROTEING FROM PEANUT CULTIVARS (ARACHIS HYPOGARA) GROWH IN
DIFFERENT AREAS. V. BIOCHEMICAL OBSERVATIONS 0O ELECTROFHCORETIC
FATTEFNS OF PROTEINS AND ENZYMES
by
Eobert L, Ory snd Joho P Cherryl
Southern Merketing end Nutrition Desesrceh Dlvisilon
Agricultural HResesrch Service, USDA
P. 0. Box 19657
Wew Orlesns, Louisiane TC1T79

ABSTRACT & PAFEFR
ABSTRACT

This paper summarizes the characterlzation of totel proteins end selected
enzymes (peroxidasse, catalsse, leucine aminopeptidese, estersse, =cid
phosphstase, alcohol debydragensss and INT-oxidese) of peanuts by poly-
pcerylamide and atarch gel electrophoretic technigues, Approximetely YOG ceeds
from cultivars of elx Spanlsh snd nine Virginie (three Funner ani six Virginie
Market tjpes) botanical types grown in one to Cour different aress (Virgials,
Georgia, Cklahoms, Texas) were individuelly exewined snd compsred.

Intravarietal protein poclymorphisw shown by gel petterns wos similer for all of
the cultivars making 1t difficult to define specific differences by electro-
phoretic snaslyses, However, quentitative end quelitetive veristions did
distinguish between the ssme cultivers grown in different sress; e.g., Oklahoma-
grown pesntuts had less large wolecular weight snd wore small molecular welght
proteins., These electrophoretic proteln patterns differed from those of
cultivars grown elsewhere,

PAPER
IFTRODUCTION

Gel electrophoretic enalysis of seed proteine and enzymes has been sn importent
technique for obtalning Informetion relsting cultivers or species of plents,

Such cowmperisons of seed proteins heve been obtained for s lerge number of
species: cotton (L,5,6,7), whest (12,31), potstoes {1k,15,02 34}, besus (17)
and soybeans {17,20,81,24), A yesr sgo, we presented the first part of an
extensive comperison by polyscrylamide disc gel electrophoresis of totsl

proteins from nlne different peanut cultivars including Spanish, Hunner and
Virglnia Types grown in one to four different eress: Georgis, Virginla, Texes
gnd Oklahomz (8), Differences in specific proteins such ms the major storags
globulins, srschin end consrachin, were further identified by immunoelectro-
phoretlc teclmiques (£3). The gosl of these investigstions wes to esteblish the
electrophoretic patterns of healthy pesunuts from commerclal cultivers which could
serve as "standerd petterns" to which proteins from demeged, processed or mold-
infected seeds might be compared for ilnduced changes. These studles slso allowed
us to determine the genetle relationships smong peanut cultlvars by s bio-
chemical technique (8,9,10).

1l Hationsl Hesearch (Qouncil Postdoctoral Research Associste, Presenit eddress:
Department of Blochemistry snd Biophyslcs, Texss A&M Unlversity, College
Station, Texas TTS4O
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Peroxidase showed the wost intra- and intervarietsl isczyme veriations for both
developing end mature seeds grown in different areas; only five mejor bands of
sctivity were consistently cbserved in all cultivars., Estersse, acid phos-
phatese and leucine sminopeptidase elsc showed isozyme polymorphism, butb

to a lesser extent then for peroxidease. No detectable varlations were cbserved
for catalase, alcohol dehydrogenase end INT-oxidese, These results 1ndlcate
that although electrophoretic variations in bending petterns withipn and hetween
cultivars exist, there is sufficient conslstency to support the theory that
these peenuts are highly inbred with simllar genetlc backgrounds,

Although peroxidasse 1s most frequently employed in plant or seed atudles as &
blologlesl indicator of externslly induced changes, the large ampount of igozyme
polymorphlem found in these peanuts cmald make 1t difficult to interpret the
true origin of induced changes in experimentslly trested peanute. The six other
enzynmes exemined produced much less electrophoretlc varlablility and were
gelected to serve as slternate biochemlical indieators of externally induced
changes in pesnut proteins, OSince enzymes are protelns with s epecific blo-
chemical funetion in the seeds, 1t 1s possible to employ these protelns as bio-
chemical indicators of changee in plents due to externsl factors. For example,
percxlidase 1sozymee have been frequently employed as indleators of disease
resistance snd/or susceptibility, or of plant injury (1,3,13,18,26-30,32), and
as & quality control indicator in carn processing (16). Other enzymes have been
employed in plant studies but to a lesser extent, e.g,, escld pbosphatsse,
esterase, catslase, leucine smimopeptidese, slcohol dehydrogensse and most
recently, INT-oxidase (iodophenyl-nitrophenyl-tetrazolium violet oxidese)
{2,19,25,30}., We have recently exemined and characterized by both poly-
acrylamide end sterch gel electrophoresls these same enzymes in peanuta to
obtain "standard pstterns" for comparison with respect to seed development,
maturity and germination, genetic and eowironment relationsbips ($,210).

The purpose of this paper 1s to review brlefly the types of electrophoretic
patterns obielned for total protelns snd seven selected enzymes 1in fifteen
peanut cultivers, to emphasize the mejor varistions in proteins of pesnuts
grown in different areas, thelr genetic relatlonships, snd to discuss these
"standard" isozyme patterns ms potential biochemical indicatora of externally
caused changee in electrophoretic patterns such s& Asperglllus contemination,
as uill be described in the adjolning paper by Cherry et sl., (11).

Materials and Methoda

The peanuts of different cultivers grown in four eresms of the United Stetes
were provided by W. K, Beiley (Wraglnle-grown), J. I, Devidson (Georgla),

R, O. Hsmmons (Georgla)}, A, L. Harrison (Texasﬁ gnd J. S, Kirby (Cklehoma},
Seeds of emsch cultivar were extrscted indilvidually for protein content and
enzyme mnalyses as described by Cherry et al., (8). Each seed was elther
deolled by acetone extraction prior to proteln scolubilization or directly
macerated in buffer with & morter snd pestle for enzyme mnalyses. The poly~-
scrylemlde disc gel electrophoretic technlgue uped wae & combination of the
methods of Steward et ml., (28) and Cherry et al., (4). Starch gel electro-
pboresis was performed s " described by Brevhsker et al., {2).

For catalese, leucine ewmlnopeptidase, acld phosphatase and sleohol detydrogensse,
freshly prepsred supernatants were exsmined by starch gel electrophoresis end
bist ~hemicelly stained by the technique of Scendalios (£5), INT-oxldase



setivity was ldentiflied on the seme gels as the alechol dehydrogenese, but as
clear mress, while the latter enzyme appeared as dark blue bands on e pale
blue beckground (20}, For the esterase and peroxidese smmlyses, the extracts
were first clarified by sdding solid smmonium sulfete to 40% saturation and
allowed to stend wilth occasionzl shaking for 30 mia, The samples werecentri-
at 39,000 g for 10 min snd the clesr supernstents dialyzed overnight to remove
excess sglt, The dielysed somples were then subjected to polyserylemide gel
eletrophoresis snd the gels examined for enzyme ectlvities,

The suthors thank Jeck J. Bergguist for his skillful photographing of the
hundreds of electrophoretiec gels reguired in these investlgations.

RESULTE AND DISCUSSICHN

Gel Electrophoretlc Petterns of Proteins.

Flgure 1 briefly reviews the resuits obiteined cn dise gel electrophoretie
patterns of the totel protelns from cultivers of Spenlsh, Funner, aend
Virginia-type peanute grown in the four sress (Ceorgim, Oklehome, Texss, and
Virginia). However, Spanish-type peanuts grown only 1o Texss and Cklehoma were
avaeilable for these studies.

The consistency of the protein varieticns within and between these different
cultivars made 1t somewhat difficult to clearly dlstinguish between then &imply
on the basls of their electrophoretic protein profile. However, minor
qualitetive snd quentitetive variztions in the protein petterns pertisily
distingulshed sowe types grown in one geographle ares compared to the ssuwe type
grown in & different area {Figure 1}. The most obviocus of these are shown in
the upper half of the gels of Spenish type pesnuts grown in Oklshome compared

to the seme corresponding bands of pesnuts grown 1o the other three arese.
(klehoma-grown peanuts showed s larger number of minor protein bends In the
lower half of the gels compared to those grown ln the other aress. Some of these
minox bands were not even evident in the patterns of cultivars grown in the
three other areas. In addition, regiom O te 4,0 cm in gels of Oklahome-grown
peanuts contained a greaster number of winor bends not clesrly visible in the
patterns of pesnute from the obther aress. Whether thie 1s due to & dissociation
of some of the larger storage proteins of Cklehowms-grown peanuts into smeller
subunits or whether these are different types or groups of proteing vennot be
discerned by disc gel electrophoresis slone, In an esrlier report (P23} Lmmunn-
electrophoretic analysis of the proteips in the reglon 1.0 to 2.5 ecm showed thet
these bands consisted primarily of the high molecular weight storage globulins,
arachin end conarachin, A& wlll be described later, catalase and peroxidese
gctivities msre slso loceted in this region. Thus, these two enzymes mey sccount
for some of the observeble minor bands in reglon O to 4,0 em of Oklahoms-grown
peanuts. The proteins in the lower half of the gels consist mostly of entymes
and other low molecular welght proteins.

These gel electrophoretic protein patterns, therefore, indicete thet we hsve

&8 technique which can be utilized to show thet peanuts frow one reglon wey vary
Trom those of the same cultivar grown in snother region. They slso show Lhat
Oklghoma-grown pesnuts do not conteln as ouch large moleculsr weight storage
proteine as do pesnuls grown in the other three stetes, but contsin more of
the low molecular weight proteins snd/or enzymes, Since we know very little
gbout the growing conditions and envircoment in the aress from which the seeds
ueed in these studies had been grown, a preclse explenstion for the observed
dlfferences 1s difficult. Irrigetion {or excess rainfall) cen cause increases
in the emount of protein normally present in mature pesnuts (33). Our results
indicate that envircnment way pley an important role in the difference
observed, In (klahcms, the tempersture declines towards the end of the



TOTAL PROTEINS

OKLA 1|

TEX

GA

VA —+

Figure 1. Iisgrams of disc gel electro-
phoretic patterns of totel proteins of
Spenish, Runner, esnd Virginie pesnuts
grown in Georgia, Cklahoma, Texss and
Wrginie, Abbrevietions on right:; 3P,
Spenish; HU, Runner; VA, Virginis Types.
Electrophoresis of proteins was from
right to left {origin to 7 cm).

end of the growing sesson end
these cooler temperstures could
concelvebly effect the specific
mechanisme reguleting gene ex-
pression, ms discussed in our
first paper (0},

Electrophoretic Petterns of
Enzymes

Since enzZymes are physliologi-
cally important proteins in the
development, wetabollem, snd
germingtion of seeds, we also
exsnined eeven enzymes which
might be potentielly useful as
indicators of externelly in-
duced changes in pesnut
proteins, since they would also
be present 1n the extracts
although in wueh smeller quan-
tities, Uslng chromogenic sub-
stretes speclfic for esch
enzyme, even smwall traces of
aebivity can be resdlly detected

Peroxldsse 1s probebly the
enzyme most widely used as a
biochemlcal indicetor of
disesse, cellulsr injury,
trasume, demsge, infection, ete,,
in plants and seeds (1,3,13,16,
18,96-30,32). & diegramatic
sketeh of peroxidese isoceyue
patterns for wature seeds of
these different.cultivers from
the four sreas ie shown in
Figure 2. Over 380 seeds were
extracted individuslly snd
their peroxidase zymograms
compared, producing 15
different patterns. Flgure 2
shows only those psiterns eppesr-
ing in the highest freyuencies;
gels 1 to 3 are Virginls-type
peanuts end gels 4 to 5 are
Spanish end Runner types. Gel 1
waz present 1o the highest
frequency, 24,7%; with others

decreasing in ovder, respectively: 20,3%, 19,5%, 9.1%, and 5.7%. Bends 1 =nd ?
of Figure ¢ both conteined one major band et the origin, one at 0.7 cm and
three bands at 3.0 to 4.0 cm. The presence or ebsence of a minor bend st 1.0 em

wes typlcal of most of these rymogrems,

Uther veriations from these five mejor

patterns were 8ll mincr in eilther quality or in the intensity of certsin bands

already present,
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Figure 2. Fhotographs of major disc gel electro-
phoretic patterns of peroxldese isozywmee 1in
mgture pegputs from different sreas. Gels 1-3,
Virginia-type peanuts; gels k-E, Spanish and
Runner types, These 5 patterns comprize 78§ of
the 15 different ones observed ror all varieties
anslyzed as described in text.

However, 1f peroxidsse activities of very immsture, premsturs, or germinating
seeds were exgmined and compered by gel electrophoresis, as many as twenby-
three different patterns were found (9}, Much intravarietal lsozyme poly-
morphism was alac obeerved in seeds of & slngle cultivar growno in one ares.
These differences in mature seeds, plus the added veriaztions found ia develcop-
ing or germinating seeds made it rather difficult to establish a "standard”
peroxidase isozyme pattern for healthy peeauts to which disessed or demsged
peanuis wight be compared. The interpretastion of such results besed scolely on
electrophoretic patterns can often bLe effected by & lack of knowledge of the
precise stage of maturliy of the seeds belng analyzed, This problem is
generslly averted for ssmples obteined from large lots of peanuts by carefully
selecting only seeds of uwniform size and gquelity and examining a5 meny
individual seeds as possible in order to develop the best possible analysis

of intra- and interverietsl protein polymorphism,

Becguse of the many variations found in peroxidase petterns, 8ix other enzymes
were exalined elther by starch gel or by disc gel electrophoretic technliques

to serve s slternste biochemlcal indicetors of chenges 1n these peanut proteins,
if needed. Of these enzymes, esterase activity (Flgure 3} showed only four
different patterns with gel patterns {(a) sppearing in 21% of the seeds
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PROTEINS FRCM PEANUT CULTIVARS (ARACHIS HYPOGAEA) GROWN IN
DIFFERENT ARBAS., VI. CHANGES INDUCED IN GEL BLECTROFHORETIC
PATTERNS BY ASFERGILLUS CONTAMINATION
by
Jotn B Cherryl{ Robert L, Cry, end Ruth Y. Meyne

Southern Reglonel Regesrch Iaboratory
Southern Marketlng end Hutritlion bBesearch Division
ARS, USD4, P. O. Box 19687, New Orleens, Louisisna TOLT9

ABETRACT AND PAPER
ABSTRACT

Gel electrophoretic studles were employed to develop "standerd” gel patterns
of total proteins and enzymes from crude extrects of lndividuel seeds of &
commerclel peanut cultivar (Arschis bhypogaes L, subsp, hypopses var. hypopees;
Virginie market type; Virginie 56R) for use in comparative biochewlcal
investlgaetions, Changes in these "standard" patterns due to growth of &
weakly pathogenic or seprophytic organism, Aspergillus perssiticus, on the
peaputs were easlly detected, Within two to three desys sfter inoculetion of
peanuts with the fungus, large moleculer welght proteins 1ln the upper half
of the gels rapidly decremsed. At the ssme time, meny new, smell moleculsr
welght protelne appeared 1o the lower helf of the gels, After five deys of
fungel development {sporuletion), most of the smell molecular welght proteins
were diffieult to detect In the electrophoretic patterns, Simultaneously
with these changes in the total protein patterns, new end more complex
zymograms were cbserved for several enzymes compered to their "standard”
patterns, Exeminetion of these same enzymes 1n the fungel tissue collected
from the externsl surfaces of peanuts, or griwn separately in Czapek's
solutlon, indiceted that wmost of the new lsoenzymes 1n contsmineted seed
extracts were derived from the inveding mold., The lwplicstlons of these
changes from the "standerd" protein and enzyme patterns of pesnuts and their
relation to the development of A. pasrasiticus on these seeds are discussed,

INTRODUCTION

Closely coinciding with the development of certaln species of the genus
Asperglllus in seed or forage foodstuffs is the production of s group of
Hycoboxins known calleetively =s aflatoxins {9). There have been numerous
investligationa on the bicchemical and physioclogical effects of sflatoxins on
animel systems, but signifleasntly fewer studies of the effects of the fungl
or the toxins on plants. Tt would seem thet more attempts would be mede to
elucidete the blochemical changes induced in pesnuts by Aspergillus species
30 that genetlc or sgronomlc techmiques could be developed 1o alter the
growlng condltlons or posslbly to creete & reelstant peenut cultlivar,

éf Poetdactoral Research Assoclate of the Notional Resesrch Councll.
Preaent address: Dept. Biochemlstry end Blophysics, TeXas AkM
University, College Stetion, Texas TTOUO
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Increased ribomucleic acld, protein and dry welight changes In plant tissues
have been correlated with either disease resistance or susceptibility and
symptom response to fungal infectlon (5). Folyacrylaemlde end starch gel
electrophoretic technlques heve been widely used to investigate quelitative
and gquantitative alterstions in proteins, enzymes, and metebolites of hosgt-
pathogen interactions, releting these changes to biochemical and genetic
mechanisms (1, 7, 10-12, 14, 16-33).

These electrophoresis techniques are extremely wseful although some controversy
hag arieen concerning intervretatlons of the data. TFor exemple, the alterations
in the gel patterns might be due to: (1) artifacts of the extraction procedures,
{2) responses by the plant to infection, (3) differences in the ontogenic stage
of the vlent or pathogen tissue under investigetion, (4} envirenmental con-
ditions vresent during the hostpethogen intermction, and[or {5) induction of
biochemical or genetile chenges in the plant by the pathogen, or vice versa,

Gel electrophoretic petterns of the total proteins and geven enzymes (esterase,
peroxidase, cetalese, leucine amlnopeptidase, scid phospheatese, TNT-coxidase and
alechol dehydrogenase) in normal mature Virginile SR peanuts haye been presented
in 2 previous paper {15), along with the gel pstterns from various other culti-
vars grown in different locationa, Other papers of this series ineluded exami-
nationa of the proteine and enzymes in inmsture, mature and germinasting peanuts
{3, 4, 6). Intrevarietal genetic polymorphlem and varistions due to different
environmemte in the areas where these cultivers were grown were also eveluated,
The petterns for cetelape, leuncine aminopeprbldase, alcohol dehydrogenase and
INT-oxidase isozymee developed early in the peanut, remmined constant through
maturity and et least 24 houre germination, and phowed no intra- and inter-
varletal varlability regardless of the envirommentel conditlcone in the areas
where grown, Conyeregely, total proteine, esterase, scid phosphateaee and
peroxidase patterns in early developlng and germineting peenuts could be
distingnished from predorment end mature seede end showed much veriation within
and between cultivers and between the areas where grown (3,4,6,15),

Thege extensive characterizaetlons of proteine and enzymes from different
eultivars of hezlthy peeds "standardized" the techniques (i.e., preparstion of
seed extrscts, electrophoretic techniques, ete.) to be used and provided
patterns which could be used for comparison to thoee of lndividual seeds con-
taminated with A. paraelticus.

The purpose of thies report 1s to degcribe the uee of rpolyascrylamide snd gtarch
gel electrophoresis for detecting changes from "standard" patterns of total
proteins end seven enzymes from healthy individual eeeds of a peanut cultivar,
Virginia S56R, after contaminetion by Aspergillue parssiticus.

Megterisls and Methods

Testse-Tree geeds of Arachis h aea L. eubsp. hypogses var. hypogaea
(virginie market type: Virginia Sgﬂi vere Incubated for two, three and five

days in the presence of A. parssiticue Speare {NHRL A-16, 162), This strain
produces high suounts of af'letoxine By and G and some B, and G,. For each
experiment, the mold wae grown et 30 C for 7 days on potato dextrose sgar
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Changes in the total protein petterns resulting from the comtemination were
enalyzed by dilee gel electrophorepls and are 1llustrated in Figure 2,

Fig. 2. Repregentative polyscrylamide gel electrophoretic
patterns of totel proteine from extracts of individusl
Vvirginle 56R pearuts and A. parasiticug et two (A}, three
(B) and five (C) days after inoculation. Deseription of
gels: e, Unincculaeted whole seed.
b. Inoculated whole geed with (firet) or without
{pecond) fungal mycelial tissue on the surface
of the seed; the two gels represent the qualiw
tative and quantitetive veriatlons between in-
oculated seeds.
c, Fungus growth removed from the surface of
the seed.
d. Culture-grown fungus.

Within two to three daye after inoculstion of peanuts with A. parasiticus, the
major bands {dark steining), or large molecular weight proteing, in region 0.5
to 2.0 em of the electrophoretic gels decreased rapidly or beceme diffuse com-
pered to those of untreated peeds during thia same period of contaminetion
{Figure 24, B; compare both gels of b to a, reapectively). Simulteneously,

many new and smaller molecular weight protelns appeared in the lower half of

the gels (regions 3.0 to 7.0 cm, gels b), Comtinued qualitetiv e and guanti-
tative changes 1n region 0.5 to 3.0 cm occurred durlng the sdvanced ateges of
fungel development at five days (Figure £C; compare gels of b to a). Also,

most of the emall molecular welght proteine in region 3.0 to 7.0 cm were becomlng
difficult to detect (Flgure 2C; compere gels of b to &). Examlnatlion of the
proteln patterns in fungel tissue collected from the externsl surfaces of peanute
at daye twe, three gnd Five (Figure 24, B and ¢, gels c; respectively)}, or grown
on Czepek's polution [Figure 20; gel d), clearly ldemtifled the bands in con-
taminated seed extracte belonging to or heving similer mobllities to the mold
proteins. Bagley et al,, {2) followed the changes In protein bodies of germina-
ting peanute ceused by praoteclytic degradstion of arachin stored wilthio. These
changes required two weeks to reach the pesme stage of proteolysis obperved in
two to five days after Aspergillus contamination. This rapid end complete
destruction of the proteins in only two to five days indicates that the pro-
teolytic syetem(s) of 4, parasiticus must be more potent than thet in the
germinsting peamut.
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In the zymograms of in-

oculated seeds, two leucine

aminopepbidase isozymes

were observed in region

h,0 to 5.0 em (Flgure 4E,

gels m); wheress, contemi-

nated pesnuts contained

one large band in this same

area (Figure 4€: compare

a gels b and ¢ to g; 4, E

b and ¢, respectively). This

:‘ band was not observed in

s extracts of fungal tisaue

. (Fignre YE; gele d end e).

b A Lard in region 3.3 cm

:' appeared in the isozyme

. petterne of ell seed and
fungal tissue extracits

| — 00— LD a6 {Figure UFy compare gels
C—ar | 1 [ ] am 8 to @), Tive days after
. o ? ot o inoculation, one new
wF 4 & 4 1 1 1 OwmF & 3 4 3 3 I MeF £ 3 4 3 T @ igozyme (region 5.5 em)
Mgt Wogratiom oo gradually apneared in the
preparations of bokh
fungel and contaminated
seed extracts (Figure ME;
Fig. . Heoresemtative starch gel electrophoretie comparc gels b, ¢ and_d
igozyme patterns of catalase (D), leucine amino- to &), As observed with
peotidase (F), INT-oxidase (F), =eid phosphatase leucine aminoveptidase,

four new igozymes of INT-
oxidase (region 3,5, L.b,
0.8 and 0.5 em), gradually
gepeared in zymograme of
both fungel and incculsted
veanut extracte (Flgure
4F; compere b, ¢, d and e
te a; A, Band ¢, res-

(@) and aleochol dehydrogenase ([) from extracts of

individnal peanute and A. parvasiticus st two (8),

three (B) end five () days after inoculation.

Description of gels:

a. Unincculated whole peed,

b, TInoculated whole seed plus visible fungal
growth.

¢. Inoculated whole seed after renoval of ;
visible fungal prowth. pectively ). Acid phosphae-

d. TFungus growth removed from the surface of tese and alechol dehydro-
the geed, genage activity could not

be clearly distinguished
in fungal or contemlogted
peanut extracts {Figure bLQ and H, reepectively); alechel dehydrogensse activity
decressed in the combrol seed extracts.

e. QCulture-grown fungus.

Many of the esteraese bands in wmycellial tissue from the eurfaces of veanuts were
wenker than those from exiracts of mold grown on Czapek's solutien (Figure 3D;
compare gels d snd e gt five days, ¢}. No differences in the 1goezyme patterns
of catalage end INT-oxidsee were noted betwsen these two extracts (Figure LD
and ¥, resvectlvely; compare gels 4 and e in C). However, gqualitative and
quantitative differencee in the peroxidese and leucine sminopeptidese isozymes
were oheerved In fungal tissue from the surfaces of peanuts compared to that of
mold grown on Czapek's solution (Figures 3E and WE; compere gels d and e 1n C),
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These variations 1In isozyme patterns of fungel tissue collected from the two
sources [i.e., peanut or Czapek's solution) mey be elaboreted by the mold
during development under different conditions, or may be dus to differences in
the extraction of these iporymes by our procedures.

Beceuee these experimental conditlons are extreme, having en excessive number
of spores In the incculum used, they are not typieal of conditions normally
obgerved in contaminetlion during commercial storsge., However, these results
do Indleste thet changes induced in proteins snd enzymes by the prescoce of
A, pareeiticus on peanuts occur rapildly and uniformly end should be readily
detectable by gel electrophoretis Lechnigues,

It is clesrly evident from thils preliminery study thet slgnificant changee in
proteine and enzymes are induced in peenuts by conteminetion with A. paresiti
The basis for these chenges snd their full elgnificence will depend lerpgely

upon the acquisltion of wore detalled knowledge of their subeelluler disirlbution
and the preclse nature of the hogt-imberaction, At this peint, we know thet the
lnveding saprvophyte rapldly converts the seed storsge materiels into nutrientes
needed for its own development, because the gels show: (1) & ranid breakdown of
the large molecular welght peanut globuling to thelr subunit structuves, and (2)
qualitative and quentitative changes in isozymes involving hydrolysis of ester
linkages (estersges, acid phosphatases), hormonal interaction smd oxidation of
orgenic substrates with hydrogen peroxide (rercxidases), decomposition ol toxic
hydrogen neroxide {catelases), proteolytie activity {leucine auinopertidases),
end oxidetion of alcohols end other organic compounds (alcohol dehydrogenases,
INT-oxldeses). In eddition, it scews thet most of the peenut lsozywes [oxcert
aleohol dehydrogensse and acid phosohatase) remein active during this Lleovesios

by A. peragiticus and mey concei vably be used by the orgenlst to function In

ites behalf, Thus, in order to stop such an intersction and rossibly cresle
resistance in weanuts, it ney be necessary to try end alter conditions in the
seed in such a wey thet one or more of these new isczyres of A. paragiticus
cannot functlon properly. This mey be noesible only through controlled penetic
breeding studies.

In conclusion, Farber (B) sums up the necessity Tor basic blochemical resesrch
eon host-pethogen interactions which cen lead to ways of removing these environ-
mwental hszards from men: "Although the complete story hes yet to Le told atout
the eelluler reaction pettern of any environmental hazard, the deta reviewed
todey are sufficiently encoureging to werrant the prediction that the exvanded
study in depth of the molecular pasthology of selected environmental sgents -ay
lead to a new and exciting ingight inte the interpley bebtween man sad his
envirommernt, and mey well lead to new and better weys tc insure the wmalnterance
of health and the Buccess of man in his continvsl struggle with the hazards in
his environmewt,"
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THE DAMAGE AND CONTROL OF TIIE LESSER CORNSTALK BORLR,
Elaymopatpus lignoseltus (Zeller), ON PEANUTS!
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ABSTRACT & PATER
ABSTRACT

The lesser comstalk borer, Elasmopalpus Henoselfus (Zeller), is a sporadic damaging pest of peanuts in
Georgia. Observations over a three year peried revealed seven differcnt types of damare cansed by this
insect Lo lhe peanul plant, The most important cconomic damage was due to peg and pod feeding.
Two control tests conducted in 1968 and 19269 showed Lhal the inscet could be controlled and yields
significanily increased asing granular parathion and Diazinon.

PAPLR

The aduli of the lesser comsialk borer, Flasmopalpus fgnoselivs (Zeller), is a small moth of the family
Phycitidae, sub-family Phycitinae, TU is distribuled throughout the Westerm Hemisphere, from
Southern United States to Argentina and Chile (Luginbill and Ainslic, 1917). The lesser cornstalk
borer altacks 62 host plants representing 14 familics (Stone, [9G8), During the lasl eighl years the
authors have obscrved the inscet damaging com, grain sorghum, millet, small grains, bean, pcus,
soybeans, and peanuls in Southern Georgia. The damage has ranged rom slighl to complete
destruction of cntire plantings. The larva is a semi-sublerranean feeder, usually artacking a scedling
plant at, or just below the soil surface, boring into the stem and leeding upward and downward from
the entrance hole. The result is a severe stunling or death of the young plant. The peanut plant is
usually atlacked alter it {s past the scedling stage and death is the exceplion rather than the rule, It is
generally agreed that the lesser comstalk borer is, at times, a scrious pest of peanuts in the
Southeastern Peanut DBelt. Damaging populalions have been sporadic, and have normally been
assoclated with sandy soils, during periods of hot, dry weather, Chemical control investipations,
carried oul annually since 19249 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 mainlained for lesser cornstalk borer infested peanuls. Obscrvations were made in approximately
140 ficlds in 1968, 110 ficlds in 1969 and 90 ficlds in 1970. When horer infestations were found,
observations and piclures were made to show the types of damage caused by the borer, and in some
cases efforts were made to cstimate populations. lintire plants werc dissceted periodically to obscrve
the internal injury.

Of the 140 ficlds of peanuts checked for insect problems in 1968, 68 were found to be infesied 1o some
extent by the lesser cornstalk borer. Only in 16 of Lhese was the infeslaiion such thal heavy damage
was obvious, and in only 6 was there an-active, heavy larval population at the time the field was
inspected. Tn every inslance, hot, dry weather conditions were associated with the damaging
infestalions.

1 From Ph.D. dissertation submitted to Department of Lintomology and Ceonomic Zoology, Clemson
University, Clemson, Soulh Carolina,
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In 1969, 25 of the 110 [lelds inspected were infested by the lesser cornstalk borer, Only 8 of the [iclds
had moderate to heavy infestations. Seven of the heavily infested ficlds were located in the Western
part of Miller County and the Eastern part of Seminole County, an area which had an exiended dry
period.

Ninety peanut (lelds were inspected for insect damage in 1970 and none was found to have what was
congidered to be a damaging infestation of the lesser cornstalk borer. This was a year of above nortmal
rainfall, and a record average State yield of peanuts of 2220 Ib. per acre was produced,

Obscrvations during Lhese three summers have revealed the following types of damage to the peanut
plant by the lesser cornstalk borer:

1. Leal-feeding espccially on Icaves that are in contact with the surface of the soil.

2, Feeding on the epidermis of branches and at times feeding into the cortex and pith of branches,
hypocotyl and epicoty! without tunneling,

3. Tunneling inside of branches und occasionally the hypocotyl und epicoty!.
4,  Peg leeding as the pegs cxtend to the surface of the soil from the branch nodes.
5.  Pod feeding bencath the soil surface.

Silken tubes, or wcbbing, covercd with soil parlicles and excrement are vsually assoclated with the
lesser comnstaik borer, The damape to pegs and pods was considercd to be of greatest economic
significance.

Three control tests were conducted on naturally cccurming poputations of lesser cornstalk borers. Each
tesi was arranged in a randomized complete block design. Treatments included 2 1bs. of actual
parathion, 2 Ibs, of actual Diazinon, both applied in a band over the row as granules, and an untreated
check. Granules were applied using a gravity tlow granuic applicator cquipped with a granule spreader
raised about one foot above the plants. This cquipmenl gave a band of granules ahout 16-18 inches
wide on the surface of the soil, centered on each row.

A significant yield increasc was obtained in two of the lesis. Table 1 presents an average of the two
tests in which a significant yield increase was obtained. Yield diffcrences in the third test were not
signilicant,

At the lime Lhis tesi was begun, the plants in the ficld had already been badly damaged by borers and
a tremendous number of moths was preseni. Only a lew larvae were found. Following treatment, the
field was never again under moisture stress and apparently a damaging population of horers did not
develop,

Tahle 1. Average per acrc peanut yicld, sound mature kemels and percent damaged pods following
treatment with two granular insecticides to control the lesser cornstalk borer in Georgia
in 1968 and 1969

Lb. AL %6 Dam. % Per Acre
Treatments IFormulalions Per Acre Pods SMK Yicld (1b.)
Parathion 10% G 2.0 16.2 65.5 2307
Diuzinon 14% G 2.0 227 £5.0 2083
Check — —_ 324 63.5 1586
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CONTROL OF THE GRANULATE CUTWORM, FELTIA
SUBTERRANEA (F.), A FOLTAGE FEEDING PEST OF PEANUTS
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ABSTRACT AND PAFER
ABSTRACT

The granulate cutworm Feltia subterranea (F.) is one of the major pests ol
peanut foliage in Georgia. Methods and materials used in studying control
measures will be discussed, The insecticides used were formulated as baits,
gprays, duats and granules, A review of the litcrature has been made in this
study. Trichlorfon in bait formulation is the primary material recommended
for use on peanuts against this insect atc this time,

FAFTR
THTROTUGTION

The granulate cutworm Feltia subterranea {F.), in the larval stages, damages
peanuts in Georgia by feeding on the foliage, usually at night. Recommendat-
iona for comtrel of this insect infesting peanuta in Georgia have boon made
since 1955, MeGill et. al. (1955).

The female of this species oviposits on the leaves of peanuts near the
periphery of the plant. The eggs are deposited singly or in small groups

on the leaf surfaces. Shortly after hatching, the larvae go to the seil sur-
face bencath tho plants, where they feed on vegetative macter, usually che
leaves which hawve been shed by the plant or those which are in contact wlth
the soil., AC sowetime during the period botween mid-June and mid-July, the
cutworm larvac crawl up the plants at night, and when infestations are heavy
damage is sewvere, Tor additional observations on the biclogy of this insect
in relation to pecanuts, see Morgan and Fremch {1971},

The range of the granulate cutworwm has been discusaed by Riley (1885} and
Crumb {1929), and its importance as a pcst of cultivated crops was noted at
least 120 years ago {(Guédndé and Boisduval (1852)).

The life history of this insect has becen described in detail by several
entomologista, notably French (1882) and Crumb {1929},

PROCETHIRDT

Irdividual experiments were arranged in randomized complete hlocks, replicated
3 times in 1966 and 4 times in 1967, 1968, and 1969, Plots were 4 rows x 40

feet long (approx. 1/100 acre). All these tests were superimposed on existing
populacions of cutworms In farmer-cwnmed Fields, znd yiclds were not obtainable,

All spray materials were applied with a knapsack sprayer, using a 3x nonzzle and
40 psi, at a rate of 3 gal/acre finished formulation. A hand-operated duster



wag used for applying the toxaphene-DDT dust. Baits and granules were weighed
for each individual row, placed in small paper bags, and applied by hand.

This method was used {for speed ol application and to confine application error
to the 1 row involved. All insecticides were applied in the afternoon, and
counts were made 24 hr later by measuring a randomly selected 10-ft length of
the plot, and counting live and dead larvae found from row center to rYow centck
in the middle alley of the plot,

DISCUSSION

Invebtigationa have been conducted since 1966 at Tifton, Georgia in order to
determine the feasibility of chemical control of this inseet in peanut ficlds,
These studies have included formulations applied as baits, sprays and granules.

Although in these experiments several insecticides have glven at least 90%
contrel of the granulate cutworm infestations in peanut (lelds, Trichlorfon

i2 the only chemical, in bait formulatiom, currently being vecomnmended. The
recent introducticn of pesticides in sprayable form for peanut foliage disease
control has stimulated an interest Iin insecticide spray formulations which may
be used in combination with the disease-controlling chemicals.

Experimental procedures used and results obtained in these studies are dis-
cussed in detaill by Morgan and French (1971).
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CHFMICAL CONTROL OF SOUTHERN COBN ROOTWORMS ON PEANUTS
IN TIDFWATER VIRGINIA

J. C. Bmith
Agaociate Frofessor of Entomology
Tidewater Research and Contimuing Education Center
Yirginia Polytechmic Institute and Statc University, Holland, ¥a. 23391

ABRSTRACT

Labeled and candidate insecticides were field tested from 1968 through 1971,
Small plets (L2 ft. X 20 ft.} were urilized and standard agronomic practices for
the production of large-seeded, Virginia-type peanuts were followed except for
the insecticide wariable. 1In 1968, sclected s5ites with historieg of rootworm
infestations illustrated that carbofuran @ 3.0 1b AI/acre applied 28 an 8-imn.
band at planting was statistically equal in effectiveness with split-combination
(planting + pepgping) treatments of disulforon + diazinon, phorate + diazinon, or
split applications of carbofuran. The preplant application of carbofuran, how-
ever, was inferior to the split-combination treatwments of phorate + Dyfonate or
disulfoton + Dyfonate, TYields from plots treated with zplit applications of car-
bofuran and split-combinations of phorate + Dyfonate or disulfoton + Dyfonate
averaged 630 pounds/acrTe above the untreated controls. In other testz, injury as
high as 48% resulted in yleld decrcases of 1074 lbfacre. Parathion treatments in
some tegtg had significantly wore injury than untreated controls gnd cffects on
yield were proportlonal, Aldrin failed to control the cyclodiene-resigtant root-
worms although it had not been used in the area for 10 years.

In 1969 carbofuran as a split treatment, and pegging treatments of carbofuran,
Mocap, and diazinon reduced rootworm injury by 61%. Plota treated with carbefuran,
byfonate, Bux, Mccap and phorate had yields significantly higher than yields from
plots treated with split applications {esarly & delayed pegging) of parathiom,

Low infcgtation in 1970 resulted in many instances where yields from un-
treated controls wore superior to treated plota. lowever, at selected sites with
higtories of rootworm problems, the effective materials significantly reduced
injury.

In 1971, standard chemicals continued to be effective, and new material,
8N316, gave promising results at low rates of treatment.

INTRODUGTION

From about 1348 to 1958, the southern corn roorworm, Diabrotjca undecim~
punctata hwowardi Barber, was effectively controlled in Vivginmiz with che ingsecti=-
cides, aldrin, dieldrin, and heptachlor. %Yhese materials were extremely effec-
tive when applicd as dusts, sprays, grannles, or in fertilizer mixcures. Because
of their efficacy and broad ugeage, the southern corn rootworm had been reclegated
from a major problem to a nuisance pest status. However, in 1958, in the Cypress
Ghapel aree of Nansemond County, Virginia, applications of aldrin and heptachloer
failed to give control on about 200 acres of peanuts. The apparent sudden resig-
tance was coupled with tesurgent populatioms of the pest, and numercus instances
of complete crop failure due to rootworm were reported. Populations of the cyclo-
diene-registant rootworms spread quickly, and the entire peanut belt of Virginila
wag affected by 1961.

Boush et al. (1963) and Boush and Alexander {1964) reported results of
gecreening new insecticides in Virginia. Their Imvestipations led to the establish-
ment of acceptable control measures employing diazinon gramular insecticide applied
as an eaply, pegglng-time, band treatment over the row. Subsequently, phorate,
Daganit (0,0~diethyl O-p-{methylsulfinyl) phenyl phosphorothiocate), Dyfonate ®
(8- (p=chlorophcnyl) 0-ethyl cthanephosphonodithicate), and parethion have been
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registered, labeled and recommended for use in control of rootworms in Virginia
{Roberta and Smith 1972). Parathion formulations later proved to have insuffi-
cient residual effectivencess and recommendations were withdrawn.

Evaluations of field trials from 1965 through 1967 with selected insecticide
were reported by Smith (1971). Several candidate insceticides including L?ﬁfrin
(4:1 mixture of 3, 4, 5 and 2, 3, 5 trimwmethylphenyl wethyl carbamate), Bux
(4:1 mixture of w={l-methylbutyl) phenyl methylcarbamate and m-(l-ethylpropyl} -
phenyl methylcarbamate) and carbefuran (Furadan) appeared particularly promising
for rootworm control,

This paper reports continuesd field trials with candidate insecticides with
various application procedures employed from 1968 through 1971,

METIIODS AND MATERTALS

Candidate 80il insecticides were applied in 1968-15%70 with a Gandy(® Mod.
901-2 granular applicator precalibrated to deliver the desired quantity of each
insecticide. In 1%71, in-furrow ftreatments were applied witf the Gandy applica-
tor, but pegging-time applications Wwere wade with Rzee Flow \Y granular applicators
moynted on a garden-type tractor. In-furrow applications were incorporated with
a parden=type rotary tiller prior to planting, subsequently their placement was
equivalent to an 8-inch baud treatment at planting, Pegging-time treatments weore
applied as li-inch bands over the center vof the row, and these treatwments were
incorporated by a shallow cultivation unlesa vine growth was excessive and pegging
was at an advanced astape., Insecticides uscd in thege studles were: aldica%g,
aldrin, carbofuran, diazinon, disulfoton, methomyl, parathion, phorate, Bux
{m={ethylpropyl} phenyl me%%rl carbamate mixture (1-4) with m-{methylbutyl} phenyl
methylcarbamate), Dyfonate (O=ethyl S=phenyl esthylphosphonodithioate), Fisonsg
NC 6897 (2,2, dimethyl -l=3=benzodiuvxol-4-yl-N-methyl carbamate), Landrinqg (3,4,53-
trimethylphenyl methylcarbamate, 75%; 2, 3, S=trimethylphenyl mcthylcarbamate,
18%3, HocapG§ (0-ethyl $,3-dipropyl phosphorodithicate), and Baygon P (2,3,0-iso-
propoxyphenyl metholocarbamate). Rieept where further noted in the text, no con-
trol measures were dirccted to tobacco thrips, Frankliniella fusca (Hinds), or
potato leafhopper, Empoasca fabae (Harris}. Other standard recommended practices
for Lhe culture of Virginia-type pecanuts were followed.

Except for 1 test locatad at ilelland in 1968, the goil types were classified
ag Bertie finc sandy leoam and loamy fine sand (Aquic Hapludaults; fine loamy,
mixed, thermic). These sites were somewhat poorly drained and had a history of
rootworm infestations.

Cultivars grown included Va. 56R, Va, 61R, Florigiant, and Va. Bunch 46-2,
Flot size of 12 ft width (4-36 in rows) and 20 ft lenptih and 5 ft alleys between
blocks was standard in all tests, Randomized complete block design with 4 or 5
replicates was usged,

Ghemical cfficacy was determined by hand digging 2 plants from each of the
2 center rows of each plot. The fruit from the & plants formed a composite zample
which was separated into mature and iumature fruit based on pod texture and seed
coat color, then these categories were further separated into sound and damaged
fruit, Damaged fruit were defined ag those showing larval feeding damage irrespec-
tive of the degree of damapge. Percent damaged fruit was calculated from these
observations, Percentages were transformed uging Arc Sin transformation and
analyzed by the Duncan's Multiple Range test. Evaluations on efflcacy were con-
ducted between the second and third week in September each year.

Yields were determined by digging plots with a commerclal digger and stacking
vines by plots for field curing. Peanuts were later harvested by plots with a
stationary plcker, welighed and samples were taken fov determination of grade
factors.
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RESULTS AND DISCUSSTIOH

Thrips and Rootworm Test

Carbofuran (@ 3.0 1b ATfacre) as a planting time application was statisti-
cally equal in rootworm control with split applications of phorate or disulfoton
for control of thrips and rootworms {Table 1), The single planting application
of carbofuran was somewhat less cffective than applications of phorate or disul-
foton for thrips followed by applications of diazinon at pegging for vootworms,
although they were in rhe same statistical grouping. The combination treatments
including phorate or disulfoton at planting followed by Dyfonate ar pegging werc
the most effective, All treatments which included diazinon or Dyfonate at pegglng
were significantly superior to the untreated contrelg. There were no statistical
differences in yield, although split applicetions of carbofuran and the combina=-
tion treatments with Dyfonate had yields that avcraged 630 pounds higher than’
untreated controls, All treatmente except the combination of disulfoton at
planting plus diazinon et pegging had & higher (not significant the 5% level of
probabilicy) percent SMK than the untreated controls.

Rootworm Control Tests

A gurmary of test results in which only southern corn rootworms werc con=
trolled is presented in Table 2 (Efficacy) and Table 3 (Grade and Yield effects).
Many chemicals tested during the period 1568-1971 are not listed. Only those
materials which were included in more than one test or during more than one year
are discussad. Further, only date from tests with statistically significant (5%
level of probability) differences are presented.

Carbofuran @ 1.0, 2.0, and 3.0 1b AT/acre, Mocap @ 2.0, Dyfonate @ 2.0, dia-
zinon @ 2,5 and phorate @ 2.0 1b Al/acre have been consistently effective in
rogtworn control during scveral years at several sites with histories of reotworm
problems, The percentage of injured pods presentcd in Table 2 roflects dawmage
to both immaturc and mature pods and is not fully rcopresentative of the satisfac-
tory results which a commercial grower would recelve, Many of the immature pods
would not have been marketable irrespective of injury. The relatively high
percentage of injury likewise does not reflect the degree of injury, and many
pods classified as injured contained perfectly sound seeds.

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

It was thoupght that perhaps rootworms might have rogained a degroo of suscep-
tibility to aldrin since that insecticide had not been uged for better than ten
years. Data from scveral teste demonstrated rhat the above was not the case, and
the degree of damape in aldrin=-treated plots was equal to or worse than in
untreated plots.

Few promising candidate insccticides arc presently heing developed as goil
ingecticides for southern corn rootworm contrel. The high cost of development
together with the extreme difficulty of gaining EPA registration for pestieidal
chemicals seems te be pgenerally discouraging most proprietary companics, Omo
promising exception to the above has been Woram's SH3lé., This chemical showed
premising results In 1971 tests at two sites and appeared to have the advantage
of being more effective at low than high rates of application,

Efficacy data do not always reflect the true valuc of a rootworm insecticlde,
Oltlmately, the yields and grades which result from treatments must justlfy Lheir
spplication. With Eew exceptlons, carbofuran, Mecap, Dyfonate, diazinon, Dasanit
{no data shown) and phorate have significantly improved grades end yield (Table 3).
Upon occassicn, carbofuran has incressed yleld above that ghich might be cxpected
from rootworm control. We lhave a paper (In presa) which Iindicates this yield
Lnecrease is probably due to additional nemzticidal effect.

The lack or rootworm control by parathion and aldrin was also expressed in
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reduced yields and lower SMK. 1In 50% of the tests yields from parathion and
aldrin-treated plots were lower than in untreated controls. This phenomenon
is somewhat difficult to explain, but often cecurs. It is likely a result of
lack of efflcacy againat the target specles, but the chemical results in the
elemination of antagonists (competitors or predators).

In summary, presently labeled and recormended insecticides continue to be
effactive in rootworm control., Several insecticides representing ancther class
of chemicals have had extensive field testing and appear promising should
resistance occcur to the presently-used materials.

Table 1. @Grade, yleld, and % injury of peanut fruits treated with granular
ingecticldes at planting and pegging, Holland, 1968.

Treatment % Injured I‘t:hflsl‘Ir % Sl\ﬂ(l‘! Ticld/acre 1b,
Holland Test - 1965

Garbofuran 108 @3, om 15, Babe 60,3 bed 2958
Disulfoton 10G @1.4+2.0 25.1lab 63.8 d 2795
Fhorate 10¢ @, 2.0 14 .2abed 6l.8 bed 2650
Disulfoton 106 + Diazinon 14G

@1,04+2.5 5.4 cde 56.58h 2650
Phorate 106G + Diazinom 1l4G

@1,042.5 9.4 cde 61.8 bed 2777
Carbofuran 10G Al 2.0 9.4 c¢de 61.0 bed 3122
Fhorate 10G+Dyfonate 106

21.04+2.0 4.1  de 51.0 bed 3085
Disulfoton 106 + Dyfonate 10G

@L.0+2.0 2.2 e 59,8 bed 3140
Untreated ' 29.6a 57.0abc 2487

* Application at planting=time only.

1/ 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 insectiecides at pegging=-time,

Several Virginia lecations, 1968-1971.

7 Injured Pods = Year and Location of Testl/

1968 1965 1969 1970
1958 Chucka~ Cypress 196¢ Chucka- Cypress 1971

Treatment - formulation and rate  Holland tuck Chapel Holland tuck Chapel Heolland
Carbofuran 10G 21,0 2.6a 3.Ba-d
Carbofuran 10G @2.0 5.5abe 13.%abe 12.1a 16.3be 3.3a L.0= 3.0abc
Carbofuran 106 @3.0 4.4ab 5.ha
Mocap 10G 22,0 8.6abe 18.8abe 14 . 4a 11.1ab 3.la 3.1ab
Dyfonate 106G #2.,0 7 .6abe 14 ,6abe 16.4ab 4_3a 1.6a
Dyfonate 156G @1,s 7.5abe 33,8be
Diazinon 146G @2.5 7.2abe 4.2a 11.6a 9.6a 6.0ab 5.7abe 3.5a=d
Phorate 10G @2.,0 11.5abed 14,7abe 18.1ab 5.2a 5.6ab
Parathion 10G @2.,5 50.4g 16.2abc 29.1b 12.7¢ 9.8bed
Landrin 10G @2.0 8.Bab 57.8¢c
Aldrin 10G @z.0 31.5bc 18.0¢
Untreated Contrel 27 .6def 39.3¢ 47.9% 20.8¢ 17.2¢ 19.7d 10,84

1/ HMe=ans not followed by the same letters are significantly different et the 5% level of probability.
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Table 3,

Grade fectors and yleld of peanuts treated with granular insecticides feor southern corn rootworm contral,
Several Virginla Leocations, 1968-1971,

Year and Test Location

1968 1968 1968 1969

Chemical-formuletion & rate Holland Chuckatuck Cypress Chapel Chuckatuck Holland

s vield _SMK yield _SMK ¥ield  SMK  ¥ield  SMC  ¥ield
Carbofuran 106 @1.0 66.4a 3731a 62.8 3567
Carbofuran 10G @2,0 65.6abe  373% 60,2ab 2977ab  57.8a 2991a 67.3a 2977ab  6£4.3 3267
Carbofuran 10G @3.0 67.6a 3630ab
Hacap 106 @32.0 64.2b 3612ab  55.6abed 2795abe 56.3a 2875a 65.7abe  2777abed
Dyfonate  10G @z,0 64.2be 3630ab 59.8abc 3067ab 53.5ab 2744ab  65.0abed 25%95cde
Dyfonate 136G @L.5 63.2bed 3703a 60.2eb  3013ab
Diazinon 14G @.5 63.0bed  3812a 60,8a 3176a 55.7ab  2744ab  64.8abcd Z686bede 64.3 3539
Phorate 106G @z2.0 59,6efg 3067cde 54.8bed 275%abe  51.2b 26l4abe  656.8ab  3031a
Parathion 10G @2.5 54,213 2305E 58.6abe  2977ab  45.0c 2309bcd  65.9be  2523de
Lapdrin 106 @2.0 5%.8abc  2922ab  45.8¢ 2207cd
Aldrin 106 @2.0 58.4abc  2413c 62.2d 2650cde
Untreated control 57.0ghi 2813de  45.8e 2341c 42 .0c 19174 63.7bcd 2704gbcde 62.5 323

1/ HMeans not followed by the same letters are significantly different at the 5% level

of probability.
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Effect of Leafapot Control on the Arginine Matority Index of Peanuta

Clyde T. Young, Sam R. Cecil, and Donald 1. Smitch
Univeraity of Georgia, Georgia Station,
Experiment, Georgia 30212

TNTRODUCTION

Effective control of peanut leafspot disecases iz necegsary for maximum
productivity of peanuts, At present, leafspot coptrol 18 cbtained with selected
fungicidal sprays and dusts {(Jackson and Bell, 196%9), Control of leafapot
appears to delay maturity, while s lack of control tends to hagten it, Thereforce,
the optimum harvest date for a given variety ia often influenced by the degree
of leafspot diseage control. With the increasing interest in the production of
high quality peanuts, it is becoming important for peanut growers to harvest
pcanuts at the proper time in order to obtain maximum yield and gquality. An
improved method for measuring the maturity of peanuts has been sought for scome
time,

Holley and Young (1963} reported that the amount of caretennid pigments was
associated with the level of peanut maturity. BRecause of interferepce by com-
ponents unrelated to maturity, no quantitative interpretations were developed,
Emery et al. (1966) used a pigmentation method to determine the maturity level
of farmers stock peanuts and found it to be relatively effective, Later Perry
{1971) diacontinued the attempted adaptation of this method at the farm level
because of the lack of predictabillty of the year to year differences and their
elfect on changes in maturity waluea,

Wewell (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
a meagure of maturity of peanuts and Eound it to be rellable under field
conditions, The method hag been adapted to automated analytical equipment (Young
1972}y,

The purpoge of thie Investigation was to determine the effect of wvarious
foliay fuongicides used for control ol Cercospora leafspot on peanut maturity as
measured by free arginine content.

EXTERIMENTAL
Agronomic Practices

Argentine peanuts, a Spanish type, were planted at Flaina, Georgla using a
seeding rate of 120 pounds per acre on 40 ft beds with &4 close-rows per bed.
The beds were arranged in randomized blocks with & replicates per treatment
within each test. Herbicides and insecticides were applied as needed [or satise-
factory control. The peanuts were harvested at 118 days after planting (Table
1) or as specified in Table 2. 1In another test at Tifton, Georgia, Florunner
peanuls were planted according te a split plot--randomized blocks with 5
treatmenta (see Table 3), & replications and 3 harvest dates for each treatment.
The peannts were harvested st tem-day Intervals at 112, 122 and 132 days after
planting.

Sample Preparation

The unshelled samples were placed at D°F te 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 BO°F to remove excess water and shelled
with a Federal State Inspection Service Sheller., Shelling, grading, sound mature
kernels (SMK), 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 Tndex (4MI)

Arginine was measured by using an automation (Young, 1972) of the Sakaguchi
reaction as reported by Young and Mason (1972}, The method consisted of grinding
20 gm of SMK peanuts (based on screen size 2s stated by the Federal-State
Inapection Service grading instructions) in 200 ml of trichlercacetic acid
solution for 30 seconds, then Filtering, and analyzing the filtrate for frce
arginine, The optical denaity of the filtrate was determined with & Spectronic
20 colorimeter, at a2 wavelcngth of 520 nm with the OD X 100 being designated as
the arginine marurity index (AMI).

RESULTS AWD DISCUSETON

Table 1 shows the arginine maturity index (AMT} values for peanuts from the
1971 peanut leafspot fungicide tests, in which the fungicides were applied using
the meteorolopgical schedule ag recommended by Jemsen and Royle (19066}, or using
14 or 21 day intervala. The AMT data for each test has been arranged From lowest
(more mature) to highest (least mature) within the two groupings of these data.
Table 2 shows the AMT of peanuts obtained from the digping dates test at Plains
also using Argentine peanuts, The results of the digging dates test at Tilton
are shown in Table 3.

With the maturity index, as meagsured by [ree arginine content (AMT), values
below 30 were indicative of mature kernels, while walues above 35 represented
immature kernels, Tresent data also Indicate that there is relatively little
variability in this maturity measurement among most peanul varieties, Wowever,
some varieties, notably those of the Runmer type, have a tendency to maturc
unevenly, resulting in somewhat higher arginine maturity index values,

It has been observed that proper drying at temperatures not czceeding 95°F,
and proper control of temperature and meisture at relatively low levels in
storage tend to result in moderate reduction in arginine values. Thus, properly
cured and stored peanuts harvested at variable maturity or slightly immature may
exhibit arginine values compaxable with those of a more uniformly mature Ilot
which has been improperly handled, Investigations of the influence of auch
variations on storage and product stabllity, as well as definite association of
various levels of arginine with cured peanut quality, are being vuntinued,

The Iinikial examination of the data in Table I indicated unmeasured vari-
ability assoclated with cxperimental 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 meteorclogical test were grown on land not in peanuts the
previous year and the leafspot was less severe inr the meteorclogical test, the
data were divided and treated statistically,

The mean value for AMI in the meteorolegical study was 37.25 with a poolod
standard deviation of +5.32 for rep locations, while the l4-day and 21-day
applications sectlon averaged 34,92, with a replication deviation of +6.04,

In each of these tests, moast of the rep variation was caused by a single
treatment, This 1s indicative of results that might be expected at the farm
level, In a related experiment, differences such asz thege were often associated
with other diseases such as pod rot and white meld, A more careful cheervation
of these factors appears necessary In future tests. In the weteorclogical test,
the values for Benlate were significantly higher than those for Kylar and Copper
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Table 1. Arginine maturity index (AMI) of Argentine peanuts (SMK) from
metecrological, 14 day and 21 day leafspot contraol teats
at Plalins, Georgia, 1971

Treatment AMT Standard
Deviation

Hetcorologic&ll:

Kylar? 30,0a 2.95
Cu-8 + Kylar 35,0ab 1.83
Cu~3 dust 36.5abe 2,89
Pungi-Sperse §-2 36,8abe 2,88
Comkrol 39.0be 2.31
Bravo 73W 39, 3be 2.37
Benlate 50W &, e 12.58
mean 37.25 3,32

14 day and Z1 day3:

Benlate 50W + Eylar 30.5a 0,58
Brave 75W + Kylar 30.8a 0.50
Control# 32.0a 1.83
Control 33.0a L.42
Benlate 30W + 011 39,.8ab 0.96
BAS-3201-F+# 43,5b 14.55
mean 34.92 6,04

lTiming of fungicide applications based on temperature and relative
humidity cenditions (Jensen and Boyle, 1966).

Kylar, a growth regpulator, was applicd only twice, alone or to funpgi-
cide test peanuts as showm,

Funglcides applicd at intervals of 14 days (with *) or 21 days.

sullur dust, The mean for Kylar (30,0) was significantly lower than both Bravo
(39,3) and Penlate (44,3), A& smaller but significant and similar observation
was observed om preliminary studies [rom L1370 samples.

In the 14 and 21 day application interval tests, the lower values asso-
ciated with Kylar applicationg on the Benlate and Bravo plots are notable, but
further tests are neceded to determine the validity of these obaervations,

Based on present experienmce, all AMI wvalues above 35 indicate that the
peanuts werc definitely immature, while those From 30 to 35 were of questionable
maturity, In & gimilar preliminary test perfermed in 1970, a 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 at least a week sconer, However, further
reference to Table 2 shows that 127-day Argentince averaged 41,0, 138-day 38.8,
and 148-day samplea 37.0.

The high AMI values observed throughout 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 sessomn. Peanut yields For 1971
were generally about ome-half of those obtalmed in 1570 from the same test in
the same field., This indicated that the mature pods were logt either before ox
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Table 2, Arginine maturity index (AMI) of Argentine pcanuts {SMK)

From dlgging dates test at Flains, Georgia, 1971
Tredtment® Harvest f(days after planting) Standard
118 127 138 148 mean Deviation
Control 38.0a 40,.8ab 39,.8bc 38.0bc 349,.12alb 1.91
Cu-S 10-90 Dust 41,3b 41,0ab 37.0a 37,3abc 39,12alb 1.57
Brave 75W 41,3b 40 ,5ah 37.3ab 35.5a 38,62a 1.57
Polyram BOW 38.0a 39,5a 39, 3abe 37 .0abe 38.440a 1l.22
Fungi-Sperse, 5-Z 39.3ab 41,5ab 41,0¢ 38,3¢c 40, 00¢ 1.43
Benlate 50W £0,8b 42 ,8b 38,3ab 36.3ab 39,50bc 1.19
mean 34.75¢ 41,00d 38.75b 37.04a 39,14
Standard deviation(t) 1.48 1.78 1.59 1,09 1,50

*Fungicides werc applied on a 14 day schedule.

during harvest, AMI means of 41,0 and 37,0 were obtained at 127 and 148 days
rcspecltively compared to 1970 means of 25.5 and 24,9 at 125 and 146 days.

In addition to the higher AMT values for the 1971 Argentine resulting from
adverse growing conditions, taste panel members frequently noted bitter or other

vff=flavoras in salted peanutsz made from them, suggesting that kermels of this

quality should be withheld from commercial edible atocks.

program, they could be diverted to “surplus" without loss to the farmer.

Under the present crop

The data for Florunner peamuts in Table 3 exhibited a somewhat different

Table 3, Arginine Maturity Index (AMI) of Florunner peanuts {SMK)
from tri-state digging dates test at Tifton, Georgia, 1971

Tread Ement** Narvest {days after planting) Standard

HL H2 H3 mean Deviaticn
{112} (122) (132)

Denlate 50W 29,3b 25,3a% 36,3a 30.33a 4,00

Gontrol 24, 0a% 30,8ab 47 .0b 33.94b 5.68

Bravo 75W 24.,7a 25,3ar 42.3b 30.78a 3.19

Rocide 101-65W 22.0a¥ 10.Bab 43.5b 32.11ab 2,56

Cu=S + Sevindust 24, 7a% 32,7b 53.Bc 37..06c 5,29

mean 24,93a 29.,00b 44,.80c  32.B4

Standard deviatiom(+} 3,22 5,10 3.70 £,09

*Harvest for a given treatment returning the highcst 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
With the exception of Beniate and Bravo treatments,

44,6 for the third harvest,
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the increase was progressive from first to third harvests. Means for the contrel,
Kocide and Cu-8 treatments were 23.6 at 112 days, 31.4 ar 122 days and 48,1 at

132 days, The sharp decreases in third-harvest yielda was clear proof that more
mature pods were lost on late harvest, and sugpested the peossibility of some
reversal of maturation processes towards germination reactiona.

In addi¢ion to the above varietal and seasonal variation in the maturity
index, certain treatment differences were alao cbserved. Argentine peanuts grown
with Kylar, a growth regulator,—with or without leafspot control agents, had
conaistently 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 for other treatments and controls in the same tests, Thus it would
appear that Eylar applications tend to Influence earlier maturation,

In the applications schedule tests with Argentine peanuts, such as those
shown in Table 1, AMI valucs of treatments with Fungl-Sperse were consistently
lower and those with Cu-3 slightly lower than the untreated controla, while
values from Bravo treatments were somewhat higher and those from Benlate markedly
higher, 1In the Argentine harvest dates tests, AMI walues for Fungi-Sperse
treatments averaged higher, Cu-5, Brave and Benlate treatments averaged higher
than controls For the carly harvests and decreased to lower values for the later
harvests.

The general increasc in Florunner AMI values for the second and/or third
harvest is showm in Table 3, Values for the Benlate freatment increased less,
Bravo somewhat less, and Kocidc about the same as untreated controls. Cu-8
values and increases were consigtently higher.

Data in Table 3 ipdicated that the maximum quality as measured by the AMI
values may also be related te maximum yields, as five of the six lowest values
were for treatments having bhighest economic returns,

In zeneral, the data indicate that leafspot control with chemicals such as
Benlate and Brave may delay maturity in Runner type peanuts, so that they may
be harvested later than peanuts that are unsprayed or treated with Kocide or
Copper sulfur dust, Harvest practices may nced to be varied depending npon the
leafspot control methed and/or chemical applied.

SUMMARY

Peanuts treated with various fungicides to control Cercospera leafspot
have been observed to affect the maturity as determined by a newly-established
arginipe maturity index {AMI}, The maturity index iz based on a guantitation of
the frec arginine values of peanuts, with the lowest values indicating the more
mature peanuts, Data Indicated that the maximum quality as measured by the AMI
values may also be related to maximum yields, since samples with the losest
values represented treatments having highest economic returns, Harvesting
recomeendations apparently need to be varfed depending upen the variety, leafspot
control method, and/or the chemical applied.
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ABSTRACT & LAPER

ABSTRACT

fwo veanut diseases are discussed. The first, rosette virus,
has been known in Africa since 1907 but the second, prebably caused
by the fungus Fusarium oxysperum, has only recently been noticed in
Falawia

Hegistance to rosette has only been demonstrated in & group of
relatively unproductive cultivars from the Ivory Coast, Upper Volta

regions of West Africa. These eultivars have been used in a breeding
programme to tramsmit resistance to the commercial susceptible Malawl
cultivars. Resistance is govermed by two recessive genes. #v present

the newly developed resistant hybrids are in pationwide yield trials
and their commercial zcceptance and yielding capacity are discussed.

4 new pod-rot disemse of peanuts in Malawi 1s described, and the
roles of F.oxysporum and other pathegens as causal agents are discussed.
The incidence of the pod-rot is correlated with the occurreace of paler
tlan normal testas. Fosaible methpds of controlling the pod=-rot are
baing investigated.

FAFLR

Introduction

Malawi is a small landlocked country of Central Africa,
approximately two thirds the size of Georgia, Feanuts rank about third
in value of agricultural exports after tobacco and tea. Last year
some 40,000 short tons of shelled peanuts were purchased by the
agricultural Development and Farketing Corporation. The peanut cron
is yproduced hy farmers on small acreages and the majority of operations,
from slanting to shelling the harvested crop, are done by hand. ihe
export crop is sold almost entirely for confectionery purposes on thc
Zuropcan market where there is a good demand for the very large kermels
of the Chalimbana cultivar. 4 Spanish type (Malimba) is also produced
in the hotter, lower altitude areas and Mani Fintar, a cultivar for
internal oil expressing use, is grown on the 5alima Lakeshore.

The Crain Legume Froductivity Unit of the #Agricultural Reasearch
Council of Malawi is responsible for all peanut research in Melawi.
Three nain disease problems are being investigated. The virus diseaze
known as 'rosette' is the subject of a bresding programme;‘ leafspots
caused by Cercospora spp. are being investigated by treatment with
fungicidal compounde and research on 2 pod breakdown disease is just
starting. The first and lsst diseases are discussed in this paper.

FEANUT ROSETTE VIRUS.

Bosette was first reported in Tanzanls by Zimmermann {1907} and
later in South Africa by Storey end Bottomley (192B)., The disease is
widespread in Africa south of the Sahera {(Adame and Gibbons -
unpublished datal). The wvirus is tranamitted in a persistant manner
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by the aphid, Aphis cracclvora Eoch. It is not seedborne unlixe
peanut mottle virus (Kuhn, 19565) or peanut stunt virus (Troutman

et al., 1967} which occur in the U.5.4. Cultural contrel is neossible
E} close spacing and early planting and has been demonstrated by .
several workers {(Storey and Hottomley, 1928; Tourte and Fauchke, 1045,
Fany farmers, however, do not [ollow these recommendations and tihe
release of resistant verieties would be the simplest method of cuntreol.

Hesistange to the virus has only been found in a group of cultivcrs
from the Ivory Cosst, Upper Volta areas of West aAfrica. These
cultivars belong to the Castle Cary cultivar cluster of Arachisc
hypogaes esp. hypogaea (the Virginia group) accordineg to the
classification of Glbbons et 2l {19727, Ho resistance has been Zunnd
in the early maturing sequentially branched cultivars belongin; to
A.hypogaea ssp. fastigiata. Althourh strains of the virus undoubtedly
exist the resietance of the Weat African material has been confir.ed
in West Africa by Sauger et al (1954), in Malawi by butman et al {2.G4)
and in South Africa by Klesser (1965;. Nutman et al {19647 clearly
desonstrated that these cultivars from West africa were highly resictant
although not immune to rosette. serchoux (166C) found that resistance
was controlled by two independant recessive genes.

freeding for rosette resistance

Ereeding for resistance started in Weat Aflricas some [ifteen ycars
ago and coneiderable progress has been made with o0il seed cultivars
(Dhery and Gillier, 1971). In Malawl where the emphasis is on
confectionery peanuts breeding started in late 1964 usinz the .cui
African resistant material which is low yielding and only sultabls Icr
0il expreseing. :

Crossees were made in the greenhouse and Fj plants, which arc
suscenrtible to the virus, were grown under vector free cunditions,
F; plants were field grown at wide spacings and were incculated witi tie
virus by placlng infective aphids on the plants as well as ex 23in
them to maximum netural infection. At harvest symptomless plants
were selected and progeny rowed the next season. Confirmation ol
reglstance was obtained by further exposure to the virus both in ihe
field and in the greenhouse.

Yield testing of resistant hybrids

By 1969 preliminary yield trials were conducted. The first sroux
of progeny rows showing uniformity had lakulu Ked, a red seeded
derivative ¢f Manl Fintar, as the susceptible parent. hani fintar

is probably the highest yislding cultivar in the higher altitude are:s

of Malewi as well as in other African countries suweh as Ghana (e.dwan,
1961) and Zambia {Smartt, 1966}. It is purely an oil seed type and

has a characteristic red and white variegated testa. Makulu 2ed is
similar in all respecta to Hani Fintar except it has a pure red testa.

In the croas Makulu Red x 48-34% (resistant cultivar with a dark tan
testa) the F1 eeed coat colour was pink and the F» segregated in the
ratio 1 brown : 2 pink : 1 red indiceting incomplete dominance

(Gibbons in 1litt.) whereas many previcus reports on testa colour
inheritance have shown red to be dominant to tan. Within the resistunt
hybrids selection pressure was for tan coloured kernels with a gFood sharye
which could be used for confectionery purposce and in particular the
making of peanut butter. In the Salime lLakeshore area where vani iintar
is grown the Barly Runner cultivar has been released in the past 23 a
confectionery nut. Results of yield trials are shown in Tables 1 and 2.
In these trials rosette was not a limiting factor because plantin.: was

o

early and the spacing was cerrect. In 1971/72 however many farnas
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Table 1: Salims Lakeshore Trials - Chitala Research Station

Unshelled yields (kg/ha.).

Cultivar 1969/70 _ 1970/71 1971/72 3 year mean
Mani Fintar 1555 3177 28L4 2525
RG1* 1498 2642 2244 2128
RG11* - 2472 1832 -
Early Runner - - 1737 -

5.e. +98 +170 +283 -

Table 2Z: Salima Lakeshore Trials = Distriet Sites.

Unshelled yields (kg/ha.) 1971-72

Sultivar halembe Mwimba Unit 2 Benga Femba aites Combined.
iani Fintar 3277 3809 3785 3899 1989 BP52
Ryl 3215 2098 3205 2882 2C09 2586
R11 2960 3337 308C 2470 2195 2508
HBGEL6 2775 3510 2237 2763 2619 2701
Fla.416 2697 1967 2404 2607 1818 2259
nalimba 2027 2667 270 1728 1991 2177
Barly Runner 1854 2302 2368 2440 1758 21h4
S.e. +252 +217 +173 +246 +2C% 137

* Rosette resistant hybrid



Table 3: Chitedze Yield Trials 1970-1572

Unshelled yields (kg/ha.}

EYBRID 1970/71 1971/72
PR39B* 2855 (1) 2081 (3
PRGCE* 2787 (2} -
PRA&4B* 2720 (2) 1856 (&)
PRESE* 2662 (4} 1536 (&)
Chalimbana 2430 (5) 1793 {5;
PRIOB* 2233 (6) -
FR61B* 21 (7) -
Ba22/RR/6/1/B1/1* - 2578 (1)
R222 /RR/1/1/B1/1* - 2215 (2)
S5.e. +217 N/4

Table 4: Southern Regionm Triamls 1871/72

Unshelled yields (kg/ha.)}

CULLIVAR MAKOKA THUCHILA
HMani Fintar 2870 3237
s 2601 -
RG1* 2530 28cs
R322* 2046 -
Sigaro Fink 2043 -
PREGR* 1964 2687
FRYGB* 1780 -
Chalimbana 1429 2462
PR64YT* 1143 2580
FR20B* - 3333
Shulamith - 3394
PREQB* - 2077
Fla.k16 - 2805
PR65B* - 2789
B.e. +215 +138

“Rosette Reelstant Hybrid.
N/4 not yet analysed



adjacent to the trials had guite severe attacks of rosette. Mani
Pintar seems particularly prone to early attacks of rosette and
ylelds can be sericusly affected. In the 1967 season liani Pintar
only yielded 660 kg/ba. due to a severe rosette attack.

The most promiaing of the resistant hybrlds for the Salima area
is RG1 which hea a good shape, & tan coloured testa, & simlilar oil
content to Mapml Fintar but a higher olelec / lincleiec aecid ratio.
1t does not yleld as well as Mani Fintar but it consistently outyielded
Early Runner in the 1971/72_trisls (Tables 1 and 2. 1t would
therefore be suitable as a confectionery nut in this mrea and steps
are being taken to start multiplication in the 1972773 seacon,

hybrids with Chalimbana as the susceptible parent are also
proslsing, as can be seen from results shown in Tables 3 and I, but
further testing before release is required.

Future worlk and discuseion

Trhe most promising of the new resistant hybrids are beiag back
crossed to susceptible cultivars to try and get increased yields and
better quality. 50 far successful crosses have been made bhetween
eight hybrids and the following susceptlble cultivars:-

Ghalimbana - For large kernel size aend yield (confectiomery tradel.

Shulamith - For large kernel size and shape (confectionery tradel.

ani Fintar - For yield {oil trade;,

walimha - For earliness and a Spanish type nut {confectionery trade).
It should be emphasised that 2ll the yield trisls reported here

were conducted under optimum conditions as far as prevention of

rosette is goncerned. The trials are direct compariscons of the

resistont iybrids against susceptible cultivars under rosette free

conditions and the yield of the latter would be much leass if rosette
had been prevalent as it often is under local farming practices.

FOD ROT (BREAKDOWN)} OF ERANUTS.

Characteristics and occurrence

In certain ysars in Malawi it has been noticed that the peanut
cropy, notably the Chalimbane cultivar, contained a high proportion
of kernels widch were much paler than normal, or had a yellow-brown
cast (fig.I). They were also c. 10-15% lighter in weight than normsl
kernels. When split open the kernels usually appeared quite normel,
but the testa colour spoiled the appearance of the crop. Ne previous
work had been dene on the phenomenon apart from estimating the oil
content of the paler nuts {Anomn, 1962).

It was subsequently notleed that in the years when there was a high
incidence of "pale-testa™ kernels there was also a high incidence of
pod=rots. The pod-rots were characterised by the breakdown of the
¢orky outer layers of the pod. Io the wore severe rots this layer
was missing at harvest and the underlying venation wae also frequently
detached (Fifs. 2 and 3}. Very often the pods were stained with deep
purple patches (Flg. 4} and kermels from these pods ilovariably had
pale-testaa. It waa also observed that these pod-rots and palw-testa
kernele occurred mostly in yeara 1o which the wet season was longer
than average. In years with very long wet measons (e.g. 1971/72}
kernels too were frequently attacked (Flg.5) and even in less wet
yesars the kernels often had a fine weft of mycelium over the testa.
Certain cultivars, ootably early and middle maturing ones, appearad
to be more affected tham late maturing ones.
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It was further noticed that when plants were sprayed with
fungicides to control Cerceepora grachidicola leafspot the pods of
these plants were healthier and there was a lower incidence of
pale-testa (e.g, in one trial in 1971/72 plants sprayed with the
fungicide BASF 67054 had 2.5% pod-rots end 34,65% pale-testa kernels,
while centrol plants had 73 and 86.2% respectively).

Isolation of pod-flera

Fods with rots wers surface sterilised with 1 sodium bypochloritbe
solution for 10 minutes and then incubated in moist chambers at c, 277G
for several days. The fungi which were isolated are shown below cut
only Fusarium oxysporum was consistantly dsolated.

Aspergillus flavus Rhizopus stolonifer
A, niger Sclerotium rolfsii
A. wentii ? 5. bataticola
Fusarium oXyEporum Trichoderma viride
Fenicillium spp. Trichothecium roseum

Inoculation of pods with F.oxysporum

F.oxysporum isclated from pods was shake-cultured and wasied.
4 macerate was then poured over surface-sterilised healthy pods und
incubated for seversl days. The pods were guickly covered witna a
fluffy whkite mycelium (Fig,6) and became blotched with a similar
purtle staln to that encountered in the field. If inoculated wpods
were subsequently dried and shelled the kermels were found to hkave a
pale colour. F.oxysporum was re-isolated from the inoculated nods.

It is thus tempting to suggest that F.oxysporum is the caiual
agent of the ped-rots, Koch's pestulates having been [ulfilled.
llowever, it was subseguently found that keeping non-inogulated pods in
a moist chamber for about 10 days was sanfficient to cause o fading of
the testa colour. Furthermare, although all pod-rots contain
pale-testa kernels the converse is not true, i.e. pale-testa kernels
are als¢ found in pods attacked by termites and scometimes in appareantly
undamaged pode. Fig.? of datas from a sulphur-~dust leafspot controi
trial (1971/72), is a graph of arcsin v% ToLted and termite damized pods
against arcsin v% pale-testa nuts. It can be seen that there is a
reasonable correlation between the two variates, both being much
higher in the control than in the treated plants. The graph culs
the 'y' axis at c. 25 suggesting thet this proportion of pale-tests
kernels could have occurred even if apparently healthy pods hud becen
sampled.

Aflatoxin

It was feared that the paler kernels might have higher aflatoxin
levels than normel. Howaver, the Agricultural Development and
Marketing Corporation (ADMARC} tested pele znd normal kernels and
found no significant difference in eflatoxin levels.

Conglusicns

It iz thus postulated that this is 2 maturity problem, i.e., il the
pods are left in the ground after optimum lifting time they besin to
dis, may become detmched from the plant and become attacked by fun:ii,
notably F.oxyeporum, and by other factors such as termites. It is
probable that the pods therefore become more porous, either by altack
or by drying out, and that the testa-colour is leached out by soil



water. This would obvlously be less likely to occur in a drier
year. Iater maturing varieties would alse tend to be less
affected as the season 1s becoming drier towards their maturlty.

Fungicides acting on C.arachidicola probably do not act on the
pod-fungi directly, but by malntalnlng the plant in a green and
healthy condition they delay the maturity of the pods until drler
conditions prevail.

It is not clear if F,oxysporum is responsible for the initiation
of the pod=-breakdown or if 1t comes in afterwards. i1l attempts to
rot lLealthy pods still attached to the plant have failed, but
older or detached pods are essily infected. F.oxyasporum is not
just a saprophyte however, as it is quite capable of invading
kernels both naturally (Flg.5) and artificially (Fig.8).

Fusarium spp. have usually been noted by other workers on
pod~ilors (Gilmen, 1969; Jackson, 1968; Frank, 1968; Xranz and
iueei, 1963}, but only Kranz and Fucei {1963}, working in Libya,
guggest that Fussrium spp. are solely responsible for pod-breakdown.
Frank {1968) ussociates Fusarium spp. with kythium spp. in pod-breaiidown
in Israel, stating that }xthlum 8py. Pprecede Fusarium spp. Garren
(1966} howcver atates that in the pod-breakdown he was investigating
in tie U.5.A. Fusarium spp. preceded Iythium spp. 1n the present
case lythium spp. have not yet been lsolated and F.oxysporum is
quite capable of invading mature pods and kernels without sssistance.

rrovention

Frevention is effected by making sure that pods are harvested
as soon as mature, especially in a wet season. This is easier to
do if the plants have been sprayed against C.arachidicola lesfspob.
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captions.

hormal kernels right. FPale-testa kernels left.

rart of damaged pod showing removal of corky outer layer
Badly rotted pod showing detached venation (#)

tod showing deep purple stain (4 )

Fod with infected kernels.

fluffy white mycelium.

Grath of relationship between rotied and termite-damaged
rods and pale-~testa nuts.

hernels artifiecially incculated with J.oxysyorum.
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ABSTRACT

As far as we can tell, the Cylindrocladium black rot of peanut was first
found in the Virginia-North Carclina area in one ficld almost on the State
line in Nansemond County, Virginia in 1970. In 1971 it was found in

seyeral fields in the Williamston, N. C. area, and in two fields in Virginia.
Eeports from Georgia and South Carclina where it has bcen known for several
y=ars indicate that the black rot of peanut is increasingly more important
as a pranut disease in that area. We have established that this peanut
disease was found in Japan in 1970 and was rcagarded as a major discase of
peanuts in Japan in 1971.

A sovere outbreak of Cylindrocladium black rot in a pearnut field in
Nansomond County, VYa. n2ar the Tidewater Research Station in 1971 gave
opportunity to check on the effect of this disease on yicld. Unquestionably
this disease is a threat to peanut production. When 50% of the plants were
visibly infccted, though not necessarily dead, there was a twofold increase
in yicld over the yield from areas in which 100%¥ of the plants were visibly
infected. With only 15% visibly infected there was almost a threefold
increase in yield, and with no plants visibly infucted there was almost a
fourfold incrcase in yi~ld. There was no evidence that the pathogen is
sced transmitted., Because black rot is a potential thrzat to peanut
production, peanuts have been replanted in the afercmentioned fleld in
1972, We hope to study epiphytology of the disease in 1972,

INTROLUCTION

In the United States Cylindrocladium black rot was first recognized as a
disease of peanuts in Georgia in 1965 (2). Apparently the discovery of the
disease in Georgia was the*first record of this peanut disease anywhere in
the warld. There was further study of it in Georgia (1, 4), and it was
found in South Careolina about 1968 {F. H., Smith, persenal communication}.
Cylindrocladium black rot was found on peanuts in one field in Virginia in
1970 {3). This ficld was less than 100 yards fram the boundary between
¥irginia and Nerth Carolina. 1In October 1971 one of us {Garren) feund it
in peanut fields near Chiba, Japan. A plant pathelegist, T. Misonou,
stated that the black rot disease was first found in Japan in 19703 that it
was undoubtedly the disease described from Georgia, U.5.A. by Bell &

Sobers (2)3; and that he considered it a major threat to peanut producticn
in Japan. Probably black rot was present on peanuts in North Carolina in
1970 for it was found in 3 counties in North Carolina in 1971. At a
conference on peanut problems in Oklahoma and Texas in November 1971 we
found no one whe suspected that peanut black rot was present in these
states.

We hawe, then, a special set of circumstances, to wit: 1. & “new{? )"
disease of peanuts was found in Georgia in 1965. 1ii. Three years later it
was found in South Carelina. 1ii. Two yzars later it was found in
Yirginia and North Carolina. 1iv. At the same {ime 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 peanuts is definitely a new disease, {ii). There
has been a c¢hange in the genus of soil berne fungi "Cylindrocladium" in
Southeastern United States and Japan {(and possibly elsewhere). (Either there
have been mutations in Cylindrocladium or repeated use 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
scattered fungal clones.) At any rate our conversations with plant
pathologists who work with nurscries and woody 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 recently
changed from innocuous to harmful but also there has been a concurrent
simjlar change in the relation between this fungal genus and many woody
plants.

We hope the new peanut diseasce Cylindrocladium black rot will recede inte
the background just as did another new disease of a fow years ago, namely
peanut stunt. However, wi arc doing our best to be prepared in the event
our hopes come to naught.

SYMPTOMS

Jackson B Bell (4) in their 1969 bulletin on peanut diseascs gavn an
excellent, concise description of symptoms of pranut black ret, Their
description is modified in light of symptoms observed in Virginia and
added to a bit for usz here.

The first obvious symptoms in the ficld were yellowing and wiltinoc of the
leaves on the main stem, followed by yolleowing and wilting and some death
of leaves on secondary branches, The main stem often dies while lateral
branches remain alive or even apparently unaffected. Hypocotyls and tap
roots die and turn black, but the dying somctimes stops at the greoundlino.
This is because adventitious roots sometimes develop on disecassd plants
near the groundlins. Frequently, however, the entirc root system of a
discased plant is destroyed, leaving a blackened and fragmented tap root
which looses its bark and branch roots when the plant is pulled from the
soil. Dark brown, slightly sunken lesions occur en pegs and pods. The
lesions on pods may remain discrete or the entire pod may become dark
brown or rot. Reddish-orange perithecia of the sexual stage of the

causal fungus are occasionally visible just above the aroundline on badly
diseased stems. These structures are frequently mistaken for small sclerotia
of cither Sclerotium rolfsii Sacc. or some other sclerotium preducing
fungqus, However, when seen in the field these reddish-orange structures
arc an unmistakable sion of the pathogen.

THE CAUSAL FUNGUS

Bell & Sobers (2} performed the prescribed routine of grernhouse
inoculations with laboratory-grown cultures of a fungus isolated from
diseased peanut plants, This routine is necessary to prove that th= fungus
isolated can cause the discasz. Furthermore their studies nstablished the
scientific names of Cylindrocladium crotalariae {Loos) Bell and Sobers

and Calonectria crotalarias {Loos) Bell and Sobers for the asexual and
sexual stages, respectively, of the causal fungus. S$ince the as=xual stagn
is the stage in which the fungus grows and spreads and the sexual stage is
associated with dormancy and overwintering, the asexual stage name was

used in naming the diseasc.

When the disease was found in Virainia and Worth Carolina wo repeated the
routine for establishing the Cylindrocladium sp. as the causal fungus.
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We found most isolates of the fungus lost their ability to cause the
disease rapldly when kept in culture. However, in a few rare instances we
had isolates which werc pathogenic only after bring kept im culture for a
few weeks. Much remains to be learned about the pathogenicity of

C. crotolariae,.

INCREASE IN THE DISEASE FROM 1970 TO 1971

&5 far as wo can tell, tho Cylindrocladium black rot of peanut waz first
found in sufficicnt quantity to warrant investigation and identification
in the Virginia-North Carolina area in onc fierld in Nansemopd County, Va.
in 1970. In 1971 this diseass was found in several ficlds in both states.
We identified the fungus as causing disease in North Carolina in Halifax
Gounty (localized in one field, 100% of 10 acres), Bladen County (65% or

4 acres in a 3C acrro field} and in Martin County (25% of 8 acres). In
¥irginia in 1971 black rot symptoms were observed at two locatiens, one in
Nansemond and one in Southampton County.

The field in Wansemond County, Va. in 1970 was, as reported (3], planted

to two cultivars--a local cultivar 'Holland Station Bunch' and ‘Florigiant'.
[he 1970 obssrvations suggested that the disrase was lees severe on
'Florigiant' than on "Helland Station Bunch'. The field in Nansemond
County in 1971 was planted entirely to 'Florigiant'. As best we could tell,
rdisease development was as severe in 1971 as in 1970, thus there is no
evidence that 'Florigiant' is less susceptible fto C. crotolariae than is
'Holland Station Bunch' or any selection from it.

IS THE BLACK RCT FUNGUS SEED-TRANSMITTICD?

The field in Nansemond County, ¥a. in which black rot was found in 1971
was about © airline miles from the field in which it was found in 1970,
No developmznt of black rot could be found in the area between the two
ficlds. The tExtension Service had alerted county agents after black rot
was found in 1970 and a county agent reported the disease in the
Southampton County field in 1971. Several other suspicous fields were
chocked carcofully and all found to be negative for black rot.

in our studics on peanut microflora {cited in 3), made in connection with
the aflatexin proeblem, we have found Cylindrocladium spp. to be wirtually
nen-existant in the szed-borne microflora of peanuts grown in Virginia.

We checked sead from the 1970 fisld and could find no Cylindrocladium spp.
in them. [he seed for the field in which black rot was found in Nansemond
County, ¥Ya. in 1971 came from the warehouss in which the planting seed
saved from the ficld in which the disease was found in 1970 had been stored.
The owner of the 1971 infested field also owned the warshouse, but he was
positive that the seed he planted in the 1971 infested field came from a
field that was free of rvoot diseases in 1970, MNavertheless, cured seed
from the 1971 infested field were checked thoroughly and no Cylindrocladium
spp. was found in them; not even in seced hand-harvested fram rows in which
100% of the plants had dead tops.

C. crotolarias could be iselated from freshly dua fruits and from seed

from freshly dug fruit from infested fields im 1970 and 1971. However,

after these fruits were handled as peanuts are handled on the farm there

were no Cylindrocladium spp. in the fruit or seed microfleora. We cannot

say this fungus is not seed borne untll we eliminate the possibility of

there being a selecctive culture madium that will show that C. crotolariae

is sometimes viable in cured peanut seeds., Tt is possible that C. crotolariae
cannot bz detected on standard media because of othrr faster growing fungi.
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ARE THERE PARTICULAR ENYIROWMEWMTAL OR WEATHER CCNDITIONS ASSQCIATED
WITH BLACK ROT DEVELOPMENT?

Here again we ¢an best call on the greater experience of our Georgia
colleagues, Dr. Durham Bell (in personal correspondence] reports that in
Georgia black rot has been observed only in heavy clay soil having low
water percolation rates (relative to light sandy soils), fairly high
organic matter content (3.5-4.%% w/w), and pH greater than 5.8, However
only a few pH readings have been made in Georgia. The twe infested fields
found in Mansemond County, Ya. could not be described as having heavy clay
soils, though there scemad somewhat more clay in the surfaco eof these
fields than in most peanut flelds of the county,

Bell states further, "The sequence of events runs something like this:

If there is extensive rainfall in May, plants become infeeted and discase
progresses during June, but no aboveground symptoms showj soils begin to
dry out creating water stress carly in July, and aboveground symptoms
brgin to show in late Julys in early August plants are severely wilted,
dving, or dead, If May is relatively dry and June unusually wet, the
whole process shifts forward 2-3 weeks." We have not yot had enough
experience with black rot te develop a seQuence such as this for Virginia,
North Carolina.

DAMAGE POTENTIAL OF BLACK ROT

The aforementioned field of Florigiant peanuts in Nansemond County,
Virginia was found, in early Auqust of 197!, to have scatterzd spots of
savere infectiom. These spols wore marked off and at normal harvest
time (ca. October 10) 12 plots were hand-harvestsd in the cormor of the
field in which there was mest cvident black rot. Yields of thest plots
determined after stack curing in the field, were converted te pounds per
acre and arc given in Table 1. A visual estimation was made of the

Table 1. Cylindrocladium black rot of peanut and peoanut yirlds.

Cstimated percentages of plants infected, percontages
of plants dead, and harvested vields for 12 plots in
Hanssmond County, VYa. 1971

Elet Code Yield
Inf./dead Lb/A

1 100/60 1021
2 100/60 1021
3 100/96 740
4 100/96 1160
5 100/100 934
6 15/5 3587
7 15/5 4113
8 L00/75 1162
9 25/10 3530
10 50/20 3047
11 100/95 1116
12 0/0 4752

percentage of plants infected and percentage of plants dead in each plot.
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All plots were in the same gencral arra of the field. For example, the
plot with no infection was only five rows from a plot which had 100%
infection and 60% decad plants. Table 2 groups the plots inte 5 groups on

Table 2. Cylindrocladium black rot of peanut and peanut yislds,

Average vield and percentags increase of visld owver
100% infection for 5 infection qroups
in Nansgmond County, Va. 1971,

Yield
Plants Increase over
¥isibly Infegted Yicld 10C% infection

% Lb/Acre F
100 1027 —-_—
=0 3043 194
25 3530 245
15 3850 20
a 4757 365

the basis of estimated percentages of plants infected with Cylindrocladium

and converts yield to pnrcontags increase over that of the 100% infected
plots.

1n view of these results we conclude Cylindrocladium black rot of peanut
can areatly depress yield of peanuts in Virginia and Worth Carolina,
therefore it is a potontial threat to peanut production in thesa states.
As a consequence we have 'Florigiant' peanuts in each of the Virginia
fields which had black rot in 1970 and 1971. On June 30 therc were no
diszascd plants nvident in either field. On July 11 numercus plants in
both li=lds had typical black rot symptoms and C. crotolariae was easily
jscolated from these plants. We plan to make a fairly detailed study of
the epiphytology of black rot in these ficlds.
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DEVELOFHMENT AND EVALUATION OF FPEANUT SALVAGING
AND CLEANING EQUIPMENWT--A PROGRESS REPORT 1f

George B, Duke 2/

Tntroduction

Peanut digglng losses consist of those peanuts that shed from the plants
before digging and those that are separated from the plants by the digger. Dig-
ging early is one way to minimize field losses from natural shedding, but lower
yield and quality may result. In recent studies 3/ in Virginla, losses from
carly dipging ranged between 3 and 10t%; at normal digging date, 10 ro 20%; and
at late dlgging, 15 to 30%, Of the total losses, approximately 20% axe visible
on the seil surlace and 80% are below the so0ll surface. The 80%, not wisible,
are distribuced from immediately below the soll surface te depths of &4 to 5
inches. T.dmited revisions made on the conventional type peanut digger have
not significantly reduced losses nor will this equipment save peanuts detached
frem the vines, 1If field losses are to be reduced, equipment to salvage these
peanuts must be provided or varvieties must be developed that shed less before
and during the digging operation.

HMethods Used to Recover Teanut Lossos

45 a result of studies designed to determine the mapnitude of losses assocl-
ated with digginpg, a salvaping device was constructed, This unit, shown in
Figures 1 and 2, lifted and sifted a 6-foot wide by 4- to 5-inch deep strip of
soil, Uperaking ak a speed of 15 to 20 feet per mimute, the salvager recovered
about 98% of the peanuts left in the soil by the conventional digger, Use of
the conventional dipper and the experimental salvager required two separate
operations over the field.

1/ For presentation at the American Peanut Research and Education Association
Meering, July 16-19, 1972, Albany, Ga,

2/ Agricultural Enpineer, Harvesting and Farm Processing Research Br., AERD,
ARS, USDA and Associate Professor, Department of Agricultural Engineering,
Virginia Folytechnic Institute and State University, Tidewater Research
Station, Holland, Ya.

3/ Effects of Digging Time on Peanur Recovery Yield, Salvaged Yield and Quality
w=h Propress Report by Gecorge B, Tuke,

Ackoow] edgements: Appreclation is expressed to the following cooperators.

1. Mr. ¢, E. lolland and staff, Federal~State Inspection Serviece, Suffoll,
Va, for determining farmer's stock grade,

2, Messrs. H. L. Smith and W, E, Walls, Virginla Department of Agriculture,
Richmond, Va. for making germination studies.

3. GCommercial companies for loan of a peanut digger, for pricing farmerrs
stock grade peanuts, and for CLER flavor evaluations.

4, Messrs, C. E, lloladay and J, Pearson, National Feanut Research Labora-

tory, Dawson, Ga. for mold, aflaroxin, rancidity, and Fat acldicy
determinations.
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The conveyor speed of the 1970 digger-salvager excecded the equipmeut ground
speed by abour 3.3 to 1, 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 werc collected by the salvaging compoments., The peanut plants
were pulled apart and deposited in a windrow in Intermirtent bunches, The sal-
vager collected detached peanuts and soil from a 28-inch width band from each
row. The total recovery yleld (vine and salvaged yield combined) from this
equipment is expected to be a lircle less than the total vine and salvaged yileld
obtained with a commercial digger followed by a &6-foot wide experimental sal-
vager, but considerably more than the vine yleld from a commercial digger.

In 1971 the digger-salvager was altered to redugce the conveyor-ground speed
to a ratio of 2,8 te 1, when the ground speed was 60 fcet per minute. A faster
rate of sifting che soil from the peanuts wes achieved by installing a screen
made from 3/4-inch mesh hardware cloth 2 inches above a 5/8-inch mesh hardware
cloth in the hopper to divide the soil mass, Handling and field cleaning comw-
ponents incorperated im 1971 were:

1. Horizontal, cross-mounted cpen mesh type convevoer, 6 inches wide x 7 feet
long, installed at the discharge end of the soil sifting hopper to cel-
lect and convey the peanuts to one side of the machine,

2. Vacuum type {an to lift light trash from peanuts in the 6-inch wide
conveyor.

3. Iaclined, side-mounted open mesh type conveyor, 6 inches wide x 9 feet
long, te comwwey peanuts vpward to the vibrating seoil and clod sersen
and bagging attachment,

&, Vilbrating screep made from 1/2=inch mesh hardware cloth te break up
soft clods and separate additional fine soit particles,

5. Bagging atrachment for collecting the salvaged peanuts.

Both materials handling conveyors were constructed of Sani-grid belting
consiscing of parallel meral rods of number 9 gauge wire with 3/8=-inch space
between the wires, The 3/4-inch mesh hardware cloth, materials handling con-
veyor, cleaning fan, vibrating screen and bagging atrachment installed on the
1971 model added to the overall efficiency of the digger-salvager. Photographs
of the 1971 model are shown in Figures 3 and 4,

The principal factor that restricts the capaecity of the present machine is
the rate that the peanuts are separated from the soil wass. The use of hardware
cloth has limired capacity for screening soil, and capacity is further restric-
ted due to fine root hairs and peanut leaflets lodging on the cross wires of
the hardwarc cloth. Under damp soil condicions, root hair accumilarion is
greater than under drier soil conditions. Under very wet soil conditions, soil
particles rend to ecling to the reoot hairs and ultimately choke the screen,

Under some g0il conditions excessive gquantities of clods were collected and
exceeded the quanecity of peanuts salvaged. All salvaged samples in 1971 comn-
tained a very high percentage of foreign material 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 xemoved before marketing.
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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 progran., Only one test was dug before the arrival of Hurri-
cane (iinger on September 30 and the accompanying rains, DMgglng and salvaging
dates in 1971 were Sept. 29, Oct. 14 and 17, and the last test was dug on Hov,
2 which is5 normally about 2 weeks beyond the last dipging dates ino Virginia.

Four types of peanut samples were collected to determine plor yields and
quality: (1) vine yield from the conventional digger, (2) salvaged yield from
the conventional digger, (3) vine yield from the two-row digger-salvager, and
{4) salvaged yield from the digper-salvager. Feanuts on the vines after digging
were picked of{ by hand. Salwvaged samples were hand cleaned to remove foreign
material., All samples were artilicially cured and dried to equilibrium moisture
before weighing aud grading.

llarvested Peanut Yield and Grade

Yield data results from the 1970 test are shown in Table 1. Average con-
ventional digger losses from each of the varieties, Va. 01K, Florigiant and
NG-17, were 798, 608 and 633 lbfa, respectively, Peanuts harvested with the
two=row digger-salvager (vine plus salvaged yield cowbined) increased the per
acre recovery yield over the vine yield from the conventional digper by about
500 1b/a with each of the three peamut varieties.

Yield data regults from the 1971 tests ave shown in Table 2. Average con-
ventional digger Josses from each of the three varieties for the rthree first
dlgzing daces werc 1459, 1091 and 2397 lb/a, respectively, for Va. B1R, Flori-
giant and NC-17, Peanuts harvested with the two-row dipger-salvapger (vinc plus
salvaged vield combined) increased the per acre récovery yield over the vine
yield from the conventional digger by about 900 to 1430 lb/a,

Feanuts dug unusually late, Nov. 2, after the rains subsided gave very low
vine yields, Conventional digger vine yield [rom the three varieties ranged
between 790 and 1395 1b/fa and losses ranged batween 3223 and 3364 1lbjfa., Yield
from the digger-salvager, vine plus salvaged yield, combined, increased recovery
yield by 3003 1b/a over the vine yield from the conventiomal digger,

Quality ol the peamurs from the vine and salvaged samples collected in 1970
and 1971 is shown in Tables 3, 4 and 5. The commercial grade, price per pound,
and gormination of the salvaged peanuts were about equal to the vine sample,
CLER flavor ratings of the salvapged samples were not appreciably different from
the vine samples, None of the peanut zamples contained aflatoxin.

Mr. ©. E. lloeladay of the National Feanut Rescarch Laboratory, Dawson, Ga.
analyzed rhe samples for the presence of molds, aflatoxin, rancidity and fat
acidity. Wis remarks after analyzing the 1971 samples were: IExcept for dis-
coloration and appearance of the skins, the salvaged peanuts scem to have
excellent gquality--as good as the ones picked from the vines."

Equipment to Reclean Salvapged Peanuts

Salvaped peanut samples contain, in addition te the good guality peanuts,
an excessive quantity of foreign marerial. Under c¢loddy seil conditioms the
quantity of clods may greatly exceed the quantity of detached peanuts. 1f the
s0il is not dry, an excessive quantiry of fine soll particles is also collected.
Salvaged peanut samples collected with prescntly available equipment and under
the above adverse conditioms contained several times more foreipgn material
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Hand e¢leaned samples of salvaged peanuts were graded to determine their
quality. The commercial grade, price per pound, germination, rancidity, and
fat acidity of the salvaged peanuts were not appreciably different from the
None of the salvaged samples, including some collected in 1971
digping time, nor any ol the shrivelled
CLER secore rakbings showod no approciashle

vine samples,

one month after the eclosc of the normal
or decayed kernels contained aflatoxin,

differences between the vine and the salvaged samples.

Table 1, Peanut yield (1b/a)., Holland, Va, 1970
Conventional Digger Dipger-Salvager
Digging ¥ine Salvage Vine Salvage
Nate Yield Yield Tokbal Yield Yield Total
Va, H1R Variecy
9/29 4073 3h2 4625 3270 581 3851
1072 3652 518 5170 3ll4a 532 3646
10/5 3165 692 J857 2717 804 3521
ILINE.) 3916 464 4380 3178 B54 4032
10/11 3367 430 5197 3081 306 1887
10/14 3172 1204 4376 3031 1144 4174
107417 28609 1044 3913 3012 1399 4411
13720 3166 10581 4247 2711 1437 4148
Avg 3422 798 4220 3014 945 3959
Floriglant Varicty
af29 4509 1z 4821 4085 821 4907
1072 4583 384 A967 4255 Lh2 M7
10/5 4642 371 Me1z? 3930 673 4603
10/48 4512 633 5145 4039 925 64
10/11 4500 823 3323 4134 9116 anagd
10714 4795 670 5465 3887 1257 5144
10417 4240 592 4832 4418 1162 55381
10/2n 4412 337 5299 4279 1056 5335
A 4524 608 513z 4128 932 5080
NG-17 Yariety
9/29 4456 175 4631 4608 150 4758
10n/2 4399 182 4581 4278 254 4532
1045 4506 3139 4845 4509 183 4692
10/8 4266 290 4556 4493 308 4891
10/11 4359 673 3032 3912 881 47493
10/14 4247 456 4733 3726 913 4639
10417 1572 1271 4843 3350 918 4317
10/20 3169 1653 4822 3745 944 4689
Avg 4121 633 4754 4083 580 4661
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Table 2, Peanut yield (lb/a)., Holland, Va. 1971

Conventional Dipger Digger-Salvager
Digging Vine Salvage ¥ine Salvage
Date Yield Yield Total Yield Yield Total

Va. 61R Variety

9/29 4203 768 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 4078
11/2 14 1150 3223 4373 1189 2936 4125

Florigiant ¥ariety

9/29 1934 781 4715 3960 894 4854
10/14 4355 1325 5680 3530 1747 5277
10/17 4012 1169 5181 3179 1998 5177
Avg 4100 1091 5192 3556 1546 5102
11/2 1/ 790 3364 4154 725 3317 4042

NC-17 Variety

9729 4448 607 5055 4580 442 5022
10/14 4328 817 5145 4702 999 5701
10417 4041 1269 5310 4557 8943 5500
Avg 4272 897 5170 4613 794 5407
11/2 1/ 1395 3302 4698 1067 3110 4177

1/ Unusually late digging date,



Table 3, Summarzl_pcnnut grade and value per pound,

% Faney % ELK % SME % Damage Priceflb
Sample 1970 1971 1970 1971 1970 1971 1930 14571 1970 1971
Va, blR
Vine 69 76 27 28 67 71 6,6 0 13,5 14,6
Salvage 81 73 14 26 70 70 1 0.6 13,9 14,2
Florigiant
Vine a3 86 46 46 72 73 0.3 0 14,7 15,5
Salwvage 38 i3] 42 34 70 70 2.3 1,3 13.8 14,5
NC-17
Vine 68 71 58 57 75 78 0.3 D 15.4 16,2
Salvapge 85 87 60 63 T4 73 1,1 0 153.3 16.0
Table 4. Sumnaryr ECTMinatien percentagos.
19740 1971
¥ine Salvage Vine S5alvage
Variety Sample Sample Sample Sample
Va, 61R 92,3 92.8 96,0 97.0
Florigiant 92,6 91.7 7.0 97.2
NC-17 90,1 903 97.6 98,8
Avg 91,6 531.6 96,8 97.6
*
Table 5. Summary, CLER score rating.
1970 1471
¥ine Salwvage Vine Salvage
Variety Sample Sample Sample Sample
Va, B1R 50,5 46,2 50,13 49.0
Florigiant 39.7 38.0 47.3 42.3
WC-17 46.3 44 .0 26,3 58.6
Avg 45,5 43.9 41,1 49,9

% Average of 8 digping dates in 1970 and 3 digging dates in 1971,
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CURING FLCAWUTS WITH FERIODIC HIGH TEMPERATURES
by
John M, Troeger and James L. Butler
Agricultural Engineers, ARS, USDA, University of Ceorgia
College of Agriculture Dxperinent Stations
Coastal Plain Experiment Station, Tifton, Georgla
Jack L. Pearson
Research Horticulturist, MQRD, ARS, USDA
Dawson, Georgia

ABSTRACT & PAFER
ABSTRACT

The puaper reports the rosults of three years experiments to evaluate the
aeffect of periodic high temperature {120°F) on the drying rate, flavor and
nilling quality of green harvested peanuts. PResults indicate that cycling
the temperature to simulate windrow drying conditions will increase the
drying rate without necessarily degrading flavor. Percentage of split
kernels was higher than with standard drying conditicns.

In a related experiment, peanuts dried ccntlnuously at 120°F to 20% moisture,
then dried with standard conditions (95°F maximm) had a superior flavor
when compared with peanuts dried to 20% moisture with standard conditions
and finished with high temperature,

The vesults indicate that limited applicaticn of high temperature during
drying of green peanuts will not necessarily degrade their flaver guality.
This procedure can be used as a successful alternative te windrow drying
which g subject to uncontrelled weather conditiens.

Peanut harvest noruwally begins Dy removing the plant from the soil and
allowing it to dry in tThe windrow for several days. The partially dried
peanut is removed from the vine and subjected to further drying with
forced, heated air until the moisture content is reduced to a safe level
for ztorage. The Initial windrow drying reduces the moisture content from
40-60% {(wet basis) down to 15-20% under favorable weather conditioms.
Exceptional dryliug conditions may reduce the moisture level below 10% but
rainy, Foggy weather may prevent drying below 25%. Prolongation of the
time for drying makes the peanut more vulnerable to attack by insects and
mold growth., In additicn, it promotes excessive loss during combining
because of deteriopation of the pods' attachment to the vines.

Immediate harvest after digging followed by prompt drying can minimize the
loszes attributable to poor drying weather, Addition of heat to the drying
alr will increase Jts drying potential and thereby reduce the drying time.
Excessive heat during dvying, however, can result in a poor flaver of the
final product {1} Experience has indicated that limiting the air
temperature to a maximum of 95 F will prevent the peoor flaver caused by
high temperature.

#Numbers in parentheses refer to appended references.



Recent research by the Agricultural Engineering Research Division at Tifton,
Georgia in cooperation with the Market Quality Research Divisien at Dawson,
Georgia and the Georgia Coastal Plains Experiment Station has indicated
that preen-harvested peanuts, dried with forced heated air limited to 95° F,
had a flavor which was infericr to peanuts dried in the windrow under good
weather conditiens (Fig, 1). The taste panelists characterized the peanuts
as having a lack of flaver or "bland" flavor rather than a bad flavor.
Coneurrent research showed that the temperature of peanuts in the windrow
may reach 220°F or higher for three hours or more per day under good
weather conditions {2},
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Pigure 1. Flavor evaluaztion for windrow dried peanuts.
{S=3tarr Spanish, R=Early Runner, F=Florigjant}

Objective

The objective of these experiments was to Investigate the hypothesis that
a limited exposure to high temperature may decrease the drying time without
damaging flavor quality.

Equipment and Procedure

Prying plenums were equipped with time clocks for programmed temperature
control. The high temperature was thermostatically controlled at 120 ®F. The
low temperature was the standard recommended conditiens for drying peanuts



(heat added when the relative humidity exceeded 65% but with a maximum temper-
ature of 85°F). The drying air was heated with electric heaters,

The peanuts were dried in boxes with one square foot floor area and one Ffoot
depth, Alr flow rate through the peanuts was 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 welght loss was determined by periodie weighing, Treatments
were replicated three times. Moisture contents were determined after oven
drying at 180°F for 48 hours. Federal-State grading procedures were used

in evaluating milling quality.

Flavor quality was evaluated at the Mational Peanut Research Lab., Dawson by
ten-menber panels of selected and experienced tasters, Bamples of butter made
from roasted, blanched peanuts {(with no additiwves) were rated on a five-point
hedonic scale as "exeellent" 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 bootha to
minimize ewtranecus influences upon flavor response, (Cler score evaluallons
were made at Tifton.)

Dizcussion of Results

Peanut quality can be measured by several criteria, depending upon the end
use, Tor the edible trade, flavor iz the primary criterion. Flavor was best
evaluated subjectively by taste penels and the results gquantified, Sampling
procedure is critical if significant vesults are to be achieved.

Milling quality is evaluated by the percentage of split kernels in a graded
sample. Excessive split kermels usually indicates that high temperatures
were used in drying, Thus it may be used as a secondary indicator of flavor.
The gplit kernel percemtage Is also used in determining the price paid to the
producer. Split kernel percentage preater than %% pesults in a lowsr price.

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

Cycled high temperaturs

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 reductionsz in drying time were noted

in all years.

Flavor evaluation of peanuts dried with cycled temperatures (Table 2) génerally
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 standard treatment., In 1871 the harvests were
evaluated for flavor using the Cler method (2). These tests showed a slight
preference 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 peried. In several instances, the
split kernel percentage was above the 4% level used in determining the price
paid to the producer,

These results Indicate that drying time can be reduced without sigmificantly
affecting peanut flavor by pericdic use of higher temperatures during drying.
Milling quality, however, will be reduced with this procedure.
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Teble 1. Time (Hours) to Reach 10% Moisture Content
1989 1970 1971
Starm Early Starr Florunner Florunner Floriglant
Treatment Spanish Runner Spanish
Standard dryingi’/ 77 70 142 80 90 56
Arbient aip, no heat added 183 85 242 123 - -
Continuous 120°F te completion 23 28 ——— —— - —
. 2/ 4/ &/
High - Low= 61 (15— 84 (1B)~ — ——— - --
Low - Highd/ so Y ws an) - — - --
Cycled Treatments
% High Hours Fer
Temp. Cycle
12.5 24 G5 - 80 HE — -
25 1z 49 - - . 54 23
31.3 ] 31 as 63 33 49 24
31.3 4,73 - 4l - -= 52 29
3l.3 -— 40 61 4B 57 25
3l.3 2 - - - - 48 26
1/

2/
3/

~ gtandard drying - heat added when relative humidity exceeds 65%, maximum 95°F,

= High - Low - Continuous high heat at 120°F to 20% moisture, then standard drying.

='Low - High - Standard drying to 20% meisture, then eontinuous high heat.

i/"firne in parenthesis indicates hours at high termperature.
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Table 2. Flavor Cvalustion
14969 13970 1971
tarr Early Starr Florurner Flerunner Florigiant
Treatment Spanisb Aunner Spanish
R - 4
Standard drylngl/ 2.6—j B 2.5 2.3 ?OE/ 55
3 days in windrow 2,5 2.1 - s - ——
Ambient alr, no haat added 2.7 2.2 2.6 -- -
Cortinuous 120°F to conpletion 4.0 . —_— —— - -
High - Lowzf 2.6 -] — R - —
s o af

Low - High—~ 2.8 3.8 —— — - -
Cycled Treatments

% High Hours Per

Temp. Cycle

1z.5 24 2.0 - 2,3 2.8 -— -
25 12 2.3 - — — 65 L9
31.3 g 2.3 3.0 2,2 2.2 53 21
31.3 4. 78 -—— 2.7 -—= —_— 61 53
31.3 2 - 2.4 2.4 3.0 63 51
31.3 2 -— — — - 61 47

*ote - Comparigonz should be pade only within a given year and variety.

years are not valid.
1/
2/
3/
4/

= High - Low - Continucus 120°F to 20% moisture, then standard drying.

~Low - High - Standsrd drying to 20% molsture, then corntinuous 120°F.

=’ Stendard drying - heat added when the relative handling exceeds £5%, maximum 95°F,

—' Flaver panel evaluation - scale rarges from 1 {excellent flavor) te § ( very poor flaver).

5/

='1971 peanuts evaluated by Cler scors (3].

to 100 {good pearut flaver).

Compariseon across varieties and

Scale for Cler evaluation ranges frem 0 (badly off flavor)



Table 3. Percentage of Sound Split Kernels

1368 1970 1971 %
Starr  Early Stary
Treatment Spanish Runner Spanish  Florunner Mlorunner
Standard dryingt’ 0.8 0.3 1.5 1.0 2.5
3 days in windrow 0.3 0.4 3.8 1.9 ——
Ambient air, no heat 0.8 0.5 0.7 1.7 -
added
Continuous 120°F to 1.9 3.7 —-- — —
completion
High—Lowgf 0.8 1.7 -— —_— -—
Low—Highgj 2.1 2,2 - -— -—
Cycled Treatments
% High Hrs. Per
TemE. Cycle
12.5 24 2.2 ——— 2,2 1.3 --=
23,0 12 1.8 — -~ - 3.9
3l.a3 B 2, 5.9 2.9 2,7 2.4
31.3 4,75 -—- 1.4 —— —— -
31.3 d ——— 1.7 1.4 1.8 4.6
31.3 2 — - - — L6

1/5tandard drying - heat added when relative humidity excecads 65%, wax, 95°F,
2/ngh Low - Continucus 120°F to 20% moisture, then standard d:ylng

3/Low iligh - Standard drying to 20% moisture, then continuous 120°F.

k3 Flerigiant samples were nct graded.

Partial drying with high temperature

Instead of programming a change in drying-air temperature with time, the
programming may be based on moisture level of the peanut. This appreach
hyvothesizes that the interaction betwcen temperature and moizture level is
impertant in flsvor development. One experiment applied bigh temperature
(120°F) air at moisture levels above 20% (high~low), the other applied high
temperature air below 20% (low-high),

The results indicate that high temperature applied near the end of the drying
process will reduce the drying time more than application during the carly
stage of drying (Table 1).

In the flavor evaluation of the 1969 Spanish haprvest, 15 hours of high temper-
ature treatment at high moisture (high-low) was judged to have a similar flavor
to 9 hours of high temperature applied at low molsture (low-high) (Table 2).
Both were similar to the flavor of the standard treatment. In the 1969 Runner
harvest, 18 hours of high temperature treatment at hiph moisture (high-low)

was judged to be significantly better than 17 hours of hiph temperature at

low moisture (low-high). These results suggest that the peanut is better

able to withstand high temperature flavor damage when its moisture iz high.
Further data are needed to substantiate this inference,

Milling quality, as indicated by the percentage of splitl kermels, was better

with the high-low treatment (Table 3J). Both treatments had higher percentages
than the standard treatment but were below the 4% level used by the buyer.
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Summary

Drying in the windrow will produce peanuts with an acceptable flavor quality
except under proleonged rainy weather. Delayed drying encourages mold growth,
and aflatoxin contamination, and contributes to Increased harvesting losses.
#n altermative solution inveolwves harvesting immediately after digping and
prompt drying under controlled conditions. Complete, continucus drying with
temperatures asbowve 95%r will likely damage flavor gquality. Programmed drying
with high temperature (120°F7 applied periodically, decreased the drying
time by 40-60% and maintained or improved flavor quality. Split kernel
percentage increased slightly.

Tests indicated that the peanut is less likely to sustain flavor damage if
the high temperature is applied at high molisture rather than low moisture.
Further data are needed to substantiate this inference.
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THE EFFECT OF DEYIMWG RATES OW SEFARATION OF
COTYLEDOMS OF BALD FERNELS
by
John D. Woodward, Mechanical Engineer
and Reed S. Hutchison, Agricultural Enpginecr
National Pesnut Research Laboratory
Transportaticn and Faciliries Research Division
Agricultural Research Servdice
U. 5. Department of Agriculture
Dawsom, Georgia

ABSTRACT

Green peanut kernels with thedr skin removed (bald kernels) were dried at

four humidities. Relative displacement between cotyledons of the bald ker-
nels was shown to be a Punction of relarive humidity (RI}. TFor Virginia-

and Rumner-type, the average amount of scparation between the cotyledons at the
end opposite the germ was about 0.055-inch at 12 and 40 percent RH, but de-
clined sharply to about 0.040- and 0.015-inch at 60 and 80 percent RH,
respectively. The values of lateral movement declined steadily with increascd
relative humidities, averaging about 0.029-, 0.015-, 0.008-, and 0.002-inch

ar 12, 40, 60, and 80 percent RH, respectively. For Spanish-type peanuts, the
magnitude of the values was considerably less for each type of movement, but
the same trend was followcd.

INTRODUCTION

Drying tests conducted at normal or low temperaturcs have shown that splitting
of kernels is a function of drying rate (1, 2), i.e., if orher things are
equal, higher drying rates cause more splitting. This fs illustrakted in
fipure 1 with data From Beasley and Dickens. However, the cxaect mechanism
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Figure |--Percent split kernel s relahue humidity for Virginia peanuts
dried at 75°1a 95 F. Data taken from "Engineering Research
in Peanut Curing" Tach. Bul. No. I55.
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The average valnes for opposing displacement are plotted versus drying
hunidity in figurc 7. The trend of the average values was the same for
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Figure 7--Qpposing displacemen of cotyledons wversus relative homidity
of drying air.

each test. The values were about cqual at the two lower values of relatlve
humidity but decreased sharply to 60 and 80 percent relative bumidlty.

The average values for parallel-type displacement are plotted in figure 8.
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Figure B--Parallel displocement of cotyledons versus relative humidity
of drying air.

For each test, the values showed a eontinuous decline for increasing relative
humidity.
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For opposite-type displacement, there was no statistically significant
difference between values at 12 and 40 percent relative humidity for any
of the teste. Eetween any other humidity levels, there was slgnificant
difference for all or most walues.

For parallel displacement, significent differenco was found between values

of 12 percent and each other humidity level. Other values generally were

not significantly different. Measurement of parallel displacement was subject
to more error becausc of the difficulty in defining the original position of
the cotyledons. However, the trends of the parallel disgplacement versus
humidity seemed well established.

Fipures % and 10 show the percentage of kernels having displacement greater
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Figure S--Percent of kernels with opposing displocement greater
thon Q030 inch.
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than 0,030-inch. The trends established are similar to those of the average
values,

Ddsplacement values were always lower for the Spanish peanuts than for
Virginia or Florunner. This difference was expected sincc Spanish kernels
are considerably shorter. However, on an angular hasis (displacement
divided by length of kernel), the wvalues for Spanish peanuts were still lower
than Florunner or Florigiant. BSome effect may have resulted from the drying
range. The inicial meoisture content of the Spanish peanuts was somewhat
lower, 453 percent dry basis, than that of the Flerunner and Florigiant which
wag 57 and 64 percent, respectively.

Displacement values apparently were not dependent on final molsture content.
The peanuts dried to equilibrium showed no consistent difference from those
dried to 12 percent moisture content,

DISCUSETON

Relative displacement between cotyledons of bald kernels has been established
as a Function of the relative humidity of the drying air. The relationship
between the digplacement and relative humidity is similar to that of splitting
versus relative humlidity of the drying air. The theory follows that the
forces causing displacemont creoate stress Iin cthe skins of whole kernels,
causing, or at least enhancing, splitting (during subsequent shelling and
handling} of peanuts dried at lower relative humidities. The values presented
here would indicate a gharp rise in aplitting for drying air humidities lower
than 80 percent: howcver, they represent humidity of the afr dlrectly surround-
ing the kerncl. Kernels inside hulls {farmers' stock) prabably have a higher
surrounding humidity than that of the drying alr since the hulls act as a
meisture buffer, The curves presented here probably should be shifted to
represent farmers' stock peanuts.

Based on the curves of opposing displacement, splitting probably would reach

a point of no increasc for further increase in drying rate. This has generally
net been the case in most dyying research, Thus, the forces causing parallel
displacement may be predominant In causing splitting, since these values arc
higher with drying air at lowey relative humidities. However, a combinatlon

of the two forces may determine the milling gquality.
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EVALUATION OF DI-1-P-HENTIENE FOR POTENTIAL USE
04 FARIMERS' STOCK PEANUTS
by
James I. Davidsoen, Jr. and Freddie P. MeTutosh,
Hechanical Fogineer and Agricultural Engineer, respectively
Hational Peanut Research Laboratory
Transportation and Facilities Research bivision
Agricultural Research Service
U. 5. Department of Agriculture
Dawson, Georgia
and
Leonard M. Redlinger, Tnveatigations Leader
Coastal Plain DIzperlment Staticn
larket fuality Rescarch Divislon
Agricultural Research Service
U. 8. Department of Agriculture
Tifton, Georpia

TATRODUCTTION

This teporl covers a cooperative study by the Transporiation and Facilities
Rescarch Division and the Market Quallty Research Division of ARS te avaluate
the potential uses of di-l-p=‘fenthene in the commercial storare and shelline
of farmers' stock peanuts.

Di-1l-p-ienthene is a Lewis acid catalyzed polmyer of A pinene - one of tho
major constituents of pince oil. It has two sub-units in the polmyer for a
molecular weight of 274, Its chemical structure is represented by the
followling:
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pi-1-p-Menthene is relatively non-toxle to mammals, has Leen cleared by rhe
Food and brug Administration for use in cosmetics and chewing gum, and has

a tolerance exempt status In agriculture. ime of its prilmary uses is to con-
trol pesticide residues. Some physical and chemieal properties of this
material are listed In table 1.

Various substances have been used to cxtend and control the residues of
peaticidea, IL was reported that di-l-p-Menthene has such properties and,
in addition, posgzegses qualities of retarding moisture loss. It is readily
soluble in water and when applied to a material and allowed to dry, a thin
film is formed on the surface. This thin film retards the transfer of
molsture between the material and its surroundings. TPlants are dipped in a
solution of di-l-p-Menthene and water to retard wilting and are sprayed with
similar solutions to retard tramspiration. In some cases, 1ts use reduces
the number of dirrigations required to produce a crop.
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Since the film-forming properties of this material had been successfully
utllized on other agricultural products, it appeared that such a film omn

farmers' stock peanuts might form a significant barrier to moisture, bacteria,
and molds as well as being useful in maintaining residues of malathion or

other insecticides, A thin film on the surface of the peanut hull could

affect the shelling rates of commercial shellers and improve sheller performance.
Application of the di-l-p-Menthene could be casily implemented inte current
storage programs by mixing this material with the ingecticide and spraying the
peanuts in the usual manner.

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

Table l.--Characterlstic chemlcal and physical properties of
di-1l-p-Menthene 1/

Property Value or characteriscic

State at room temperature - liguid

Acld number — approximately zero

Average specific gravity - 0.95

Iodine number — approximately 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
decreazed 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 - 1.50%98

1/ Chemical and physical property data were supplied by the distributor,

T #Miller Chemfcal and Fertilizer Corporation, WIVR Road, Box 311,
Hanover, Pennsylvania 17331, Listing of the distributor does not
imply that the Government recommends use or non-use of this
product, The distributor furnished the di-l-p-Menthene and con~
sulted with the authors in plamning this resecarch. Cooperation of
Mr, Charlie Svec and Miller Chenical and Fertilizer Corporation is
greacly appreciated,
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a. Reducing moisture loss of farmers' stock peanuts during storage.

b. Conditioning peanut pods for shelling,

c. Minimizing mold and bacterial infestation of farmers’ stock peanuts.

d. TIncreasing the length of residual toxficity of malathion and therehy
minimizing insect Infestation of farmeraz' ztock peanuts.

This study 13 part of an overall program conducted by ARS to improve methods,

techniques,

and equipment for storing and shelling farmers' stock peanuts, It

was conducted at Dawson and Tifton, Georgla, from Junme to October 1571,

MATERIALS AND METTIODS

A 1,175-pound lot of Spanish-~type peanuts (1968 crop year) was removed from
refrigerated storage and divided into five samples as follows:

Sample
Sample
Sample
Sample
Sample

The zamples

98

ne, 1 - Untreated control (375 pounds)

no, 2 - Vater-treated control (200 pounds)

no. 3 - Malathion—treated (200 pounds)

no. 4 - Di-l-p-llenthene-treated (200 pounds)

no. 5 - Di-l-p-Menthene plus malathion-treated (200 pounds)

received the Ereatments as shown In figure 1.



The 375-pound untreated contrel lot was divided into a 275-pound sample and a
100-pound sample. The 275-pound untreated sample was used to determine the
properties of the peanuts prior to storage, and the 100-pound 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 quality of the
lot. The remaining 25 pounda were divided Into 5-pound samples for immediate
determinations of oificial grades and germinations. One hundred kernels from
each official grade sample were subjected to mold agsays to determine mold
contamlnation. The 100-pound sample was placed in ambient storage for 3 months
and then shelled to determine milling qualilty, grade, and germination after
storage.

411 of the truated samples were sprayed at a rate of 32 ml of sclution per pound
of peanuts, Previous experiments with water showed that this rate would
thorougnly wet the surface of all peanut pods. The malathion spray was

prepared by mixing 8.75 ml of premium grade, 57 percent LC malathion per gallon
of water. The di-l-p-Menthene solution was prepared by adding 392 ml to a
pallan of water. The malathion plus di-l-p-Menthene solution consisted of

8.75 ml of premium grade, 57 percent LEC malathion, and 392 ml of the di-1-p-
Menthene per gallon of water.

Unlform coverage by tlhe spray solutions was achieved by spraying the peanuts with
a flat spray nezzle as they discharged from a bucket elevator, The bucket
elevator was fully leaded to maintain a constant rate of flow. After the peanuts
passed through the sprayer, they tumbled down an inclined belt and mixed with

the runcff seolution. This procedure insured that the solution was applied to

the entire surface area of the peanut pods.

Immediately after spraying, each sample was aerated for 2 hours so that the
di-1l-p-ilenthene would "set," forming s film around the pods. Tach sample was
welghed immediately befere and after it was sprayed, and again at the end of the
aeration period,

Following aeration, each sample was thoroughly mixzed and divided into subsamples
as indicated in figure 1. OUne hundred pounds of each sample were placed in
burlap bags and held in a storage room at ambient conditlons, Each bag of
peanuts was weighed weekly, and the temperature and humidity of the storape
building was recorded every 2 hours. After J months (90 days), the samples were
subjected to official grade, hull and kernel malgture determinaricns, shelling
and germination tests. A 1/4-size commercial-type sheller was used for all
shelling studies.

Five S-pound subsamples were taken from each of the four 200-pound samples for
mold studies, TLach 5-pound subsample was divided into l-pound portions, placed
in mesh bags, and stored in a chamber controlled at 80 # 10 percent relative
humidity. Temperature was not contrelled, but 1t was in a range favorable for
mold growth at all times {809 to 105° F.). After B, 19, 26, 35, and 42 days’
storage, five l-pound portions of each treatment {water, malathiom, di-1-p-
tlenthene, and malathion plus di-l-p-Mentliene) were taken from the humid enviren-
ment, One hundred kernels from each l-pound portion were gurface sterilized

by soaking in a 2 percent solution of sodium hypoehlorite for 2 minutes. The
sterilized kernels were then transferred to petri dishes containing amn agar
solution 2/. After 5 days, the number of mald-infected kernels was counted,
The mold infestations were divided into three categories: (1) Aspergillus
flavus, {2) other Aspergillus and Penicillium species, and (3) MMycelia—type
fungi. bacteria-infected kernels were alsc counted.

2/ The cooperatlon and assistance of Mr. Jerry Kirksey, Pathologist, HORD, ALS,
USDA, and Dr. Richard Cole, Microbiecloglst, XQRD, ARS, USDA, who assisted with
the mold evaluatlons are greatly appreciated.



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 storved-product Insects.
In addition to the natural insect population present during storage, 500 Indian-
meal and 800 almond moth egps were sprinkled over the surface of each box of
peanuts. At the end of 1, 2, and 3 months of storage, Insect evaluationz were
made of all samples.

Each 15-pound peanut sample was divided with a farmers' stock peannt divider

to a representative 1,000-gram sample, ''he peanuts were sifted over a 1f4-inch
screen with a mechanical sifter operated for 1 minute. The numbers of live

and dead ingects were recorded.

Iusect emergence records were obtained from peanuts held in an envirommental
room maintained at 27 + 1° C and 65 + 2 percent RH for a 42-day perled. At the
end of this period, the peanuts were sifted and the number of iInsects recorded,

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

Malathion residues were analyzed from l-quart samples of peanuts taken
immediately after treatment and at the end of 1, 2, and 3 months of storage.

DATA AWD RESULIS
General
The peanuts treated with solutlons of di-l-p-Menthene gained less welght

(absorbed less moisture} during the spraying cperation than the peanuts treated
with other solutions (table 2), It appeared that the di~l-p-Menthene solutions

Table 2.--Weilght and moisture gain of peanuts when aprayed wich different

solutions
Moisture gain
Type of solutiom Weipht gain Hulls Kamels
Percent Points {wet basis) [Points {wet basis)

Water 3.3 9.5 1.2
Malathion and water 3.7 10.3 0.7
Malathion, water and
di-l-p-Menthene 2.7 8.7 0.9
Di-1-p-Menthene 2.5 6.7 0.8

formed a smooth sticky fllm on the exterior surface of the pod. This film
shieldad the hull resulting in a relatively low hull moisture content. Immedi-
ately after spraylng, the film remained tacky. However, no problems were
experienced in the normal handling of these peanuts. Aeration set the film and
caused the peanuts to appear bright and polished.
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Meisture loas during storage

afrer the first week in storage, the film did not significantly reduce the

loss of kernel moisture (figure 23},
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appreached hygroscopic equilibrium for the partlcular storage environments.

Although the di-l-p-Menthene treatments were not effective for maintaining
kernel moisture contents of farmers' stock peanuts for long pericds of storage,

the treatments appeared to be effective for short-term {1 week) storage.

Ta

further evaluate the effects of the film on short-term storage, two sanples of
freshly dug ("green™} peanuts were immersed simultaneously, one in a 10 percent

di-l-p-Menthene solutlon and onme in water.
normal drying conditions and thelr drying rates compared (figure 3).

The samples were then subjected to
The film
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Shelling, grades, and germination

Table 3,.--Effect of treatments ¢m ehelllng and germinstlon properties of Spanish peanuts sfter

3 monthe ' storege

Sound Skin Shelling Shelling

mature Eplit [0 elipcape Kernel efficloncy rate of

kernel | kernel | stock |({beld kernel | wmoisture faf first stege {first stage
Spray treatment | outturn | outturn | cutturn outturn) {vet basis) sheller ghelier Germination

Pounds per

Percent | Fercent | Percent Percent Percant Fercent ~—Taar Tercent
Controrsy é.6 | 11.3 1.5 12,1 7.3 91.6 683 79.0
contro1s/ 6.3 | 124 [ 1. 12.7 6.2 %.5 62k 70.3
Vi ter 65.9 12,5 1.3 15.2 6.3 89.9 TSh T1.8
¥alathion 65.9 13.0 1L 14.0 6.% 9.6 660 Tl.h
Di-l-p-Menthena 64.8 13.0 1.3 18.1 €.3 oh.1 763 T3.2
Di-1-p-Menthene
plus melathien 65.2 13.5 1.4 17.9 E.h 93.9 820 Th.b

effectively reduced the drying rate of the peanuts and indicated some potentlal
for using di-l-p-Menthene to reduce sporadic changes in kernel melsture during

atorage.
Both storage and spray treatments lowered milling quality (table 3).

1/ FPeanute were not sprayed, but shelled at the beginning of the experiment,

E/ Peanuts were not aprayed, but shelled after 3 months' starage.
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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 samples treated with di-1-p-Menthene soluticns had the poorest
milling quality, but the highest shelling rates and shelling efficiencles. 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.
Host of the grade damape above 1.2 percent resulted from worm cuts,

Germination decreased slightly during storage, bnt did not appear to be affected
by the spray treatments. Peanuts treated with the di-l-p-Menthene had slightly
higher germination percentageg than those obtalned from peanuts of other
treatments.,

Mold Study

Mold contamination data indicated that inoculum capable of grewing speciles of
Agpergillus, Penicillium, and Mycella-type fungi and bacterla was present in
the control sampleg (table 4), Only a gmall percentage of kernels from these

Table 4.--Mold contamination of peanut kernels prior to storage

Type of contamination
Sample Other Aspergillus Mycelia-type
number Aspergillus flavus and Penicillium fungi Dacceria
Percent Percent Percent Percent

1l 1 0 36 11

2 1 1 42 8

3 3 0 37 10

4 3 0 33 14

2 1 0 31 16
Range 1-3 0-1 31 - 42 g - 16
Average 1.8 0,2 35,8 11.8

samples had A. flavus or other Aspergillus 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 funml and
bacteria (35.8 and 11.8 percent, respectively).

1f the di-1-p-Menthene film is a barrier to mold, then the number of infested
kernels should not change appreclably during storage. Data from each of the
four treatments after 8, 1%, 26, 35, and 42 days of storage are presented in
figures 4 through 8. Spraying the peanuts with solutions containing the
di-I1-p-Menthene did not prevent invaslon of the kernels by any of the contami-
nants studied. There was no indication that this spray treatment inhibited or
affected infestation by A. flavus or mold fungi (figures 4 and 5). For purposes
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of this presentation, the mold fung! include all Aspergillus and Penicillium
species, At best, the only effect of di-l-p-ilentliene on mold growth was Eo
reduce infestatlon by the Mycelia-type fungi and bacteria for about & days

(figures 6 and 7). Tt should be noted, however, that the film formed by the
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invasion of peanut kernels by bacteria,
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di~l-p-ilenthene did not promote mpld growths. This 18 an important result if
dl~i-p-Henthene 1s used commercially.

Insect study

The average number of insects and damage recorded from each treatment is shown
in table 5, The high insect counts recorded at one month after treatment is a

L TOTAL KERNELS INFESTED By MOLD AND MYCELIA-TYPE
e FUNGI AND BACTERIA
& {Percent -Based on Indpendent Counts}
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direct result of the moth egpgs introduced at the beginning of storage. The
number of insects recovered from the peanuts on leter sampling dates was ac
lower level. The applied treatments offered little cor no protection from

ingect attack, Peanuts treated with malathion alone and the combination of

malathion plus di-l-p-ilenthene had fewer live and emerged insects than the other

a

treatments. Very little difference was noted between the two malathion treat-

ments. The greatest numbers of insects and damage were recorded from the
untreated controls and the di-l-p-Menthene-treated peanuts,

Rezidues

The average malathion residues are shown in tahle 6. All of the residues were

uhdr G- Malatliles cesldues cecoveced [vum fameers' stack poanues after variaoe
elorage pecivds—TiEtan, Ceurgia, June - Septorher, 1871

kesiducs  montha albter rreaFment
Treatoent
L'} 1 z ¥
Fra D Ipn Bpn
Malarhiun 1.8 .3 i.m 2.5
Malalhion 1 di-l-p-Menthens 1.4 4.5 ] 4.0

unusually low. A malathion deposit of approximately 52 ppm, the standard

recommendation for farmers' stock peanuts, was desired for this study. However,

with the method of application nsed (wetting the entire peanut pod), 1t was

difficult to determine the amount of malathien that would be retained on the hwll,

Residue analyses made of the samples 1 day after treatment showed a deposit of

12,6 ppm for thc malathion alone and 1&8.4 ppm for the cembination. FEven though

the intended deposit was low, it can be geen that very little difference occurred
in the degradation of malaethion from the peanuts treated with malathion alone or
in eomhination wicth di-1-p-Menthene. UJuring the first month of storage, average

residues decreased from 63 to 75 percent. The decrease was gradual during the
remainder of the storage period. The low malathion residues accounted for the
poor insect control obtained,

CONCLUSION

Treatment of farmers' stock peanuts with di-l-p-Henthene at the conditions
apacifled did not significantly affect grade, permination, or resistance to
invasion by mold, bacteria, and insects,

pi-1-p-Menthene solutions formed a thin film on the ontside of the peanut pods,
giving them a bright and shiny appearance. This Ffllm appeared to shed water
solutions sprayed on the pods but was effective for only short periods in
reducing moisture loss by the peanuts. The filim increased the shelling rate
and efficliency of a commerclal-type sheller, but the milling quality of the
treated peanuks was generally lower.

Spraylng tle peanuts with an application rate of 32 ml per pound essentially
rewet the peanuts and resulted in an incvease in both kernel moisture and skin
slippage. Because an increase in kernel moisture makes the peanuts more
susceptible to aflatoxin, rewetting is prohihited by the Peanut Administrative
Committee. TFor these reasons, a lower application rate would have to be used
in a commercial operation. Although lower rates of spray application may fail
te form a complete film on the pod, they would minimize che bad effects of the
spray on peanut guality. iHore rescarch may be warranted to determine the
petential use of di-I-p-Menthene at lower application rates.

Thisz preliminary study indicates that some potential uses of di-l-p-~Menthene
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, Treating surfaces of peanuts in warehouses to reduce the effects of
candensation and moisture varlations.

c. Treating salted inshell nuts to improve their appeal to consumers.
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CERTATN PHYSICAL ANWD MEGHANIGAL PROPERTIES OF VA. 61R PEANUTS
by
J. L. Steele, F., 5. Wright and P. H., van Schaik
Agricultural Engineers and Agronemist
Agricultural Research Service, USDA, Southern Keglon
Holland, Virginia 23391

Summary

Certain physical and mechanical properties of indlvidual ¥Va, 61R peoanuts
were determined, The mechanical properties determined wera: (a) peanut-peg
strength, (b) peg tenaile strength, and (¢) shell strength at the basal and
apical ends of the peanut. The physical properties determined were: molsture
content, dry weight, wet welght, peg length, peg diameter, pod length and
pod profiles,

Relationshlps between the above properties and age from pegging were
examined. Variablliry betwecn peanuts and the associated strength measurements
prevented the development of relaticnships with a high degree of certainty.

The most consistent relationships weres (a) dry weight increase with age,
(b} meisture content decrease With ape, (c) peg diameter product change with
apge, (d) dry weight density decrease with moisture content, (e} a decrease
in the ratioc of the peanut-peg separation force to dry weight with age, (f)

2 decrease in the ratlo of the peg separation force to dry weight with age,
and {g) an increasc in apical and basal shell puncture force with dry weight.

Introduction

Knowledge of the physical and mechanical properties of the peanut can
contribute in many areas to the production of quality peanuts. The definition,
measurement and tabulation of these properties and their change during fruit
development, harvesting and curing are needed for wariety ecvaluation, machine
desipgn and drying and curing recommendations. The purpose of rhis study was
to define and quantify certain properties of the peanut which relate to growth,
maturation, harvest and mechanical damage.

Certain physical and mechanical preperties of Va, 61R peanuts were studled
in 1969 and 1671 (1), 1/ The objecrives were: (a) develop procedures and
instrumentation for the measurement of certain physical and mechanical proper-
ties of individual pecamuts, (b} relate the peanut-peg strength, peg tenslie
strength and shell strength to molsture content and other physical properties
of the peanut. These studies Were conducted by the Agriculrtural Research
Service, UUSDA, Southern Region at the Tldewater Research and Gontlnulng
Rducation Center, Holland, Virginia.

Instrumentation

Teanut-peg, peg and shell strength were characterized by mcasurement of
the force required during slow loading to separate the peanut and peg, separate
(break) the peg and puncture the shell, The force meaaurements were made
using a crosshead and drive assembly, a strain-gage load ccll and a dynograph.
The crosshead was equipped with four load cells to permit simultaneous

1/ MNumbcrs in parentheses refer to refercnees,
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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 plnned
and clamped as 1llustrated in Figure 1. The pin was inserted directly behind

the peanut-peg attachment and in line with the normal peg projection. The
clamp was installed approximately 25 mm from the pin. For the peg separation
force measurement, a second clamp was added as shown in Figure 1, The peaput-
peg and peg separation forces were defined as the maximum force cbserved
during loading.

For the basal and apical shell puncture force measurcment, a lead cell
was equipped with a blunt 1.B83-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 teo puncture the shell was also defined as the
maximum observed force.

Peg diameters, pod length and pod profiles were determined with a Jlighe
senaing device. A phototube, a2 lipht 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 3mm from the clamp)
in two directioms before the peg separation foree was measured, Lach pecanut
was moved through the light beam for the profile measurements. FProfiles
perpendicular and parallel to the suture were recorded on chart paper.

Each peanut was welghed on an analytical balance and placed in an oven
ac 180°F for 3 days for moisture content and dry weight determinations.

Test Procedure

In 1969 the effect of meisture content on the peanut-peg and peg separation
forces was investipated, Peamuts of wvarious moisture contents were cbtained
by hand harvesting after 0, 1, 2, 3, &4, 7, ¢ and 11 days of ficld exposure,
Thirty-twoe visibly sound peanuts and pegs were selected from an inverced
windrow of peanuts dug on 10/13/69. Force measurements and meisture content
determinations were made on each peanut as previously described.

In 1971 peanuts of a known age were defined by seleccion., Forty-eight
peanuts were selected and tagged on four specific dates when the peg was zbout
to enter the soil surface, YEight 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 cach peanut: pep length, peg
length bencath soil surface, peanut-peg separation force, peg diameters, peg
separation force, wet weight, pod profiles, basal and apical shel] puncture
forces and dry weight after 3 days in an oven at 180°F,

Results and Hacussion

The average moisture content of the peanuts harvested in 1869 from an
toverted windrow is presented in Figure 2, The variability between indiwvidual
peanuts 15 indicated by the moisture content range. The average poanut-peg
separation force with days in the windrow is shown in Figure 3. The varla-
bility in these date Is indicated by the range and standard deviation of the
separation force for the fruits observed each day., The same information is
presented in Figure 4 for the peg separation force. As indicared, the
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separation foreces are not significantly related to moisture content, From other
examinations of these data, the separation forees are not related to either
dry welght or wet weight of the peanut fruit.

In 1969 no significant change in shell puncture force was observed with
days in the windrow. TFurther examination of the data suggested a slight
decrease in shell puncture force occcurred with an lncrease in moisture concent,

The magnitude of the variability between individual peanuts and the
associated force measurements was unexpected. To further illuskrate this
variability, the data for two peanuts are presented in Table 1, The molsture
content and dry welght of these peanuts were esgentially the samec; however,
the peanut-peg separation force differed by a factor of two. Peanuts at other
moisture contents and dry weigbts exhibitcd similar varlations. This varia-
bilicy suggested factors other than meisture content and dry welght influence
the separation and puncture farees,

Tn 1971 other physical factors of the individual peanut fruits were
observed, In Table 2 an arbitrary peanut age was defined with respect to the
tag date and harvest date, FPeanuts failed to develop on many of the pegs
tagged on B/6 and 8/13; therefore, a limited number were observed for these
two dates, The average physical and mechanical properties of the pecanuts
evaluared within cach age proup are presented InTables 34 and 3B,

In Figure 5, the average peanut dry welght with age is shown for each tag
date, Within a tag date, an Increase in dry weipht with age ig apparent,
Some differences between tap dates existed; however, a single trend line was
drawn, These data are in general agreement with those reported by Schenk (5),

In Figure b, the averape moisture content with age is shown for cach tag
datwe, Within a tag dare, a decrease in moisture content with age {s apparent.
4 single trvend line was suggested even though some differences appeared
between tag dates,

In Figure 7, the average peg diameter product (an index of peg cross-
sectional area) witrh age is pregented for each tag date, A significant dif-
ference berween tag dates is apparent, A maximum peg cress-sectiomal area
wias supggested at 60-70 days of age.

Mo apparent patterns were suppested by the data for pep or pod length with
age or dry weight,

3ix digmeters were sclected from the profile data to compute pod volume,
Typical pod profiles were drawn for Figurc 8, HMaximum diameters in the basal
and sapical sections of the pod were berter defined in the profile perpendigular
to the suture, These two maximum diameters and a third minimumm diameter were
selected from this preofile, Three addicional diemeters parallel to a plane
through the suture were determined at corresponding peoints along the pod as
illustrated in Figure 8. These diameters and lepgth were used to compute ped
volume by Simpson's rule. In Figure 9, the most consistent relatlonship
betwecen pod volume and other physical factors was presented, In this fipure,
dry weight density decreased linearly with an inerease In moisture content,
Since 2ll peanuts were examined immediatcly after dipging, this trend reproe-
sented the change in dry weight density during prowth and development, This
linear relationship, as shewn in Figure 9, alsc implied that the peanut wet
weight density remained constant during prowth and development,
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The peanut-pep separation force (Fl) was not significantly related to any
one of the follewing factors: wet weight, dry weight, moisture content or age,
However, the ratio of Ty to dry weight with age was fairly cemsistent as shown
in Flgure 10, An avcrape peanut-peg separation force of 1,3 kg was in general
agreement with those reported by Bauman and Norden (2} for other varietles.

The peg separstion force (F,) was not significantly rclated to any one of
the following factors: wet weight, dry weight, moistute conteunt, peg dlameter
product or age. However, the average ratic of Fy to dry weight with age
exhibited a pattern similar to (Fy/DM} as shown in igure 1l. The average
pes separation lorce was 2.6 kg.

Shell puncture forces (F3 and Fﬁ) were related to both dry weight and age.
Upper limirs for F. and F, were approached at about 70 days of age with the
waximum value observed at 96 days, A linear relationship between shell pune-
turc force and dry welpht was sugpested as shown in Tigure 12 and 13, Shell
puncturc force was equally related te dry weight demsity,

The variation in the force measurements was reduced slightly by the selec-
tion of peanuts the same age from pegging, Hany of the properties evaluated
were relaced to age and other were inter-related through age. The apparent
difference between tag dates was attributed to different growing conditions
and tagging late in the season, A single tap darte, more harvest dates and
concrelled growing conditlons were supgested for contioued study and confirma-
tion of these results.
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Table 1, BScparation forces for two peanuts of equal
meisture gontent and dry weipht,

Soparation Foprce

Moisture Dry Fy ¥y

Content Welght (Peanut-Feg) (Pep)
T Webe gng ke kg
38.13 2.15%8 1.21 1,81.
38,3 2,301 0,57 1,22
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Table Z,

Ape in days and number of peanuts evaluated
with respect to the harvest and tap dates.

Harvest Tag Date
Date 7723 7730 8/% 8/13
af1y 54(8) 47(8) 400 4) 33(4)
9429 65(8) 61(8) 54{4) 47(4)
10/13 82(8) 75(8) 58" 61"
e o
10727 96(8) 89(8) 82 75

* These groups were not harvested,

Table JA. Averape physical and mechaniecal properties.
. Force
Moisture Nry v F F =
llarvest Apo Content Makter 1 2 3 4
Date (days) % ow.b. gm kg kg kg kg
9/15 5& 6l.3 1,382 1,39 2,27 2,37 2.50
n 47 69,0 1,336 1.74 2,74 2,26 1,93
it 40 Be.1 0,530 1,17 3,11 1,51 1,11
" 33 7.8 0,397 1,41 3,87 1,66 0,71
g/29 64 33,3 1,370 1,28 2,21 3,33 4,37
" 6l 60,1 1,407 1,21 2,61 2,84 2.36
" 54 84,7 0.510 L.1a 2,09 1,46 1,16
" 47 83.4 0,630 0,65 2.06 1,17 1,03
16/13 82 51,8 1.775 1.22 2,00 3,36 2.89
" 75 52,9 1,661 1.61 2,87 3,27 3.06
1nf27 96 48.5 2,222 1,13 2,45 4.28 3,28
" 89 33.2 1.837 1,29 2,83 2,69 2.94
Table 3B, Average physical and mechanical propertics,
Feg Feg Fod Dimension
Length Diameter Perxp., to Suture Par, ko Suture
Harvest A B D3 Dq Length B M A L M B
Date TN um mm mm o] mm mm mm mm TIN
9/15 53 24 1,81 1.91 31 la,6 12,9 14,9 13,6 14,9 14,2
" 61 32 1.9z 2.n2 34 15,7 13,1 15,3 14,0 14,7 15.5
" g1 32 2,16 2,17 30 15,0 13.9 15.2 14.6 14,9 15.0
n 109 20 2,20 2,24 3l 14,3 12,9 13,3 12,9 13,6 14,1
9/29 49 32 2,14 2,13 29 14,0 12,7 13,6 13,2 13,7 13.5
" 43 31 2,14 2,17 kD 14,2 12,7 14,4 13,7 14,7 14,8
n 76 27 2,33 2,28 24 14,1 12,3 13,1 12,6 13,1 14.6
H 84 30 2.45 2,19 32 14,3 13,1 15,1 14,1 14,9 14,6
1g/13 A8 31 1,93 1,87 33 14,2 11,7 13,8 12,8 13,7 13.9
" 47 24 2,10 2,11 k14 14,4 12,7 14,4 13,5 13.7 13,6
10727 56 135 1,79 1,87 32 15.7 14,0 15,1 14,8 16,4 15.4
1 34 34 1,89 Z2.02 31 15.9 14,3 15.1 1s5.1 1ea.1 16.3
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A PLOW-FLANT SYSTEM

James L. Shepherd, Head
Apricnliurel Engineering Department
University of Ceorgia Coastal Plain Experiment Stution
Tiften, JQeorgia 31 TOlY

PAFPER

Peanubs continuc to give excellent yield responsc to mechanization rosearch
and development effort. The writer has culminated twenty-six fruitful years
in this area with {he development of a new-concept onc-trip system of land
turning, treating and planting. Results-after two years studies with this
syslem indicate very significant potenblal in benefits for the grower through
adoption of the prineiples Invelwved.

The following adyantages are gained by lhis new approech to peammt planbing:
1) Minimized requirements in labor and machinss by combining all operations
in: turning soil with mouldboard plow bottoms with concave discs for desp
turiel of organic residue; subsoiling Lehind tractor furrow-whoel; pranulating
and conditioning acil for meximum moisture preoservation; applying all neccs-
pary chemical pesticides, liguid and/or granuler, and by injection und/or
incorporation; and plenting in rows in nmumbers and patterns compalible with
plow swalhs. 2) Maximized yiel? potential through precise inbegrated appli-
cation of the several necessary oplimum treatments ineluding: selcelive
placement of seed, plant food and olher control ingredients; uniform relen-
tion of good seedbed enviromment, with wirtual climination of problems of
20il compaclicn Trom implement travel; and wnpreoccdented yield potential
from added soil surfuce area by a great reduction in necessary tractor wheel
Lraffic.

Cenligurations of the 1971 and 1972 experimenlal prototype machines differcd
onmly in minor details. The First, employed a standard b-bottom onc-way
mouldboard plow, planting two rows of 32-inch spacing; while the lasl lested
unit employe a specially preparcd 2-hottom plow with & 30-inch swath for one
or more plenters in providing oplional row spacing patterns. Currcnily,
pounubts which were successlully planted with the new system include all threc
basic types in modified 2-row and closc h-row, or twin, patterns. Also,
cotton, corn, snd soybeans were planted with compersable ease.

Merits of the seversl exclusive indiwidual design fcaturcs of the new system
have previously besn estahlished in the Packapge Plan of mechanired peanut
production. Asgembly of theze femtures into the composiie once-over func-
tional unit involves only two basically new elements; one, the medificd
mouidboard plow bolloms, each of which plows an vnconventiconal 19-inch soil
awath; and the concave disc coulters, consisting of a two-dise cantilever-
mount companicn unit for cach plow bottom. The current availability of 18-
ineh mouldboard plow bottoms cnhances the pobential for further devclopment
of plow-planl aystems in harmony with popular conveontional produciicn row
patterns. Development of the double-dizse coulter units is guite feasible,

ag existing single-~dizc uynitz are of sufficient Learing strength to withstand
the added disce loed in sobt soil. Double dise wnits require the same critical
getting and adjustments, but are functionally superior bo single-disc units
for plow swaths above 16 inches.

The inbegral-mount subseiling chisel is hydrautically moved into position to
break soil to a depth of 6 to 7 inches direetly behind the furrow wheel of the
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EFFECT OT CALCIUM SQURCES AND A FUNGICIDE ON PREANUT PRODUCTION 1/

by
F. R. Cox2/
ABSTRACT

The response of peanuts to foliar applications of Magi-Cal, with and without
fungicide, and to a complexed Ca material with a Funglcide was studied at various
rates of landplaster. TField experiments were conducted on four soils that diE-
fered in their soill Ga level (dilute acid extract)., Yield and grade were mcasured
and value determined. There was no response to the complexed Ca source but three
types of responses due to Magi-Cal application were moted. The first was apparent
only when no landplaster was applied, and it seemed that caleium from Magi-Cal and
landplaster affected pod development similarly. The second type, which occurred
at two locations, was a response to Magi-Gal only when no Fungicide was used. The
incidenre of leafspot seemed to be decreased by this treatment also. The third
type of response to Magi-Cal was independent of landplaster or fungicide treat-
ment; it occurred on the site wlth the lowest soil calecium {380 lb/facre). Since
applications of landplaster and fungicide are routine in this area, only the third
typc of response may bc economically important. Also such responses may be en-
countered only at low soil calcium levels,

INTRODUCTION

The calcium supply in some North Carelina soils, even when adequately limed,
ig often insufficient for optimum economic peanut production, This conditien
primarily affects pod development, With inadequatec Ca in the fruiting zone, pods
gither do not form or the kernel docs not form Inaide the ped, making what is
termed a "pop.'" Burkhart and Collins (1941) firzt showed this effect by isclating
the fruiting from the rooting zone. At moderate soil caleium levels, kernels may
sometimes form; but they are usually smaller. The final result is leower yicld,
fewer sound mature kernels (SMK), and [ewer extra largc kernels (ELK), and reduced
value of the crop.

Since additional calcium iz needed for Crult Formation, the standard method
to provide it has been to apply landplaster at early bloom, just prior to pegging.
Reccntly, however, it has been poatulated that certain ealcium sources could be
applied to the Foliage to provide this caleium. From previous experimencs, thia
did not seem likely. A greenhouse study conducted by the author also indicated
that calcium applied to the follage would not supply an adequate amount for pod
development. Some observations in the field, however, have indicated a possible
beneficial effect from calcium applied to the foliage. Suech comparisons were
often made between the vield with foliar-applied calecium 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 included. Bracho
et al. (1971) conducted field and greenhouse studies comparing foliar- and soil-
applied calcium sources and included a walid check treatment. They found no
responsc to landplaster or the foliar-applied ealelum sources, The soils they
used contained approximately 600 pounds of exchangeable Ca per acre. This is near
the critfical level indicated in the data presented by Colwell and Brady (1945},
which may explain the lack ol response,.

1/

Paper No. 3822 cof the Journal Series of the North Carolina State University
Agricultural Experiment Station, Raleigh, W. C.

& Associate Professor of So0il Science, Worth Carolina State University at
Raleigh, North Carelina 27607.
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The purpese of these studies was to determine if there is a beneficial cf-
Fect of Foliar-applied caleium on peanuts grown onder several soil conditions and,
if so, to determine how the effect may be modified by the landplaster or [ungicide
treatments conmonly used,

METHODS

Pour sites for field experiments in 1971 were selected so there would be a
range in the soil ecalcium level. The lewvel of soil caleium was used as the iden-
tifying number of each locatiom. The soils were well dralned and had a loamy sand
texture in the surface horizonm, Soil test data, varicties used and degree of
leafspot infection are given in Table I,

Table 1, BSoil test analyses, dates of treatment application and digging,
and the varieties used at the four locatioms.

Description Location

Experiment Mo, 380 610 720 880

1/
Seil analyses—

ta (ib/acre) 380 610 720 380
Mg (lb/acre) 24 24 a4 53
¥  (lbfacre) 72 a2 a2 75
P (lb/acre) 72 108 103 120
0.M (%) 0.5 0.6 0.7 0.6
pll 5.6 5.9 6.0 3.9
Date of treatment
Landplaster 6/29 6/29 6/25 6/29
Spray 741 7/l 147 771
7/14 7 7723 7/14
7/28 7/28 7/30 7i27
8/10 8/10 8/11 8/11
8/23 8/23 §/24 a/24
g/16 9/1& —_— 9/20
Date of digging 10/12 1012 g9/24 10/15
Variety NC-2 NC-3 Flrgnt. Flrgnt,
Incidence of leafapot Sevare Moderate Slight Sevare

on checks2/

1/ Conducted by the Soil Testing Division, N.C. Dept. Agr.

Z/ Ranking of susceptibility of varicties to lealfspot: ¥C-2 = Least,
NC-5 = middle, and Florigiant — most susceptible.
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Five foliar spray treatments were imposcd upon each of four landplaster
rates (0, 200, 400, and 800 lb/acre} in a factorial arvangement. These included
a check, cvalcium sulfate (Magi-Cal) 3/, funpicide {(Fungi-Sperse}, Magi-Cal plus
Fungi-Spcrse, and a complexed caleium material (SASE-Ca) plus Fungi-Sperse, The
specifications of the materials used are given in Table 2.

Table 2., Description and total amount of ealeium aources and fungicide
applied to peanutse,

Material Description Total Applied
{1b/acre)
Landplaster 1/ 94% G:iSCllr:l 0, 200, 400, 800
Magi-Cal 2/ 8 Ib Casoﬁlgal 48
Fungi-Sperse 2/ 6 1Ib S and 0.5 1b basic CuSDngal 39
Magi-Cal plus 2/ 4,05 1b Ga804, 3 1b S, and 0,285 1b &8 + 3%
Fungi-Spersc basic CuSOafgal
SASE-Ca 3/ 1 1b Ca/gal, (equivalent to (14)

3.4 1b casoﬁfgal)

1/ U.S. Gypsum Company

2/

3/

Standard Spray and Chemlical Company
Buckman Laboratories (sodium silicic ester sequestered}

Magi-Cal and Tunpgi-Sperse were applied at each date (5 or 6 times) listed in
Table 1 ar the rate of 1 gal of commercial materialfacre for single materials and
2 galfacre on the combination., The complexed calcium (SASE-Ca) was applied at 2
galfacre on the first date and 1 gal./acre on the sccond and third dates, This
treatment also 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 nozzle. Low pressure (15 psi) was used to minimize
drift. Uwo passes were made on each row to give complete coverage.

Each experiment was compesed of three replications, and individual plots
were 2 rows (6 [t.,) wide and 50 ft. long.

Growing conditions, temperaturc and rainfall, were gonerally favorable
during the geason up until harwvest time, Heavy rains from Hurricane tGinger fell
on Scptember 30 and October 1, Location 720 was dug and combined prior to these
raina so theore were few peanuts lost in harvesting. At Location 380, the crop
was dup after the hurricane and stacked, which also tended to minimize losses.
However, above average rajinfall continued throughout October which impeded har-
vesting and caused significant losses at Locations 610 and 880. It 1= assumed
that these losses were proportiomal to the yields obtained, However, if peg
strength is affected by treatment the results will be somewhat biased, After
harvesting and curing, the peanuta from each plot weve weighed and sampled for
grading. Valuc per acre was computed From the yicld, SME and ELK. The effect
of the treatments on each of the factors was then analyzed statistically.

3/

=" The use of trade namcs in this publication does not imply endorsement by the
North Carolina Agricultural Oxperiment Staticn ol the products named, nor
criticism of similar ones not menticned.
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RESULTS

Yield and Value

vield responses (Table 3) to increasing landplaster rate were noted at two
of the four sites. At Location 610, a large respomse occurrced with the applica-
tion of 200 pounds of landplazter per acre, and no further yield increase was
indicated az higher rates were applied. Therc was alsc an interaction between
this eEfect and that due to Magi-Cal., When no landplaster was applied thc appli-
cation of Mapi-Cal increased the yield 740 lb/aere, whereas with 200-800 1b. land-
plaster this difference was only 50 lb/facre.

Table 3. Main effects of calcium sonrces and a fungicide on peanut yield
at four leocations,

Material Rate Location
(1b/acre) 380 610 720 880
{1b/acre)
Landplaster 0 3045 1988* 5077 2864
200 3233 3258 4946 2977
400 3095 3279 5225 2843
800 3288 3115 5261 2938
L5D {.03) ns 238 238 ns
Fungi-Sperse (F) 0 2418 2642 4982% 1594%
39 3814 3046 5213 3793
LSD (.05) 272 1588 188 190
Magi-Cal 0 2905 2733 5075 2536
48 3327 2955 5119 2851
LSD (.05} 272 188 ng 190
Magi-Cal + F 48 F 39 4004 3197 5132 3724
SASK-Ca + F 14 + 39 3363 3176 5248 3754
LSD (.05) 385 ns us ng

*
There was an interaction between thls response and that duc to Magi-Cal,
The effect was greatest when other factor was not applied.

The eEfect of Jandplaster rate noted at Location 720 was erratilc and gener-
ally small, The yield from the 200 lb/facre Creatment was less than that from the
400 or 800 1b/acre treatment.

Application of the fungicide increased the yield at all locations, with the
effect being greater when no Magi-Cal was appliecd at Locations 720 and 880
(Table 4). At the latter site a similar respomse to Magi-Cal was moted with re-
spect to the fungicide, and as mentiocned before, at Tocatiom 610 Magi-Cal treat-
ment increasced the yield only when no landplaster was applicd. AL one location
(380) the application oF Magi-Cal increased the yield, and the naturc of this in-
crease was not significantly influenced by any other treatment effeckt. Also at
this site the yield from the Magi-Gal treatment was greater than that duc Lo
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the SASE-Ca.

The walue of the crop was computed from the prade and yield data and ana-
lyzcd for treatment eflects. Significent responses for treatments as they af-
fecced crop value were almost identical to those presented for yield so will not

be itemized.

Table 4. Intersction of Foliar-applied CaSO4 and 2 fungiecide on pcanut
yicelds at two locations.

Treatment Location
720 880
Magi-Cal (lb/acre) 0 48 0 48
{1b/acre)
Fungi-Spersa 0 4858 5107 1209 1979
(1b/acre) 39 5204 5132 3863 3724
LSD (.05) 266 269

Fercent Sound Mature Kerncls

Percentage SMK was affected only by the fungicide treatment at Location 880
{BB0 1b. dilute acid extraetable Ca/facrc), as shown in ‘lable 5. However percent
SMK increascd only with inereasing landplaster rate at Locations 380 and 720,
& mimilar but more striking responze to landplaster was found at Loecaticun 610,
as well as increases in % SMK duc to the application of Fungi-Sperae and Hagi-Cal.

An interaction occcurred between the landplaster and Magi-Cal rate eflects
at location 610. There was a responsc to Magi-Gal only when no landplaster was
applied. With no CaS0; the SMK was 39,67 whereas it was 48.9% when the 48 1b.
rate of Magi-Cal per acre was applied. When 200 1b CaS0; as landplaster or 248
1b. as landplaster plus Magi-Cal was applied the SMK was 69.4 and 69.3%,
respectively.

One other difference in % SMK duc to treatments was found at Location 610,
The % SMFK. was greater when the crop was treated with Magi-Cal rather than the
SASF-Ca. Buth treatments also roceived the fungicide.

Percent Extra Largce Kernels

Treatment cffcets were also showm on % RLK (Table 6), While increasing the
landplaster rate had no effect on % EIK at Loecations 380 and 720, the percentage
was increased considerably at Location 610 with the first 200 lb/acre increment
of landplaster and tended to decrease at Location 880 when 400 or 800 pounds were
applied.

Applying the fungicide increased the % EILK at all locations except 720, with
the cffect at Location 8B0 being greater when no Magi-Cal was applied. The
Magi-Cal treatment dld not affect the percentage ELK. In one case (380) the
Magi-Cal treatment gave a higher % ELK than the SASE-Ca treatment.
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Table 5. Main effects of calcium sources and a fungicide on percentage of
sound mature kernels at four locations.

Material Rate Locatcion
{lb/acre) 380 610 720 880

SME (%)

Landplaster 0 4.4 &4y, 2% 71.2 72,2
200 77.0 69.3 71.9 72.6

400 76.1 70.5 72.2 71.7

800 77.8 72,1 71.8 72.5

L5D (.03} 1.9 3.1 0.5 ns

Fungi-Sperse (F) o] 76.4 63.0 71.7 70.8
39 76.3 65.6 71.8 73.3

LSD (.05) na 2.4 ns 1.3

Magi-Cal 0 76.5 62.8 71.5 71.6
43 76.5 65.8 72.0 72.5

L3D (.05) na 2.4 ns ns

Magi-Cal + F &8 + 39 5.2 66,7 7i.2 73.3
SASE-Ca + F 14 + 39 6.1 63.1 71.8 73.2
L3D (.05} ns 3.5 ns ns

Therc was an interaction between this response and that due to Magi-Cal.
The eflect was greateat when other factor was not applied,

DISCUSSTOH

In these studies primary conslderation was given to decermining if foliar-
applied calcium materials would increase the wvalue of the erop and, if so, the
nature of the responge,. Reaponses were obtained due to the Magi-Cal treatment,
but the nature of this response differcd with location. &4t the site with the
lowest 30il caleium level the Magi-Gal applicatiom resulted in a 400 lb/acre
increase in yield regardless of landplaster or fungicide treatment. Thuas, the
nature of the response at this location cannot be related to ecither of these
factors,

At Location 6l0 the role of Magi-Cal in increasing the wivld and grade seems
to be simply that of supplying a small amount of CaS04. Ihe sharp response in
yield and SMK due to CaS0, applied as landplaster indicates that pod development
was enhanced by additional calcium. The response due to Magi-Cal appeoared to have
a similar effect on yield and SME and the point from the Magi-Cal treatment fits
well inte the CaSQ, response curve (Figurc 1). This indicates that much of the
a0y from Magi-cﬂ? must have reached the fruiting zone in order to be effective
in this manner.
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Teble 6. Main effects of caleium sources and a fungicide on percemtage of
extra larpe kernels at four leocations.

Material Rate Location
(Ib/acre) 380 610 720 580
ELK (%)
Landplaster 0 38.8 21,2 40,4 37.7
200 42.9 37.1 42.1 38.9
400 40.5 37.3 41.8 34.6
800 41.5 37.4 0.5 35.8
L5D (.05} ns 2.6 ns 2.4
Fungi-Sperse (F) 0 38.0 32.1 40.7 30.1%
39 44,2 34.8 41.6 41.2
LED (.05) 3.0 2.1 ns 1.9
Magi-Cal 0 40.5 3z2.6 41.3 35.2
48 41.7 34.3 41.1 36.2
L3l (.05) ns ns ns ns
Magi-Cal + F 48 *+ 39 45.3 35.0 41.1 40.4
SASE-Ca + F 14 + 39 40,4 32.7 41.4 40.%
75T {.05) 4.3 ns ns ns

"
Therc was an interaction between this response and that due to Magi-Cal.
The effect was greatest when other factor was not applied.

Response to Magi-Cal at Locations 720 and 880 occurved only when no funpi-
cide was used, Visual observations during the growing scason also indicated
that the Mapi-Cal treatment decreased the incidence of Lleafspot, To be effec-
tive in this manner the treatment could be eithor fungicidal or fungistatic, or
both. When lealspot was severe as at location 880, however, Magi-Cal was much
less effective in inereasing yields than was Fungi-Sperse, Whereas the applica-
tion of Magi-Cal increased the vield 770 1b/acre, the application of Fungi-Sperse
increazed it 2650 1bfacre.

In these experiments when the usual landplaster and fungicide treatments
were imposed, Magi-Cal application increased the yield at only one location.
This slte, with the lowest soil calecium level (380 1b/acre) exhibited no responae
to landplaster, which is quite unusual as far as this anthor i concerned, It
has been inferred (Colwell and Brady, 1945} that climatie factors may affect the
respense due o landplaster. Seasonal conditions may also affect foliar rcalclum
concentrations, Thus, both soil and climatic factors may be involved in deter-
mining when foliar-applied calcium will give a yield response,
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Figure 1. Effect of rate of CaS80; applied as landplaster with (solid points)
and without (open peints) Magi-Cal on the percentage SMK and yield
of peanuts produced at Location 610,
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ABSTRACT

Eight largc-=seeded and two small-seeded Virginia variety peanut (Arachis
hypogaea L.} cultivars or lines were {jeld grown in highly fertilized Woodstown
loamy fine sand at Yolland, Virginia during 1970 and 19¥1, Leaves of the upper
central stems and also of the principal lateral branches were samplad at three
stages of development and divided into blade and petiole portions, Thesc leal
segmoents werce analyzed for contents of elght nutrients to defermine relative
uptake among cultivars.

Highest average (all segments) contents of P, K, Zn and Cu were found in the
July 13 samples, Mg in the Avgust 10, and Ca and Mn in the Scptembov L4 samples,
The July and August samples contained equivalent B. The blade poviion of upper
central stem leaves was highest in contents of Ca, B, and Mn and the petiole
portion was hipghest in ¥ and Mg whon average wvalucsg for all cultivars and oprimum
{highest content) sBampling dates are considered, The principal lateral blades
were highest in averape P content, Zinc and Cu contents were similay in all
portions for optimm sampling dates.

"Florunner ' was highest in contents of Mg and B; 'Early Runner' was highuest
in Mn and Zn; and '"Wa, 61R', Wa, 72R', 'WC Acc, 15714"', and 'T=392-1"' wore
highest in contents of P, ¥, Ca, and Cu, regpectively.

The relatively high Mg concent of Florunner majin stem petioles, and alao the
Mn contents of the main stem leaf blades and to a lesser extent the lateral branch
blades of Karly Runner, NC Acc, 15714, Va, 72R, and 61R, were especially note-
worthy, The Mg and Mn requirements of these cultivars may warvant special atlen-
tion.

IWIRODUCTION

Many recently releasel peammt (Arachis hypegac L.} cultivars have demonstrated
superior yield capability. It Beems reasonable to postulate that part of this
increased yield potential may be related to improved nutrient uptake and utiliza-
tlon efficiency,. A4lso, these higher yielding cultivars and new lines being
developed may possess higher nutrient uptake potentials than older lower yielding
cultivars, Identification of these attributes could have genetic as well as
nutrition significance.

Recently, WNicholaides and Cox (10) noted that mutrient levels which produced
plant tops having 0.38% P at 7 weeks, and 1.20% Ca and 0.60% Mg at 9 wecks pro-
moted more rapid development of 'WC 2' than when lower comtents of P and Mg or
higher contents of Ca occurred, Hallock, et al. {(4,5), Marcens, et al, (7), Cox,
et al, (2), and Rich {12) have investigated macro-and micronutrient distribution
within plants e¢f several cultivars anc lines of three market types of peanuts.
Some of the research (4,5,7) involved produciion of peanuts on highly [Certilized
soil, No definite relationship between the yield levels of cultivars or lines
and nmutrient content of the portiong analyzed was apparent in these studies,

It may be necessary to sample plants during several growth stages among
cultivars and lines to discern mutrient uptake differentials, Durkhart and Page
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(1) sampled the foliage of & large seeded Virginia tunich cultivar at the vepgeta=
tive, early froiting and mature stages, They found that average K, Ca, and Mg
contents were highest in the top petioles, middle or lower blades and lower
petioles, respectively. Phosphorus contents were similar in the varicus plant
tissues analyzed.

This paper presents the average contents of efght nutrients found at three
stages of growth in apecific leaf parts of 10 peanut cultivars or lines grown in
heavily fertilized soll. Complementary imvestigations are being conducted with
the same cultivars and lines in continmuously cropped containers filled with un=
fertilized soil, The investigations reviewed herein ave part of a project to dis-
cern differences in nutrient uptake potentials and requirements among eipht
Virginia and two runner market type peanut cultivars and lines showing superior
vield capability.

EXPERTMENTAL TROCEDURE

Thig gtudy was conducted at the Tidewater Research Station, Holland, Va. in
1970 and 1971, Peanuts were grown on & Woodatown losmy fine sand, which is class=-
ified as Aquic Hapludultg (fine loamy, siliceous mesic), one of the principal
s0oils on which peamuts are grown in the Coastal Plain of Virginia. FPhosphorus,
K, B, Mn, Zn, and Cu at rates of 133, 500, 5, 15, 5, and 5 1bfa, respectively
were broadcast and plowed undur prior to planting. Other land preparation pre-
cedures followed ¥irginia recommendations. Corn preceded peanuts in the rotation
each year.

Thiram treatad seedg of the cultivara and lines (shown in Table 3) were mac-
hine planted on May 13 aud 24, 1970 and 1971 respectively, in rows 3-feet apart
gnd to give 9=inch plant gpacings within the rows. Virginla recommendations were
followed for usc of various pesticides as described previously {(5). HNo gypsum or
Cu~S fungicides were applied, Growth and development of the plants appeared
normal.

Each plot representud a different peamut cultivar or line. 'The plots wore
12 feet wide {4 rows)} and 15 feet long, and werc stranged in a randomized complete
block design replicated four times. Toliar samples were taken at Eull flowering,
early fruit development and near maturity growth stages. 7The principle lower
lateral branches and the upper main stem branch were sampled frow 10 or more
plants per plot. After thorough washing in distilled and deionized water, the
leavea of these branches were removed and separated into blades and petioles,
The samples were dried at 70C and finely ground in a blendor and/er small mill,
both stainless steel, and then stored in soft glass or plastic bottles, The
foliage was sampled at full flowering, early fruit deyelopment, and near matura-
tion stapes of peanut development.

Dry (70C) 1l-g subgamples of leaf tissue were ashed at 4500 for 2.5 hours and
the nutrient constituents of the ash dissolved in 100 wl of 0,3N HWO3. Contents
of K, Ca, and Mg in solution were determined by flame spectrophotometry and P
contents by the ammonium vanadate procedure (6). another l=g subsample of dry
leaf tigsue was ashed at 450C for 2 hours in preparation for Mn, Zn, and Cu dcter-
minations, The ash was shaken for 1 hour with 15 ml of 6N HCl and filtered. The
filtrate was dried and the regulting precipitate dissolved in 15 wml of U.5W HG1,
Contents of Mo, Zn, and Cu in the acldic solution werc determined by atomic
absorption spectrophotometry, Total B in the dry tissue was determined by a cur-
cumim procedura {9),.

S0il samples, obtained from the plow layer when the pcauuts were harvestod
in 1970 and in July 1971, were gnalyzed for pH, and contents of organic matter
and avallable P, ¥, Ca, aud Mg by rapid soil-~teeting procedures {(11). Coutents
of Gu, Mn, and Zn were extracted by shaking 5 g of soil with 50 ml of CG.1N HCL
for 1 hour. A 25-ml aliquot of the acidiec solution was dried on a steam plate,
and the resulting precipitate was disgclved in 15 ml of 0,5N HC1 and filterad.
Nutrient cencentrations were determined by an atomic absorptiom technique. Hot
water solnble B extracted by refluxing 10 g of soil for 10 min., with 20 ml of
deionized water was determined by & curcumim procedure (9),

Statistical methodolopy utrilized were analyses of variance and Duncan's Mul=
tiple Range Test {3). WNutrient coutent means labeled by all unlike letters are
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significantly different at the 5% level, however, many differ at the 1% lavel of
probabilitcy.

Yields of the cultivars and lines considered in this paper were obtained in
1970, only. The relative yield capabilities of these lines and cultivars under
Virginia conditions were projected from these 1970 data, other unpublished datak,
and data pnblished by Mozinge (8). The projections are as follows (in decreasing
order): 'Florunner', 'Florigiant', 'NC Acc. 15714', "Wirginia 72R', 'Early Rumner’,
'We 5', 'Nc 17', 'F392-1', Wirginia 61R", and WC Acc, 366, The first four will
ba called superior yield potential (SYP) cultivars in this paper. Relative dif-
ferences in yield potential among the latter 3 or & cultivars and lines are
probably small.

RESULTS

The mutrient content data presented in this paper are averages of two year's
regults, The data for individual years are not discnssed since rhe variability
between each year is principally one of nutrient ¢ontent. Differences in relative
nutrient concentration among the leaf segments andfor among the sampling dates
during the two years were similar.

Weather = Soil Analyses

The monthly total precipltation and meen alr temperatures which occurred
during the 1970 and 1971 growth periods and the 39-year meang for Holland, Va,,
are given in Table 1, Rainfall was appreciably subnormal during the early and
late parts of the 1970 growing season, but was normal during the period of fruit
initiation and early development, Early vine growth was slightly below normal
poessibly due to low precipitation during June. Rainfall digtribution donring the
1971 prowing season was penerally excellent, although June and July ware slightly
deficient. Alr temperatures dnring both years were approximately normal. Gener-
ally, excellent vine and fruit development occurred.

Table 1. Monthly total precipitation and mean temperatures® and 39-year
means of each for Helland, Va., 1970 and 1971,

Precipitation Temperature

Honth 1870 1971 39-yr. Mean 1970 1971 39-yr, Mean

in. in, in. CF 3 oF
May 2.61 4.86 3.54 b8 LT 66
June 1.58 2.55 4.58 T4 75 4
July 6,24 4.10 6,23 77 i 77
August 4,94 9.12 6.36 76 73 76
Saptember 1,72 4,67 4.15 74 72 71

*/ Avcrage of means of daily maximum and minimum cemperature,

Macre and micro nutrient levels in the plow layer following eropping in 1970
and in July 1971 are given in Table 2. WNutrient levels in the so0ll penerally
were quite high and no visnal deficlency symptoms occurred in the crops.

Table 2, B8oil Analyses of Pluw Layer of Woodstown Loamy Fine Sand,
Holland, Va., 1970 and 1971,

Valuo

Chemical Property 1970 1971
o 5.7 5.5
Organic matter content, % 2.3 2.1
Available P, 1b./a 105 110
Available ¥, 1b./a 245 275
Available Ca, 1lh./a 1035 840
Available Mg, lb./a 120 145
0.1N HCl-extr, Cu, ppm 0.9 1.6
0.1N HCl=ext, ¥Mn, ppm 5.4 6.0
0,1lN IICl-ext. Zn, ppm 1.3 1.6
Hot water soluble B, ppm 0.5 0.3

*/ P, H. van Schalk. Recent cultivar and line yield trials, Helland, Va.
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P Contents

The average (1970-71) P contents of the peticles and blades of principal
lateral branch and vpper main stem peanut leaves are given In Table 3. Phosphorus
contents varied from 0.31% to 0.09% depending on rime of sampling and the portion
of leaf sampled. The P content of peanut foliage generally decreases comsiderably
with maturation, as 1s evident in these data. The blades were conaglderably higher
in P than the petioles. Algo, the principal lateral branch segments were higher
in P content than the respective main stem leaf sepments. A greater relative
decreagse in P content with maturity occurred in the principal lateral bramch than
in the upper main stem segments (ca 12wvs 1/3).

The average variability in P contents of leaf petlcles and bladez among
varletlies was consistent, although small. The apparcnt 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, MU 17 averaged leowest in
percent P overall variables.

K Contents

Potassium contents (Table 4) of the leaf segments varied from over 6% to 1.2%.
The petioles were congiderably higher in percent K than the blades. Furthermore,
the upper main stem petioles were higher in percent K than the lateral branch
petioles when sampled in July but the reyerse occurred In later 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 wain stem
patioles.

The overall mean ¥ content of the leaf sepments wvaried from 3.88%7 to 3.44%
among cultivars. Ome of the 3YP cultivars, Va. 72, was highest in % K, whereas
the others were intermediate., NG 17, Va. 61R, and NC 5 cultivars also averaged
relatively high in percent K. Eerly Rumner, NC Ace. 366 and F392-1 were generally
lowest in K content.

There were differences in percent K of peticles at various samplings among
cultivars. Wa. 72K and Florigient lateral branch peticles were hipher in percent
K than the upper main stem peticles in the July gampling, whercas the opposite
was truc for other cultivarg and lines, There was considersble variabllity among
cultivars and lines in ¥ contents of leaf segmenrs for the various dates of
sampling, However, the K content of Va, 72R was highest or nearly 3o in leaf
gepgments and for gampling dates when the ¥ contents generally averapged higher over
all cultivars. The K content of the blade portion was highest in NC 17 for all
three samplinygs.

{a Contents

Calcium content (Table 5) varied from 2.9 in certain blades of ncarly mature
plantg to 1.1% in petioles of heavily flowering plants. In contrast to P and K
conrents of leaf tissue, percent Ga increased as the plants matured,

In the July sampling, percent Ca in the blade portion generally was higher
than in the petioles and the upper main stem leaf segments werc higher in percent
Ca than for respective lateral branch segments. However, as the planta matured,
percent Ca in petioles on the upper main stem generally became higher than that
in the blades of principal lateral branches. This change in site of Ca concentra-
tion took place between the July and Aupust samplings,

The variation im overall mean Ca content was only from 1.93% (NC Acc. 15714)
to 1,69% (Florigiant), Greactest Ca content variability among cultivar and lines
(0.67%) occurred in the hlades of upper main stem leaves sampled in September;
leagt wariability wag in the lateral branch periocles sampled in July., Among the
8YP cultivars and lines, NC Acc, 15714 and Va. 72R generally were highest or
nearly so in % Ca in the various leaf gegments and dates of sampling, whereas
Florigiant was frequently lowest and Florunner was intermediate.
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Table 3.

Average Phogphorus Content (%} of Certain Feanut Leaf Segmente, Holland, Va., 1970-71,

Date Mean
of NC NC ACC. Va. Flo- Flori- NC ACC. Va. F Early all
Sampling 17 15714 73R Runner  giant 366 61K 392-1 Runner NC 5 Cultivars
PETIOLES OF PRINCIPAL LATERAL BRAWCH LEAVES
Jul 13 0.18 0.20 0.22 0.22 0.21 0.22 0.22 0.20 0.21 0,22 0.21e1*
Aug 10 0.14 0.12 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.12 0.1l4cy
Sep 14 _0.09_ _ 0.2 012 011 o011 012 0.3 _ 0.1 01l 010 _ O.llby
Ave 0.14 0.15 0.16 0.16 0.15 0.16 0.16 .14 0.16 0.15 0.15c4
PETIOLES OF UPPER MAIN STEM LEAVES
Jul 13 0.16 n.21 0.20 0.18 0.18 0.20 0.20 0,18 0.18 0.18 0.19d4;
Aug 10 0.10 0.12 0.12 Q.12 0.12 0.12 0.12 0.10 0.12 0.11 0,11dg
Sep 14 _0.09 _ 0.1 _o0lo _ 011 0.z 01z 010 0.0 _0.12 _ ©0.10 _ 0.llby
Ave 0.12 0.14 Q.14 0.14 0.14 0.14 Q.14 0.i2 Q.14 0,13 0.14dy
BELADES QF PRIKCIPAL LATERAL BRANCH LEAVES
Jul 13 0.28 0.22 0.28 0.248 0.28 4.30 0.31 0.26 0.24 0.28 0.28a1
Aug 10 0.22 0.22 0.24 0.20 0.22 0.24 0.23 0.22 0.21 0.24 0.22a5
Sep 14_ _0.17 _ 0.18 _0.20 _ 0.18 0.8 _ ©0.18 0.1  0.19 _ 0.18 _ 0.19 = 0.1%9a3
Ave 0.22 0.20 0,24 0.22 0.23 0.24 0.24 0.24 0.21 0.24 0.23a4
BLARDES OF UFPER MAIN STEM LEAVES
Jul 13 0.26 0.26 0.27 0.24 .25 D.28 0.26 0.24 0.24 0.27 0.26b1
Aug 10 .20 0.26 G.21 0.20 .20 g.20 0.20 .13 0.1y 0.20 0.20bgy
Sep 14 018  9,1) _0.20 _ ©0.18 _w.2¢ _ 028 018 048 _ 0.18 _ 0.18 _ 0.19a3
Ave 0.21 0.22 0.22 0.20 0,22 0,22 0,22 0.21 0.20 0.22 0.21ba
MEANS - OVEBRALL
Jul 13 0.22 n.22 0.24 0.22 0.23 0.24 0.24 0.22 0,22 D.24 0.23e5
Aug 10 0.16 0.16 0.17 0.16 0.16 0.17 0.18 D.16 .16 0.17 0.17bs
Sep 14__0.13 _ 0.4 016 _ 0.14 016 _ 0.15 _0.15 _ 0.14 _ 0,14 _ 0.14 _ _ 0.15c5
Ave D.172C T 0.1B0BC 0.1914 0.1818C 0,.184AB 0.1914 0.1924 0.178BC 0.180BC 0.1834B 0.18

letters with similar subscripts.

#/ Means are significantly different when labeled by all unlike letters., Compare means followed by small



Table 4. Average Potassium Content (%) of Certain Peanut Leaf Segments, Holland, Va., 1970~71.

Date Mean
of NC NC ACC. Va. Flo- Flori- NC Ace, Va. F Early all
Sampling 17 15714 72R Runner glant 366 H1R 392-1 Runner NC 5 Cultivars
PETICOLES (OF PRINCIPAL LATERAYL, BRAMNCH LEAVES
Jul 13 4,84 4,94 6.01 5.00 5.90 & 87 5.28 4,68 4.34 4.96 5.06by*
Aug 10 5.02 5.09 5.61 5.15 5.18 4,60 5.52 5.18 4£.98 5.54% 5.18a5
Sep 14 _ 5.19 _ 5.12 _ _5.70_ _ 5.52 __ 5.14 _ _4.61 _5.82 _ 5.06 _ 5.00 _ 5.32 _ 5.24a3
Ave 5.06a 5.05a 5.77a 5.22a 5.40a 4.56a 5.54a 4.98a 4.77%a 5.27a 5.16ay
PETIOLES OF UFPER MAIN STEM LEAVES
Jul 13 5.78 5.69 5.66 3.42 5.58 3.44 5.38 .68 5.2h 5.96 5.58a7
Aug 10 4.62 4,97 5.50 4.69 5.38 4.68 5.06 4.61 5.19 3.24 4.,99ap
Sep 14 _ 3.33_ _ 3,37 _3.80 _ _2.96 _ 3.58_ _ _3.52 _ 3.74_ _ 3.14 _3.26 _ 3.67 _ 3.45b3
Ave 4.531hb 4.68b 5.02b 4346k 4.84b 4.55a 4.72b 4,470 4.59a 4.96b 4.67by
BLADES OF PRINCIPAL LATERAL BRANCH LEAVES
Jul 13 3.21 2.80 2.88 2.84 2,88 2.88 2.80 2.88 2.88 2.74 2.88¢q
Aug 10 2,60 2.31 2.40 2.52 2.28 2.43 2,52 2,29 2.48 2.38 2,43bs
Bep 14 _ 2.56_ _ _2.15 _2.52 _ 2.30 _2.10 _ 2.44 2,50 _ 2.07 _2.35 _ 2.52 _ 2.35¢q
Avre 2.81e 2.42¢ 2,.60¢c 2.55¢ 2. 42e 2.58b 2.6lc 2,41c 2.57b 2.55¢ 2.55¢s
BLADES OF UPFER MATN STEM LEAVES
Jul 13 3.16 2,78 2.74 2,60 2.64 2,58 2,76 2.66 2.58 2.73 2. 7381
Aug 10 2,42 1.86 2,00 2.04 2,01 2.05 2.03 1.80 1.84 2.02 2,0leq
Sep 14 1,82 _ 1.61 1.7 _ 1.42 __1.44  1.78 _1.50 _ 1.20 = 1.46_ 1.58 _ 1.55d3
Ave 2.47d 2.80d 2,144 2.014 2.03d 2.17e 2.10d 1.8%d 1.96c 2.11d 2.10ds

MEANS - (VERALL

4,328 3.964 4,244 3.874 4.06A 3. 4
bug 10 3.63B 3.56B 3.888 3.60B 3.71B 3,44B 3.78B 3.47B 3,624 3.808 3.65b5
3 2 3

Zve _ 3.74AB 3.56CD _ 3.88A  _3.540D  3.67BC_ 3.47D _ 3.74A%_ 3.4AD  3.47D ~ "3.7248 _ 3.62 _

*/ Means are significantly different when followed by all unlike letters, Compare means followed by small
letters with similer subscripts and without subscripts within varieties, only,
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Table 5. Average Calcium Content {Z) of Certain Feanut Leaf Segments, Holland, Va,, 1970-71.
Date Mean
of HC NC ACC. Va. Flo- Flori- NC ACC. Va, F Early all
Sagpling 17 15714 72R Eunner  giant 366 61R 382-1 Runner NC 5 Cultivars
PETICOLES OF PRINCIPAL LATERAL BRANCH LEAVES
Jul 13 1.10 1.18 1.22 1.10 1.1¢ 1.15 1,190 1.11 1,22 1.26 1.15d1*
Aug 10 1.24 1.50 1.28 1.24 1.18 1.43 1.46 1.25 1.36 1.52 1.35d»
Sep 14 _ 1,69  1.80 1.5 _ 1.64 1.50  1.60 _ _1.48_ _ 1.74 _ _ 1.84 _ _1.54  _ 1.63dq
Ave 1.344 1.49¢ 1.38d 1.332 1,26¢c 1,40¢ 1.35¢ 1.36c 1,41c 1.44¢c 1.38dy
PETIQLES OF UPPER MAIN STEM LEAVES
Jul 13 1.24 1.38 1.52 1.44 1,18 1.45 1,29 1.39 1.46 1.30 1.38¢cy
Aug 10 1.60 1.96 1.94 1.74 1.64 1.79 1.94 1.85 1.84 1.87 1.82b2
Sep 14 _ 2.14 _ 2.32  2.40  2.40 2,37 2,42 2.43 2,32 2.42  2.42  2.30b3y
Ave 1.68¢ 1.88% 1,%3b 1.86b 1.73b 1.9la 1.89b 1.85b 1.91b 1.87b 1.85by
BLADES OF FRINCIFAL TATERAL BEANCH LEAVES
Jul 13 1.42 1.58 1.46 1.56 1.38 1.48 1.44 1.36 1.74 l.84 1.51by
Aug 10 1.76 1.86 1.72 1.70 1.62 1.62 1.77 1.78 1.70 1.72 1.72c2
Sep 14 _2.27 2,42 _l.94 _ 1.92  2.01 _ 1.9 _ Z2.13 _ 2,20 _ 2.06__ 2.33 _ 2.1%ey
Ave 1.82b 1.95b 1.71c 1,73c 1.67b 1.66b 1.78b 1.78b 1.83b 1.90b 1.78cs
BLADES OF UPFER MATN STEM LEAVES
Jul 13 1.78 2.02 1.88 1.82 1.52 1.84 1.77 1.60 1.88 1.78 1.7%a
Aug 10 2.10 2.42 2,36 2,33 2.12 2.04 2.48 2.36 2,41 2.32 2.29a4
Sep ¥4 2.74 2,71 2.8  2.72 < 2.62 2,23  2.83 2.5 __2.80 _ 2.78  _2.70ay
Ave 2.21la 2.38a 2,37a 2.29a 2.0% 2,03a 2,36a 2.17a 2.3%a 2.2% 2. 2684
MEANWS - OVERALL
Jul 13 L1.40C 1.54¢C 1.52C 1.48BC 1.30C 1.45¢C 1.40C 1.37C 1.58¢C 1.50C 1.46C5
Aug 10 1.67B 1.94B 1.538 L.75B 1.64B 1.72B 1.51B 1.81B 1.838 1.26B 1,80bg
Sep 14_ _ 2.214 _ 2.314 _ 2.22A  2.17A  2.12A  2.03s _ 2.22A _ 2.20a _ 2.23h _ 2.77A _ 2.20a5
Ave 1.76E 1.934 1.86BC 1.80CDE 1.69F 1.75EF  1.84BCD 1.79DE  1.89AB 1.88AB 1.82
%/  Means are significantly different when followed by all unlike letters. Compare means followed by

small letters with similar subscripts and without subseripts within varieties, only.



Mg Contents

Average Mg contents varied rather widely among variables measured (Table 6).
Hoagt of this variation (1.8% to 0.5%) occurred in the peticles of the upper main
stem. Overall, percont Mg was highest in the upper main stem petioles, lowest in
the principal lateral branch peticles, and Llntermediate in the blade portioms,.

Also overall, percent Mg in the leaf segments was highest in the August and lowest
in the July sampling, although that in three of the leaf portions tended to be

lower in the last than in the firac sawpling., However, rather little difference in
percent Mg occurred among sampling date means cxcept in the upper main gtem petiolcs
in which the Mg contents inereased markedly with maturity. It 1s notewerthy that
Mg scems Lo be especially concentrated only iun the petioles of certain leaves and
not in the petioles of orther lea?®E or blades of the same leaves.

Yariability in Mg content among cultivars and lines was less thar 0.3% cxecpt
in the pctiocles of the upper main steom leaves in which the wariabllicy was as mwech
as 1.0%. The main stem petiole gamplea obrained near maturity from Flerunner con-
talned 1.8% Mg, ZEarly Runner was second highest with 1.4% Mg in similar samplcs.
HC Acc. 366 generally was lowest in Mg content. Ameng the SYP group, HC Acc. 15714
and Florigiant {ag well as Florunner) leaf sepments frequently were relatively high
in Mg content, whereas the Va. 72R segwents gencrally were below average.

B Contents

Average D contents found in the leaf portiona are piven in Table 7. The
range in B contents was from 82 to 22 ppm, The leaf blade portioneg were higher
in B content than the petiocle portiona which were similar for both branches. Also,
the main stem blades were higher than the lateral branch blades in B conteni. The
effect of srage of growth on B content variations was small although the September
gamples averaged lower in B content than the other samplings.

Variability in B content amonpg cultivars and lines was relatively low.
Greatest variability among cultivars and lines in B content waa in the September
leaf blade samples, particularly the upper main stem blades, Owerall, Flerumner,
WG Aec, 15714 and Va. 72R, all in the SYP group, were highest {n B content. The
other SYP cultivar, Fleorigiant, was somewhat lower in B content, Va, 61R averaged
lowcst in B coutent although such differences were not significant,

Mo Contents

The Mn content of the varicus leaf segments are given in Table 8. Average
mangancge contents ranged from 111 to 19 ppm, The leaf portioms, particularly
the blades of mature planta, generally were highest in Mn, Ilighest Mn contents
were found in the upper wain stem blades sampled in Septomber and lowest contents
in the principal lateral branch petinles. Generally, Mn contents in the prinecipal
tateral branch petioles did not increase appreciably as the plants matured. also,
Mn contents in petioles and blades of the upper main stem and principal latceral
branchos, respectively, increased only slightly, although consistently, with
maturity.,

Therc was no significant difference in average Mn contents among the cultivars
and lincs. However, among cultivars and lines, the range in Mn levels in blade
rissues was appreciable, particularly in the late sampling. Overall, Mn contents
of the Early Runner and WC Acc. 366 segments were highest and lowest, respectively.
Average Mn contents of NC Acc. 15714 and Va. 72R of the SYP group were nearly as
high as Early Runner, but average Mn contents of Florunner were nearly lowest.
Manganese contents in Florlgiant leaf segments were intermediate.

Zn Contents

The Zn contents found in the blades and petioles are given in Table 9. Zinc
contents varied from 60 to 18 ppm in the segments, Mature plant leaves generally
were lower in Zn than younger plants, HNeo difference in Zn content of the peticles
and blades was noted in the July samples. However in later samplings, the Zn
content of the upper main stem blades was highest and that in the principal lateral
branch petioles, lowest, Principal lateral branch blade and upper main stem
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Table &.

Average Mapnesium Content (%) of Certain Peanut Leaf Segments, Holland, Va., 1%70-71,

small letters with similar subscripts and without subscripts within varietles, only,

Date Mean
of no NC ACC. Va. Flo- Fleri-  HC ACGC. Va. F Eatly all
Sampling 17 13714 72R Runmer  giant 366 1R 362-1 Runner KC 5 GCultilvars
PETIQLES OF PRINCIPAL LATEHAL BRANCH LEAVES
Jul 13 0.56 0.63 0.62 0.75 0.64 0.59 0.58 0.60 0.63 0.68 0.63dq%
Aug 10 0.67 0.78 0,71 0.77 0,76 0.72 0.82 0.74 0.73 0.80 0.74bp
Bep 14 _0.86  0.74 0,53 _ 0.67 Q.54 _ 0.56 0,53 0,60 _ 0.52 _ 0.54 __ _0.538d3
Ave 0.63b 0.72b 0.62b 0.74e 0.65c 0.61b 0.63¢ 0.64¢c 0.63c 0, 66c 0.65¢cy
PETIOLES OF UPPER MAIN STEM LEAVES
Jul 13 0.72 0.88 0.85 1.08 0.71 0.76 0.84 g,82 0.86 0.68 0.82a31
Aug 10 0.86 1.06 1.02 1.27 .92 ¢g.a2 0.91 0.97 1.02 0.88 0.98an
Sep 14 1.18  1.18  1.02  1.82 1.1y _ 0.82 1,05 _ 1.20 _ 1.40_ _ 0.90 _ 1.18a3
Ave 4.92a 1.04a .97a 1.28a 0.94a 0.80a 0.93a 1.02a 1.08a 0.52a 0.93ay
BLADES OF PRINCIPAL LATERAL BRANCH LEAVES
Jul 13 0.71 0.74 0.67 0.87 0.80 0.65 0.70 0.8z .78 0.69 0.74cy
sug 10 0.71 0.77 0.74 0.82 G.8% 0.65 0.78 0.86 0.75 0.74 0.77b2
Sep 14 _0.58 _ 0.66 _0.64 _ 0.72 _0.78 052 0.6 _ 0.8 _ _0.63 _ 0.74 _ 0.67b3
Ave 0.67b 0.72b 0.68b 0.80bc  0.82b 0.61b 0.71b 0.82b 0.72b 0,7%b 0.73bs
BLADES OF UFFER MATN STEM LEAVES
Jul 13 0.75 0.92 0.72 0.90 0.80 0,72 6.72 .80 0,79 0.70 0.78b1
Aug 10 0.70 0.75 0.72 0.92 0.80 0.62 G6.75 0.81 0,80 0.66 0.75by
Sep 14 _0.63 0,62 _ 0.62  0.74 _0.74 _ 0,50 _0.60 _ 0.7l = 0.64 _ _0.52 _ 0.63c3
Ave 0.70b 0.77b 0.69h 0.85b 0.78b 0.62b 0.69%ec  0.77h 0.75b 0.63¢ 0.72by,
MEANS - (WERALL
Jul 13 0.69 0.7% 0.71B 0.8%9B 0.74B 0.684 0.71B 0.76B 0.76 0.68 Q.74cq
Aug 10 G.74 0.86 0.80A 0.94AB 0.844 0.704 0.804 0.864 0.82 0.768A 0.8las
Sep 14 _0.76 _ 0.80 _0.70B _ 0.93A_ _ 0.8LA 0.6l _ 0.71B _ _0.834 0.80 _ 0.67B _ 0.77bs
Ave 0,73CD  0.81B 0.74CD  0.944 0.80B 0.66E 0.74CD  0.BI1B 0.79BC  0.71D 0.77
*¥/ Means are significantly different when labeled with all unlike letters. Compare means followed by



Table 7. Average Boron Content (ppm) of Certain Peanut Leaf Segmenta, Holland, Va., 1970-71,

Date Hean

of KC NC ACC. Va, Flo- Flori- NC ACC. Va. Early all
Sampling 17 15714 2R Runner  glant 366 61R 392-1  Runner NC 5  Cultivars
PETIOLES OF PRINCIPAL LATERAL BRANCH LEAVES
Jul 13 28 33 30 28 30 32 28 23 27 29 29 %
Aug 10 27 29 27 34 26 32 28 28 25 25 2Bcp
Sep 14 27 _ _ 28 __ 24 29 _ 28 23 26 _ 26 30 _ 28 _ _ 27c3 _
Ave 27 k0] 27 30 28 31 27 28 27 28 28cy
PETICLES OF UPPER MAIN STEM LEAVES
Jul 13 29 28 i3 29 27 32 26 23 33 27 28¢y
Aug 10 25 28 27 28 28 28 27 24 28 26 27c2
Sepld 25 _ 26 __ 22 25 26 28 23 __ 23 25 26 _ _ 253
Ave 26 27 27 27 27 29 25 25 29 26 27c4
ELADES OF PRINCIFAL LATERAL BRANCH LEAVES
Jul 13 &0 53 56 54 34 52 32 57 45 55 53by
Aug 10 57 59 64 52 46 46 35 52 50 58 53by
Sep L4 _ 50 _ _ 2 __ _ 535 __5L___ 43 _ 37 _h6_ 45 4k 48 _ _ _ 46B3
Ave 56 55 58 52 48 45 51 51 48 54 51by
BLADES OF UFPER MAIN STEM LEAVES
Jul 13 65 59 63 65 36 58 49 72 57 50 59a1
Aung 10 61 66 66 69 58 58 51 &0 67 53 63as
Sep 14 _ 61 _ _ °A___ 57 __ 82 __ _ 54 _ _ 52 __ _A8__ _ 57 72 52 _ _ _ 5933 _
Ave 62 60 62 72 57 56 49 63 65 54 60ay
MEANS - OVERALL

Jul 13 46 43 46 44 42 44 39 47 42 40 42ag
Aug 10 42 46 48 46 40 41 40 41 42 42 43ag
Sep 14 4z _ _ 40 ___ 40 47 38 36 _ 38 _ _ 38 __ _43_ _ _ 38 _ _ _ 3%s5
Ave 43 43 44 46 40 40 39 42 42 40 41

*f Means are significantly different when labeled with all unlike letters.
small letters with similar subscripts.

Compare means followed by
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Table 8.  Average Manpanese Content (ppm) of Certaln Peanut Leaf Segments, Helland, Va., 1970-71,

Date Mean

of HC NG ACC, Ya. Flo— Flori- NC ACC, Va, F Early all
Sampling 17 15714 7ZR Runner glant 366 &1R 352-1 Runner NC 5 Cultivars
PETICLES OF PRINCTFAL LATERAL, BRANCH LEAVES
Jul 13 20 27 27 22 22 22 23 20 28 22 23b1*
Aug 10 24 25 28 23 21 23 23 21 29 23 24dg
Sepl4 24 20 3% 19 _ 22 22 2 22 3 ___ I _ 2683
Ave 23b 2ic 30c 21c 22d 22c 24d 21d 31d 23d 24dy4
PETIOLES OF UPPER MAIN STEM LEAVES
Jul 13 21 30 28 23 21 26 25 23 3z 22 25by
Aug 10 23 33 35 28 33 25 33 27 37 28 30bz
Sep 14 29 3 42 3 33 3 3 3 _ _ _ 54 _ _ _ 3 __ 36c3__
Ave 24b 33c 35¢ 28c 29¢c 28b 3lc 27¢c 4lc 23¢c 30cy
BLADES OF PRINCIFAL LATERAL BRANCH LEAVES
Jul 13 42 59 54 42 41 36 &7 (2 61 43 47aq
Aug 10 50 62 66 43 46 47 53 49 62 &4 52bz
Seplh 52 72 73 42 52 A2 55 30 _ 70 A6 56b3
Ave 48a 64b 67b 47b 46b 42a 52b 480 64b 44b 52bg
BLADES OF UPFER MAIN STEM LEAVES
Jul 13 46 63 59 46 43 4L 58 45 67 43 5lag
Aug 10 57 30 g2 60 59 49 76 62 89 54 67a2
Sep 14 _ 63 __ 9 9 & _ _75___ 3 _ %0 67 Al __ 77 _ 8023 _
Ave 55a 78a 7%a 58a 59a S0z 75a 58a 88a 38a 6bay
MEANS - OVERALL

Jul 13 32 45 42 33 32 31 38 33 47 33 36bg
Aug 10 38 50 53 38 40 36 47 40 54 38 43absg
Sep M4 _ 42 _ 57 _ 63 __ 40 _45__ 38 52 42 _ 68 46 50a5 _
Ave 37CD EREN:] 53AB 37CD 39C 35D 46B 38C S6a 39¢ 43
*/ Means are significantly different when labeled by all unlike letters. Compare means followed by

small letters with similar subscripts.



Tahle 9.

Average Zinc Content (ppm) of Certain Peanut Leaf Segments, Holland, Va., 1970-71.

Date Iaan

of HC XC dee. Va, Flo-  Flori- HC aAge. Va. F Early all
Sampling 17 15714 7R Runner giank 366 61R 152-1 Runner NC 5  Cultivars

PETIOLES OF PRINKCIFAL LATERAL BRAWCH LEAVES
Jul 13 42 34 38 41 45 38 51 43 50 39 &4
Aug 10 26 23 23 27 28 27 30 28 34 25 28d1*
Sep l4 21 21 23 18 24 23 25 22 220 22}
Ave 30 34 29 28 32 29 35 31 37 28 3lcy
PETIOLES OF TFPER MAIN STEM LEAVES
Jul 13 44 51 47 44 44 43 51 41 51 37 46
Ang 10 24 31 31 I 34 33 30 32 38 30 31lecl
Sepl4_ 26 __ 30 28 30 _ 28 3 26 2 3 ___ 28 __ 293
Ave 31 37 36 35 36 36 36 34 42 3z 36b3
BLADES OF PRINCIPAL LATERAT BRANCH LEAVES
Jul 13 41 60 41 37 48 39 49 41 43 &3 43
Aug 10 34 37 37 32 32 a5 38 32 49 32 35b1
Sepla 27 33 __ 3% ___2 28 _ 26 3 2% _ 8 _ 26 28Bby
Ave 34 43 36 30 36 33 40 33 42 34 36b3
ELADES OF UPPER MATK STEM{ LEAVES
Jul 13 &5 49 [ 38 46 42 48 44 37 a7 &4
Aug 10 35 46 41 37 40 38 44 44 38 38 40a1
Sep 14 37 _ 42 _ 40 33 42 ___ 38 ___ 52 _ _ 4 _ _ _ 3 __ _3 _ __ _40a3
Ave 40 45 42 32 43 40 47 42 37 a7 41lay
MEANS - OVERALL

Jul 13 43 53 43 40 46 41 50 42 45 39 b4ay,
Aug 10 30 36 34 31 33 33 35 34 41 31 34by
Sepls 28 _ _32 31 __ 26 __ 30 % 29 37 _ 27 _ _ 304
Ave 33 40 36 31 37 35 39 35 4l 33 36

*/ Means are significantly different when labeled with all unlike letters. Compare means followed 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.
However, average Zn content of Early Runmner samples was highest, followed closely
by NC Acc, 15714 and that in Florunner loweat. Average Zn contents of the Va. 72R
and Fleoriglant tissues were intermediate.

Cu Contents

The Cu contents of the leaf segments are recorded in Table 10. Average Cu
contents ranged from 16 to less than 5 ppm. Generally, Cu contents decreased in
both petioles and blades as the plants matured, Overall, average Cu content of
the blade portion of principal lateral branch leaves was highest whereas, the
peticle portion was lowest. The blade and petiole portlons of upper main stem
leaves were intermediatc in Cu, The blades were higher in Cu than the petioles
in both cases. The Cu content differences among the leaf portiong occurred
mainly in the latter two samplings, Cultivar and line wariability in Gu contents
was Iinsignificant. Among all cultivars and lines, Florummer and Florlgiant of the
5TP cultivar group averaged sccond highest and lowest, respectively, in Cu contemt,
The other Z S5YP cultivars were Intermediate.

DISCUSSION

One or morc of the SYP cultivars was highest or equivalent, statistically
in overall average content of each of the eight plant nutrients assayed in this
inveatigation, NC Acec. 15724 was highest in Ca and higher than mogt in Mn, B and
Zn contents; Va, V2R was highest in K, and higher than most in P, B, and Mn;
Florunner wag highest in Mg and B, and higher than weost in Cu; and Florigiant waa
internediate or lower than most cultivars in nutrient contents. In fact, Flori=
gilant was lowest in overall average contents of Ca and Cu, and lower than most in
B. 4lso, Florunner was lowest in Zn and lower than most in P, K, Ca, and Ma. The
other two SYP culcivars were intermediate or not lower than most in contents of any
mutrients.

Hence, only Florunner of the SYP group wag highest in at least two nutrients.
Among the other cultivars and lines, only Early Rumnner wag highest in two nutrients
(Mn and Zn}. Larly Runner was next highest to the SYP group in projected yield
poltential, Thus, the 5YP group and Early Runner were highest in the eight nutrients
investigated. Va. 61R and F392=1 were each highest in one nutrient (P and Cu,
reaspectively). On the other hand, the SYP group was lowest in three of rhe eight
nutrients, TFlorigiant accounted for Lwo.

The data obtained in this study show that the projected high yielding culti=-
vars and lines did not contain highest contents of all nutrients in any leaf
segments. Nevertheless, rhese high ylelding cultivarsz did include more of the
cultivars which were highest in contents of one or more nutrients.

Some cagses of egpecially hish Mg and Mn contents occurred in certain culri-
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 blaedes
and to a lesser extent the lateral branch blades of Early Rumner, NG Acc. 15714,
Va. 72N,and Va, 01R were relatively high. 1t scems that the Mg and Mn nuetrition
requirements of these cultivars may warrtant special attention,

An important question in these considerations is the extent to which general-
ization or averaging across segments or dates of sampling can be done without
confuslon or alteration of apparcent relationships, 1In this investigatioen, there
was greater variation in Ca contents especially, but algo in K and Mg contents
than for other nutrients among cultivars and lines that was related to sampling
differences, Somewhat wore of the variability among eultiwvars was related te
the leaf segment variable than to sampling dates. However, where appreciable
content variatioms occurred, the relaticnship between general averages and
apecific variable means was reascnably good,

Neverthcless, a certain amount of sampling specificity seems warranted to
identify significant differences in nutrient uptake potentials. For the optirum
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Table 10. Average Copper Content {(ppm) of Certain Peanut Leaf Segments, Holland, Va., 1370-71,

Date Mean

of NC NC ACC. Va. Flo- Flori- K ACC. Va. F Early all
Sampling 17 15714 72R Runner  giant 366 61R 392-1 Runner NC 5 Cultivars

PETIOLES OF PRINCIPAL LATERAT BRANCH LEAVES
Jul 13 12.9 10.1 10.9 12.4 11.6 9.8 11.0 11.5 12.4 12.6 11.2
Aug 10 7.8 6.5 6.7 6.5 6.6 5.4 6.0 6.1 7.0 7.0 6.5
Bep 14 5.4 _ 6.9 __ 5.6 _ _ 5.4 _ 4.8 6.0 4.9 _ 52 5.6 _ _6.3_ _ _5.7_ _
Ave 8.7 7.8 7.7 5.1 7.7 7.1 7.3 7.6 8.3 B.6 7.8d1%
PETICLES OF UFPER MAIN 3TEM LEAVES
Jul 13 10.8 11.4 12.8 13.8 12.2 3.1 13.3 10.8 11.8 12.9 11.8
Aug 1 7.1 9.2 8.5 8.5 7.0 7.9 7.9 7.9 10.2 7.9 8.2
Bep }ﬁ_»_»_}_;______EJQ____‘_}_ﬁ_ __6.8 7.3 _ 8.6 _ _ _?_p______§_§______ﬁ_ﬁ___'_>§:g __ 1.1
Ave 8.4 9.2 9.6 9.7 5.8 8.5 9.6 8.5 4,5 9.0 9.0e1
BLADES OF PRINCIFAL LATERAL BRANCH LEAVES
Jul 13 15.4 11.9 11.9 10.8 12.5 13.0 13.8 12.1 11.4 13.5 12.7
Aug 10 10.2 9.8 9.6 14.7 9.6 11.4 10.2 9.4 9.4 B.9 8.7
Sep 14 _ 8.8 _82__ 82 __85__ 7.8 80 __ 8.2 _9.0__ 8.4 B4 __ 886 _
Ave 11.5 10.0 9.9 10.40 10.0 10.8 14.7 10.2 10.1 140.3 14, 3a1
BLADES OF UPPER MAIN STEM LEAVES
Jul 13 11.4 12.2 10.5 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 B.4 B.7 8.7
SeE_lﬁ_____ﬁ;ﬁ_ __8.0__ 8.0 _ 88 __ B.6 _.%.a 8.0 _ _71.7__ _&.8 _ 8.8 _ _ 8.6 _
hra 9.2 5.5 g.1 10.1 9.2 9.8 8.7 12,2 9.4 9.6 9.6y
MEANS = (WERALL

Jul 13 12.6 11.4 11.5 12.4 11.9 10.9 12.4 12.7 11.6 12.6 12.0a2
Aug 10 8.2 8.4 8.1 8.6 7.8 8.3 7.8 9.0 8.8 8.1 8.4by
Seg_iﬁ_____?hﬁ_ __ 1.5 _ _ 7.6 E,i _ 7. 80 7.1 1.4 _ 7.8 33&__‘h‘_}:ﬁ52_
Ave 9.4 9.1 9.1 9.5 8.9 9.1 9.1 9.6 9.3 9.4 9.3

*/  Means are significantly different when labeled with all unlike letters. Compare means followed by
gmall letters with similay subgcripts and without subscripts within varietdes, only.



{(hiphest content) date of sampling in each case, nutrient contents based on the
hiphest 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, Mg, Mn, and Gu decreased about
30 to 35%, whereas K, Zn and B contents varied little, Thus, wariabllity among
contents of these eight nutrients will be increased more by sampling only one
leaf segment than by onc sampling date,

Results of this investigation indicate that highest contents of all eight
nutrientz except P (nearly as high, however) can be identified by sampling only
the upper main stem leaves, However, the blade and petiole portions must be
gampled scparately both during the active flowering period and again near matur=
ity. The late sampling date 13 necessary for identification of highest Ca, Mg,
and Mn contents, Earlier samplings are best for highest P, K, B, Zn, and Cu
contents,
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SCREENING PEANUT GERM PLASHM FOR RESISTANCE TO VERTICILLIUM WILT
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Oklahoma State University, Stillwater, UOklahoma 74074

AESTRACT & PATER
ABSTRACT

Verticillium wilt of peanuts was Identified in Oklahoma in 1977). The disease
appeared in irrigated flelds in late summer and caused less in yield of 63X. It
has the potentlal of becoming a serious disease in this area. The fungus per—
slsts For long periods in the soil and has a very wide host range. Therefore,
wilt is difficult or impractiecal to control with fungicides or crop rotatdon. A
possible control may be the develepment of resistant varietfes, Search for re-
sistance to Verticillium wilt in peanuts 1s the first step in a breeding pregram,

Eight conmercial Spanish peanut varieties and 81 plant introductions were screen—
ed initially in a naturally-infested ficld. Twenty-four entries which showed
less than 40Z disease prevalence in the field were selected and further evaluated
in a greenhouse as well as_ a growth chamber by artificial inpculation at an
inoculun level of 4.5 x 107spores/ml. Disgease severity in both environments was
rated three times after incculation at tilme intervals of 20 days., A ratinp

scale of 1 o 13 was used, where 1 indicated healthy plants and 13 indicated
completely defoliated, dead plants.

On the basis of the mean disease severity index, entries were divided into toler-
ant, intermedjate and susceptible groups. The Argentine Spanish peanut variety
and 9 of the intreductions were placed in the tolerant proup; however, the line
Geergin Lunch 182-28 previcusly reported to be highly resistant, ranked in the
intermediate group.

PAPER

Verticillium wilt of peanuts f{Arachis hypogaea L.) has been reported from Asia,
Australia, and the United States of America (1, 2, 3). In Oklahoma, Verticillium
wilt of peanuts was identifled in late summer of 1970, where it caused less in
yleld of 63% (6)., Since this fungus has an extremely wide host (5)

range and can persisc for long pericds of time in so0il (7), it has the potential
of becoming a serious disease In this area.

Verticillium wilt occurred in irrigated fields, particularly in low areas. Wilt
symptoms began to appear in late August and were characterized by stunting, leaf
yellowing, withering, defoliation and Lrown discoloration of the vascular tissucs.
Severely infected plants were dead by harvegt time, The dizease cecurrved dirreg-
ularly over large areas. Therefore, spot treatment of infested soil with chem-
icals might be difficult and vncerctain, while treatment of entire fieclds would be
expensive. As a result, control of Vertieillium wilt by means of resisatance
would be desirable.

Two species of Verticillium (Verticillium albo-atrum and ¥, dahliae) have beecn
recognized as causal organisms of wilt but copent opinions support both the sep-
aration or the synonomy of the two species. Therefore, in this study only the
genus name of the pathogen was considered.

MATERTALS AND METHODS

Preliminary screening of 89 peanut accessions was made in a naturally Infested
farmer's field near the Caddo Peanut Research Station, ¥e. Cobb, Oklaheoma 1n 1971,

i45



A randomized block deglgn was uged and repllcated 4 times, The soll type was a
fine sandy-loam in which peanuts, sorpghum and cotton were In rotation.

The disease prcvalence data for percentage of Verticillium infected plants were
recorded 90 days after planting., Intries which showed less than 40% disease
incidence were selected for further evaluation under greenhouse and growth cham—
ber environments.

Frocedures were the same for both greenhouse and growth chamber plantings, Flats
were filled with vermiculite, and replicated 4 times in a completely randomlized
design. Inoculations were wmade by dipping roots of l0-day old seedllngs In a
spore suspension with an ineculum density of 4.5 x 1N spores/ml, adjusted by
mcans of a hemacytometer. The disease severkty of individual plants, Dboth in
sregnhouse and growth chamber was rated three timeszs after inecculation: f£irst
rating after 20 days, sccond rating after 40 days and fipal rating 60 days after
Inocularien, An arbitrary rating scale of 1 te 13 was used, in whielh 1 indicated
uo disease and 13 indicated a completely deloliated, dead plant.

RESULTS AWD DISCUSSION

The mean Verticillium wilt severity score for each peanut acression is given in
Table 1 ot hoth the arecenbhouse and growth chamber tests. Significant correla--
Lion coufficients were obtained hetween bLhe vesults of the greenbouse and growch
chamber, indicating comparable resules io both studies. All inoculated plants
became inlected but the depree of disease soverity, however, was quite varlakle
in different entries. Thus, with Lhe ald of multiple range tests for mean
disense severity score, entvies were Jivided inte tolerant, intermediate and
susceptible groups,

The Spanish peanul varlery, Sroentine, and 9 of the introductioms: FP-338, P-425,
P-431, P~436, T-442, P-i4d6, P-555, P=550, and P-623 were placed in the toleraut
wruup, Io centrast the line 'Geergia Bunch 182 -28' previously reparted (4) to
Lier izhly resistant, rvanited io the intermediate group.  Totrdes P-261, T-3602,
P—860, and P-&%0 wece placot in the susceptible group. Under less inoculum
pressure such as ander field conditious, enlrics of the tolerant sroup mizut he
considerel] resistant. These findings sugpest that resistance ro Verticilliom
wilt way exist in sone lines of peanuts and further investipations may lead to
desirable levels of vesistance bto Yerticilllua wilt,
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Table 1. Verticillium wilt wmean sevetrity score of 24 peanut
accessions in greenlouse and growth chauber tests,=

Okla. Growkh
F-Ho. Variety or P.T. iuo. Greenhouse Chamber Averape

Tolerant Group

0431 263778 5.9 6.7 6.8
04406 268825 6.5 7.0 f,.0
0338 259671 7.1 6.0 7.0
0425 268757 7.4 G.7 7.1
0559 240555 7.4 7.1 7.2
0442 2638818 8.3 f,9 7.6
0628 268707 7.9 7.6 7.6
0555 248768 7.9 7.4 7.6
Qnoz2 Argentine 5.4 7.4 7.9
0436 268795 3.4 7.4 7.0
Intermediate Group

0624 263703 2.4 7.6 5.0
0664 265742 3.6 7.5 3.0
0719 268801 §.1 £.2 8.1
0552 248763 5.4 3.0 3.2
1436 dixie Spanish 8.2 7.5 .2
0422 268749 2.0 7.5 8.2
0701 268785 8,1 g.n .5
0730 268811 8.6 g.5 8.5
0614 268686 8.9 3.3 2.6
2399 Georgia Bunch 182-28 8.9 g.6 a7
Sugceptible Group

0870 265706 9.7 9.8 2.7
0361 268616 0.3 2.3 1.8
0362 268626 10.3 2.6 5.7
0860 2684680 3.3 10.6G 10.0
l-‘FRai:.’nLﬂg scale: 1 = no disease and 13 = completely defollaced, dead

plant.
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PEANUT MYCORRHIZAL: A FUNGUS-ROOT INTERACTION
by

Charles R. Stichler, Bobert E. Pettit, and Ruth Ann Taber
Department of Plant Sciences
Texas A & M University, Gollege Station, Tcxas 77843

INTRODUCTION

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
astablished that few plants are free of wyecorrhizal infection. In general,
mycorrhizal Fungl are consldered to be symbiotic with the host and cause
little damape to 1t although conflicting reports exist concerning thelr
beneficial (5,11,18,28,29), harmful or unimportant effects (17,18,21,23,31).
Numerous workers have stated that under certain conditions thege fungl are
beneficial to plant growth {(2,5,6,7,11,18,20,28,79) and the fungus is
especially Important in the uptake of phosphorus in deficient soils (11,15,
1%,24). FRoss and Harper (28) have shown increased amounts of T, W, Ca, Cu, and
Mn Iin leaf samples from infected soybeans as well as yield increases of

29-40% from infected soyheans grown under field conditions. Mycorrhizae were
of no significance In sulphur sccumulation by Pinus radlata even after sulphur
starvation (19). Deal et. al. (7}, 1in fileld tests of replanting vinevards,
reported that when fertilizer was added to soil the activity of the mycorrhizac
decreased but that the mean fertllized root welght was twice that for infected
roots without fertilizer. Marx (18) showed that under fertilized pot
conditions sour orange seedlings did not incvease significantly in size when
infected with mycorrhizae. Daft and Hicelson (6) stated that the mycorrhizal
association would "confer greater relative benefit to the host under poor
murrient conditlens". They found that the extent of the stimulus in tohacco,
malze, and tomato was dependent on nutrient conditilona and level of root
infection.

Mycorrhizal fungi are divided into three main categories: (1) ectmmycorrhizac,
which form a dense mantle of hyphae {Hartig net) around the roots but never
penetrate the root, (2} endomyecorrhlizae, which grow extensively within the

root tissue but do not form a Hartig met and {3} ectendomycnrrhizae, which
both penetrate the root cells and form a Hartlg net. The host range of the
endomycorrhizae includes many field crops, including maize, forage crops,
cotton, soybeans, cltrus {12) and peanuts {1,4,16). Although the hyphae grow
between ag well az inside the cells, little damage is caused to the root (12},
The hyphae often form distinct structures 1nside the roots, arbuscules and
veslcles (hence the name vesicular—arbuscular mycorrhizae). The arbuscules are
compesed of large "trunk" hyphae with many smaller branches thar 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 rvound to oblong sacs filled with a lipid-like

material and probably function as storage organs for the fungi. If the veslcles
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. Thease are chlamydospores, azygeospores, zygospores and
gporocarps. Chlamydospores ate oval to round spores with thickened cell

wall; azypgospores are large spores with abortive subtending Ayphae

reminiscent of the monoclinous {or andregynous) condition in certain
phycomycetes; zygospores are sexual spores resulting from the union of two
compatible hyphae or suspensors; and sporocarps are agpregates of spore types
grouped together either loosely and randomly or inside or submerged ln sporocarps
of varying complexities. Thege fungi are considered to be phycomycetes,
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in the famlly Endogenaceae.

The purpose of our work was to examine peanut roots and soils in Texas
for incidence of endomycorrhizae, to characterize any spore types found and
relate incidence to fertllization levels.

HMATERTIALS AND MRTHONS

Both solls and peanut roots were examined for the presence of mycorrhizae spores.
S0il samples were obtained from peanut [lelds during the fall of 1971 and
examined for spores by the wet slevlng and decanting technique used by

Nicolson and Gerdemann (10). Only a limited number of spores was obtained using
this methed and thercfote a sugar gradient technique, modified from that
described by Ross and Ilarper (28) and Otm (27) was developed. Peanut roots
were blended for 30 seconde in a Waring Blendor, 2-3 mls of the comminuted

roots were added to 50% sucrose in a 50 ml centrifuge tube and centrifuged

at 1700 rpms for 3 minutes. The sugar solution containing the spores was

washed thoroughly through a # 200 U. 5. standard sicve (74 u, Tyler equivalent
200 mesh) and the spores were picked from the remaining debris with a controlled
suction device (8). Gollecred spores were inoculated into pots, contalning

sand and vermiculite (2:3), about 1" below surface—sterilized Starr peanut

seed. Approximately 100 chlamydospores were inoculated inte each pot. Plants
were removed weekly from individual pots beginning after three weeks of

growth in centrolled envirommental chambers. Other plants were grown In pots
containlng natural peanut field =s0il and others in pots with sand and
vermiculite inoculated with chopped infested roots. All were examined after

3 mopnths, either by direct obgervation of the roots after pentle washing or
after clearing of the roots by soaking 3-5 minutes in a 3% solution of

slightly HCl-acidified NaOCl, A weak soluotion of toluidine blue was used to
stain the fungal structures alter goaking for 1 hour or more. Taraffin sections
{10u) of root tissues were also examined for mycorrhizal structures.

RESULTS

Examination of the reoots and golls from peanut flelds in Texas revealed the
presence of several mycorrhizal spore typea (Table 1), The type "a"
chlamydospores (Figs 1,2,3) are thick-walled spores that are horne on thick-
walled coenocytic hyphae and develop from thin -walled vesicles in the
cortical root tlgsue as well as in the potting media or soll., The guter wall
of the zpore is colorless, brittle and sometimes laminated (arrow Fig. 1).
1The wall can be cracked and rolled off the inner wall by applying slight
moving pressure to the coverslip on a slide. The inner wall is membranous,
yellow, slightly pliable, and if broken folds rather than shatters like the
outer wall, The apores contaln many small oil-Iike dreplets; however, with age
the oll may coalesce into a single large globule. Arbuscules were present in
the cortical tissue but not observed in the vascular reglon of the root. The
spore attachment is simple, not "fumnal" or'bulbous"-shaped like the spores
described by Mozse and Bowen (22). This epecles 1s probably a species of

the genus Glemus {14,21,30) but has mot been previocusly described.

The type "B" spores {Table 1, Fig. 4) represent another speclea. The sporesg
hawe only one thin wall and may be vesicles. They do not form a double wall or
even a thickened wall. The spores are formed hoth in the soil and roots.

In the sodl they develop in groups of 2Z0-110. This species is preobably also

a member of the genns Glomus.

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" azygoepores (Figs. 5,6,7,8) are characterized by their large asize and
a distinct bulbous swelling at the base of the spore. Thls gpecies does not
produce vesicles in the root, but only on hyphae in the seil (Fig. 9). The
vegicles are quite small, in tight groups, and have small echinulatioms (Figs. 10,

11). This specles is probably a member of the genus Glgaspora.
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TABLE I

MYCORRHIZAI, S5PORE TYPES ASSOCTATED WITH PEANUTS IN TEXAS

Shape and Size Walls Where
Type Fipa. Kind Color il Ioner Nuker Found

A 1,2,3 chlamydosapores globose (80)120- 1-2u 12-20u  all over

yellow 240{260) Texas in
roots and
soil,

B 4 vesicles oval to 60-110 nomne 1-2u sail from
globose Stephenvillce
yellow Texag
23-110 in
ErOup.

C chlanydospores globose 125 2(H¥= * B-1du* rooty and
brown s0il, Bryvan

and Waller,
sporocarp ca 3pm Texas

D 5,6,7, azygospore glohoge (300)350- 2=4u hyaline roots and

8 dark 450(475) ca lu soril Bryan

brown ami Stephen-
9,10, wvesicles oval 30 VYary wverwv ville, Texas
11 echinulate thin thin

up te 15 Iin
a cluster

* Paucity of spores prevented accurate measurcment of slze range.

DISCUSSION

The finding of several species of mycorrhizae fungi in Texas peanuvt roots and
s0il necessitates a study of the effects of their presence there. Comsideration
will have to be given to their distribution, influcnce on the pednut plant
growth, and relationship with other soil microorganisms. The effects of the
addlclon of funglcides and fertilizers to peanut fields will need studv. Neshelw
and Linn {25) working with the mycorrhizal fungus Endogone fasciculsta Thaxter
on corn, showed that this fungus is slightly senaitive to the fungiclde

Captan and moderately sensitive to Terraelor. If the mycorrhizae on peanuts

are signlficantly beneficial, these mycorrhizae should not he inhibited by
broadcast application. Nesheim speculated that, since fungicides are usually
banded in a row, that once the roots grow through the treated zoue they would
probably control peanut reoot diseases without exerting a permanent detrimental
effect on the mycorrhizac. In gpeculating, where scil pathogens are a

limiting factor in production, it would be better to band fungicides [or
possible pathogen control rather than be concerned with eliminating the
mycorrhizae. Since peanuts have a lower fertility vegquivement than most other
field crops the influence of the mycorrhizae on peanut plant nutvition may

be less Important than on that of octher crops.
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EVALUATION OF SAMPLING ERROES IN DETERMINING GE NATION
PERCENTAGES: APPLICATION TO PEANUTSL
by
J.H, Yaung
szzociate Professor, Bioleglcal and Agricultural Engineering Departiment
North Carclina State University, Ralcigh, North Carolina

Determination of the germination percentage of a lot of seed is an important
step in its quality evaluation. The result of a germinatiom test iz 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 belilef
of the author that the major portion of the variation between samples may be
attributed teo sampling error rather than to the testing procedure ltself. It

ig the purpesc of this paper to discuss the magnituwde of the errors which way

be expected due te zampling alome and the adequacy 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. Tor 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 same time being completely inadequate for estimating the true
germination percentage with a high degree of confidence. The various rcasons
or purposes for which perminatien tests are conducted may be classified into
the following three groups:

1, Estimarion of the true germination percentage of a seed lot.

2. Prediction of whether the true germinatlom percentage is above
or below some predetermined lewvel.

3. Estimation of the differences in germination percentages of
two or more lotg of seed.

The errotgs lnvolved in testing for each of the above listed reasons will be
evaluated using the binomial probabllity distribution. The analysis is based
upon the following assumpticns:

1. A seed either germinates or does not germinate.

2, There are no errors due to variations In the germination test ItselE.

3. BSamples are taken in a random manmer such that all seeds have an
equal chance of being chosen.

If the above asgumptions are not met, then additional errors will be introduced.
Thus, the erreors to be evaluated here may be described as winlmum expected
errors due to the random sampling process. If lots of seed are not well mixed
so that the samples are biased 1in gome manner or if there are variations in get-—
winater conditions or analyaet readings, the errors involved in permination Lest—
ing will be higher than those to be ewvaluated here.

lj?aper number 3519 of the Journal Series of the North Carolina State University
Agricultural Pxperlment Station, Raleigh, North Garolina.
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Theery

If random samplez of size n are selected from an infinite binomial populatiun
(a2 population in which each individual unit is either pood or bad, red or black.
etc.) the gsampling distribution cobtained will be:

£(x) = Clo,x} p*(1 ~p)* 7 x = 0,1,....0, 1, (1)
0=<p=<1,
where
f(x) = the probability of having x good units in the sample of
size n,
C(n,x) = aifxi{n — x)! = binomial coefficients,

p = probability of a success {(i.e. a pood unit), and

|

b4 number of successes {good units}).

In the case of testing geed for germination a success is a seed which will
germinate and p is the decimal portion of the total population which will
germinate.

Qther important parameterz cf the binomial probability distribution are the
mean and the varlance of the sampling distributions. The mean is given by:

u=nmnp, (2

where
1 = mean nnmbet of successes in a sample of size n.

The variance of the distribution is piven by:

2
o)

np{l-p), 3

where 3
o = variance of resnlts of samples of size n.

Equation (3} has a maximum value for any given n when the value of p is 0.5.
Thus, the preatest wvariabllity between germination samples will be found when
the true germination percentapge is 50%. The variabillty decreases to zcro for
populations having true gerninatlon percentages of either O or 100%.

Estimation of True Germination Fercentage

Figure 1 illustrates the sampling distribution obtained by repetitive 200-seed
samples of a populatdon having a true germination of B0¥. The figure was plotied
usging tabular values of the bilnomial distributionr published by the scaff of
Harvard University Computation Laboratory {1). Tt can be seen that the values
of permination obtained range from approximately 69 to 90% bnt that 99% of the
valucs 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
iz 80%. The accuracy (plus or minus deviation from the true value) of the ger-
minatlon percentage determined by a teast depends upon the ttue germination per-—
centapge and upon the confidence level specified. 4Although not obvicus from
Figure 1, it is of interest to note that Lf the true germination of a lut is
greater than 50X, it is more preobable that the result of a sample will be too
high than that it will be tce low, Thia blas is due to the skewed binomial dis-
tributlon.
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PROBABILITY OF REJECTING LOT

N2 200
P=08

%08 » 13437 ITNYLIIAIDY

[+]
o

) < =] o o =] [=] a
o — ra Ly B e o -~ @ o <]
T T T Ll I T T L T

JIYLNITHId NOILYNIHHIS FNHL

95% Loal]

26 06 6O 96 +6 20 0D BL 9 HL 24 0L 69 99 O 29 09
T

70 75 8 . I
GERMINATION RESULT -
- 1 1 L 1 | ], | 1 1
Figure 1. Szwmpling distributisn for 200-gued asmplep vrem o = = o o =} a < o o [=}
posulacion baviag & trus germinstion of 403, In= o L e @ o & w b =
tervale contadndng 30, 75, 90, 55, and 09% of the PROBABILITY OF ACCEPTING LOT
cample teaulis are ahown. Flgura 2. Operating charscteristic earve for preadicting whecher

the gernipaticn 16 sbeove BO¥ velng a 200-weed sample,

159



The accuracles may be quickly predicted by approximating the binowmial distributicn
with a normal distribution having the same mean and variance. This approximation
results in a symmetrical distribution vather than the slightly skewed binomial
distribution. However, the magnitudes of the sempling errors are similar for

the two distributions. Thus, the normal approximation was used to estimate the
sampling errors to be expected for varlous sample sizes. The magnitude of the
errotr iz given by:

E=100z /28 -P, o)

n

where
E = error (in %) assoclated with sampling, deviatiom from true
percentage,

Z = number of standard deviariens from the mean of the normal dis-
tribution which are required to give the desired confidence
level,

p = true germination probabllity {true germination percentage
expressed as a decimal), and

n = number of seed in sample.

The values of Z reguired to glwve 50, 75, %0, 95, and 99% confidence lewvels are
0.675, 1.15, 1,645, 1.96, and 2.575 respectively (0ztle, 2). Table 1 gives the
resulting accuracles for various sample slzes, true germinations, and confidence
levels. Thus, the accuracy based on the normal distribution is + 7.3Z7 for a
200-geed zample at the 99% confidence level when the true germinatiom is 80X,
This corresponds closely with the value obtained above uwsing the actual binomial
distribution.

Inspectlon of Table 1 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 B0Z. Thus, If more accuracy ln cstimation of true germination percen-—
tage is desired, the sample size must be increased still further. In order to
determine the sample size required for a given accuracy, equation (4} may be
solved for n to cobtain:

2
o = 10,000 z2 p{l - p) . {5)
E

Table 2 gives the sample sizes required for accuracies of + 1, 2, 3, 4, and 57
for various true germinacion 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%Z. BSince the true germination ls not known when sampling occurs, the worst
cagse of a true germination of 50X must be assumed. With this assumption, a
sample of 16,600 seeds must be tested to glve an accuracy of + 1% at the 99%
confidence level. A reduction in the confidence level to 95% reduces the sample
size required to 9,700 seeds. The commonly used sample size of 200-seeds is
within + 3% of the true germination only about 50Z of the time if the true
germination is 50%. Thus, it is apparent that in order t¢ accurately predict
the true germination percentage of a lot of seed, much larger samples must be
used and care should be raken to assure that the sample 18 a randomly-selected
representative of the lot.
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Table 1. Accuracy of germinetion tests based upon samples of verious sizes. (Expressed 12ble 2. Sanple eizes recuvired teo give various accuracies of resting for germination
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.09 30 17.9 9.1 7.4 bLh 5.5 .59 50 16600 4200 1900 1100 700
m 11.8 .3 4.8 5.8 5.3 70 14000 3500 lap0 900 BOQ

75 11.2 7.8 .4 5.6 5.0 H 75 12500 2200 1400 ;) 500

BD 10.3 7.3 6.0 5.1 4.4 BO 10700 270a lzo0 700 500

B3 9.2 6.5 5.3 4B 4.1 a5 5500 2209 1000 GO0 400

an 7.7 5.5 4.5 3.8 3.5 oo {00 1300 700 L] )

LK 5.6 4.0 3.2 2.8 2.5 25 3iD0 B0 400 200 200

Table 1. Accuracy of germinaticn tests hased upon ssrples #jzmple sizes have been increased to the next higher hundred Zar sample sizes
of various sizes. (Expressed sz e plus or aimus greater then 10D end ta the mext higher cen for sample sizes less than 100.

deviaricn from tTue peTeentaze).
Table 2. GSamples sizas required to give varlous accuracles
af testing for germinacion percentege.®



Predicting Germinations Above or
Bzlow a Predetermined Lewel

Fortunately, germination tests are not conducted primarily for estimation of
true germinativn percentage in many cases. Often, the infeormation desired

from the test is whether or oot the lot has a truc germination percentage above
or below some predetermined level. Tor example, in North Carolina peanut seed
mugt test 80% or above in order to be sold as certified seed, Thus 1f a lot
has a true germination of 50X, a testing accuracy of + 29% is sufficient to
Insure that the sample would not—pass the critical test. If a lot has a true
germination of 90%, a testing accuracy of + 10% is sufficient to insure that
the sample will egual or exceed the regquired level of performance., Thus, it is
in the region near the predetermined standard level that sampling errors become
important.

Figure 2 illustrates thc probabilitiea of rejecting or accepring lots of seed
based upon the germination result of a 200-seed sample for various trus germin-
ation percentages when it is required that the sample permipate B50% or higher
for acceptance. The curve is plotted from tabulated walues of the binomial
digtribution (1) and assumes that a sample germination of 7%.5% would be rounded
to 80% and thus would be acceptable. The curve is called an operating charac-
teristic {or QC) curve. An ideal OC curve would have a probabilicy of 1.0 of
rejecting any lot with a truc 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 ervors due

to zampling. In area 1 lots are accepted which should not be accepted {consumer
risk) and in arca 2 lots are rejected which should be accepted (producer's risk).
Thus, the range of true perminations in which the probability of an error in
rejecting or accepting the lot is greater than 0.01 is from 73 to B5E. The
probability of accepting lots of seed having germinatlon percentages of 79, 78,
i7, 76, 75, 74, and 73% ate 0.47, 0.34, 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, B2, 83, 84, and 55% are (.39, 0.26, 0.16, 0,08, 0.04, and
0.01 respectively.

After a peanut seed lot in North Carolina hag been sampled and a 200-seed sample
has successfully germinated 80% or higher, the lot may be "tagged" as "certified"
seed, 1t is still subject to additiomal sampling and testing to insure proper
labeling. In this ecagse, a 400-seed sample iz 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 BO%.
With the 5% tolerance in effect, the sced lot would not be rejected (sale would
not be stopped)} If at least 74.53% of the sample germinated, Figure 3 indicates
that some seed lots having permination percentages below 80%, but which had
passed the Inltlal testlng, would be rejected by the second or "official" test.
However, wirtually none of the seed lots having true germination percentages
cqual to or higher than 80% would be rojected by the second test. Figure 4
shows the resultant OC curve when seed lots are subjected to the "certiflcation”
testing and then the accepted lots are subjected to the “"official" testing.

The curve In Figure 4 is only slightly different from that of Figure 2 with the
diflercnces being slightly higher probabilitica of rejecting seed lots having
true germination percentages less than 30%.

If all geed lots accepted for sale as “certifled" seed were subjected to the
"official" test and if all true germinations were equally probable, areas 1

and 2 In Flgurc 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 assuming that all the sced
lots accepted by the "certification” test are rctested by the "offieial" 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
prebabilities of Figure 4 to numbers of lots recjected or accepted.

In order to obtain estimates of the pricr distribution of true germination per—
centages, the results of pzanut germination teats conducted by the Seed Testing
Division of the Morth Carclina Department of Agriculture during the crep years
of 1%65-1970 werc analyzed to determine what portion of the samples resulted in
gerninatlons of each value between 0 and 100%Z. There were considerable differ-
ences between rthe discributlons obtained for the six years amalyzed. Figure 5 1s
a plot ¢of the frequency distribution fer the 1967 crop year which appeared to be
near the average of the six year period. The distrlbution is skewed toward the
higher germinations with rhe peak occuring at 96%. 'The mean and the standard
deviation are 84.5Z and 12.9% rcspectively. A summary of the statistics feund
for the frequency diatributlons of all six years is presented 1n Table 3.

The frequency discributlons found Lor the test results are not the true prlor
distriburions since sampling error was involved in each of the tests which tend-
ed to bias the distribution toward the extremes of @ or 100%. However, the dis-
tributions should be near enough to the true prior distributions to be uscd in
estimating the number and percentage of peanut lots which are affected by the
errors in areas 1 and 2 ol Figure 4. Table 4 gives estimates of these errors.
The estimated number of lots hawing a true germinariom less than 807% which werc
accepted by the testing procedure varied with the prior distributions of the
various years. ‘he estimated "bad" lots accepted as a percent of Lhe total lots
tested varicd between 0.94 and 2.95% with an average of 1.96X. The estimated
"uood" lots rejected as a percent of the total lots tested varied betweccen 1.03
and 3,30% with an average of 2,14%, The estlmated percentage of lots having
true germinations in the range of 73-85% which were misclassified was relatlvely
constant and averaged J6.18%. Owver the six—year peried approximately 25% of all
lots were in the 73-85% range of truc germlnations.

Thus, it appears that sampling errors are not unreasonable in the present tests
for "certification' of peanut seed and the subsequent retesting for proper
labeling. The percentage of the total lots which were mis-claszified was esti-
mated to average 4.1% over the six-ycar period studicd, This percentage would
increase 1f a hipher percentage of the total lotsz had true germinations in the
critiecal range of 73-85% and would decrease if a lower percentage of the total
lots had true germinations in the critical range.

Estimating Differences in Germination Percentages

In seed qualicy research, the aim of germination testing is often not to deter—
mine true germination percentages or to derermine whether rhe germination is

above some predetermined level. Rather the primary purpose for conducting
germinatrion tests is often to estimate differences in germination percentages
which may be related to differences in production practices or other wvarlables.

In these cases, the accuracy in predicting differences between lots is of interest.

If two equal samples are taken EFrom the same lot of seed, the probability of get-
ting no difference between the sample results is given by:

Ir

n
G0y = r P(1) . P{1}, {6)
i

=0

where
G(0) = probability of petting zero difference between samples,
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Table 3. OGerminacion percentage statistles for peanut seed tested by the Seed
Testing Division of the Worth Carvlina Departmenc of Apriculture.

TolLal
Number

of Avyg. Std. % Less % Leas % Leas % Loss % Leass % Less
Tear Samples Germ. Dey, than 70  than 75 than BO than 85 than 90 than 95
1965 2028 E6.B 1L.6 B.0 12.6 158.9 20.4 47 .6 Ti.4
1966 1742 78.3 15.1 22.5 24.7 41,6 56.0 3.1 94.9
1967 2366 4.5 12.9 12.0 1B.3 26.2 36.8 53.4 79.8B
1968 2574 F8.5 13.1 22.3 31.0 42.9 60.9 80.5 95.3
1969 2340 g1.9 8.0 1.9 3.4 7.0 12.6 23.4 52.7
1970 2340 B4.B 12.7 12.1 17.5 26,40 7.6 53.0 6.7

Table 3. OGermipation percentage slatiatles for peunut seed tested by the
Seed Tegling Division of the Morth Carnlina Deparrment of Agri-
culture.

Table 4, Estimates of numbers and percentages of peanut lots mis-clavsified during
the 1965-70 period due to sampling crrors.

Tear Total
1965 1966 1867 1968 1965 1370
No. of lols tested 2028 1742 2366 2574 2340 2340 13290
Badl lots accepted
Nuwber 27 50 43 75 22 45 263
% of Total 1.33 2.87 1.482 2.95 0.%4 1.92 1.56
Goud2 lote rejected
Mumbor 38 48 45 85 24 47 287
% of Total 1.87 2.76 1.90 3.530 1.03 2.01 2.14
Total lota lmproperly
categorized
Hrmber 65 98 83 161 40 o2 550
% of Total 3.21 5.63 31.72 6.23 1.97 3.93 4.11
Number of lots in
73-485 range of true
geradnations 447 585 551 975 266 5¥a 3400
% of lots in 73-B3
range of truec
geTminations 22.04 33.58 23.29 37.88 11.37 24.62 25,39
% of lots in 73-83
cange of Lrue ger—
minations which
were improperly
categorizod 14.54 16.75 15.97 16.51 17.29 15.97 16.18

1 - & "bad" lot is a lat having a Lrue gernlnation less than 803,
2 - A "good" lot is a lot having a true permination of 80% or hipgheor.

Table 4. Estimatcs of numbers and percemtages of poanul lots mig—clapsified
during Lhe 1965-70 perlod dug to sampling errors.
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n = number of seed in each sample, and

P(i} = probability of having i germinable seeds in the sample of sizc
o.

Likewise, the probability of getting a difference, 1}, between the two samples
i=:

n n
Gi{D) = £ P(i) . P{(1i - D) + = T{1) . P(i+ D), n
1 =0 i=o0
where
G(D) = probability of getting a difference of D between the samples.

Figure 6 is a plot of the cumulative probability distribution for diffcrcnces
hetween two 200-seed samples taken from a population having o true germination
percentage of 50X,  Approximaiely 1% of the time the owo samples will differ by
more than 13% in germination. This means that in order to test for differences
between two lots of seed, differences greater than 13% must be observed in order
to be 99% confident thar any differeunce exists. Thus, it is appareni thac larger
sample sizes arc required to verify differences in germinaction of different sced
ilots,

The distribution of sample differences may also be approximated by a normal pro-—
bability distribuntion, In Lhis case the variance is the sum of the warilances of
the individual sample distributions. When bouth samples come from the same pop-
ulation, the variance is:

2
v = 2mnp(l-pl, (8)
i
where
@
g = wvarlance of the sample differences.
D

Then the magnitude of the error inveolved in estimating differences between
germination of lots becomes:

E =100 Z 2p(1 - p) , (93
Pl 1n

where

E = error associated with sampling [or dilference between seed lot
I  gorminations.

Comparison of equationg (9) and (4) reveal that the crror assoclated wirh
estimating differences is rclated to the error in estimating true germinations
by:
E =2 ® 10)
o

Table 5 gives the resulting accuracies for various sample sizes, truce germinations,

and confidence levels, The accuraclies are calculated based upom the assumption
that the samples come from populations having equal erue germination percentages.
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If no knowledge of the true germination percentages is available, the accuracy
hased upon a 30% true germination {(the worst case} should be used as an estimate
of the sampling error. LE the populatlons are known to have gorminations higher
than 50%, the accuracies may bec estimated based upon the higher true germination
rercentages, Table 6 gives the sawple sizes required for various accuracies of
determining differences in germination of two lots of seed., The sample sizes
required for estimating differences arc twice as large as those required for
estimating true germination percentages. For example, if It is desirved to esti-
nate the difference. in germination of two lots of seed for which no prier
knowledge of the Frue germinatlon is available, sample sizes of 33,200 seeds must
be used to be 99% confident that The estimated difference is within + 1% of the
true difference. 7L the twoe lots are known to have truc germinations of approx-
imately 80%, a sample size of 21,300 seeds may be uscd for the same accuracy and
confidence level.

The zawple sizes required to pive high accuracies arc much higher than those which
are normally used in germlnation tests. However, replicate samples are often used
to Inerease accuracy. Tt can be shown though that the sampling errors obtained

hy testing four 200-sccd 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 boath estimates of true germination apd in estimates of dif-
ferences in gerwipacion between lots.

Summary and Cenclusions

The binomial probability distrihution and its approximaiicn by the normal pro-
bability distrlbulion were uscd to cvalvate the sampling errors to be expected
in ¢onducting germination tests for varicus purposes. Major findings of the
study are:

1. In order to accurately estimate the true germinarion percentage of a
1ot of seed, it is necessary to test relatiwvely large numbers of scoed.
Tables 1 and 2 were prepared to give the accuracy to be expecled when
samples of various gizes are used and to give sample sizes required
for certain accuracies.

2, SBampling errors weroe cvaluated for the sitwacion in which the purpose
of testing iz to predict whether the germinaticn is above or below a
predetermined level. Based upon thesc evaluations, it was estlmated
that, due to sampling error alone, approximately 4.1% of the peanut
seed lots in North Carolina would have been improperly classified as
above or Lelow B80% during the years 19%55-70 based upon the proscnt
testing procedures.

3. In order to accurately estimate differences in germination percentages
of two seed lots as is coften the purposc in sced quality research, [t
[5 necessatry to test samples twice as large as those needed in esti-
matlng true permination percentages. Tables 5 and 6 were prepared Lo
give the accuracy to be expected when samplos of varipus sizes are
used and to give gample sizes required for certain acecuracics.

Two additiomal interesting observations bear repeating. They are:

1., I[ the truc germinatiom percentage is preater than 50¥%, all predictions
of the true germination are slightly biased toward the higher germina—
tions,

2. HReplicatioms of truly random samples of a glven size do not decrease
sampl ing errovs amy more than increaseing the sample size to contain
the same total number of sced.
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INFLUENCE OF SEED QUALITY AND ENVIRONMENT
ON PEAMUT INJURY BY LEKEICIDESLS

Paul W. Santelmann, Professor
Department of Agronomy, Oklahoma
State University, Stillwater, (lkilahoma 74074

INTRODUCTION

Herbicides are used extensively for controlling weeds in peanuts in order to
maintain economically hiph preduction levels. Tarmers lave learned tirougn
experience that properly used herbicides wsually provide good veed control
without crop injury. Howewer, anyone who grows plants las learned bt wmany
plant and environmcntal factors may effect the yield level coltained, as well
as how the plant will react to fertilizer or other materials. Thus, 1t is
reasonable to expect that sowe of these factors will influence the abilitw
of a lierbicide to either kill weeds or injure the crop.

Tactors such as rainfall, seil tvpe, tewmperature and meisturc have beon chown
to influence the phytotexicity of some herbicides te peanuts (5, 1, 7, 3).
Other factors may also Le invelved - such an the quality of the seed uscd,
interactions of the herbicides with other pesticides, or varicus application
factors {11). Ioat of tle pesticide interaction research has lLeen conducted
using trifluralin with crops otler than peanuts. Seme have reported ne iuter—
action (8, 6, 4) whereas otliers have reported that some interacticus rotween
insecticides and herbleides could cecur (1, Y, 2, 8).

There has been little rvescarch om the influence of peanut sceed nuality on
herbicide phytotoxicity. Seme (0, 11, 12) have shown that plantingg low
quality seed may result in a reduction In crop growci and vield.

Lxperiments have Leen eonducted ower the past sewveral yoears in Oklaloma Lo
determine the influence of envirommental fackurs and peanut sced size, wauality,
and lojury on the susceptiblility of peanut secdlings to herbicide injury.

Singe these cxperiments have Leen conductud in several different ways in hoth
the prienhouse and field, the research procedure used for cach experinent will
lie discussed with the resulrs of that cxperiment.

HETHODE AWD RESLLTS

Seed Size: Four seed sizes of Starr peanuts were used in field and precenhouse
experiments te defermine if seed size variation resulted in seedlings tiat

vere more susceptihle to herbicide injury. Seed sizes used werc: ({a} swall
{retalned by 13/64" sieve), (b) medium (retained by 15/64" sieve), (c) repular
(retailned by 17/64" sieve), and {d) larpe {retained Ly 19/64" sicve). The

geeds were planted in greenhouse pots or in field soil treated with Treflan

at 1/2 or 1 lb/A, or were freated after planting with Amilen at 2 or 4 IL/A.

In the greenhouse both herbicides caused some slight stunting for all seed
sizes 10 days after treatment. MHore top and root injury occurred wien using
small seeds 1n Treflan treated soil than wien medlum, repular, or larpge seads
were planted. There was little difference in root 1njury betwecn the various
seed slzes when Amiben was used.

lecntributiun from the Oklalioma Agricultural Experiment Stat{ion, Stillsrater.
Appreciation is expressed to Loyd V., Hill, Thomas Feeper, Foland Cargill,
and Robert Matthiesen for theilr help in these various studles, and to the
Oklahema Peanut Commission for partial financing of this researci.
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In the field there was more root Injury to seedlings from small seeds than
large seedz, but there were no significant differences when comparing either
extreme with the Intermediate sizes. As slze increased, top growth increased
with all treatments Involved. There were no yleld differences with any of the
gseed sizes planted in soll treated with Treflan at 1/2 1b/A or with Amiben.
There was a yield reduction when small or medium size seeds were planted in
soil treated with 1 1b/A of Treflam.

Seedeoat Removal Treatments: Various seedeoat removal treatments were tried
to determine if they caugsed yopung peanut plants to be more susceptible to in-
jury from Treflan and Amiben in the greenhouse. The followlng treatments were
made to regular size Starr peanut seed: (a) vilslbly sound - normal sced with
a full seedcoat, {b) seedcoat partially removed - 1/2 of the seedcoat was re-
moved, (c) seedcoat absent - tlie zeedcoat was completely removed, {d} splits
with a seedcoat - onc cotyledon and radical witch the seedcoat present, and

(e) aplits without a seedcoat - one cotyledon and radical with the seedcoat
absent. Seeds with these various treatments were planted in the greenhouse
and treated.

Stunting of the peanut seedlings cccurred when using one-lhalf of a sced with
and without a seedcoat with all herbicide treatments. There was generally
greater top growth when whole seeds rather than half seeds were planted.
However, all seeds wilthout a seedccat planted in soil treated with Amiben at

4 1L/4A resulted In stunting and severe root injury. Therce was less root growth
from plants at half seed without a scedeoat than any other geedcoat removal
treatment. However, this reduction was not significant when comparing the
herbicide treatments te the similar untreated check.

Mechanical Seed Damage: Various means of mechanically injuring Starr pcanut
seed were used to determine if scedlings from damaged seed were more suscept-
ible to herbicide injury. The folleowing were the treatments: (a) visibly
sound shelled seed (mechanically shelled), (b) shelled seads dropped 10 feet
through a 3/8 inch brass pipe onto a comcrete floor, with the germ end of the
seed placed in a downward posltion, (c) seeds dropped 10 feet through the pipe
with the germ end in an upward position, (d) seeds dropped 10 feet tiurough a
3/4 inch aluminum plpe cnto a concrete fleor 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 germ end, (f) unshelled seed dropped 10 feet through
the aluminum pipe, and (g) unslielled sound seed. Seeds for treatments {f) and
{g} were shelled by hand prior to planting. The seeds were then planted in
s0ll and treated with elther Amiben or Treflan.

Flants from the untreated check plot and the warlous mechanical injury treat-
ments were more vigorous and had more top growth than plants from the same

seed injury treatments treated with herblcldes, This was not true of rToot
growth, There was a reduction In top dry weights from seedlinge whose seed
were dropped on the germ end or side, dropped while im the shell, or when the
germ end was mechanically abused. Taproot length was reduced from sced dropped
on the germ end and from mechanical abuse te 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 172 and 1 1b/A, Vernam at 1/2 and 3 1h/A, or Amiben
at 2 and 4 1b/A were applied or dncorporated into the scll where other pesti-
cides had been used. The insectleldes, fungicldes, and nematocides wore used
as recommended on the fable.

No reduction in peanut root or top growth occurred as a result of combination
treatments of herbiecides with the fungicides PCHB, chleronitropropane, or
combinations of the two fungicides in the greenhouse. Root growth stunting
oecurred when 1 1b/A of Treflan was used either alene or with some Inseccleides.
Some stunting of peanut seedlings occurred when using Treflan and 2 1b/A of
Disulfoton. 'There was no apparent tep or root growth reduction with 1/2 Isfa
of either Treflan or Vernam when used in combinations with Phorate, Aldicarb,
or Dlgulfoton in the greenhouse. Seoll treated with dibromochloropropane at

1 or 1% gpa caused as much injury to peanut roots as Vernam oT 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 pgpa when compared to the check pots where soll
was treated with the nematocide alene. Very little difference in plant injury
was noted when using Treflan or Amiben on peanut sced treated with Ceresan,
Arasan, or Captan gseed treatments in the greenhouse. There was some root in-
jury from the herbicides alone which might have masked any interactions.

Disulfoton, Phorate, Dibromechleoroprepane, and PCNB were used with Amiben and
Treflan treatments in the field for two years, Little difference in roct in-
Jury was noted from the treatments used in these experiments., Imn one year the
nematocide alone reduced top and reoot growth mere than most of the other treat-
ments, but this difference was not penerally statistically significant. Little
difference in plant growih was observed within each herbleide treatment for
the varlous pesticildes used in this study.

Depth of Incorporation: Treflan {at 1/2, 1, and 1% 1b/A) 'and Vernam (2, 3, and
4 1b/A) were incorperated either 0, 1, 2, or 3 inches deep 1n the field. All
were Incorporated immediately prior to planting with a power rotary tiller

set at the desired depth. The s0il type was a Morge sandy loam.

The activity of the Vernam was greatly dmproved by incorporatlion and was
directly related to the depth of incorporaticn and the rate of herbdicide appli-
cation. Very little crep injury and no sipnificant yield reductilons were
noted either year that the experiments were conducted. The weed control oh-—
tained with Treflan was also drastically improved by incorporation, as the 0
inch depth (preemergence) had the poorest weed control, Surprisingly little
crop Injury was noted with Treflan at any rate or depth of lncorporation.
However, there was a yield reductlion at the high rate of Treflan when there
was no incorporation.

Method of Incorporatiom: Treflan was applied prier te the planting of peanuts
and then incorporated with either a ground driven rotary hoe, a tandem disk,
or a spring toothed harrow. Inmediately after incorporation peanuts were
planted in the uzual manner.

On a sandy loam soll ilncorporation 1 te 2 inelies deep with a disk harrow pro-
vided better weed control without crep injury hoth years the experlwent was
conducted. Nesults witih spring toothed harrow inecorporation were somewhat
similar to those with disk incorpeoration, but were not quite as good. The
ground driven rotary hoe provided poor incorporation and poor weed control.
Hone of the incorporation procedures used with 1/2 1L of Treflam per acre
resulted in slgnificant crop damage.

Soil Organic Matter Content: A preenhousc 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 guartz sand was used as a basic
plant prowing medium. The organic matter used consisted of a l:1 mixture of
alfalfa meal and ground wheat straw, The orpganic matter was added te the sand
in sufficicnt quantity to achleve organic matter levels of 0, .5, 1, 2, or 4Z.
Herbileides were then applied to the solls and peanuts planted.

Feanut root injury from the herbicides decreased as the goil organic matter
level increased. There was a greater incldence of peanunt seedling disease at
the higher crganic matter levels. leth peanut top and root growth were reduced
with the use of the herbicides at the 0% organic matter level., Plant growth
was optimum when 1/2 and 1% organic matter levels were used. Plants growing

in the 0% organic matter and treated with herbicides were stunted as compared
to either plants grown in untreated soil or to plants with the seme herbicide
grown in soll with the higher organic matter levels. This was particularly
true with Treflan.

S01l Temperature: Experiments were conducted in the greenhouse and field to
evaluate the influence of soll temperature on peanut injury by herbicides. In
the greenhouse amiben at 2, &, and 1b/4 applied preemergence, Vernam incor-—
porated at 1%, 3, and &% 1b/A, and Treflan incorperated at 1/2, 1, and 1 1b/A
vere applied to the soll. The planted and treated pots were then placed in
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water baths maintained at 70, 80, 90, or 100° F., The plants were grovm for 21
days and then the soll waszlied from the roots and the injury evaluated. In the
field & dates of planting were used to approximate differcent seoil temperature
levels, Treflan was incorporated prior to planting or Amiben was applied as a
preemergence treatment immediately after planting. Soll temperature wazs mea—
sured at the soil surface and at 2 and 4 inches bencath the surface. TCeoot
injury evaluations were made two weecks after each planting and treatment.

In the greenhouse soll temperature varlations sipnificantly effected the de-
gree of roet Injury peanut seedlinpgs suffercd. As an averapge of all treatments
the least peanut Injury occurred at 907, and this was significantly less than
at 70 or 300°, Injury at 80° was significantly less than at 100°. Almost all
treatments showed significant differences duc to seil temperature. Amlben
caused the preatest degree of root injury, particularly with the 4 and 6 1l/A
rates at a 700 soil temperature. Vernam caused the least root Iujury at all
rates, although at both temperature extremes more root injury oeccurred. Treflan
at the 1/2 1b/A rate was very similar to Vernam, bub at the higher rates caused
more Injury.

In the field the average minimum and maximum temperature valucs werc tabulated
for four two week perioda. In general as the tenmperature of the sell Increased,
root injury from either Amiben or Treflan decreased. lore injurv vas noted

at the earlier application date, i.e. cooler scil and air teuperaturc. &=

goil temperatures 1ncreascd from 55 te ?50, peanut Injury decreased From a

very severe condlitiom at 559 to negligible intury at 757,

Sedl Moisture: ‘Two experiments were conducted in the greenhouse to wvaluate
the Influence of soil moisture on hethiclde phvtotoxicity te peanuts. In one
experivent approximate soil malsture tensiouns were maintained bv adding lkuown
amounts of water through a straw to the soil in the pots. In a second experi-
ment soil moisture was coutrolled by saturatlon frequency. Twenty-one days
after treatment the spil was washed from tlie roots and the roots visually rated,
Significantly more Treflan and Amiben Injury cccurred with the driest soill con-
ditions. Less root injury occurred with Vernam under the varvinr moisture
conditions.

Postemergence Herbilcides: DExperiments were conducted to determine the influcnce
of the time of application of grounderack and postemergence uerbicldes to
groving peanuts in the field. Dineselb {dinitre), 2,4-TN, and a formulatud
mixture of Alanap + dinitro were applied at different times afrer peanut
emergence. Peanut injury was observed threoupgh the season and vields collected
at the end of the season.

Dinoseb treatments following emergence caused slight vrop iojury, Lut tie plaots
recovered within two weeks. Treatments applied at the prowndcrach stape suowed
no injury in two of tue three years. Treatments 14 and 28 days after ground-

crack caused some Initlal injury in the form of leaf necrosis, Lut it dissipated
within two weeks. Yield data showed differcences only with the 28 day treatment,

When used at the grounderack stage, 2,4-UD causcd no peanut injury. Treat-
ments 7, 14, or 28 days following emergence produced very alipht injury (Jeal
and stem curl and chlorosis) all of which dissipated within two wveclks. ‘There
was no significant influence on yieclds from any stage of treatwent., A com-—
bination of dinoseb and 2,4-DB produced no injury symptoms when applicd at
the grounderack stage.

Mixtures of diphenamid, smiben, or Alanap with dinosel causcd no injury when
used at the groundcrack stage. Some leaf necrosis and chlorosils developed

on plants treated 7 or more days after emergence. However, these symptoms
dissipated within two weeks. With all tiese combinations if more than 1% 1L/4&
of dinoseb was used some yield reduction and continued plant injury occurred
when applied 28 days after plant emergence. The eptimum time to apply these
chemicals to minimize crop injury appears to be during peanut emergence. Treat-
ments caused greater injury which persisted longer as applications were made
later into the growlng stages of the crop.
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CONCLUSION

The herbicides wged in these studies caused variocus degrees of injury te peanut
seedlings, depending on the conditiens. In most instances where the Tecom—
mended rate of the herbicides were applied root or top injury was held ta a
minimum. Frequently, however, where ratez exceeded the recommended level for
the soll type used there was considerable root pruning or top stunting. There
were definite infterrelationships between seed size or seed injury and the de-
gree of peanut susceptibility to herbicide injury.

Varigus field cultural practices had some relationghip to peanut injury by the
herbicides used. Little consistent interaction was found Letween the various
types of pesticides that were compared. llowever, practlees such as the depth
and method of soil Incorporation, the soll organic matter level, and seoil
temperature and molsture conditions had direct influence on the amount of plant
infjury that oceurred. In particular, soil temperature conditions that varied
from optimum planting temperatures seem to increase the chances for peanut
seedling Injury. Postemergencc 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 herbiecides used for weed contreol may in-
crease when combinations of two or more adverse conditions occur at the same
time. If conditions are such - eitber through seed influences or environmental
factors — that a less vigorous peanut seedling may result then cthe plant
apparently 1s more susceptible to herbleide injury.
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ABSTRACT & PAFER

A direct ges=chromatograpbic method for the prepsration of peanut butter
volatiles profiles hes been developed. An aquecus slurry of pesnut butter is
injected cnto a plug of gless wool in a gless liner in the heated inlet of @ ges
chromatograph,  After 20 minutes, the glsss liner containing the spent semple is
removed from the inlet, The voletiles which heve been eluted from the pesnut
butter and collected on the top portion of s Porspsk P column are resolved by
temperature progremmed gss chromatography {GC) between 40 snd 180°C, Volstiles
which have been tentatively identifled included Z-methylpropensl, 2- sud 3-
methylbutenal (unresolved), C-2 through ¢-10 n-aldehydes, Dyrazine, methyl-
pyraszine, diwetbylpyrezine, benzaldehyde end phenylecetaldehyde.

GC volatiles profiles were determined for 14 pesnut butters which had besu
flavor scored by a taste psnel on & scale of 1 to 10 with 10 ss the best score,
When the ratios of the methylpropencl to the hexansl peak aress were plotted
agelnat the teste panel flavor scores, 9 of the 14 points were elmost on the
regression line, and the other 5 points were within one flevor score unit of the
regression line. When the ratlos of the wmethylbutansl to the hexsnal pesk sreas
were plotted mgeinst the taste penel flavor scores, § of the 14 points were
almost on the regressisn line, and the other 5 points were wlthin a half unit
of the regression line,

INTRODUCTION

Because most of the peanuts produced in this country ere used for food, flavor

of pesnuts and peanut products is very important. A oumber of studies have been
made of components which meay be related to the cheracteristic flavor of row and
roested peanuts and slsc to off-flevors in peenute (1-13). Recently, Singleton
et 81, (14) have related the ratio of scetaldehyde and pentane to methsnol in
volatiles from rew pesnuts to curing tempevstures of pesnuts and sleo to the
development of off-flavors in pesnuts, Por these studles concentrastes of voletile
compounds were prepared and then were snelyzed by ges chrometogrephy (GC) or other
means, Since lerge ssmples of pesnuts Bre required and since preparstion of
concentrates 1s time consuming, these procedures sre not sultable for quelity
control of pesnuts or pesnut products, We have recently developed a direct gas
chromatographic method for the gquantitative determination of resldual hexane

in cilseed meals and flours {15), and we have elso demonstreted thet voletiles
profilea can be obtained for vegetable oils (1£), pesnuts end & number of other
foods by direct GC (17). We have now sdepted thls method for the eveluation of
peenut butters. .

MATERIALE AND METHODS
Materisls

Unopened, peenut butter samples were provided by Procter & Gemble Companyé{
Cincinnati, Ohio., These eamples had been flavor scored on & scale of 1 to 10

;/ Use of thie or other company or trade name by the Depariment does not imply
spprovel or recommendetion to the exclusion of others that may also be sultsble.

177



with 10 being the best acore obbtsineble, Eveluations of the strength of pesnut
flavor and of degree of steleness were slso given for each ssmple. Ssmples of
peanut butter evalusted by the taste panel hed been teken from other Jars of the
same betch of peanut butter ags those used for GC evelustion., Ssmples for both
tests were taken s half inch below the surfece of the peanut butter,

Microliter syringes were from the Hemilton Company, Whittler, Cslifornis; dis-
posable, 20-gage, NanoJeck needles from Roehr Products Compeny, Deland, Fls.,
butyl rubber stoppers, eluminum retelner rings and s crimper for securlng the
rings from Whemton Gless Compeny, Millville, N. J.; Porapsk P, B0-100 mesh, from
Weters Assoclistes, Fremingham, Mess. Silicone O-rings which were from Tek Labs,
Beton Rouge, L. were conditioned for 2 hours at 200°(C before they were uzed,
Pyrex brand glsas wool menufactured by Corning GQlass Worke, Cornlng, N, Y, was
heeled st 200°C Tor about 16 hours to remove voletiles.

Sample Preparetlion

A 10-ml serum bottle conteining about 10 small glass beads was welghed with &
butyl rubber stopper end esluminum retainer ring, About 1 ml of distilled water
was added to the bottle and rewelghed., The serum bottle snd the peanut butter

to be sampled were placed 1n & glove bag which wes flushed three times with
nitrogen gas. The jar of peanut butter was opened, the top half inch wes removed
from a small section of the surfece, aud a l-to-3-gram esmple was removed from
this point end pleced in the serum bottle, The bottle wee capped with the stopper
which was gecured by crimping the refsiner riang, removed from the glove bag and
welghed, Encugh water wes then added by syrlnge to bring the retio of water to
pesnut butter to 1,5 to 1 and the ssuple was shaken by hand until a smootb slurry
was obtailned.

Gaa Chromatography Frocedure

A MicroTek £000 MF gas chromatograph which wes equipped with dusl flame

lonization detectors, s Westronics recorder and en Infotronics CRES integratoer

wag used, A silicone Q-ring wes pleced at the bese of the inlet of the gas
chromatograph. A borosilicate glasss liner which was carefully packed with a tight
plug of volatile-free glmss wool et the bottiocm and a loose plug just shove 1t was
inserted sbove the silicone O-ring in the heasted lnlet, The liner wes then
tightened in position with the inlet retsiner nut to produce 2 3esl bhetween the
lover 1lp of the liner and the base of the inlet, On closing the lnlet system
with the septum and septum put, the carrier ges wes forced to flow upward and
through the liner as shown in Flgure 1,

A 500-pul syringe fitted wlth a 20-gege needle was fllled to the 50-ul mark with
dlstilled water, taking care to rewove all alr bubbles from the needle, The
syriuge was then filled to the 350-pul mark with the equecus slurry of pesnut
butter, and ita ccoatents were injected ooto the loose plug of gleass wocl in the
liner of the inlet which had been heated to about 140°C. The sweep of the carrier
Zes end the steamling actiocn of the weter promoted rapld elution of the wolstlles
which were swept onto the top portion of the column maintained at 40° during en
inltial hold period of 20 minutes. Toe llner containing the spent semple wos

then removed from the inlet, and the volatiles were resolved by ftemperature
programming the column oven Trom U0 to 180°,

A 1/8" X &' stainless steel U-tube packed with Porepsk P was used to resolve the
volatiles. The column oven was progremmed at 5° per minute for 10 minutes, at
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2° per minute for 10 mlnutes, at 15° per minute for 2 minutes, snd then was held
at 180° for 20 to 30 minutes. The temperature of the inlet was set at 140Q° and
of the detector at 250°. The Tlow of helium carrler grs wee set at 70 ml per min-
ute, the hydrogen at 60 ml per minute, and the nlr at 1.2 cuble Ffoot per hour,
About TOQ minutes efter the sgueous slurry of pesnut bubter had been injected,

50 pl of water wes injected into the liner to c¢lean the column., The columm wes
then cooled to 40° for the next run,

/SEPTUM NUT
v

SEPTUM

Fr INLET RETAINER NUT

/INI.ET LINER

CARRIER GAS

GLASS WOOL —<

/SII.ICONE O RING

INLET COLUMN
FITTING

<

Figure 1, C(ross section of gas chromstogreph inlet with inlet
liner contalning glass wool.
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Results snd Idscusslion

To achieve rapid and maximum elution of voletile componanis from peenut butters
by direct ges chrometogrephy, it wes necegeery to force the carrier gas to flow
through the equecus slurry of peanut butter which was injected upon voletile-free
glase wool in the liner of the properly heated injection port of the gme
chromatogreph., It wes alsoc necessary to prepere the aqueous slurry of peenut
butter under a nitrogen atmosphere and to concentrate the volatlles on 8 cool
gas-chromatographlic column to obtelo reproduclble results,

In preliminary experlmenta, the semple of peanut butter wme spresd over the

loner surface of the inlet liner which had s smell plug of voletile-free glass
wool at the bottom to prevent peepage of oil or migretion of sclid peanut
materisl onto the column, When the liner contelning the sample was inserted into
the heeted lnlet asnd the cerrler ges wes forced through the ssmple, s falrly good
volatlle profile was produced, but the elutiom of volatiles wasz poor, If the
pesnut butter was dispersed In two parts of high guality saled 511, end the
slurry was lnserted im the inlet liner above the plug of glass wool, the elutlon
of wolatlles was greatly improved; but the results were still not setisfectory,

Since the Injection of weter above ssuples of weels and flours from oilaeeds
resulted in quentitative elution of residusl hexane (15}, dlspersion of the
peanut bntter 1o water inetead of oll was tested. The amount of volatiles eluted
by thls technlque wore then doubled, The resulte were further improved 1f the
slurry was placed on a loose plug of glegs wool which allowed better diffusiom of
semple, However, s tight plug of glass wool was placed ag ususl st the bottom
of the liper to prevent oll seepage or wigration of peanut butter material onto
the column,

The recovery of mldehydes such ms hexenal was more reproducible when the aqueous
glurry of peanut butter was prepsred under e nitrogen stmosphere, snd the semple
was injected Into the liner after 1t hed been positioned in the hested inlet snd
the inlet system cloped. The best recovery end resolublion of volatlles was
achieved by heeting the iplet to about 140° prior to injecting the sample ou the
loose plug of gless wool in the iniet lloer, It wes also aecesasry to allow the
liner with semple to remsin i1n the heated 1nlet for about 20 minutes whlle mein-
teining the column oven st 40° to concentrate the volatiles ou the top portion of
the cool column, After the spent liner wss removed from the 1lnlet snd the inlet
wag closed, the column oven was tempersture programmed hetween L40° and 180° to
resolve the wolatlles,

Vvolatlles profilee were prepared in duplicate for 1L flevor-scored pesnut butters.
The eluticn tlmes of 20 compounds reported to be present 1n roested peanuts
(1,2,L4,5,7-13) were checked by edding 5 to 25 parts per wlllion of these com-
pounde to the aquecus slurry of the peanut butter, The compounde checked were
methanol, pentene, acetone, ethanel, propanal, methylpropenal, butanal,
2-metbylbutanal, pentensl, bexensl, heptanal, octenal, nonenel, decanal,
benzaldehyde, phenylaceteldebyde, pyrazine, pyridine, methylpyrazine end
2,4-dimethylpyrazine, Compounds thet were tentatively 1dentified by thelr
retention times are 1llustrated in three representestive volatliles profiles as
shown 1n Flgure 2, The upper chrometogrem wae produced by a peenut butter which
bed & taste panel score of 9; the middle chrometogram wes produced by e peanut
butter which has & teste panel score of 5; and the lower chromatogrem was
preduced by e rancid peanut butter,
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GC volatiles profiles for peanut butber samplea:

{a) methenol, (b) ethsnal, (c} propanal,

pyrazine, (m} octanal, (n) benzmldehyde, {0} nonanal,

{p} phenylecetaldehyde, and {q) decanal,
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Although the stesm volstile frection of roeeted peenuts 15 a complex mixture of
many compounds (10), the pesk srea of the components having retention times
compareble to methylpropanel, methylbutenel, 2,4%-dimethylpyrezine and phenyl-
acetaldehyde which sre prominent in the volatiles profiles of roasted pesnuts (17),
and hexausl which is assoclated with oll oxidation (18) appesr to be of most
interest, When arees of these pesks were compared with the taste penel scores of
the pesnut butters, there did not appear to be eny correlstlon, However, when
the ratios of the methylpropanal to the hexenal pesk sress were plotted apainst
the taste panel flavor scores, 9 of the 1k polnts were slmost on the regression
line, snd the other points were within one flevor seore unit of the regression
line 85 shown in Flguwre 3. The correletion coefficlent wes 0.93. When the
ratlos of the methylbutansl to the hexensl pesk areas were plotted spsinst the
teste penel Tlevor scores, sgein 2 of the 14 pointe were almost on the regressicn
line, and the other 5 points were within a half wnit of the regression line as
shown in Flgure 4, The correlstion coefficlent was 0,95, The pesk ares of the
major volatiles, the GO end taste panel flevor scores, end ihe taste penel
deseription of the peenut butters are shown in Teble 1,
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Figure 3, A linear regression line of plot of retios of methylpropansl
to hexensl pesk aress against taste penel flavor scores of pesnut
butters,
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Figure I, Linear regression line of plot of ratins of
uethylbutanal to hexanasl peak aress sgainst taste pansl
flavor scores of peanut butters,

Baeged on these dots, the rotis of the methylbutansl to hexsnal peak sress
appears ta be s good indlcator of flevor quallty of pesnut butter., However,
since pesnut butters from only one source were used in this study, it 1s
possible that other factor or factors will have to be consldered when analyring
pegnut butters from other sources which have been wade Trom different types of
peanuts or stored under other conditions, Additionsl studles are In progressz
to determine whether thils procedure 1z generally applicsble,
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Table I.

Gag chromatography and taste panel evalustions of peanut bubtters

Sample Pegk srea of mejor volatilesy GC scoreE/ Teste panel eveluation
MPA MBA DMP PAA HA A B Flevor penel description
score  Pesnut Stale
1 L 51 oh faqn 1.1 g 9.0 strong none
2 L4 52 21 63 1.4 7.5 8 A5 strong none
3 61 61 25 66 1.8 a 7.5 B.0 moderate noe
4 Le S 21 61 1.4 8 8 B.0 moderste none
5 56 58 25 83 1.8 T.o T 7.0 weak trece
6 50 sk 31 104 1.8 i T 7.0 wegk Lrace
7 o 58 26 59 2.8 T 6 6.5 weak yeak
8 G2 T3 Lo ol 3.0 6.5 6.5 6.5 wesk weak
9 36 Lo 20 39 LT G 6.5 6.5 weak wesk
10 T3 85 4z gl 2.8 £ T 6.5 weak wesk
11 26 31 27 32 1.5 6 & 6,0 wesk weak
12 5T 58 ag T3 3.5 5.5 5.5 5.5 venk noderste
13 18 Ls 11 38 2.8 & 5.5 5.0 wesk moders te
1h 35 bl 17 5T 3.2 5 5 5.0 wesk moderate
1/ Thousends of lntegrator counte, aversge of 2 determinetions; MPA,
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methylpropansl; MBA, methylbutansl; DMP, dimethylpyrezlne; Pa#s,
phenylacetaldehyde; HA, hexanal,

Obtained from regression lines in plot of MPA/HA ws taste panel
score (A) and plot of MBA/HA ve taste pemel score (B) in flgures
3 end 4, respectively, and rounded to neerest half unit.
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A COMPARISON OF MINOR CONSTITUENTS IN PEANUT BUTTER
AS POSSTIBLE SOURCES OF FATTY ACID PERUKIDATTON
by
Allen J, 5t. Angelo, Robert L. Ory, snd Lawrence E, Brown
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Southern Marketing end Mutritlon Resesrch Dlvision
ARS, USDA, P. ©. Box 16687, New Orleans, Loulsiana TOLTS

ABSTRACT AND FATER
ABSTRACT

Enzymic snd nomenzymic ceuses of lipld oxidstion (rencidity or steling) 1n
peenut butter that mey possibly affeect shelf life of the product were Investl-
gated, Various minor constlituents were added elther in weter or in pesnut 21l
to pesnut butter sswmples that were stored end anslyzed st intervals for lipld
peroxidation contents by two methods. 'The first, & spectrophotometric method,
messures oxidetion of the polyunsatursted fatty escids present in pesnut butter;
the second method reports oxldstion ss peroxide walues, Addlitivee included
salts (e.g. HaCl, KCl, FECl3, etc. ), purified metel-contelning enzimes {e, g.
cytochrome-C, tyrosinese, snd peroxidese), snd pesnut extracts {(containing
peroxlidase, lipoxygensse, and linoleic seld hydroperoxidese). 7The effects of
these sdditives were followed over & period of four weeks Resulte indiceted
that the metel-conteining enzymes, whether sdded in water or in oll, appesred
to cause the greatest lncresse 1o peroxldation. A1l sdditives when emulsified
in oll caused the grestest incresse in peraxldation, 4 correlatlon of the twn
gnalytical methods and interpretetion of these resulte sre discuesed,

INTRODUCTION

Although pesnuts are used In many different food products, one of the most
importent uges in this country 15 in pesnut butter, TIn 1970, the three
billion-pound crop wes valued st $379 million, of which, epproximetely £5%
went into peanut butter (1), This past school year, the U, S, Department of
fericulture alone purchased 23 million pounds of pesnut butter, exceeding the
old merk of 17 willion pounds {2).

Since peanuts contain 26% protein and ere exceptlonally high in the B vitamins,
they are both wholesome and nutritious. However, the main reason Amerlcanz est
pesnuts 1s not for health ressons, but for thelr enjoyable flavor snd pliusant
aroma, MNaturelly, preserving these charscteristics is of mejor importeace,

Shelf life can be described as the tlme elepsing before the onset of reanecldity,
or staling, & phenomenon assoclated with oxidetion of unsaturated fetty scide.
The initial step in oxidation is the addition of oxygen to Form peroxldes or
hydropercxides at or near the points of unssturetlion, Since peroxides sre
highly reactive unstable compounds, tbey reedily decowmpuse into various acids,
alcohols, sldehydes, ketones, and other hydrocarbons, whizh are the substances
responsible for off-flavors and rancid odors. In genersl, the higher the
degree of unsaturation, the more susceptible the product is to oxidetiom.

5ince peanut oll contsins approximetely B0% unsatursted fatty acids, pesnut
products are subJect to the development of oxidetive reuncidity.
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AB part of our program to preserve the desirable charscteristics end high
guality of pesnut products, experiments were begun to investlgste both
enzymic and nonenzymic factors that may effect the shelf 1ife of pesnut butter,

MATERIALS AND METHCODS

Peanut butter used in these studies wes e comoercisl product to which the
various materials were sdded, Enrymes were purchssed from Nutritionel Bio-
chemical Corp., Ohio, and spectrophotometric grade hexanse frow Mellinzkrodt
Chem, Works, Missourl, Pesnub oll was s commercisl sample purcheeed locerlly,

Pesnut lipoxygensae extracts were prepared by the procedure of Bt pngels end
Ory (3) except thet the £5-S0% smmonium sulfete precipitate wos employed &s
the source of eniyme 1n Lhese experiments, Thils cvude extract conteins two
enzymes associsted with lipid oxidetion, lipoxygensse snd linoleic acld hydro-
percxide isomersse, and possibly e third enzyme, peroxidsse.

For esch series of tests, 20 g ssmples of peanut butter were welghsd into
previously autoclaved smsll glass Jars to which verious meterisls were suded

and mixsd well, The jers were tightly closed snd stored in the dark at srbient
temperstures until analywzed, The sdditives were dlesolved or suspended in either
deivnized water or peesnut oil, then sdded to butter, snd mixed by menusl stir-
ring, Those sdditives suspended in pesnut oil were emulsilled by sonlestiom

for about 1% seconds wilth a Branson sonifier,

In studies on the effects of sdditives dissolved 1o water and reported ia
Tebles 1 and 2, 21l additives were suspended or dissolved in £.% ml of
deionized water. The semple with no sdditives and the sewple with -only weter
gdded were used es controls, In studies Tor Tables 3 snd 4, anly 1 ml of wster
was employed, while in Table 5, 1 ml of peenut 241 wes used,

On predetermined days (0, 7, 14, and 28) s smell portion {sbout 1,2 g) of the
pegnut butter zamples wag accurately welghed into lerge centrifuge bubes snd
30.0 ml of hexane sdded to each. After thorough stirriag of esch somple,
they were sllowed to stand for osne howr, then centrifuged st 17,000 x g for
15 min at 4°C, The precipitetes were discsrded and the supernatants, which
contained the lipid, were immedistely sualyzed for totel perowlde and con-
Jjugated diene hydroperoxlde contents,

Peroxide values (P.V.) were determined by an sdaptetion of the official method
of the fmerican Cil Chemista' Soclety (h) grestly sceled down to permit
determination of 150 + 5 mg of oil. The gample was dissolved 1n 1,00 ml of

the officiel solvent 1n a 10 ml erlenmeyer flask. One drop of freshly prepared
saturated aqueous potaselum iodide was added and the mixture stirred for
exactly one minute with a micro stirring bar and = magonetic stirrer. The
reaction wee then guenched with 1 ml of boiled deionized weter and the
llberated iodine wes titrated with 0,002 [ thiosulfste 1o & colorless ead polnt
with 1ndicetor sterch. Blanks were determined, and the results were calculated
as milliequivalents of peroxide per kg of ©il as in the officisl method, The
thiosulfete was standardized dsily. Approximetely 0.5 g of s wfw gxlution of
primary standsrd potassium binlodate (ca. 0.5 mg/g weter) was welghed into 10 ml
erlenmeyer flasks, and iodine was libersted with 1 ml of bolled deionized water,
3 drops of glaciel secetic acld, and 1 drop of saturated agueous KI.
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Conjugated diene hydroperaxide (CDHE) contents of the hexane-soluble fractions
were determined by measuring their absorption at 23% om with a Beckman DU
spectrophotameter equlpped wlth s Giiford Model 2000 Multiple Semple Abscrbance
Recorder., Esch sample was asssyed by dllutiog & 0.2 ml portion of the super-
natant to 3,0 ml with fresh hexane sod resding against o hexane blank. The
concentrations of CDHEP were celculated from an e . of 24,500 (5). Values sare
glven in pmoles of CDHE per g of pesnut butter,

EESULTS AND DISCUSSION

(xidation of unsaturated fatty scids has long been & problem 1n the food
industry because of the development of rencid cdors and flavors, In the present
study, two methods were used to determine the degree of rancldity in the peanut
butter samples, The flrst 1s the well establlished peroxide value determination,
which measures the totel smount of peroxide in s given semple. The second 15

a spectrophotometric method, which determines the conjugeted diene hydro-
peroxide content formed, During the oxtdation of the unconjugated fatty acids,
a shift of a double bond occurs to form: & conjugeted scid. These compounds
gbsorb strongly din the ultraviolet region and can be sccuretely measured
sbectrophotometrically. The close correlation of these two wethods used to
follow the development of rencidity and the effects of additives on peroxidetion
of fatty acids is shown in the Tollowing tables,

Table 1. Effect of msdditives on peroxidation of fatty sclds
1o peanut buiter

ALDITIVE PEROXIDE VALUE {meq/kg)
0 7 D'%YSlETORED 28
NORE 18,2 - 30.1 37.5
PEANUT EXTRACT 13,5 16.4 18.0 17.2
BOTLED EXTRACT 7.5 6.3 5.8 7.3
FERRIC CHLORIDEL/ 8.2 6.0 5.5 7.2
CUPRIC CHLORTDEL/ b9 3.5 ok 3.4
HEMOGLOBINZ/ 4,0 3.3 2.1 L5
BOILED PEROXIDASES/ 2.6 18.1 25.8 B.e
BOILED CYTOC}[RCME:E/ 3.1 2.5 2.3 4,1
Eorad/ 3.9 3.6 3.9 6.5
RANEY NICKELL/ 2.6 2.k 2.7 hoh
DEIONIZED WATER 2.2 2.0 2.4 3.4

2 mmoles

mmoles

y’oo
9 ol

188



Teble 2. Effect of additives on peraxidastion of fatty acids
in peanut butter

CONJUGATED DIENE HYDROPERGXIDE CONTENT

AIDITIVE - (pmoles/g)
TAYS STGRED

I T 1k 28
NCNE 8.0 10.0 9.5 e
FEANUT EXTRACT 6.5 8.0 7.5 T.%
BOILED EXTRACT Lo 5.0 k.o L5
FERRIC CHLORIDE i/ Lo 5,0 L k.5
CUPRIC CHLORIDE 1/ o k.o L Lo
FEMOGLORIN 2/ 4.5 b5 4.0 b0
BOTLED PEROXIDASE 2/ k.o 7.5 7.5 10.0
BOILED cyTocHRoME ¢ 2/ |10 L5 3.5 4o
EUI'A;*/ 4,5 4,5 L5 Lo
RANEY NICKELY/ ko b.o k.o 45
DEICNIZED WATER Lo Lo ! 3.5 3.5

\ )

1/ 0.02 mmoles
2/ 0.1%

3/ 0.01 muoles

Besults in Tabkles 1 and 2 show & steady rise in peroxidation for the untrested
control, which represents the rate found under normal conditions. All peenut
butter ssmples with water added, except one, showed a stabillizing effect with
no obeervable increase in peroxidetion, This antioxidant-like effect of
water was slso noted by Lebuza and coworkers [6),

Peanut liposxygenase, the enzyme considered to be a prime cause of lipid
oxldetison, did not produce ss great en increase in sxidstion as wight be
expected, This was observed for both hest-treated and unireated enzyme
extracts. Ferrle cbloride and cupric ehloride, salts of two metels that have
been strongly implicaeted in fstty scld oxidation (7), slao did not show any
incresse in oxidation of the oil in peanut bubter, Perhaps the "peroxide
lowering" effeet of water is strongly overriding the effect of the additives.
The reesons for this is unknown, but the effect of water on peroxidatiom is
belng investlgated further.
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Since hemoproteins {e.g., peroxidase and cetalsse} sre reported to catelyze the
oxidation of wnseturated fatty selds (8,9), the effects of some of these com-
pounds were also exmmined, In 1970, Eriksson snd sssociates (9) reported thet
the increassed sblllty of heat-lnactivated metalloenzyuwes to oxidize linolelc
acld wes reteined efter storesge mt 2°C for st 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 unsetureted fatty acid substrete,
thereby incremsing lipid oxIdstion.

The three heme-contelning proteins employed In our experiments were hemoglobin,
peroxidase, end eytochrome-c. The latter two ere known to be present In pesnuts.
Results 1n Tebles 1 and 2 demonetrete that only one of these proteins, the
boiled peroxidase, sctuslly ceused an increese in peroxidstion of the pesnut
butter samples. This indicates thet the heme group must be in sowe perticular
configuretion tv be an effective catalyst of fatty scld oxidetion in roested
peanut products and to overcome the effect of water,

On the assumption thet some of the Reney Wickel catalyst used in hydrogenstiom
of the 2il which i1s sdded to pesnut butter g5 a stabilizer during the manu-
facturing process might slso be a possible cause of increesed peroxidetion,
Reney Nickel was also tested. Results showed thst this metsl did not incresse
oxidation of Fatty aclds 1n the oil.

While studying the in vitro oxidation of fetty scids catelyzed hy peanut
lipoxygenase eesrlier, we noticed thet certaln inorgsnilc sslts enhanced
activity. BExperiments were therefore undertsken to lnvestigete the effect, 1T
any, of some sslts on nonenzymic oxidation of fatty sclds in peenut butters.
The results are summsrized in Table 3, Eech sslt was dissolved in 1 ml of

Tatle 3, Effect of salte on peroxidetion of fatly ecids
in pesnut butter

ADDITIVE# P.V, {meq/kg) COHP (pmoles/g)
DAYS DAYS
0 o8 0 28
HOWE = 28.0 B.7 10.1
DEIONIZED WATER 11.1 9.6 6.5 6.1
SODIUM CHLORIDE B.G 7.8 5.9 5.9
POTASSIUM CHLORIDE 7.1 6.5 5.5 5.5
CALCIUM CHLORIDE 5 s.6 5.4 5.1
SODIUM ACETATE 3.4 1.9 L3 4.5
son%,Htmos EIHAH%EROGEN 3.0 2,1 L6 L5
POTASSIUM CARBONATE 2,1 1.7 L L2

# Conc, of all salts, 0,02 moles
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deionized water, then added to & 20 g ssmple of peanut butter., The untrested
contral sample showed the only increase in oxidetlion during the first £8 dsys
of storage. HNone of the sslts tested, inecluding sodium chloride which is &
normel ingredient of peanut tutter, had any effect on fetty acid owidation.
These results were the seme whether messured by the chemical or the spectro-
photometric methods used, It is possible thet the concentreticons of selts
employed were not high ensugh to overcome the spperent inhibiting effect of the
water., This will be ex3lored further wsing higher concentrations of salts.

Table 4 shows snother serles of materimls investigsted for their effects on
peroxidation in pesout butter., The sdditives were dissclved in 1 ml of water.
A second control conslsted of 1 ml of water added t5 the peanut butter. In
this series, untreated peroxidsse ss well sz boiled peroxldase, were added,

Two other enzymes, s commercial lipaxygenase and s commerciel tyrosinmse (both
are found in pesmats) wers also added. Tyrosinsse is & copper-containing
enzyme unlike the iron-containing enzyme, peroxldase. EDTA, a known chelating
agent scceptable by F.D.A, 83 & food additive, was added with the boliled
peroxldese to determine if it would offset the peraxidizing effect of the
boiled enzyms.

Teble &, Effect of additlives on peroxidstion of fatty aclds
in peanut butter

ALDITIVE P, V. (meq/kg) CDHF {umoles/g)
DAYS DAYS
o} - 0 28
NONE L8 | se.2 10.5 { 15.1
DETONTZED WATER 3.6 ! 32.9 11.0 11,2
FERRIC CHLORIDEL 6.2 b 6.8 7.1
FEHHOUS SULFATE 23,4 20.6 8.1 8.2
CUPR LG ACETATE 12.1 37.0 7.7 1.4
CUPROUS CHLORIDE p2.h 20,7 8.2 8.3
PEROXIDASES 16.1 35.k 6.9 11,4
BOILED PFEROXIDASE 17.5 o, § 7.3 9.1
BOﬁEEROXIDASE + erh 23.9 8.2 9.0
SOYBEAN LIPCXYGENASE 5.0 b.3 L7 b6
TYROSINASE 2.4 2.5 b2 )
BOILED TYROSINASE 2.6 3.3 3.9 Lol

1/ Cone, of ell salte, 0.02 mmoles
g2/ Cone. of all enusymes, 0.1%
3/ cone, of EITA, 0.1 mmoles
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Results showsd thet the comtrol semple incressed in P, V. from 31.8 to 52,2
meqfkg of oll durlng the first four weers of storsge, for a difference between
the two of 20.4. The CDHP velues showed sn ineresse of 4,6 pmoles/g of peanut
butter. The peenut butter control containing weter agsin did not show eny
inerease in peroxidation, nordid ferric chloride, ferrous sulfate, cuprous
chloride, =scybesn lipoxygenase, ar the copper-containing enzyme, tyrcoeinese,
There was, howaver, a very slgnificant incresse in peroxidation with sdded
cupric acetate, peroxidase, end to & lesser degree, bolled peroxidase. A

most interssting point in thls series is the fact thet BEDTA edded with the
bolled peroxidase appesTed to offset the oxldizing effect of the boiled enzyme.
Determination of the aptimum concentration of EDTA necessery to reverse the
effects of peroxidase already present in peenuts is belng pursued further,

In the first four series, materlals were either dissolved or suspended in
vater, but the water itself hsed en inhibiting effect on peroxidation, Ve,
therefore, added some of the szme materisls in pesnut 21l, emulsifying them
by sonieation and sdding the emulsions to pesnut butter ssmples and assaying
their effects over s four-week period., All concentrations were the same ss
used for Teble 4, except sodium chloride, which was .04 mmzles,

Teble 5. Effect of additives on peraxidation of fatty acids
in peanut butter

ADDITIVE ey, (mea/ke) COHP (umoles/g)
' DAYS DAYS
0 2d & o 28 &
WONE 30,0 |31.1| ©.1 0.5 | 11.1 | 0.6
PEAWUT OIL | 164 |24, 0| 8.5 8.2 9.6 1.6
SODIUM CHLORTDEL 3 tekoli06 | &e| 98| 16
CUPRIC ACETATES/ 11.8 |33.1)21.3 ] 7.7 ol 3.3
FERRIC CHLORTDES/ 10,3 |36.8 | 26.5 6.6 16,7 | &.1
SOYBEAN LIPO}CYGENASEi/ 7.0 |21.0 | 1k, 0 6.1 g4 ] 3,3
TYROSINASE 6.3 |ek.g | 18,5 5.8 10,2 | bk
CHLOROPHYLL 7.9 |¢6.6 (18,7 6.0 2.8 | 3.8
PEROXIDASE s.b l27.0 | 21,6 5.5 | 101 | b6
BOILED FEROXTDASE 7.3 26,6 | 19.3 581 9.9 | &1
1

1/ C.0h mmoles
g/ 2,02 mmoles
é/ Cone. of enzymes end chlorophyll, 0.1%
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Theze results, in Table 5, differ conaiderably frow those in Teble L4, When
only pesnut oll wss pdded, there was an lncresse 1n paraxidetion by both azsay
wethods, P,V, end CDHPF, Uslpg the values shown in the third snd sixth columns
85 & bgsls for compariscn, the most slgniflcent changee occurred in samples thet
contelned ferrie chloride, cupric seebste, soybesn lipoxygensee, tyrosinese,
peroxidase, and B megnesium-contelning plgment found in plents, chlorophyll.

In comparison to results showa in Table L, the effect of untrested percxidase
wag sgain grester than the effect of bolled peroxidese, Perric chloride in
peenut oil grestly incressed peroxidetion, while the ssme selt sdded in water
did not affeet lipid peroxidstion {Tebles 1, 2, and %), Tyrosinase snd
lipoxygenase, which seewingly had no effect when dlssolved in water, hed a large
affect on lipid axidation when dissolved in peenut o1l. Chlorophyll, which wes
reparved to oxidize linclelc scid {10) showed sn lncresse in peroxidastion when
dissolved In pesnut oil, The effect of lipoxygensse, which dnes not contein

g metel cofactor, is less than those substances thet contain s metsl-chelste
complex, Since pesnut oil alone increessed peroxldetion end some of these
materisls when suspended in water did not, these substences when sdded in ofl
to peanut butiter may produce some sort of synergistlec effect. Another possi-
bility is that the 2il, or some component in the oil, such a2 unsatureted

fetty =mcide, mey be acting as an initiator of peroxidation,

SUMMARY

Weter prevents peroxidation of unsetursted fatty aclds in peanut butter as
mepsured by two different wethods, a chemicsl snd s spectrophotometric method,
Peroxidase and cupric scetate increase peroxidation of the fetty ascids whether
dissolved In water of in pesnut 9il, The Increase ie peroxidetion cesused by
boiled peroxidese is probsbly due to the wetal-proteln complex, and cen be
overcomeé by adding the cheleting agent, EDTA. Added pesnut oll ceuses an
Incresse in peraxidation in stored peanut butters, Certsin salts, enzymes, snd
chlorophyll emulsified in peanut oil, had an additive effect on peroxidstion

of unsetureated fatty aclds when added to peanut butter,

While the peroxlde velue method 1s probsbly the most widely used for following
fatty scld oxidstion in food products, the spectrophotometrie method can slso
be used Lo provide e guick, asccurate, and eassy procedure for obteining comparsble
reaults,
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CHARACTERIZATION OF PROTEINS FROM SUBCELLULAR
FRACTIONS OF PEANUTSL

by

T. J. Jacks, H. J. Neucere and L. Y. Yaksu
Eouthern Reglomal Hesesrch laboratoryz
Hew Grlenne, La, TOLTS

ADSTRACT

Cobyledenary tiegue of peanet seeds were mechanically seeparsted into three
gubeellular frectione. Yxaminatlons of the frectione with the electron mieroscope
showed that the heavy, light, and intermedimte ("finee") fractione were compssad
of’ aleurune graing (proteln bodies}, epherosomee, and heberogenecus cytoplesi,
recaectively. Resulte from immunochemistry, chromatography and nltracenbrifusation
indicated that, princiszally, arachin compriesd the aleurone grain Tractlon,
conaracoin she "fines" freebion, and structural protein the =pherceomal frection.
Regyplts from awine acid snpalyses lndiceted large dlfferences in emino aeid
econtente and A/C ratlocs among the three fractions. The E/T ratice for the
aleurone grain, "finee" and ephercscmal fractione were 1.85, 2.05, and 3.37 re-
spactively,

INTRODUCTION

about 5% of the totml world cupply of pemsnute 1e produced in the United States,
where sround three-fourths of the supply is used directly as food. Hearly
one-third of the total supply is produced in Indle, where 104 or lese le
consumed directly es food (1), When not concumed direchly, peenute are used
primarily a8 a epurce of oll and secondarily as a source of grobein. In view of
the ipnereasing demsnd for fowd protein, however, thie order might goonh reverse,
Since oilseed proteins will be ueed for food only if they van he presented in
appealing and scceptable forms (2), research concerning the preparstion and
properities of these proteing has greatly increased in wagnitnde. Tt is Shought
that relatively purified proteins can be {ncorporated in a uroad variety of foods
with greoter congumer scceptance.

The heberogeneity of peanut proteins iz well known. Howewer, the intracellular
Locatione of Lhe varioue probeins are nob konown with certainty. In this report,
we describe zeveral physicochewmieal properties of the proteins associated with
phyeically end morphologically different subcellular frections ieolated
mechenically from dormant peanuot colyledona.

L]' Tor preeentation as the American Peanut Research and Education BEEOCiatlon
Meeting, Albany, Georgia, July 16-19, 1972,

2/ Une of the laborstoriee of the Southern Merketing and Nutrition Research
Divieion, Agricultural Research Service, U.8. Department of Agriculture.
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MATERTALS AND METHODS

Yirginie 56-R pesnut cotyledons were blended in cottonseed oil (100 g of tiseue
per 200 mls of 0il) and fractionnted aecording to Dieckert, et al. (3)., Ion brief,
the cell-free homogenate wag centrifuged at 2600 g for 15 min to produce a
svpernetent snd a pellest. The pellet, resuspended in oil, wes layered over &
mixture of oil and CCly having a density of 1.43 g/ml and centrifuged at 2600 g
for 15 min, Particles mt the interface were lscleted to yield the aleurons grein
{protein body) fraction. The "fineg" fraction was prepared from the supernatant
by eentrifugation at 20,000 g for 30 min. Anelyses of the fractions were
performed after cll wee removed with ecold acetone or hexane.

0il-rich spherosomes were isclated I'rom colyledens by the procedure of Jacks,

et al, (4). TIn brief, a cell-free preperation of tiszue homogenized in waber

was centrifuged =t 15,000 g for 20 min, The resultant "fet pad,” washed seversl
times by resuspenslon and centrifugation, was the sphercscmal fraction, For
chemicel analyesls, the {raction wes dried and then defetted with hexmane or hexsne-
acetone (3:2, v/v).

Fxaminations of the subecellular pertlcles with the electron wmicroscope wse done

as follows, The dried "fines" mend aleurone graln fractions and the spherosomal
frection in water were fixed ab room tewperature for 1 hr in 0.1 M pnosphote
buffer, pH T.2, containing 1% OsOu, then thoroughly rinced in 0.1 M phosphoie
buffer. The Cixed materisls were serially debydrated with aquecus acetone solutions
and embedded in Mareglas according to Erlandson (5).

Immnoelectrophoresis was performed mccording to Grabar apd Williams (6} 1n

0.025 M Vernal buffer, pH 8.2, using 1.5% Ionager. ZElectrophoresis was corried oub
at room temperature with a voltage gradient of 4 vfcm for 2 hr and antibodies

were prepared and applicd to the gels as deascribed previously (7).

Sedimentetion analyses were performed in phosphate buffer, pH 7.9, ionic sirength
0.C3, and sedimentation eonstants were cslculated according to Schachman (B).

DEAE cellulose chromatography wus corried out by the procedure of Dechory, ab al.
{(9). In brief, 10 mg of protein in phosphate buffer, pH 7.9, ionle strength 0.03,
was adsorbed on 2 g of DHAT cellulose. Fluticn was with & linear gradieni of 0 Lo

0,6 M Fagl.

Amino acid compositions were determined by Worthington Biochemical Corp. (10G)

or in our lgboratory by Lhe Moore and Stein proecedure {11). Nitrogen coutent was
measured by the Kleldahl methed =nd protein was determincd according to Lowry,

et al. {12},

RESULTE AWD DISCUSSION

To determine what intracellular componemts of peanul cells are containcd in cach
subeellular fraction, the fractions were exsmived wit™ on electron microscone.
Figure 14 shows that the "fines" fraction contained aleureone grein fragments

{or small sleurone grains) end morphologically unidentified material thet

probebly corresponds Lo cyboplesm between aleurone greins end that centeins such
organelles as ribosomes and endoplasmic reticulum {ER). The aleurone grain
frection (Figure 1B) contained perticles ranging in dismeter from 5 Lo 10p which
are morphologically recognizeble as aleurone greins {13). The spherosomal fraction
(Figure 2) consisted of osmiophilic globules ranging from 1 to 24 in diemeber that
correspond to typicel oll-rich spherosomes (4,14).
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The subcellular fractions were anslyzed lmminochemicelly t¢ determlne which peenut
proteins comprised each fraction. Original characterization of the major

pearnut proteins by thie technigque, shown In Filgure 34, was described in deteil

by Dmussant, et al. (15). Results presented in Filgure 3B Indicate that the bulk
of the "fines" proteins is categorized in the conarachin system. The aleurone
grain fraction conteins mostly a-arachin, an "¢-arachin conteminant” {15), and a
trace of ofp- conmrachin. The "fines" fraction contains & trece of g-arachin

and ig more heterogeneous in composition than the alevrone grain fraction. The
spherosomal frection comslste of only one wajor entigenie protein, which corre-
sponds to structural protein of membranes,

To estimate the molecular weights (MW) of the proteins comprising each
subeellular fraction, the sedimentetion rates of the component proteins of the
fractions were measured in the ultracentrifuge. From the studies of Johnson and
Naiamith {16), who correleted observed sedimentation rates of pesnut proteins to
MW, we estimate that the principal proteins of the "fines" fraction are
generelly emaller than 100,000 MW and those of the eleurone grains are greater
than 200,000 MW. Peak 3 1in Plgures 44 end UB corresponds to g-arachin which 1in
the assoclated state has MW of aboul 390,000 (lT). The presence of @-erachin in
the "finea" fraection 1s in eccord with the sleurone greln component observed in
the electron microscope {Figure 14). Peek 2 of the aleurone grain frection
(Figure 4B} is either m subunit of g-arachin or the “g-arachin conteminant" {15)
that iz observed by immuncelectrophoresies (Figure 3B}, Only one peak, which
corresponds to ebout 20,000 MW, wes observed during the sedimentation of
sphercgamal protein in the ultrecentrifuge.

To further Aetermlne which peanut proteine are contained in the subeellulsr
fractions, the proteins of the "fines" and aleurone grein fractions were
chromntograpbed on DEAB-cellulose. HResults, shown in Figure 5, Indlcate thet

the "fines" fraction (line A} predominately comtains proteins of the classic
conarachin system (groups I, II, end TII). However, some overlapping of "fines"
proteins with aleurone grain proteins (line B), which consist mainly of group IV
proteine {x-arachin} occurs under these conditions. Agein, the presence of

arachin in the "flnes" fraction was expected from results by electron mieToscopy
{Figure 18), immnoelectrophoresis (Figure 3B}, end ultracentrifugation {Figure ha).

Froteins comprising the subecellular fractions were algo cheracterlzed with
raspeet Lo amino eeclid campositlons. Results of determinations of amino aeids in
meal and in subeeallular fractions are ghown in Table T.

Mesal and aleurocne grains of peanut, &z ollseed meels and globuline in genereld,

are rich in arginine, aspartic acid, end glutamic ecld. Indeed, the eminc ecld
composition of the aleurone grain fraction corresponds well to thet of purdfied
o-arachin (18), which is expected from Imminochemical end ultracentrifugal
analyses (Figures 3B and 4B). The major differences between the "fines" frection
snd bhe previously mentioned two fractions are the lesser emount of erginine and
the greater content of lysine in the "fines" than in the other fractions. OFf
particular interest iz the amino eeld composltion of sphercscmal protein (Table I).
This protein is partieularly rich in leueine end alanine,

200



which render the protein hydroghobic, end threoninz and glycloe,

To assess the pemput proteins nubritionally, the amino acid cumposibione of

meal and subcellular fractions (Table I} were evaluated acenrding to the jolnt
experk group of the Food and Agriculture Organlzetion and World Health Organiza-
tion (19). The ratios of the conbent of eech essentisl amino acid ko the content
of the total espentlal amino acids, the A/F ratice (19) are showa in Tehle II.

These data indlcete that the weal and aleurone grain fraction are deficlent o
lyeine ané sulfur-conbaining amino aclds, as are most obtier ofleeed mesle wnd
storage proteine. The "fines" frocbion appesre adeguate in lyesine but both the
"finss" and ephercsomal fractione are aleeo deftclent in enlia-contnining

anino acids.

A protein that i® unduly rich 4n the ten essential amino sceics would not oroyide
sufficlent nitrogen for metabolic srocesses wibhoub obligabory catabolism  of
the ezzepntial amine scide. Thus, the proporbion of the ;ﬁu81 nitrogen ‘ntake
that esgential amioo acids for1 indicates how & glven orcb inlfille
bibriticnal requiremente fur proteins. This proportion, bhe 13T ratic {1C),

(in g of escentlal sminc acids per g of nibrogen} 1.49 for weal, 1,95 for
sleurone grains, 2.05 for "fines,” Bnd 3.37 for epherccomes. The value fer
gleurone graing 1s similar in magnitude to that for wheat gluten, the value fer
"finee" is slmilar to the FAO pattern, and bthe value for sohecoeomes if grenter
than thoee for casein, egge, and milk (19},
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Amine Acld Contentsa—f of Meel and Subesllular Fractioons

Teble T

of Peanut Cobyledons

Aleurone Fa0
Amino Acid Meal grains Finee Epherosomee Fatbern/
lysine 2.8 2.9 5.8 5.1 4.3
hiztidine 2.2 2.2 1.9 2.0
arginine 10.0 12.2 h.6 7.9
aspartic scid 10.6 12.7 T.T 7.5
threonine 3.4 2. 4,7 10.0 2.9
gerine L2 4.5 L1 T
glutamic scid 18.6 23,2 11.7 3.8
proline 2.9 5.L 3.1 b5
glycine 5.h L.5 L8 2.6
alsoloe 3.4 3.9 5.0 9.7
cyeteine 0.4 trece 0.6 .3 2.02-’Jr
valine L.l L,2 4.1 6.7 h.3
wthionine 0.9 0.9 1.5 1.9 2.3Ef
ispleucine 3,2 3.5 3.4 5.5 L.3
leycine 5.9 6.3 5.9 11.6 b9
tyrosine 3.4 4.0 3.8 Tk 2.9
phenylalanioe 3.8 5.4 3.6 5.4 2.9

,ﬂ_/ Values are g of awmino acld per 16 g of nitrogen

b/ From reference 19

e/ Probably too high (19)
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Table IT

a/E Ratiosﬂ/ of Mesl apd Subcellular
Fractiona of Pemput Cotyledcns

Aleurone F&OQ
Amino Acld Meal gralns Fines Sphercecmes Pat.tern‘l/
lysine 117 93 177 95 134
threonine 1h3 aL 143 186 Bo
cysteine 7 - 18 6 g/
valine 172 1he 125 12k 13k
methionine 38 51 16 35 ne/
leoleusine 134 115 104 102 134
leacine 248 213 180 215 152
tyTosine 1h3 135 98 137 ag
phenylalanine 160 182 110 100 B9

5,’ Values are mz of amlno acid per g of tobal essentlal amino acide

y From reference 19.

¢/ Probably too high (19)
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Fig.

Fig.

Fig.

Flg.

Fig.

Legends for Figuree

Electron mlcrographs of gubcellular fractiones.

4, "flnes" fraction; B, aleurone grein fraction.
Abbreviatioma: ER, endoplasmlc retlculum; AG, aleurone
greins. In all figures the bar represepbes 1u.

Electron micrograph of spherpfomal frackion.

Immnoelectropharesise of Lotal peanut proteine {A} and
ievlated fractions (B). Abbreviatlione: T, tobtal

proteins; C,, &)-conarachin; Cp, Op-conarachin; fi, d-arachin;
¥, finesa; AG, aleurone gralne. Troughe were filled three
timez wlth antibodies sgainst the Gotel peanut proteins sfter
electrophoregis.

Sedimentation patterns of isolated fines (A) and eleurone
gratns (B). Sedimentation consbante in 4, {1} 3.0 S,

{2; 5.4 8, (3) 14.88; in B, {1) 2.5 8, (2) 9.5 B,

{3) 14.8 B. The photogravke were taken 28 nin after top
speed (59,780 rom). No correctleons were made to reduce
eedimentation coefficiente relative to viecomity and deneity
of weter et 20°C mnd for zero concentretion; S refers to the
cbserved Svedberg unit.

Chromatogreame on IEAK-celluloee of subesllular fractione.

A, "fipee" fraction; B, aleurone grain fraction. The
gloping etralght line indicates the godium chloride gradient
88 measured on the eluale. Roman numerale refer to the
clagsic teolated fractions reported by Dechary, et al. {9).

132-72
(cr)
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INTROGRESSIVLE HYBRIDIZATION IN ARACHTS VIA THE
BRIDGE CROSS TECINIQUES

Donald J. Banks, Research Geneticist, USDA, ARS
and Azsoclate Professor, Agronomy Department,
Oklahoma State University, Stillwater, Oklahoma 74074

ABSTRACT

Thus far, the transfer of much of the valuable pgerm plasm, such as resistance to
nematodes, viruses, leafspots, and other fungl, from the wild specles of Arachis
directly to cultivated peanuts, Arachis hypogaea L., has not been achieved. The
Failure to accomplish these goals_is due, in part, to post-fertilization abor-
tions on the part of the intergpecific hybrid embryoz or to sexual sterility of
the surviving hybrid plants (when the crosses are successful) owing te chromo-
somal Imbalances.

Fortunately, cross-compatlbllity studles of Arachis specles by Drs. W. C. and

i, ¥. Cregory, and their co-workers, North Carolina State Unlwversity, have re-
vealed that a few wild species of Arachis {(without appreciable pest Tegistance,
themsalves) can be crossed with several of the pest resistant wild species and
with cultivated peanuts. Thus, there 1s the possibility of using some wild
species as bridges over which the pest resistant germ plasm can be directed into

A. hypogaea,

We have succeeded in producing some putative alleohexaploids and allotecraplolds
invelving A, hypogaca and some of the bridge specles. Fresently, we are pursuing
several of the possible routes of introgression which may allow this valuable
wild germ plasm to he incorporated inte future peanut cultivars.

1/

—' Based on cooperative investlgations of the Plant Science Research Divizsion,
Agricultural Researeli Serviee, U, S, Department of Agriculture and the Oklahoma
Agricultural Experiment Station, Stlllwater, UOklaboma 74074,

I NHERITANCE OF PDD PUBESCEMNCE IN ARACHIS HYPOGAEA L.

Nguyen V. Tan, Graduate Assistant
A.J. Norden, Professor
Agronomy Department
University of Florida, Gainesville, Florida 32601

ABSTRACT

Pubescence (epidermal hairs)on the pod of the cultivated peanut, Arachis

hypogaea L., results in soil particles remaining attached to the pod at harvest
and after storage, This characteristic reduces market appearance of unshelled
peanuts and may be related to susceptibillty of the peanuts to pod and seed
disease orgasnisms 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 4318-13-1-4, Ga 119-20 and Pl 279956. Pod tissues are maternal in origin, and
therefore the genotype of the Fy| is expressed in the pods that contain the Fyp
seeds,

The F; plants bore pubescent pods. Data in the Fz generation indicated that in
each cross two loci segregating independently and acting additively were in-
volved in the development of pod pubescence. In crosses invelving F 416-2-8-1
and F 4134-13-1-4 a ratic of 5 tomentose: 6 pubescent: 4 puberulent: 1 glabrous
was obtained. In crosses involving Ga 119-20, a ratio of 5 tomentose: 6 pubes-
cent: 5 glabrous was obtained. F3 data supported the above hypothesis. 1in
crosses Tnvolving Pl 279956, Fy 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. |n these letter crosses, differential segregation and/or differential
fertilization, chlorophyll deficiency, seed size, or some other factor may hdve
been Tnvolved. These latter crosses are being studied further.
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INHERITANCE OF OLLIC/LINOLEIC FATTY ACID RATIO IN PLANUTS,
Arachis bypogaca L.

Yai-po Tai, Former Rescarch Assiscant,
J. 5. Eirby, Assistant Professer,
and B. 5. Hetlock, Profecssor and Head
Department of Agronomy, Olklahoma State University
Stillwater, Oklahoma 74074

ABSTRACT

F,'s, F.,'s, F.'s and backecrosses involving several peanut cullivars were usel to
déteruifie the inheritance pattern of the (WL ratie in peanuts. The rultivars
used varied widely in O/L ratic and ranged from "very low' (approxzimately 0.93)
to "high" {approximately 3.00)., ilost of the peanut seed populations vere pro
duced in the greenheouse. Hoth a rapld mieroanalytical procedurc and a Lalf-soeed
teclnique were used te determine the G/L ratic on anr individual seed basis.
According to the reciprocal crosacs and backerosses, no apparcnt and consistent
evidence was obtained to support maternal influence on the O/L ratio in peanuts.
Data from T,, ¥., F, and backcross populations indicated that inheritance of the
O/L tatio id pefinucs is coutrolled by penecs acting quantitatively. In 1", =ped
populations, crosses between "low" and "low" 0/L rativ cultivars showed, as
cxpected, the narrowest continuous ranpe of variation whercas crosscs hotueen
"yery low' and "high" O/1 ratie cultivars gave the uildeat continuous Tange of
variation.

RELATIONSHIP OF SHELL DAMAGE TO COLONIZATION CF PEANUI SEED
BY ASPERGILLUS FLAVLUS

by

Ds M, Porter, F. 5. Wright and J. L. Steele
Southern HRegieon, Agricultural Research servico, UZDA
Tidewater Research and Continuing tducation Center
Holland, Yirginia 23391
ARSTRACT

Differences in colonization of seed by Asporaillus flavus were
noted when comparisons were made between seed from sound or
damaged peanut fruit with different moisture contents, Seed from
fruit with visible damage {shecll damage detected visually) and
invisiblc damage (shell damage detected by a staining technique)
were colonized more frequently by A. flavus than these from sound
fruit {no visible or invisible damage). 3eed from invicibly
damaged fruit were colonized almost as rapidly as sced from
visibly damaged fruits. In fact, the isolation frequency of

A. flavue from invisibly and visibly damaged fruit was 23% and 264,
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 isclated just as readily from seeds
fram invisibly damaged fruit as from visibly damaged fruit.
Although the jsolation frequency of A. flavus from seed from
sound fruit increased with time, the fregqueoncy did not approach
that obtained from seed from damaged fruit. Before incubation,
the isolation frequency of A. flavus from seed from non-inoculated
fruit with moisture contents of 10%, 30% and 50% was 4%, 7% and
10%, respectively. Following incubation the isclation freguency
of A. flavus frem seed was greater in partially dried fruit than
in fruit with a high moisture content. The isclaticn frequency of
A« flavus fram seed from partially dried fruit with a meisture
centent of 10% and 30% was 20% and 25%, respectively, following
incubation. Due probably to competition with other funai during
incubation, A. flavus was isolated less frequently (12%} from
seed fram fruit with a 50% meisture content.
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ECOLOGY AND CONTRCL OF THE BURROWING EUG,
PANGAEUS BILINEATUS (SAY)

J. W. Smith, Jr.
Texas Agricultural Experiment Station
C. L. Gole
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 invasicn patterns, overwintering
habitats, and natural biological control agents for the burrowing bugs,
Pangasus bilineatus (Say), Pangaeus congruus (Uhler} and Cyrtomenus
clldatus (Pallsot de Beauvols). Tesults show that geveral Cydnidae invade
peanuts with P, bilineatus being the only economlcally important invader.
Several existing cultural practices were found that may cause high winter
survival. Surveys of habitats adjacent to peanut flelds revealed some
invasion patterns. Only one parasite and one predator have been found to
date,

The use of fileld scouting and proper timing of granular insecticides proved
adequate in controlling this pest. Increases of 5300 per acre were demon-—
strated. Effective control was highly dependent upon application timing.

Resigstance of Peamute to the
Zouthern CJorn Rootworm

W, ¥V, Gampbell, Professor of Entomology
and
I. A. Emery, Profegsor of Crops Science
North Carolina State University
Raleigh, North Carclina

ABSTRACT

Peanut accepgiona and varieties hawve been cvaluated fur resistance to
the southern corn rootworm Diabrotica undecimpunciats howardi Darber in
field trials sincc 1961. Accessions were plented in single row, replicabed
plota. The criterion for resistance was the mumber of rootworm penetrated
pegs and pods on five randomly selected plants per entry compared with the
damage on NC 2 suzcepkible check.

Accessions with low rootworm damage were retested several years to
confirm the damagze rating and several accessions designated as having
moderate resistance to the yootworm were crossged with commercial varieties
of pearmuite. Pelections for roobworm registance were made from the FS’ FS’

and F7 progenies. Some of the hybrids have guod agronomic qualities, are
high yielding, and possess moderate resiptance to the rooctworm.

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 extraction of lignin from the hullg revealed
resistant varietics in gencral had a higher lignin content than susceptible
peamiteg. These data suggest resistance to the rootwornm may be improved by
selecting peamits with highly lignified hulla.
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A PEST MANAGEMINT PROGRAM
FOR INSECTS ATTACKING PEANUTS IN TEXAS

Clifford E. Hoelscher
Texas Agricultural Extension Service
Stephenville, Texas 76401
J. W. Smith, Jr.
Texas Agricultural Experiment Statiom
Texas ARM University
College Statiom, Texas 77843
Paul W. Jacksoen
Texas Apricultural Experiment Station
Stephenville, Texas 76401

ABSTRACT

Data will be presented on the effects of leaf removal on irrigated peamuts
in Texas., Thege studles ald in establishing possible yield reduction guide-
1lnes from leaf-feeding insects. Information will be provided on the
current peanut grower educatleon program for ingect pest manapement on
peanuts. The pest management program uses several types of blological
contrel agents with properly timed insecticide application based on frequent
field ingpectionz., BRegults of a survey of insecticide use on peanmuts 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.

TIIE EFFECTS OF NEMATODES UPON YIELD} AND QUALITY (F SFANISH PEANUTS WITH CONTACT
AND TUMIGANT TYPT NIMATTCIDES

T. E. Boswell, Assoclate Frofessor
Faxas AXM University Plant Disease Research Station
Yoakum, Texas

and

W. H. Thames, Jr., Prolessor
Department of Plant Sediences
Texas AMM Thiversity
College Station, Texas

ABBTRACT

Granular snd fumigant type nematicides were compared in lield trials to inves-
tigate their effectiveness [or controlling nematodes on poanuts.

Hemsticides were applied as preplant, planting time and pegging time treatments
or combinationz of thege. Nematode determinations were made from goil samples
taken pre-treatment, 50 days after planting and at harvest time and from shells
at harvest, Root knot indices were recorded. Partial regressions were run to
determine if correlations existed between the various nematodes and yield, gual-
ity and valus.

Fematicide treatments significantly increased yield and value per acre in a

test with moderafie numbers ol lesion and ring nematodes. Furadan 10G incor-
porated ot planting gave the highest value por acre and the lowest count of

lesion nematodes in shelle at harvest. The diehloropropene nematiclides did

not control ring nematodes ag well as the more persistent nematicides. Sig-
nificant pogitive correlaticns oceurred between numbers of Oriconemoides in

z0il 53 days after planting and percent damaged kernels.

Mocap applied at pegging gave better control of lesion in peds than Mocap ap-
plied at planbing, Significant negative correlations between yield and value
at harvest and pre-treatment Pratylenchus counts indicate that early soil sam-
pling using a bicassay techniqne is promizing and may eventually be used to
predict yield.
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Yield and value per acre were significantly different due to treatment in a
test with 2 root Imot nematode problem. The dichloropropene nematicides gave
the highest yields {up to 70O percent above the cheek) followed by DBCP and by
IBCP plpe phosphorothicate types. When used alone the phosphorothioate nem-
aticides were grouped near the bottom of the treatments. Furadan and Mocap,
applied at pegging or planting time, were less effective than the dichloro-
propenes or DBCP against Meloidogyme aremaria.

SPANTSH PEANUT YIELD RESPONSE
TO NEMATICIDES APPLIEN AT PEGGING
T'OR LESION NEMATODE CONTROL
by
K. V. Sturgeon, Jr., Extension Plant Pathologilst,
and C. C. Russell, Nematologist, Botany and Plant Pathology
Department, Oklahoma State University, Stillwater, Oklahoma 74074

ABSTRACT

Loot lesion nematede, Pratylenchus brachyurus, control studies carried
out in Southern Oklahoma over the past four years show economical yield
increases with pegglng-time nematicide application. Studies consisted of
replicated reats and large field plot nematicide trials comparlng pegging—
time applicationms of fumigants and non-fumigants to a standard preplant
fumigant-nematicide. 'The nematicide trials were carried out In fields
showing heavy infestations of lesion mematode with a very light infestatlon
of Northern root-knot, Meloidogyne hapla, and ring, Crlconemoldes sp.,
nematodes. Soil and plant samples analyzed indicate the population of lesion
nematode began to inerease within the plors mid-season {July 15-20), becoming
quite heavy In late August. Pepging—time applicatiocns have produced
increased yields of 230 to over 900 1bs. per aecre mores than non-treated plots
and 170 to 600 1bs. motre per acre than at-plant nematicide applications. The
continued increased yields obtained from pegging-time applicatlons over at—
plant applications indleate that growers can expect to Increase yields from
nematicides applied at pegging-time in ficlds having heavy populatlons of
lesion nematode; however, when damaging Infestations of root-knot and lesion
nematodes are present, at-plant and mid-season pegping-time applications are
needed for greateat imcrease in yield.

Resultg of studies carried out during 1969 and 1970 encouraged large-
scale lesion nematode control demonstrations; hence, during the 1971 season
five-acre grower demonstratiomns were carried out in three locations over the
State. These studies consisted of two cleared materials--Dasamit 15G at 3 1bs.
al/acre and Mocap 10G at 3 lbs. aifacre applied mid-season on approximately
five acres at each location and a non—treated area within the field. Analysis
of root and soll samples taken prior to mematlcide applications showed heawvy
populations of lesion nematede were present. Increased vields of 260 to 900
Iba./acre more than the non-treated area were reported at the various locations.

These grower demonstratioms further substantiate the merits of mid-seasun
regelng-time application of & nematicide when heavy infestations of lesion
nematode are present.

SCME OBSERVATIONS ON LEAF RUST AND LEAF SPOTS
CF PEANUTS UNDER EPIPHYTOTIC CONDITIONS

4&. L. Harrizon, Plant Pathologist
Texas MM University Plant Disease Research Station
Yoakum, Texas

ABRSTRACT ,
Leaf rust, Puccinia arachidis, was first obgerved in Western Frio Gounty in
garly July in 1971 nearly 30 days earlier than it had ever been observed belore.
A second rust area was found In Eastern Atascosa County in early August. Both
areas appearsd to start independently of each other, The rust spores that
gtarted these infection sites appeared to have came from some outside sourcs,
poseibly From the Yucatan Peninsula. Rust spread rapidly from these two areas
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so that by early September rust was found in every field examined in the South
Texas peanut belt, and cansed sericus losses in mamy fields. Belore the end of
the season, verbal reports stated that rust had been found in many of the pea-
nut areas of Texas and in Oklahoma.

Losses from leaf rust and Cercospora leal spobs, Cercogpora persenata and C.
arachidicola, were greatly reduced with cight sprays applicd at approximately
weekly intervals with Drave 7SWP, Brave 6F, Manzate 200, Dithanc MG, Fungi
Sperse and combinations of Benlate + Manzate 200, Benlate + Brave 7SWP and Di-
thane MjS + Du-Ter even under the extremely high disease pressures experienced
in 1971. In one test good conbrol was obbtained even though both leafl rust and
Cercospora leaf spots were present when the [irst spray application was mude
Augugb 11 on 3k day old peanuts. The FPoliage on the check and buffer rows was
sevorely affected by the time the plants were %0 days old in this test.

The results of the 1971 tests verilied the preliminary report in 1971 that peoa-
nut rust in the near sbsence of Cercospora leaf spots can be a serious economic
disease of peanuts, and furthermore, it appears as thongh the initial infection
hag come From some outeide source. A1l evidence to date is negative that rust
will overwinter in the South Texas area.

SHRIMKAGE OF PEANUTS IN STORAGE
Whit 0. Slay and Reed 5. Hutchizon
Industrial Fngineer and Investigations Leader, respectively
Natieonal Teanut Research Laboratory
I'ranasportation and Facilities Research Division
Nandling and Faclilities Rescarch Branch
ARS, USDA, P. 0. Box 110, Dawson, Georgia 31742
Roy Heatwole, Mathematical Statistician
Biomctrical Services Staff
ARS, USDA, Beltswille, Maryland 20705

ABSTRACT

Spanish-, Bunner-, Florunner-, and Virginia-type farmors' stock peanuts
were collected at buying points in Ceorgia, Florida, and Alabama, and
stored for periods of 5, 30, 60, and 90 days at the National FPeanut Research
Laboratory. At the end of each storage period, a representative part ol
each zample was graded, The results were compared with the grade factors
obtained from the grade made at the buying point to determine changes that
occurred during the storage periods. Each type of peanut was sized over
screena of four different slzes to determine the screen peeded to indicare
the same percent sound mature kernel (SMK) outturn after storage as was
shown by the first grade. Fellowing each storage period, shelled kerncls
from each sample were returned to storage and rescreened alomg with the
farmers' stock samples stored for longer periods. The shelled samples were
used to represent loogse shelled kermels {LSK)} in farmers' atock.

The rescarch was a cooperative study between Transportatlon and Tacilities
Hesearch Diwvision, ARS, and the Federal-State Tospection Service.

INFLUENCE OF PHOTCFERIOD ON FLOWERING AND FRULTING IN PEANUTS

J. C, Wynne, R, J. Downs and D, A, Emery
Instructor of Crop Science; Professor of Botany and
Director of Phytotron; and Profeasor of Crop Science and Genetics
NHorth Carclina State University, Raleigh 27607

ABSTRACT

Present-day peanut varieties flower and produce frult progressively throughout
the growing season, Consequently each plant has developing fruit of varying
degrees of maturity which results in lower yield and quality, Plantsz that
flower over a short period of time subsequently producing frult of similar
maturity would be desirable and poszible through genetic alteration of photo-
periodic response.
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In order to determine the photoperipdic 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 (2 hr + 3 hr inter-
ruption) and two short-day (9 hr) photoperiedic treatments in the North Carolina
State umit of the Soutrheastern Environment Laboratories, All treatments were

at congtant day-night temperatures of 309G day-26°C night over a period of 64
days.

Vegetative growth for plants of the A, hypogaea lines was reduced by short-day
treatments, Plants grown under short days also began flowering slightly later
than plants grown 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, A. willosa and
A. duranensis, was favored by long-day treatments. A, wiliosa did not flower
under short-day treatments.

The guantitative short-day photopericdiec response for yield of frnit of the
six A. hypogaea lines probably cannot be used to increase uniformity of fruit
maturity under field conditiens. Peanuts are commonly grown under long-day
conditions. However, better adapted varieties may be selected throngh dif-
fercntial responses to photoperioed,

BREAKING DORMANCY OF SEED OF PEANUTS (ARACHIS HYPOGAEA L.}

J. E. Bear and W. K. BEalley
Plant Genetics and Germplasm Institute, Agricultnral Research Service
U.5. Department of Agricultnre, Beltsville, Maryland 20705

ABSTRACT

Treatment of peannt 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 Acc 344 to germinate promptly when planted in a sandbed
in greenhouse.

Thiram dust was applied to seed at rate of 6 ounces per 100 ponnds of seed.
Ethrel in water at a concentration of 1073M, adiusted to pH of 6.0, was applied
to the dusted seed in sufficient volume to give a slurry that covered the
aurface of every seed when the seed-chemical mixture was stirred. Treatment
with this slurry resnlted in 99 to 100% germination when seed were planted
immediately or when they were dried and stored for as long as 2 momths before
planting, in contrast to 2 to 4% germination for seed treated with thiram

dust only.

Ethrel used at this concentratioen 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 DOBMANCY OF DIFFERICNT EBOTANICAL TYPES OF
PEANUTS (ARACHIS HYPOGAEA L.)

W. K. Bailey and J. E, Bgar -
Plant Genetics and Cermplasm Institute, Agricultural Besearch Service
U.S. Department of Agriculture, Beltsville, Maryland 20705

ABSTRACT

Spanish and Valencla peanut cultivars (subspecles fastigiata)} are frequently
deserlbed as haviug no poat-harvest seed dormancy; whereas Virginia cultlvars
{subspecies hypogaea) are described as having post-harvest seed dermancy.

We have found thet following curing at .20-329 (70-90°F) for 8 to 16 days,
mature seed of the Valencia and Spanish cultivars 'Temnessee Red', 'Argentine’
*Starr’, 'Comet', 'Spanhoma®, 'Spancross', and 'Tifspan' grown at Holland,
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Virginia, in 1970 and 1971, showed from 29 to 78% dormancy when planted in

a sandbed in greenhouse at 20-329 (70-90°F). When grown, cured, and handled
in a similar manner in 1969 and 1970, mature seed of the Vlirginia cultivars
and breeding lines 'Florigiant', 'Florispan', 'NC 2", F393-9, and F393-6
showed from 11 te 68% dormancy. Inourstudies, zeed dormancy of the Valencia
aud Spanish cultivars frequently was fully as great as that of the Virginia
cultivars tested.

However, a dormancy characteristic which clearly distinguishes between these
two groups of cultivarz is the capacity of the seed to sprout prematurely
prior to digeging while still in pods attached to living plants. Under
cartaln environmental couditions, seed of the Valencia and Spauish cultivars
gprout prematurely prior to digging: seed of the Virginia types rarely sgprout
prematurely.

EFFRCT OF SEED SIFE AND SEEDING RALT ON
PELFCRMANCE (" STARR SEANTSH FRANULS

Lewls E. Clark, Asslstant Professor
Department of Soll and Crop Seciences, Texas
ARM Tniversity, College Station, Texas TrBh3

ABSTRACT

This investigation was conducted to determine the offect of seeod zize on
gormination, Field emergence, stand establishmenl, and yield of 'Silarr’ Spasn-
ish peanuts.

Commercially processed seed lote, ineluding large (ride 19/6h Lrl. slot), reg-
ular (pass 19/64 and ride L7/64 in. elot), medivm (pass 17/6L and ride 15/6k4
in. slol), and small (pass leéh and rids 13/6h in. slot) sizc sccd wore uacd,
Germination tests were coandecled al lhree Taboratories in 1970 and at four
laboralories in 1971. Thrce seceding rates were used in ficld plaotings at
five locaticons in 1970 and al three locafiiens in 1971, A1l lesals were planled
one row per bed on 36 to MO inch beds, and all woere irrigated cxecpt at onc
location in 1971.

There were differcnces in germination percentages among laboratories and
among zesd sives bolh years. Mean germination percentages over laboralories
in 1970 showed that mediom size sced germinated less than the large and reg-
ular zires, Medium and small size seed germinated sipnificarmly less than
large and regular sise seed in 1971,

In rield tcata, sced sizes did not respond Lhe same al all loecalions nor in
botly yeurs, Regular and medium size sccd performed more conaistently over
211 teate then cither large or small sire seed, Theve were no significant
differences in yield associated with sced sisc when populations of 60,000
plaals per acre l'rom large, rogular, and mediuom sise seed wers established.
Topulations of 70,000 to 8C,000 plants per aere from small size seed were
necoszary to provide comparable yield,

OBSERVATIONS ON THLE DEVELOFMENT OF REWDOSPERM IN PEANUTSLI

J. M, Kubicek, Graduate Research Assistant and
D. J. Banks, Kesearch Geneticdsrc, USDA, ARS
Agronomy Department, Oklahema State University
Scillwater, Uklahoma 74074

ABSTRACT

An Investigation of endesperm 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 endosperm develepment and to detect

some possible differences (genetic markers) iu the physical and chemical char-

acteristics of the eudosperm components in several diverse peanut geuotypes.
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Several studies, invelving histochemical and biochemical analyses, were conducted
on nen-cellular endosperm. Developing embryos and endosperms from some inter—
specific hybrids and self-pollinated plants were studled to ascertain rhe behavior
of the endosperm in relation to the develeping embryo and te clarify the extent

of endospern tissue in mature seeds.

These studies were part of a Haster of Science thesls by the senior author™ 2’
Results of these studies Follow:

{1} Cellular endosperm appears to exist as a single layer of cells covering the
embrye (cotyledons) of fresh mature seeds.

{2) Hybrid endosperms and embrycs between Arachis hypopaea and A. sp. (P.I.
262133)3/ were found to be retarded when compared to the endosperms and embryos
from developing zelfed ovules., IlHyperplastic activity of the maternal tissue was
noted in aberting hybrid ovules of the above cross when the wild species was the
pollen parent.

(3) Starch granules are conspicuous components of non-cellular peanut endosperm,
Eirefrinpeuce end-point temperature dara revealed that the starch granules in the
endosperms of two A. hypopgaea genotypes (narrowleaflet and P.I. 280688) differed
in physical structure from the other endosperms examined. Variations in starch
granule size by genotype were observed in a size distribution study usiug endo-
sperm starches at three stages of development {approximately 14, 24, and 28 days
afrer pollination).

(4) The non-cellular endosperm of A. sp. (P.I. 262133) appeared to be devold of
valine, methionine, aud arginine but these amine acids were present in the other
endosperms studied,

1/

—' Based ou cooperative Investigations of the Ilant Science Research Divigion,
Agricultural Hesearch Service, U. S. Department of Agriculture and the Oklahoma
Agricultural Experiment Station, Scillwater, Oklahoma 74074,

ngome Anatomical, liistochemical and Blochemical Analyses of Lndesperm in the
Genus Arachis, Oklalwomn State University, Seillwater, Uklahamn, May, 1972.
E-J’Undesr.‘r:I.hF'.LI wild, diploid, annual species (10038). See Swartt, J, and W, €,
Gregory, Oléagineux 22:1-5 (1%67).

NEW METHOD TO ESTIMATE SHELF-LIFE
OF PEANUTS AND PEANUT PRODUCTS

Charles E, Holaday and Fhillip €. Barnes, Jr.
Peanut Quality Investigations
National Peaput Besearch Laboratery
ARS, USDA, P. 0. Box 637, Dawson, Ga. 31742

ABSTRACT

The actlve oxygen method (AOM) of the American 0il Chemlsts' Society, most
widely used to egtimate the shelf-life of peanuts and peanut products, is
time consuming and results occasicnally differs among laboratories. The
National Peanut Research Laboratory has developed a simple method that re—
quires only 75 minutes, Light transmittances at 315 wp of a sample of
freshly pressed oll 1is weasured 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, 01ls with AOM wvalues above 20 hours have
a comparatively long shelf-life while those with AOM values below 20 hours
have a shelf-1ife 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 FPRODUCTS

J. K. Mitchell, Jr., Professor
and
R. K. Malphrus, Laboratory Techniclan
Food Science Department, Clemson Unilversity,
Clemson, South Carolina 29631

ABSTRACT

In view of the popularity of peanuts in the form of peanut butter, salted
peanuts, and in confections, psychologlcal factors should be favorable for
the introduction of peanut materials in other foods, provided they have

high quality in terms of flaver, texture, and appearance and can compete in
the aconomy of the food marketing system. In an effort to expand the
utilization of peanuts, we have developed precooked peanut [lakes which are
eszentially flavorless and white in celor. Thus, they may be utllized in
formulating a wide variety of food items. The full-fat flakea, which have

a shelf-life of at least six months at 100°F when packaged in alr, 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 typus 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 arc simulated coconut candy, cheese-peanut flakes, and
meat analogs of the bologna type.

CHEMICAT DETOXICATION OF AFLATOXTNS
DURINi: WET-PRUCESSING OF PLRANUTS

Khee Choon Rhec, K. R, Nataraian
Carl M, Cater and Kaxrl F, Matbil

ABSTRACT

The froquent occurrence of aflatoxins in peanuts has posed a serious
problem in the utilization of peanut products as a source of protein to supple-
ment low-cost protein dicts, The present investigation is the first defindtive
study of the distribution of aflatoxins in peanut protein conceuntrates and
isolates prepared by wet-proccssing directly [rom raw peanuts, The results
indicate that majority of the allatoxins present in the peanuts tend te remain
with the protein [ractions during wet-proccssing, For example, in the concen-
trate process, the concentrates contained about 80-90% of the total aflatoxins;
odl about 4-8%; and whey solids about 7-11%, In the case of the isolate process,
the isolate contained about 50-56%; fibrous residus about 20-30%; oil about 6.8%;
and whey solids about 10-20%,

In order to determine the cffectiveness of various chemiecals to dotoxicate
or Temove the aflatoxins in protein conecentrates and/or isclates, certain
chemicals werc incorporated into the processing systems at the protein extrac-
tion step, Thus Ear, [or protcin concentrates, hydrogen peroxide proved to be
the most effective detoxicating agent. At the 0,5% hydrogen peroxide concen-
tration, thce reduction of aflatoxins Iy and By was 97% and 96%, respectively,

In the case of protuin isolates, sodium hypochlorite was most effective, At
the 0,2% concentration level or higher, virtually all of the aflatoxins in
the izolates was detoxicatod,

An aqueous solution of a 35% isopropyl aleohol reduced the aflatoxin
content of the concentrates by about 80% and this cam be used elfectively in
conjunction with other chemjcals, Higher concentrations of isopropyl alcolbiol
proved to be undesirable because of the formation of protein gels, Methylamine
was also tested but was less effective than isopropyl aleohol when used for the
izolate preparation procedure,
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MYCOTOXIN GROUP LISCUSSION
Morris Porter, leader

Plant Pathologist, Southern Region, ARS, USDA
Tidewater Research GCenter, Holland, Virginia 23391

This discussion group was well attended and the selected topic
participants stimulated much discussion by their presentations on
mycotoxins concarning different segments of the peanut industry. Many
questions were raised and comments were made by members of the audience,
Ihe First topic discussed was "Mycotoxin problems from a sheller’s
standpoint”. Bill Birdsong, topic leader, pointed out several
mycotoxin problems that face the sheller. It was noted that aflatexin
detection and elimination is costly not only in manhours but also in
capital and space.

Ed Sexton and Withur Parker led the discussion on "Mycotoxin problems
from a processor's standpoint”. The main polnt made in this discussion
was that the solution to the mycotoxin problem must be based on
prevention rather than elimination.

The next item discussed was "Mycotoxin problems from a foreian
standpeint". ¥en Garren, topic leader, related how certaln countries
do not consider aflatoxims 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,

Following discussion pn these specific problems several persons wire
asked to inform the group of mycotaexin research currently underway.
Biil Dickens provided brief summaries of research being conducted by
the Agricultural Research Service of the United States Department of
Agriculture. USDA mycotoxin research is being conducted at many
different locations throughout the country and invalves projects
degling with toxin identification, characterization, isclation of
toxic factors, detection, resistance to fungal colonization, drying,
eta.

Boh Pettit of Texas AM Universlty reported on research designed to
discover methods of roducing aflatoxin contaminatlion of peanut seed
under field conditions,

Durham Bell reported on research involving Aspergilius flawvus currently
underway at the University of Georgia.

Mycotoxin rasearch at Avburn University in Alabama involves several
departments and many staff membrrs according to Urban Diener. Research
is currently being conductsd on many differsnt toxins including
aflatoxin, ochratoxin, citrinin and rubratoxin. 35lides of data from
rocent publications and equipment were shown.
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VARIETIES AND BREEDING DISGUSSION GROUP

Donald J, Banks

Leader

There were 45 persoms in attendance representing all commercial peanut-
producing areas in the United States, as well as workers in Central America,
Many different subject matter specialists were vepresented.

France, and England.

The informal discusszion was preceded by thc presentation of a paper written

by W. A, Carver, Agronomist Emeritist, Florida Agricultural Experiment Station.

Dr. Carwver, who resides in Gainesville, Florida wag unable to attend the meering.

The paper, ''Observations of a practical peanut breeder," was read by A. R,

Horden.

Reports were given by states indicating cstimates of the major varieties

leing grown in 1972:

Alabama (Rogers)

Florida (Norden and Gorbet)

Georgia (Hammons)

North Carolina (Wynme)

Oklahome {Kirby and Tripp)

Virginia {van Schaik and Allison)

¥irginia 2R is a2 newly released variety.

Texas (Simpson and Smith)

Two new breeding lines from Starr parentage
that outyield Starr by 10¥% are entered in
the National Regional Variery Tests.

Wilco I Acres {Gonway and Warnken)}

New Mexico (Hai)

Florunner 85-88%
Florigiant 12-15%
Flotunner 98%
Florunner 71%
starr 12%
Tifspan and Spancross 8%
Argantine 1%
Florigiant 8%
Florigiant 487
NC 5 19%
NG 2 15%
NG 17 10%
Avoca 11 2%
Flortunner 1%
Others 5%
Comet 35%
Starr 25%
Spanhoma 20%
Argentine 15%
Dixie Spanish and Spantex 5%
Florigiant 60%
¥irginia 61R 15%
Virginia 56R 10%
NG 17 107
Others 5%
Starr 60%
Comet, Spanhoma,

Argentinc, Spancross,
Spantex, Wilco I, and
Florunner L0%
Texas 4,500
Georgia 4,000
Oklahoma 500
Valencia 5,000 acres

Valencia A is a new variety release,
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Wallace Bailey {Beltsville, Maryland), Agricultural Research Service, U, S.
Department of Agriculture, discussed the Nationmal Reglonal 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 conltinuing as planned.

F, H, Smith {(Scucth Carclina} indicated that although Secuth Carolina grows
only about 14,000-15,000 acres of peanuts, they are wvery interested in the peanut
research and educatiom activities of APREA, He expressed great concern about
the disease, Cylindrociadium, in his state,

Clyde Young (Georgia} discusscd his work in peanut chemical composition and
gpeculated that sometime in the future, peanuts may be analyzed in such a way
that thelr parentage and the area in which they were produced c¢an be determined.

Pierre Gillier, Director of the Peanut Department, I,E.H.0., Paris, France,
discussed pecanut rescarch for which he iz responsible in Senegal, Mali, Upper
Volta, and Wiger. They are developing high oil content peanuts with BRosette
disease resistance and drought-tolerant Spanish varieties,

Ron Gibbons, Team Leader of the Grain Legume Produectivity Unit, Agriculrtural
Regearch Covuncil, Malawi, discussed the peanut research being conducted by his
team, Malawi produces about 40,000 tons of shelled nuts., Chief varietles are
Chalimbana, a jumbo type for confectionary uses, Mani Pintar For rhe oil trade,
and Malimba, a Spanish type for salted nuts.

W. E, Bolton of the United Frult Gompany 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 wtilizing resistance or
tolerance to these pests which included; leafspot, rust, Pythium pod rot, pod
breakdown, Cylindrocladium, blackhull, Verticillium wilt, nematodes, foliage-
feeding insects, lesger cormstalk borer, burrowing bug, potato leafhopper, and
southern corn rootworm,

D. J. Banks {0klahoma) deseribed 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 conventicmally.
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PRANUT VARIKTIES RECLSTERED TN CROP SCICHCE, 1963-1972

Oripinatling Author{s) Crop Science
Repistration insritutions, ! of Reference
Varlety Ho. Yoar dpenclies, or reglstration vol. mo. pages
organizations articles
Flovipiant 1 1969 Florida AES W. A, Carver 9(6) :B49-850
Florunner 2 19649 ¥lorida ACS A.J. Norden, R. W, Lipscomb, 9{6}:850
W. &. Carver
Spancross 3 1970 Georgin Coastal Plain &
Okluhowa AES & ARS, USPA R. O. Hammons 1G(4} 459
Tifspan 4 71970 Georpia Crastal Plain & Okla
A5 & AR5, USDA E. 0. Hzomons 10C4) 1459
NG 2 5 1970 Worth Carolina AES H. C. Gregory 10(4) +459-4A0
RC 5 6 1970 Worth Carelina 4TS D.A. Fmery,W.C. Grogory 1004} :460
NC 17 7 1970 Worth Carolina AES D. A. Emery 10¢4) ;460
¥irginia Bunch 67 B 1970 Georpia AES & ARS,USDA R. 0. Hammena 10{4) :460-461
Southeastern Runner
56-15 9 1970 Georgia ALS & ARS,USDA R. . NMamnmons 10(6} 727
Virginia S6R 10 1970 Tidewater Res. Station M. W. Alexander
YPI, Holland, Va. A. 1. Allison 10¢6) 727
Virginia 6lR 11 1970 Tidewater EEs. Station M. W. Alexander
VPI, Holland, Va,. A, H, Allison 10(6):728
Georgia 119-20 12 1971 Georgila AFES & ARI,USDA R. 0, Hammons 11¢2):313
Yirginia 72R 13 1972 Tidewater Resz, Station M, W, Alexonder
VPI, liclland, Ya. R. W. Mozingo 12(1):127
New Mexico Hew Mexico State T, n,. L., Hsi
Valencia & 14 1972 ALS K. B, Finkner 12(23:256
Spantex 15 1972 Texas &M 1., ATS €. E. Simpson 12( 3z 385
Starr 16 1272 Texas AGM U., AES . E. Simpson 12(3}: 395
BREGTSTRATION OF GERMPLASHM
H. V. Campbell
GP=-NC 343 GP 1 1871 North Carolina ALS D, A, Emery 1I(4): 603
W. C. Gregroy

REG1STRALLION OF PARENTAL LIHES: Mone

Lisi prepared by E. 0. Hamwons, Chairman CSSA Subcommittbee for Peanut Variety Registration.
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WEED CONTROL DISCUSSION GRQUP

by
J. R. Bone, Discussion Leader
Product Development Representative, Rhodia, Inc,, Chipwan Division

Interest centered on coutrol of weeds escapimg currently available herbi-
cldes, Weeds receiving the most comment were Yellow Nutsedge, Texas Panicum,
Taxas Star Bur and Florida Beggarweed,

In the Southeastcrn peanut producing areas comsiderable effort has been
placed on soil injection application of Vernam for Yellow Nutsedge control,
Those reporting cited promising control, but indlcated additional evaluation of
injection methods will be necessary, The Texas delegation reported interesting
getivity on Yellow Nutscdge with the experimental herbicide MBH 8253,

Texas Panicum remains a problem in many peanut producing areas, Effective
control from experimental applications of Sutan was reported from Georgia: Ver-
nam followed by Balan was also cffective, Cobex and A-820 were reported to have
cffectively controlled Texas Panicum in experimental trials in the Southwest,
Lasso applied preemcrgonce or pogstewergence in combination with Dinitro report-
edly controls Texas Panicum as well as a number of other weods,

Discussion produced lLittle new information relative to the control of Texas
Star Bnr ot Flerida Beggarweed; few registered and fewer experimental herbicides
offar adeguate control,

Postemergence broadleaf weed control in peanuts was a topic of considerable
interest, Reports of cxperimental evaluations conducted in most peanut producing
arcas indicated 2-4 DB Amine effective on a number of broadlcaf weed species, A
petition requesting registration of 2-4 DB Amine for usage on peanuts has been
snbmitted to the Environmental Protection Agency, but to date 2-%4 DB Amine is nokb
rogistercd for peanuts, BASF 3512 was also reported as effectively controlling a
wide spectrum of broadleaf weeds whon tested as a postemexgence treatment,

This summary in no way constitutes g recomnendation or cndorsement of any
practive or product discussed,
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DISEASE DISCU3STON GROUPR
by
K. V. Sturgeon, Jr., biscussion Group Leader
Extension Plant Pathologist, Oklahoma State Uniwversity
Stillwater, Oklahoma

The panel members were:

K. H. Garren, US0A, Holland, Virginia.

0. M. Porter, USDA, Tolland, Virginia.

5. §. Thowpson, Georpla Experiment Station, Tifton, Ceorgia.

. H. Swmith, Georgia Experiment Station, Experiment, Georgia.

¢, Wendell Horne, Texas A & M Universlity, College Station, Texas.

E. E. Pettit, Texas A & M University, Collepe Station, lexas.

E. A, Backman, Auburn University, Auburn, alabama.

. ¥. Wadsworth, Oklahoma State University, Stillwater, Oklahoma.
Tavid C. H. Hsl, New Mexico Statc University, Clovis, Wew Mexico.

R. V. Sturgeon, Jr., Oklahoma State University, Stillwater, Oklahoma.

L e = R e T
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The Discasc Discession Group panelists from acreoss the peanut-producing
area of the Unitcd States reported on disease problems in their areas. Reports
were made on research proprams now in progress. K. . Garren, Helland,
Wirginia, reported on Cylindrecladium black rot problem in Virginia and Herth
Carplina. D. M. Torter, lloliand, Virginia, reported on disease problems during
1971 and the conditions in the Mortheast Area at this rime.

Sam Thompson, Tiftun, Georpla, reported that Cercospora leafspot was quite
damaging in Ceorgia during 1971; however, little disease could be found at
this time. He reported that rust was found throughout the Georgla peanut area
and did not feel that It was heavy enocuph to causec serious damage, Don Smith
presented research work on the epidemlolopgy of Cercospora leafspot and
discussed some of the methods uscd in his studies. 1lle and Sam Thompson both
mentiemed the development of rust and how it was perhaps related to the large
acreage of peanuts sprayed with Benlate in Goorgia during 1971, Don discussed
the development of leaf scorch (Leptosphasrulina) as did D. M. Forter from
Holland, Virginia. Ton alse reported on 4 new leafspot infocting peanuts in
the area of the Ceorgia Fxperiment Statlon.

Paul Backman, Auburn, Alabana, stated that Cercospora leafspot was quite
extensive throughout Alabama during 1%71; however, as in the Goorgia area, it
was slow developing this wyenr. Ue reported that Alabama was now suggesting
the use of unly two funpicides--Bravo and Benlate; however, if growers did not
have spraying equipment awvailable, they could gzo to a sulfur-copper dust. Paul
also reported on his seedling disecasc contrel studies, Southern Blight was
reported to be extensive through the Southeastern Area, causing serious damage
in many fields.

Wendell Nlorne, Texas, reportcd that Cercospora leafspot was quite exten-
sive throughout Texas during 1971 and had been reported early this year in
many areas of the State. Bust was quite extensive durlnpg 1971; however, only
in the Yoakum area was it sericus enough Lo cause extenslve damage. lle men-
tioned that nematodes were a problom in Texas; however, growers should utilize
their nematode derection laboratory for proper identlficativn before making
chemical controls. Wendell reported a foliar disease problem, thought to be
caused by air pollution, and introduced R. F. Pettit from College Station, wha
discussed a mew (nliar disease problem agppearing in Texas which rescmbled air
pollution damage but appeared to be cansed by fungi. He stated that this feliar
disease problem had the potential of being quite serigus; however, they were
not ready to name the pathogen until positive identificatlon of the problem
could be made.
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R. V. Sturgeon reported that Oklahoma had one of its more serious leaf-
spot epidemics during 1971 and that the disease had been [dentified earller
this year than before. With the proper environmental condltions, Oklahoma
could expect another damaging year [rom Cercospora leafspot. Rust was found
throughout the State in 1971; however, it was not severc and caused little 1f
any damage. Varicus foliar diseases, such as Leaf Seoreh and Botrytis, developed
during the season, especially under cool, molst fall conditiems. A foliar
disease similar to that reported by Wendell lHorne of Texas, thought to be
caused by air pollutlon {called Leaf Bronzing}, was quite evidemt acress the
State during the year. 1i is felt thut secondary organisme, Alternaria and
Fusarium, invade the damaged tissue and cause serious defoliation of the peanut
plant. Sturgeon also gave a progress report on applications of seil fungicide
through the Lrripation system.

O. F. Wadsworth discussed a new discase problem developing in Oklahomsa,
causad by Verticiliium, and showed slides of the developing microszclerotia
within the peanut pods. Even though Inlection occurs readlly within pods, the
fungus has not been isclated from seed.

David C. H. Hsi, Clovis, New Mexico, reported that leafspot was serious
in the Wew Mexice Area in 1971, and that a soil root~rot problem, Blackhull,
cauged by Thielaviopsis, could be controlled by Bealate incorporated at high
rates in the =soil.

In summary, Cercospora leafspot was reported to be a serious problem in
all areas during 1971. However, it seems to be developing qulte slowly in the
South and Eastern Area. Oklahoma and Texas reported that Cercospora leafspot
was showing up early this year. Peanut rust was. reported to be widespread
throughout the peanut-producing areas, yet only in a limited area in Texas was
it considered to cause sericus damage. A number of follar diseases were
discussed and considered to be causing extensive damage in many areas. Varlous
pod and root-rot problems were common to all areas; however, the diseases scemed
to differ with reperting areas. Nematodes were reported to be a serious problem
in mogt areas. The need for additiomal research on the various disease problems
wag quite evident. The disease dlscusslon session was well attended, and it
was quite obwvigus that diseases are an important factor in peanut production,
amd there are many problems yet unanswered.
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HARVESTING AND CURING DISCUSSION GROUP
J. L. Butler, Leader
Agricultural Engineer, Forage and Oilseeds Investagator, Leader, USDA

This discussion was started by Extension Agricullural Engineers polnling
out the major harvesting and curing problems in lhelir particular areas.
1hiz was Followed by a report from a design engineev, The Drogram was
concluded by agriculturel engincers giving reports of thely rescarch on
harvesting and curing.

Tete Blume, from Oklahoma State University, reported that one of the mujor
problems fucing Lhe induslry in Oklahoma was the lack of adeguate drying
faeilitics., Congequently, it was nobt uncommon, especially in easfern
gklahoma for loads of peamuts to gel ol enough Lo smoke whilc walting to
goet to Lhe drier. One other problem on the horizon is that of complying
with the anti-pollution laws. 'The responsc from the group indiceted thab
thiz iz a very real problem in slales olher than Oklahoma.

Nat Pcrsom, [rom Texas AfM reported bhal the lwo widely separated produc-
{ion Areas in l'cxas had differcnt problems. I'he condilions in south Texas
gre such that peanuts may e allowed to over-dry in the windrow. In the
norlhern produection arca, thoe problems are vory similar bo those in
Oklahoma, since only Lhe Red Hiver separales Lhe two. The number of ISK's
and socund splits appears to be excessive in both arees.

Billy Mayficld, from Auburn University, reporled thet the mimber of Tarm
driers in Alobana was inereasing rapidly bub that more were needed. The
salvaging sttachment, available on the Long cambing, has crecated much

interest and he thought that more information on this unit was desirsble.

J. L. Butler reporbted that Mr. L. E. Samples, from Tifton, thought thot
timely digeing and reducing the time in the windrow were two very inportant
aspects of harvesting and curing for Georgla conditions.

Mr. James Keel, producer, reporting on conditions in eastern Worth Carolina
gtated thut the salvaging ettechment for combines also salvaged oyster
#hells, roots and other forcign malerial which the eombine could nob
separate from bhe peanuts, Whon the gquestion of a satisfactory cleaner
was put bo the andience, no sugpestions were offered. It appears that
research effort should be directed to solwing this problem.

andy ILambert, of Virginia, rcported con observations of the salveging aftach-
ment under Virginia conditions last Tfall. More than 11 inches of rainfall
oeeurred during Octobor. As & resulf, the fields werc so wet that the
zalvager pick-up could not comb the soil, it was sel fto just skim the
surface. On peanuts whieh had becn in bhe windrow Cor 17-18 deys, the
salvaging atleciment recovercd an average of 160-203 pounds per acre, if
only unshelled scund mature pods are comsidered. Ik also reported that
when inverted windrows, which had been dug for 18 days were reshaken, just
priocr to combining, the number of pods lost did nol appear to be excessive.

(earge Fruzhour, engineer with Lilliston Corporation, reported on the
sequence of developing a combine. In this interesbing btelk il was pointed
out that suggestions from ATREA Discussion Groups, requeats from Tarmexs
and sales people and research engineers all had a signifiecanl bearing on
the design. He then described the design Pestures ol the new combine,
stating thal unless uscd proporly, these design features would he of no
value. Practically all combines, regardless of make or model cen be

ad justed to do a bebler job than most of them arc presently doing.



Bobby Clary, Oklahoma Stete University, stated that ventilaled bodies on
lLrucke and trailers, often accompanied by small Cans hed mel with good
ecceptance and were succcssful In helping keep the temperature of peanuts,
awoiting the drier, in the safc range. Il alsc stated that the loss of
windrowed peamuts to varmints, particularly crows, wes considerable. No
aolutions to this problem were suggested.

Nat Person, apein reporting for Texes A&M etated that not all splits and
I8K's could be attributed to the combining and drying cperstions. Undcr
gouth Texas conditions, the splits will increase while the peamuts are
in the windrow awalting combining. Moach of this problem can be sclved
by combining beforc Lhe moisturc content of the peanuts in the windrow
drops below 16 percent, he stated.

J. L. Butler reporied lhal cooperative work, between Lhe ARS engincers

at Tilftm and the former MILD group &t Daweoir, was Leing conducted on two
different methods for accurately, guickly, =simply and chcaply determining
the optimum maturity for harvesting., One method utilizes a methanol cxtrech
of freshly dug, ground whole pods. The other is based con the ratio of
clectrical impedance at 5 Hez and 500,000 Hz. Although both show promisc,
mure research will be comducted belore recommendalions can be made. The
same groups are also trying to determine exactly what tekes place in the
curing opecraticns. Work is alse underway at both Yifton, Ga. and Holland,
Va. (Scott Wright) on units which combine the digging end picking operations.
Both, operating wilh slighlly diflerent principles, arc reasonably
succezafnlly picking pesmuts with no more damage than hand picking. More
dovelopnent of Lhe wunits will Le done Lhis year. 'The reporlis of Sessgion 1
o' Tueaday morning were recommended ag being eapecislly pertinent to this
discussion groun.
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INSECT CONTHROL IN PEANUTS DISCUSSION GROUP

by
Jo Wo Bmith, Jr., Discussion Group Leader
Assistant Professor, Entomology
Texas A and M University, Gollege Stationm,
Texas

The discussion group was attended by 25 persons and represented by Ento-
mologists from all major peanut producing arcas, Dr, Joln €, Smith and Dz,
W, V. Campbell representing the Rast Coast, Dr. John G, Fremch and Dr, Loy W,
Morgan representing the Southeast, and Dr. C, B, llvelsher and Dr, J, W, Smith,
Jr, represcenting the Southwest, A representative from cach area gave a brief
informal overview of the inscet preoblems from their area, Such topics as (1)
key pests, minor pests, their status and control, (2) current and future re-
zearch aimed at solving pest problems, (3) educational programs involved in
obtaining grower acceptance of control praclicces, wore discussed for cach geo-
graphic region,

In the Virginia-Carolina producing arca, thrips, Southern cern rootworm
and Potatoe leafhopper are considered the major pests, Humerpus other minor
pcats were named, Insecticides used for control of Southern corn rootworm and
thrips are usually uscd as preventative mcasures, Although in the case of
Southern corm rootworm, weather conditions play a major role. The ugc of in-
secticides for control of potatoe lealfhopper is conslidered a “cosmetie" program,
Producers do not tolerate the foliage discoleration produced by this inscet,
Research in North Carclina, by Dr, Campbell, has shown that Southern corn root-
worn populations can be prediected as used in a contrel program,

In the Southeastern region foliage feeders present the major insect pest
problem, Granulate cutwerm, corn carworw, and loupers comprisc the majority of
the foliage fceding cowplex, Under drouth conditions the lesser cornstalk borer
can be a problem, White fringe bectle is a pest in certain arcas,

In the Southwest, the lesser cornstalk borer is the key pest, A pest
management program available to producers for controlling this insect on dryland
and irrigated peanuts was prescnted, The systom is based on econemic throesholds,
selective insecticides and matural biological contrel, Econcmic thresholds fox
foliage feeding insects was alsco 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 bacoming more abundant in peanuts in the Scutheast and Bast, During
1970, the Southwest had a major outbreak of spider mites, but this problem has
been solvod by not overusing foliar insectieide applications, The use of regu-
lar scheduled foliar treatments induced its outbreak in the Southwest, Tn mest
cases no registered acaracide is ayailable for conmtrelling spider mites, espec-
ially where organophosphorous resistance has been detected,
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QUALITY
Discussion Group
by
Clyde T. Young, Discussion Leader
Department of Food Science

Georgia Experiment Statilon
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 ag it relates primarily to the finished product altheugh it is
alao related to seed gquality. Some individual aspects of quality presented by
members of the discussion group were as follows:

1: Laboratory and biochemical techniques that can ald the peanut breeder,

2: Consumer quality of peanut butter and salted peanuts including freedom
from wolds and pesticides, and adequate in methionine.

3: Relationship of oleic/linoleic ratio to gquality,

4: Seed quality including germination and oleic/linoleic ratio,

5: Effect of mechenlcal handling equipment 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: TInfluence of physiological and growth factors, and the synthesis of
flavors by enzymetic reactions.

10: Effect of various harvesting and curing treabments on quality,

11: Quality factors rclated to production, drying and curing; especially
splits and aflatoxing,

12: Quality as related to chemical and microbiclogical conttol of mycotoxins.

13: Manipulation of fatty acids, amino acids, and other gnality factors in
yarious wild specics of Arachis by genetic controel,

14: Quality as related to consumer dcceptance.

15: control of oxidative rancidity.

16: Subjective and objective methodology for determining peanut quality,
17: The varicus phases of quality related to the end product,

18: Effect of roasting, roasting reactions and roagting defects on flavor,
19: Utilization quality including the incorporation of flavor, functional

and nutritional characteristics at a price that the product will
penetrate the warket,
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20+ Quality of the raw material that will provide end products with good
flavor, appearance, texture, stabjility and free from natural toxins,

21: Quality as related to organoleptic values, mycctoxins, and blanching
treatments.

22; Effect of fungicides, herbicides, enviromment, variety, maturity
procesasing, storage, and chemical compositiom on quality of peanuts and
peanut products,

The key point in quality at prescnt appeared to be utilization since
me=third of the peanuts are surplus,

One company reported on the production of food grade peanut grits and {lour
on pilot plant scale indicating that technical literaturc and samples were
available, Protein content of the products was 57% (when using the 6,25 con-
version factor which is standard for the food industry). PER values were lower
thun desired, It was suggested that some research was needed in which TER walues
are obtained using the proper conversion facteor ol 5,46,

The peanut crop in the United States provides an excellent source ol protein
available since one-third of the production is above that required for domestic
congunption, Several lahoratories are now cxamining the possible development of
food grade proteln from this readily available source, For example, the
Gouthern Heplonal Lab bas developed an air classification method for separation
of protein fractioms, The Texas A & M pgroup is using aqueous separation ol oil
and protein to preserve the Functionality of the protein in matural form for the
food industry.

Since it requires the peanut breeder about 15 years to develop 4 new variety
thus it is essential that processing techniquesz be developed o use the presgent
availuble peanuts,

Better methods are nceded to measurc iodine values, There was some question
as to what iodine values were desirable, How important are behenic and arachidic
fatty acids to health? UThese fatty acids are low and vary among varietles,

At present, the peamit industry does not have a means to adequately grade
quiality so that the farmers, shellers and processcrs may sell and buy accordingly.
The tobacco farmer docs not receive the same price for every pound of his tobacco.
Tor cxample, il he cures bis tobacco at too high a temperature, he receives
considerably less for hie product. Also different lotz of peaputs are mixed and
lose their identity at the warehouse which makes it difficult after shelling to
determine the source ol poor qualicy. There iz a meed to improve the prescnt
grading system to either reward the "good" quality and/or penalize the 'poor"
quality,

What do we neced in the peanut indusery to initiate such a grading svstem
3o that we cap upgrade the quality to the Consumer and divert the poor peanuts
to non-consumer uscs?

We need a chemienl test that can provide results in no more than 15 minutes,
and preferably in 5 minutes, The measure of maturity by the free arginine method
(AMI) {akes about 15 minutes from start to finish and can analyze about 100
samples /day, This procedure will be further automated to analyze 40=50/hour.
Bins arc needed at buying stations to keep dillerent lots segregated. There
are generally too many varictics at present to be most efficient. Lf "lots' of
pednuts are segregated, then iE would not be as important ko rush the grading
amd analysis, 'There appears to be a definite need to keep lots sepregated
zo as to preserve identity, This will definitely cost money and it is a question
of who is willing to pay [or 1t? The necd to establish a rapid method for
maturity is evident, Other possible factors that need to be considered may be
starch or sucrose levels, In the potential production of a good roasted product,
it may help to have growers grow a singlc variety for a given area. A polnt may
be reached where industry contracts growers.,
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There is a need also to speed up measurement of wvolatile preofiles. A€
present most quality measurements are primarily based on physical appearance and
moisture. To go forward, we will need to measure maturity, flaver, roast Ievel
and fatty acid compositlon. The first need is to develop reliable methods and
then speed these up through autemation. Protein level may be important and is
used to some extent in the wheat industry, With present contrel methods for
diseases, the Ffarmer no longer knows when to dig his peanuts, Higher yields may
complicate the control ¢of maturity in the Florunner, Maturity as based on screen
size was not an important factor on flaver of peanut butter,
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S0IL FERTILITY AND IRRIGATION DISGUSSION GROUP

by

L. BE. Bamples, Extension Engineer, Peanut Mechanization
Cocpsrative Extension Service, College of Agriculture
University of Georgia, Tifton, Georgla

Reports were made Lo the group by Mr. Allen Alliscn and algo by Mr., H.
M. Carter on Soil Fertility. It was noted that the use of minor ele-
mentg, lime amendments, and gensral soil fertility was a matter of
discussion for the cntire group snd interest was very, very high. It
was noted that in the State of Florida minor elements, such as Boron,
were added bo pesnut fertilizer. Mr. Ben Spears [rom the State of
Moxas also dizecussed ihe use of winor elements in fertility.

Mr., J, R, Stancil, Univeraity ol Georgia, Goastal Plalns Experiment
Slatbion, made 2 Teport on peanut irrigation which was alsc shared in
by the group., Mr. Stancil mentioned that there were now scme 12,000
acrez ol peamubs under irrigation in the State of Georgla and the use
ol water from 30 to LS days belore digging has shown the greater re-
aponse, In general, the peanut requirement is about .3 inches of
water per day. Trrigation freguency ifor wost secils in Georgla would
average a [ive-day irrigation interval.

The discussion conciuded with questions und answers and participation
was very good by bthe group.
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SEED QUALITY DISCUSSION GROUT
by

Robert R, Pender, Discussion Group Leader
Pender Peanut Corporation, Creenwood, Florida

Peanut sced quality is uppermost in the minds of all producers, Good
quality seed with high germinating, vigorous growth and healthy plants arc the
first prerequisites for harvesting a successiul peanut crop, Maintaining
excellent qualities in peanut seed is a continuing effort which seadmen and
the industry must lend themselves to year by year, The industry must draw
heavily upon the rescarch efforts of Plant Pathologists, Plant Breeders, and
Extensive Service persomnncl for direction and guldance, Our sophisticated
peanut varicetiesz of today, coupled with an increasing amount of wechanical
handling that our peanuts experience, presents an even greater challenge to
us in preserving all the vigor, vitality and other favorable characteristies
that make up what we refer to as a good, high quality, peanut seed,

It was established first that a peanut plant when provided che 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's frow the time they [all
inte man's hands--our hands-- the digging, harvesting, curing, storing, shell-
ing, treating, bagging, and hauling operations that we, as we move through
each of the aforementioned processes, lend some amount of damage and abuse te
the zcodling kernel that can never be replaced or recovered, This Cact we
recognize, ronsequently, we direct our efforts toward minimizing thesc pro-
blems at all levels throughout the precess. It's also, in these areas that
mich of our discussion and thoughts should be centered, the areas in which
seed peanut quality is effected tha most,

Discussion was directed towards the varicus stages in handling scoed
peanuts, Attention to adjustments of machinery and cquipment during the har-
voating and curdng operaticns are often sacrificed For the sake of quanftity
rather than quality, More attention wust be given in these areas if we are to
preserve high quality seed peanuts,

Concern was also related to the use of liquid calcium applications in
lieu of applicd gypsum and the plant's ability to tramslocate liquid ealcium
absorbed through the Foliar System as to applied gypsum which is fed to the
plant through the Root System, It was agrecd that peanut wvarieties requirting
additional calcium for production of hcalthy scedling kernels, producers should
maintain use of gypsum using the liquid form of ealecium in conjunction with
gypsum, The peanut plant has ability to utilize calcium applied both ways,
but it was decidded that gypsum absorbed through the Root System was the better
method to provide caleium for producing high quality seed peanuts,

Other discusslon was directed toward the extended prolific life of the
mulii-cross varieties over the single-cross variety peanuts, The multi-cross
varieties possess various favorable characteristics from each strain Introduced
into the line, ceonscequently, it was deterwined that extreme close sixing of
geed for reproduction of the multi-cross variety peanuts could possibly attri-
bute to more rapid degeneration of the variety, To minimize thils possibility
it was the opiniom of the group that ¢leose sizing of seed kernels in the mulkbi-
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
clpse to Breeder and Foundation seed as possible,

Healthy discussion prevailed during this forum, Keen interest and con-

cern was coxpregscd for the malntenance of high quality seed peanuts by the
gpproximately 25 in attendance,
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NEW PEANUT PRODUCIS DISCUSSTION GROUP
BY

Julius L, Heinis, Discussion Group Leader
Schopl of Agriculture and Home Economics
Florida A & M University
Tallahassee, Florida

Peanut producers, processors and researchers arc highly intercsted in
developing now products which find good markot seceptance, This has been the
casc starting with George Washington Garver, the great black poanut scientist
of Tuskegece Imstitute, Some '"new products" maoy in fact not be so new, rather
they are in need of further dewvelopment,

In my opinion it is important that we devote some effort to develop other
than conventional uses for peanuts, For instance, in my reading I discovered
that a group at Cornell University studied fermented peanut press cakes (1).
They reported that in Indonesia there is a product called "ontjam" and prepared
it in their laberatory by extracting pcanut cakes with hot water, After
pasteurization, 1% topicca and spores of elther Neurospora or Rhizopus weze
added and the pH adjusted to 4,5, Fermentation progressed aerobically at room
temperature for 24-48 hours, Tt is preferable, of coursc, to start with clean
peanut cakes, But either fungus caused a decrease of 50% of aflatoxin when
this substance was inoculated inkeo peanut cakes,

What can we do with the hwlls or shells besides use as fuel, litter or
roughage for cattle? The skin contains thiamin and tannin which could be
cutracted, There may also be medicinal nses of peanut products, Woodroof
(2) wrotc about a peamut Eactox which plays a role in reducing bleeding Lime
in hewophiliacs, and a purine which causes relaxation of excised smooth muscles,
From the hulls we could possibly extraect the chemotherapeutic drugs nitrofurans,
Leaf proteins also deserve Further investigation,

The following experts agrecd to appear on this panel: TProfessor Huhert
Harris, Auburn University; Joseph Pominski, USDA, New Orleans; Dr. Carl M,
Gater, Texas A & M University; and Dr, Franklin Barton, USDA, Athcens, Georgia,

Professor Hubert Harris demonstrated the step by step products in his
procedure For preparing peanut flour with o0il contents from less than 1 to 227,
This procedure consists in dipping peanuts fer a short time in beiling water,
deskinning and defatting by scroew pressing and hexane extration, The resulting
flour is devoid of peanut [lavor and can be used in making cookies and bakery
goods,

Jozcph Pominski reported on the development of a process in wbich roasted,
partially defatted peanuts contained nitrogen instead of air in the interstices
of pores, At the Southern Regional Researxch Laboratory processes are belng
developed Eor making peanut fiours (60% protein, moisture-free basis, MFD), and
peanut concentrates (70% protein MFB), A pilot plant to produce protein insclate
from oilsced flours is under comstruction,

Dr. Carl Cater 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 B87% protcins., These are esscntially native protcins
since they are not subjceted to degradation by heat or sclvent., The resulting
products will soon be made available to the food industry for evaluation, A
method of neutralizing the effect of aflatoxin was rcported in a paper glven
carlier,

One difficulty of acceptance, according to Dr, Ed Scxton, is chat peanut

proteiu is more cxpensive than soybean protein, However, this handicap may be
overcome by stressing special properties of peanuts,
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Dr, Franklin Dartom reported that the Russel Research Center in Athens,
Georgia is making studies to find new uses for hulls, TPeanut hulls were given
in various proportions in a feeding trial with steers. Pesticlde residues
must be considered in animal feeding, and efforts are made to improve the diges=~
tibility of peanut hulls,

Franut hulls have been processed into fireplace logs, A combination of
hulls and waxes yiclds a product that gives clean burning for about three hours,

Ronnie Balkcom reported that peanut [lour is uscd by one company for the
production of barbecue sauce, Joe Sugg, also from the floor, expressed a
desire that APRFA and Peanut Commissions and Asgopciatioms ¢ooperate in every
way possible to see that ideas for new preducts are [ollowed through to succeasful
development,

To get an idea of the contents of protein and other major constituents
of various peanut products, see the f[ollowing table 1 which has been drawn up,
Lest L forget it, my own interest lately has been with inereasing the methionine
content of peanuts through sceleetion or addition of molybdenum to plants,

REFERENGES

I, wvan Vecun, A G,, D,C,W, Graham, and ¥,H, Steinkraus, Fermented peanut press
cake, GCereal Science Today 13 (3); 1968,

2, Woodrool, 1,6, Peanuts: Production, Processing, Products, Avi, Publishing
Company, Inc, Westport, Connecticut, 291 p,, l36é6,
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TARLE 1 CHEMICAL COMPOSITION OF PEANUT PRODUCTS IN & (*),
Cake Fermented Frash
Kernels Meal Defatted Spread ntjom Skins Shells Hay Leaves
Protein 28.5 45.1 43.2 20.3 20 - 30 12.7 6.7 11.2 0.5
ai1, Tipids 47.5 8.3 1€.6 52.1 3-3 11.8 1.1 5.1*% -
MoisLure [HZU) 5.6 6.2 2.7 2.2 70.0+ 9.0 7.5 10,0 -
Crude fiber 2.8 12.1 - {1.5) 2.0 34.8 6.8 21.9 -
N-free extract 13.3 23.1 - - - 20.5 19.7 42.1 -
Ash 2.3 4.8 6.3 3.4 1.0 11.2 4.2 9.7 -
Carbohydrates (18.0} {3z.0) 31.2 22.0 4.0 - - - -
Others vitaming; thiamin *ether
B-complex, tannin extract
E,K
Possible uses food feed Tow food food source fuel, animal  food
vitamins, calory in of thia- mulch, feed feed
medicinal food Indonesia min and litter,
tannin roughage,
abrasive,
crown for
bottles
nitrofurans

T lad fymm

IanAdvant and nthay CAPEcoR
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SUMMARY OF DISCUSSION
SHELLING PLANT OPERATION AND FOLLUTION CONTROL DISCUSSION GROUP
BY

R, 5, Hutchison, Discussion Leaderx,
Agricultural Epgincer, U,S8,D,A,, Dawson, Georgia

The group of approzimately 40 people discussed problems in the following
areas: (1) cleaning of farmers' stock peanuts; (2) shelling of Florumncr
pcanuts; (3) grading and sorting; (4) pollution and worker safety, and (5} bullk
handling,

Cleaning: Cleaning was discussed from the standpoint of removal of
rocks, berries, sand, and large sticks, The general concensus was that cleaning
was bencficial to reduce the volume to be stored, improved insect control and
improved quality. However, most agreed that cleaniung as a gencral practice is
dependent upon a more strict requirement than the present 10 percent maximum
forelgn material content, BSome of the participants brought out the fact that
buying points do not use ¢lcanerz becausc they cannot regain the investment from
cleaning charges.

Shelling of Fleorunner: The main point brought out on shelling Florunner
was that the rate of 2helling with currently used equipment often overtaxcs
the separating equipment,

Grading and Sorting: Problems in making count-per-pound were discussed
and thc eoncensus was that finding the proper sizc of separating screens is
generally a trial and error procedure, Improvements in separating can be
made by using a uniform £low of material to the screens or cylinders and best
gizes of sScreens available,

Pollution and Worker Safety: The discussion eccntered arcund the noise
level factor in shelling plants, and methods of reducing the noisc level ox
use ol 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
nerits of containexs and burlap bags for shelled peanut handling, storing,
and shipping,
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MINUTES OF THE REGULAR BUSINESS MEETING OF THE
AMERICAN PEANUT RESEARCH AND EDUCATION ASSOCIATIOR
Downtowner Motor Inn, Albany, Georgla, July 18, 1872

Preaident Bill Mills called the meeting te order at 8:30 A.M.

The minutes were approved as appears in the 1971 Journal.

President Mills recognized the assistance of Mrs, Ruth Sturgeon and
Mrs. Bernie Tripp for their part in helping with the reglstration,

Presldent Mills then asked for committee reports,

Finance——Harry Schroeder--See Appendix I.

Harry Schreeder moved that the report be accepted. Seconded by
Ray Hammons. Passed.

Publications and Editorial--Joe Sugg--See Appendix IT,

Peanut Quality—-Charles Holaday--See Appendix III.

Public Relations—-Astor Perry--See Appendix IV,

Nomination--Bill Dickens——See Appendix V,

B11l Conway moved that we elect the group by acclamation. Seconded by
Frark Dollerr., Pasgsed.

Program—0lin Smith--See Appendix VI.

A resolutien was adopted by assemhly actionm with a letter of appreciation
going to Elizabeth Edmonds and Wallace Balley 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
appreclation golng to the Natilonal Peanut Council for the finsncial support in
publishing the "Peanut Research," The presentation was made to Wayne Eaves.

The Long Renge planning report was reported upon with action noted by
President Mills.

Ammendments to the by-laws were adopted by assembly action by unanimous
accord,

0lin Smith was Introduced as the new President of the Association.

An announcement was made that the 1973 meeting of the Assoclation would be
at the Lincoln Plaza In Oklahoma City, July 15-18.

The meeting was adjourned at 9:30 A.M.
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APPENDIK I

RUPORT OF THF TIMAMCFE COMMITTEE
Narry W. Schroeder, Chairman

The Finance Committee operates primarily Ln an advisory capacirty. In additiem,
it has the responsibility of making a limited audit of the Association's
Financial Records. The (ommittee’'s audit of the APREA records found them to
be in agreement with financial statements from the First National Bank and
Trust Company of Stillwater, Oklahoma. 7The Committee commends our executive
secretary—~treasurer for the excellent and efficient service he ie giving

the asscciation concerning financial transactions amd records.

APREA hag been steadily increasing its fimancial reserve and it is still the
recomiendation of this Cormmittee that a formal "Reserve Fund" be established
to further strengthen our financial base, Recent actions of the Association
through itts Executive Committee wlll perhaps make this posalble. A contract
for the publicarion of the book '"The Peanut" has been authorized. Although
publicaclon will be partially financed by pre-publicatiom sales and by uwrili-
zing some of the Azsociatlon's cash reserve, deficit fimancing will be
required. However, even mederately suceessful promotion and ssles wlll enable
the APREA to quickly rerire this debt with a profit that vould be substantial
if the sales are highly succeasful. The Finance Committee recommends there-
fore, that such profits should be invested in bluc chip securities to Initiatc
the aforesaid formal "Reserve Fund.”

The Executive Committee has Increased the rcgistration fees for the annual
meeting for both members and non-members. Thls action should provide an
additional income te meet inflationary pressures on normal expense Jbems.
However, it is recommended that the effect of increased registration fees on
attendance at the amnual meeting be evaluated to determine the real Impact of
this action on the income of the Assoclation.

A review of the 1971 budget shows the year ended with a cash balance of
$4,603.79. Our budget for 1972 projects an income of $5,850.00 and expenditures
of $5,468.00. ‘'the income estimate may be revised upward as a result of the
inerease in repistratlon feez. The Association will prolably end the year

with a cash balance in excess of $3,000.00. On this basis we presgent the

1972 budget for your approval.

Early reports from the Publicatlon Gommittee indicate pre-publication sales

of "The Peanut' are procceding at a better than expected rate. llowever it
will probably still be necessary to borrow funds to meet the total publication
coets. Your Finance Committee has canvassed variocus sources associated with
the organization and are pleased to report that @ loan ean be obtalned ay
equal or lesg than regular commercial rates. Sales of the book should enable
replacement of all woneys advanced for its publication in a reolatively

short time.
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AMERICAN PEANUT RESTARCH AND EDUCATION

1971 Budget Report
Assets & Income

Reserve — January 1, 1971

Membership & Kegistracion {Annual Mecting)
Proceedings Sales

Special Contributions

Item

[ R N

TOTAL

liabilities and Expenditures
January 1, 1971 — December 31, 1971

Proceedings - Printing

Annual Meeting - Printing - Catering - Misc.

Secretarial Services

Postage

0ffice Supplles

Pgsition Boud for $5,000 (Excec. Secretary-—
Treasurer)

Registrativn - State of Georgia

Miscellaneous

SUB-TOTAL
Rescrve — December 31, 1971

TOTAL

ASSOCTATION

Budgeted Transacted
$2,895.00 52,894,11
5,000.00 5,077.00
600.00 633.95
250,00 240.00
$8,745,00 $8,845.06
Budgeted Expended
$2,500.00 §3,343.17
750.00 470.57
350.00 370.00
300.00 191.71
250.00 6.82
15,00 13.00
5.00 5.00
500.00 41,00
$4,970,00 $4,441.27
$3,775.00 §4,403.79
$8,745.00 $2,845.06

37



AMERTCAN PEANUT RESEARCH AND EDUCATION ASSOCIATION

1972 Budget

Item Budget
Azgers and Income

Balance - December 31, 1971 3 4403.79
Membership and Registration (Annual Meeting) 5000.00
Proceedings and Reprint Sales 600.00
Special Contributioms 250.00
TOTAL 510253.79

Liabllitles and Expenditures
Proceedings - Printing $ 3500.00
Annual Meeting — Printing - Catering - Miscellaneous 600.00
Secretarial BServices 350,00
Postage 200.00
0ffice Supplies 100.00
Position Bond for $5,000 (Gxec. Secretary-Treasurer) 13.00
Travel - President 300,00
Travel — Executlive Secretary-Treasurer 300.00
Registration ~ State of Georgia 5.00
Miscellaneous 120.00
SUB-TOTAL 5 5468.00
Beserve — December 31, 1872 § 4785.79
TOTAL $10253.79
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APPENDIX TII

YUBLICATIONS AND EDITORIAL COMMITTEE REPORT
Joe 8, Suge, Chalirman

The Fublications and Editorial Committee contined ics duties with the publi-
cation of the 1971 Journal which was distributed and should be in the hands of
all parties desiring one. To reviewing the supggestions from members om how
to improve publications and editorial activites of APRES, your Commlttee,
through correspondence and a telephone conference ¢all meeting, has reviewed
oplonions In this arca concerning the follewing:

Publication of the Journal.

. Publication of "Peanut Research.'

. Publishing a refereed Journal

.  Report by Goyt Wilson and go ahead on publishing '"The Peanut."

Il b

As a report on the activities of the approved listed items in order presecnted,
I submit the following:

1. Tt was fTclt that the cost of publishing the Journal ecould be reduced
by approximatcly 50% and the time required to get the Journal published could
be brought within 30 days from the adjournment of APREA's annual conference by
uzing a special format for all papers, abstracts, and addresses.

The gize and format of cthe Journal would remain the same. The Committee
felt that this proposal had a sufficient merit te try out this year. Dbr. 0lin
Smith was supplicd prints of blue lined paper with a detailed cutline of the
format, whlch was diatributed to all authors. Tt remains to be seen how
suecessful this will be for the 1972 Jonrmnal.

2. '"Peanut Research,'" which has been printed and distributed by the
Wational Peanut Council from mater{ial gathered and supplied to the Council by
Wallace Bailey, has taken a change in direction. The Hational Peanut Council
recognizing the fndependent activity of APREA, which needed strengthening by
more aclivicies for its members, informed the Publirations Committee that after
Joly 1, 1972 it would mo lomger print and distribute "Research." Likewlse,
the burden of gatherIng material for "Research' was quite heavy on Wallace
Bailey. Your President was notiffed of this decision and has esked that this
committec come up with a proposal.

3, The Committee recognized that there has been comslderable pregaure from
Lhe members of APREA for the publication of a recognized Scientific Journal.
This within itself is no small task. S8everal ideas have been put forth and
the Chair appolnted Wallace Bailey, Chairman, Coyt Wilson and Astor Perry,
commnittes members, with Terry Reel, Peanut Journal and Mut World, TFubllcations
Consultant, to the committee.

Wallace Bailey's report is attached hereto and will be reported by Bailey
at the Commlttee meeting and to the Board of Directors in that he has the
advantage of the committee discussions.

Charges or page limlta for published papers was deferred subject to recom-—
mendatlions developed by the Ad Hoe Committee as proposed in Bailey's sub-

committes report.

4. Coyt Wilson at the time of pur telephone conference call meeting
deseribed the status of the book "The Peanut." I might add that the confercunce
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eall wag an inexpensive method of having an effective meetlng of a relatively
small committee, when the subject to be discussed was studied before hand by
the members. Our call which amcunted to 34 minutes cost $74.00 which iz much
cheaper that a 8lix man committee meeting.

Dr. Wilson stated that he needed some kind of authorlty to authorize the
printer to begin printing. Each of the comlttee members felt that Coyt bhad
done a pood Job and as far as this Jommittee was concerned that we would give
him the go ahead, subject to This getting approval from Bill Mills, Report on
the publishing of '"The Peanut" and its sales preceded this Committee report.

Becommendations Relating teo Publications Policy for American
Peaput Research and Education Assoecilation
Wallace ¥. Balley, Chalrman

We, members of a subcommittee of the Publications Committee of APRUA, charged
with developing recommendations relating to a publications pelicy for AFREA,
present the follewing report:

It 1s our feeling that something should be done to enhance the prestige of the
APREA Jourmal. Towards such an end we recommend that 1t be ronverted into a
recognized aclentific journal by requiring that all full-lemgth 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 Proccedings 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 recommend that an ad-hoc comittee composed of the people listed below be
appointed to develop standards for the Journal, standatds for use of authors
in preparing manuscripts for publication, and standards for use of editors in
Teviewing manuscripts:

Ralph Matlock 0lin Smith Al Norden

Curtis Jackson James Butler Ray Hammons

Leo Goldblatt Max Bass Darold Ketring

Peter Tiemstra Don Emery Preston Reed, Chalrman

Among the items for which this committee should develop recommendations are:

Editor of the Journal

Physlcal slze of the Journal

Quality of paper

Type gize and style

Page charges

Length of articles

Subscription price

Policy with reapect to availability of reprints
Fermat for literature cltations, ete.

Others

We recommend that Peanut Research be issued on a monthly basis and that the
scope of {tas contents be enlarged te include:

(1} more research achievements;

(2) =aystematic listing in every issue of selected current referemces
relating to research with implications for peanuts;
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{3) a syatematic listing of all CRIS research projecta 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 locatiom; project title; objective; research
approach; scientist-man-year per year of effort invelved; funds
involved; duration; and name of principal investigator or project
leader;

{4) short full length general papers, review papers, articles deserib-
ing results of preliminary research towards which no additional
research 1s to be applied, and articles submitted for publication
in APREA Journal which the editerial board feels can be publighed
moTe appropriately in Peanut Research,

We propose the Peanut Journal and Nut World as a logical place for publica-
tion of Peanut Research.

We recommend that assembling and organizing of material for Peanut Research,
other than the full length articles, be handled by Bay Hamons and Fmory Cheek
at the Georgia Coastal Flain Statiom, Tiften.

We recommend that the editorial board for the APREA Journal seolicit, receive,
review, and deslgnate Full length articles for inclusion in Peanut Research.

We are keenly aware that cost of publication is an important facteor in relation
to the cahnges that we are proposing. Wirh this in mind, we sought from

Mr. Terry Recl of Peanut Journal and Wut World estimates of cost to APREA (1) for
prinring 300, 400, or 500 copies of each issue of the APREA Journal; and

(2) for printing Peanut Research as e portion of PJ&NW and distributing a copy
of same to all nemes on the APREA mailing 1list who do not subscribe to the

PI&NW. These estimates are as follows:

Printing APREA Journal, up to 500 coples per issue - $25 per page

Printing and mailing copies of Peanub Journal and Nut World to
recipients on mailing list for Pcanut Research who do not
subscrlbe to Peanut Journal and Nul World, up to about 500 copies:

Printing — Mo charge

New mailing plates (non-recurrent) - 19¢ each
Addressing ond delfvery to post offfce — 13¢ each
Postage, domestlc — 13¢ each

Overseas airmail - Variable, bur about 90¢ to 51.10 each

Mr. Reel stated that Peanut Research would be prloted under this title bepin—
ning on a page with no advertising or other printed material and continue thus
until all Peanut Research material for that iesue has been completed, except
that any space left at bottom of the Jast page containing Peanut Rescarch
material would be filled with some other material.

Hr. Reel stated by telephone that if APREA desired to handle distribution of
the extra copiea of Peanut Journal and Nut World containing Peanut Reseatrch,
he would be glad to make these copies available to us at mo cost.
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AFENDIX III

REFORT OF THE PEANUT QUALITY COMMITTEE
Charles E. Holaday, Chairman

Aceording to the constitution and by-laws of APREA the Quality Commlttee 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 deficiencdes. Since the orgenizatlon of APREA
the Quality Committee has endeavored to carry out this mandate. Although much
woTk 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 Committee. They are as follows:

1. Further improve the accuracy of the optical and refractive index
methods for measuring maturity and iodine mmber, respectively.
Both methods were tentatively approved by the Board of Directors
for inclusian in the 1971 Journmal. The Committee this year ran
collaborative studies comparing the refractive index method with
the Wijs method. REesults showed that the refractive index method
had a higher standard error and averaged sbout one and one-half
points lower in iodine number than the Wijs procedure. Ho additional
work was done on the optical density procedure.

2. Develop equipment and methodology for measuring milling quality.
The Committee was apain unable to locate sultable equipment for
making this measurement.

3. Develcop appropriate methodology for measuring seed quallty. This
is an area In which the Quality Comwittes has expended little, if any,
«ffort. To correct this, Dr., Tewls E. Clark, agronomist with Texas
A&M, wasz appointed to the Committee this year. At the annual meeting
of the Quality Committee Dr. (lark discussed some of the problems
in connection with seed quality and agreed to canvass the various
states on seed quality regulations and make recemmendatlons co the
Committee on needed areas of research.

4, Further discuss quality standards and work on the new maturity and
peanut stability methods. The two new maturity methods, colorimetrie
measurement of a methanol extract of green pods and electriecal
lmpedance measurement of green pods were discussed by Dr. Jim Butler.
Work on both of these methods was continued this past year and
results shewed that both had considerable promise. Two peanut
stabillty methods, light transmittance of cold pressed peanut oil
and the oxygen bomb test, were discussed by Charles Holaday. Both
Both procedures appear to show promlse.

Dr. Tom Whitaker, Chalrman of rhe Svbcormittce on Sampling, submitted a report
on the activities of his Committee which iz given below:

With the approval of the AFREA Board of Directors, the membership 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 chalrman and slx members.

The Subcommittee met in Raleigh, North Carelina 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 inddvi-
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 (Derby Foods)

4, Sampling to Estimate Moisture Contemt - Dr. G. Brusewitz (Agricultural
Engineer, Oklahoma State University)

5. Sampling Finished Product {raw or roasted) for Aflatoxin - Dr. Larry
Atkin (Comsultant Arthur D. Little Inc.)

It is the desire of the Subcoemmittee to have all Findings and recommendations
on the above arcas be made available to APREA members through presentaticns at
annual APREA meefings, publication in the Proceedings, and documentatlon in a
Sampling Handbook prepared by the Subcommittee,

br. Young has written a paper concerning sampling of seed peanuts to estimate
germination. This paper will be presented at the 1872 APREA meetings and
published Ln the Froceedings. Dr. Atkin has prepared a paper applying the
sampling statistics developed by Dr. Whitaker and Mr. Dickens to sampling
finished goods such as salted peanuts. This paper will appear in APREA in the
future. Dr. Whitaker and Mr. Dickens have continued thelr studies developing
sampling statistics to be applied to sampling shelled peanuts for aflatoxin.
From their studies the wvariability of aflatoxin test results done to sampling,
subzampling, and TLC znalysis have been gnantified.

In addition, Whitaker and Dickene worked with the Peanut Administrative
Committee (PAC) in reviewing the aflatoxin sampling program used last year by
the peanut industry. BSeverazl new sampling plans were evaluated (estimation of
industry cost, consumer risk, and pracessor risk) by Whitaker and Dickens at
the request of PAC. 4s a result PAC initlated new aflatoxin sampling procedures
to be used on the 1972-73 crop. The plan is very similar to the one used last
year. A single sample of 48 pounds Is drawn from the lot. The entire sample
Is ground and approximately four 280 gm subsamplez, two for the processor and
two for PAC, are taken from the ground materlal for analysis. The processor
will analyze the first subsample., If the concentration is less than 15 pphb,
the lot is accepted and no further testing is made. TIf the subszanple analyzes
greater than 15 ppb, the second subsample 1s analyzed by the processor. If the
average uof the two subsamples is less than 25 ppb, the lot iz accepted. If the
average 1s 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 iz
greater than 25 ppb, the lot is Indemnified by BAC.

It is estimated that the new plan will accept fewer bad léts (consumer riak),
reject more good lots {processor risk), and reduce the average concentration of
allatoxin Iln the accepted lots than the plan used last year. The 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
Sonbecommittes be made members of the Quality Committee, The recommendation was
approved by the Board, There are four areas that this year's Quality Committee
recommends for consideracion by the lncoming committee:

243



1. Promote mure research on the handling of seed peanuts and improve
techniques for measuring germination and vigor.

2. It is generally recognized that peanut protein is deficient in
certain essentlal amino acids. The committee recommende that this
preblem be looked into,

3. Deternine if there 1s a need for new equipment to measure milling
quality,

4. Further study the new metheds For measuring maturity.

APPINDIX IV

RTPORT OF THE PUBLIC RELATIONS COMMITTEE
Astor Perry, Chairman

One of the major chjectives of the Public Relations Committee is the securing
and maintenance of membership, The Committee has engaged In the followling
activities this year to accomplish these objectives:

1. Contacted each old member whose membership had lapsed and encouraged
them to renew their membership in APREA. It was found thar many of
these were people with only secondary interests in peanuts who
have attended APREA meetings held in thedr areas apd de not wish to
become continuous members.

2. Compiled a 1list of 493 shellers, processors, and manufacturers who
te our lknowledge had not been previously contacted concerning mem—
bership in APRFEA. Letters were sent to each of these outlining the
advantages of membership. Fach prospective member was invited to
attend the meeting in Albany and a copy of the program and a motel
reservation form was included in each letter. The response to this
memberghip campalgn has been encourapging although it is not knowm
how many members were obtained in this way.

Membership in APREA as of July, 1972 was as follows as compared to 1%71.

Category 1971 1972
Sustaining Members 17 16
Organizatlonal Members 58 46
Individual Members 207 265
Student Members 13 12

In addition te 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 pelicy be continued in the future as it provides members
of APREA to promote our actlvities to the broad readership of this Journmal.

Report of "The Feanut" Committee

"The Peanut" Committee is a mew committee formed in March 1972 to sell the APREA
sponsored book "The Peanut" which is due to be published in November 1972.

Since APRTA has insufficient funds to pay the printing costs which will amount
to approximately $15,600, a rather large commlttee was appointed by President
Mills in order to gell as many copleg as poasible before publication. Pre-
publication cost of "The Peanut" was set by the Executive Cummittee at
$12.50/copy and postpublicatiom cost at $15.00/copy. "The Peanut" Committee
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is composed of 31 members, consisting of extension, research, grower, industry,
and forelgn representatives.

In May, 1972, 2000 coples of a one-page brochure was prepared which gave a
complete deseription of "The Peanut." A handy order form was included as a
part of the brochure. Coples of these were sent to each committee member with
suggestions on what specific audience each committee member should contact.

In addition to personal contacts made by committee members several specialty
publicatlons such as the Qklahoma Peanut Grower, The Virpinis-~Carolina Peanut
Hews, Oleagineux, and The Watlonal Peanut Council's Newsletter have printed
the brochure in their publications, Eree of charge.

As of July 18, 1972 orders totaling $5800.00 have been recelved which has been
extremely pleasing to the Committee. Indications are that by the time the
book is printed pre-publication orders will ampunt te $8000.00 or more.

Cnce the printer deldwers the book we have a perded of 30 days te pay the bill.
Nopefully by that time 1250 copies or enough to pay the bill will be sold.

At this peoint it needs to be pointed cut that this goal will not be reached
unless each member of APREA makes a8 consciocus effort to get his order in prior
to November 1 and t¢ encourage his colleagues and all other peraonal contacts
to do the same. The potential market for a techniecal book such as "The Peanut"
is limited but it 1s our firm belief that a book of the excellence of "The
Yeanut' with 1ts 20 chapters covering every phase, from 1ts history to its
consumption as a finlshed product, well illustrated with both coler and black
and white photographs should be on the desk of everyone connected with the
peanut industry.

A4s Chairman of "The Peanut" Committee, I would like to commend each committee
member for their efforts in contacting their audiences, and the memberz of the
industry who have sent in their early orders. Writing, pulling topether, 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

WHERTAS, the Nariomal Peanut Councll, has for the past ten years published and
mailed to all members oF APREA and its predecessor organlzation PIWG coples of
"Peanut Research" on a regular basis without charge or cbldgation to either
organization,

THERFFORE, BE IT RESOLVED that we the members of APREA express our sincere
appreclation for this act of kindness and 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 funda. The APREA
now in itz third year and with some operating funds can now assume this
responsibility. Thank you, Natienal Peanut Council, 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 becn
gent to all members of APREA and its predecessor organization PIWG on a
repular basis, and,

WHEREAS, the entire burden of compiling, writing, and editing said Peanut
Regearch bulletin was borne by cne of APNTA's and PIWG's charter members,
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Mr. Wallace K. Balley of the USDA Research Center at Beltsville, Marylend, and
his secretary, Mrs. Elizabeth Edmunds;

THEREFORE, BE IT RESOLVED that we the members of APREA wish to express our
aincere appreciation to Mr. Bailey and Mrs., Edmunds for the excellent job they
have performed in reporting in a brief and concise manmer the results and

status of peamut 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 well.

APPENDIX V

REPORT OF THE NOMINATING COMMITTEE

The Nomlnating Committee of APREA has selected the following slate of nominees:
President Elect — Edwin L. Sexton

USDA Representative — Reed 5. Hutchison
Executive Secretary-Treasurer - Leland Tripp
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APPENDIX VI FROGRAM COMMITTEE EEPORT

0. I. Smith, Chairuan

Trogr annd: Local Arrangenents
C. M. Cater B, C. Daries, Jr,
L. E. Clark P. D. Blankenship
W. 0. Conway R. J, Cole
Wayne Eaves J. I. Dayidson, Jr.
G, W. Horre J. W, Oreens
H. K. Iersun Martha Ilarwood
G. E. Simpson C. I. Holaday
J. W, Smith, Jr. E. 5, Hufchizon
B, R, Spears J. W. Kirksey
F. P, Melntosh
W. T. Mills, Chelrman
J, L. Pearzson
Ww. 0. Slay
J, D, Woodward

The program committcee, comprised of 24 members, was divided into subcommittecs
on Program Plenning and Local Arrangements as shown above . Each of these sub-
comillees was further divided into subcommitbees in March and charpged with
specific reaponsibililies. Partieipelion by the enlire membership was excellent
and appreciation ig extended for the time and elffort given and the geod job they
hinve done,

A emll for paper titles with brief summaries of the suhject malerlals to be
precented was dssued in early IMebruary to the Assoeistion embership, The
titles and gummary of each paper proposcd was revicewed by 3 or more menkexrs of
the Progran Planning Subcommillee wilh pariicipation by &ll wembere of the
gubrommittee . Hach paper was discusced befors the entire subcormittes on
March 15, Tifty-two papers were proposed of which 44 appear on bhe program.
Those proposing papere which were nol ineluded on the program were encouraged
o participale in the Discussion Seaeion related to their subject.

A request wag issuved to the membership For response om subject arcas for
Discussion Sessions, A tobal of 92 reaponses was received, On the basis of
the iuformalion gatherced 11 Discussion Sessions were planned.

The program planned and arranged by the Program Committce fallowas
SUNDAY AFTERNCOW, July 16
1~-35 Rupgistration
3 =4 Copmik tee Meetlngs
Feanut Quality
Public Tielaticons and "The Peanut"
bl ications
Finenece

Leng Hange Plamning
7 = 10 Board of Directors Meeting

MONDAY, July 17

8 ~35 Registration
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GEMERAL SESSION. W, T. Mills, Fresiding

8:30 President 's Welcome — W. T. Mills

2145 Domestic Peami Produeticn and Pricing - Mr, Laurel O, Meads
8:25 Peanut Exports and Thedir Future - Mr, John Dehonc

1000 Coflfee [reak

10:30 = 11:50 Two Concurrent Sessione

Session 1. D. Gorkel, Presiding

10530 Imtropressive Hybridirvetion in Arachis wia the Rridpe
Crogs Technique - I, J. Banls

10;50 Potential Scurces of [esistance to Pod Dreakdown in Peanuls -
I'. H, van Schalk, K. H, Garren and D, M, Porter

11:10 Lnkeritance of Pod Pubescence in Arachis byposaea L. - N. ¥,
Ten and A, J. Horden

11:30 Inherilence of Oleic/Lincleic Fatty Acid Ialio in Deavuts,
Arachis hypogaesa L. - Yal-po Tai and J. 5, Kirby

Sessiom 2. U, L. Diemer, Presiding
10:30 themicals in the Windrow for Codrolling Aflatoxins in Peanuts -

D. K. Bell and B. Doupnik, Jr.
1050 lelalionship of Shell Damage to Colonization of Peanut Geed by

Asperpillus flayus - D, M. Porler, I, 8, Wright and J. L, Sleele
11:14 Chemical Detwtication of Aflatoxing during Wet-Proccasing of

Peanuts - X, C. Fhee, ¢, M. Caler and K. [, MatlLil

11:30 Froleins from Peanul Cullivers {(Arachis hvpoeaea) prown in
different Areas., VI. Changes Induccd in Gel Electrophorctic
Patterns by Aspergillus Coutaminalbion = J. P. Cherry, 0. L. Ory
and Ti. Y. Mayne

11:x0 Lunch

Discussion Groups. J. W. Smith, Jr., Coordinator fur A1l Sesgiona

1:15 1. Mycvoctoxing - D. M. Porler, Leader
2. Varieties and Dreeding - D, J. Ranks, Leader
3. Weed Cuntrol - J. R. Bonc, Leader
2145 Colfee Ereak
3:10 = 5:10 Two Concurrent Sceslons
Session 1L, L, Redlinger, Presiding

3:10 The Damage and Control of the Lesser Cornstlalk Borer, Elasmo-
palpys lignoselluns (4eller) - J. C. French amd L, . Morgan

3:30 EBeology and Cantrol of the Burrowing Bug, Pangaeus bilincotus
{Bay), in South Texas - J. W. Smilh, Jr. and G. T.. Gole

3:50 Conlral of the Cranulate Cutwoim, Foltia subterranee (Fabricius),
a Foliape Weeding Pest of Peemuls -~ L. W. Morgan and J, €, Trench

4110 Chemical Contral of Soutbern Corn Rootworms on Peanuts in Tide-
water Virginia - J. C. Smith

4130 Rosistenge of Peamits Lo the Southern Corn Rootworm - W, V,
Campbell and I, A, EmeTy

4150 4 Peat Management Progpram for Insects Altacking leanuts in Texas -
C. E. Heelscher, J. W, Swith, Jr, and P, W. Jackson

Segsiou 2., D. F. Wedsworlh, Presiding

3:10 The Effects of Nematodes upon Yield and Quuality of Spanish
Pearnita with Contact and Mumigawt Type Nemalicides - T. L.
Bogwell and W, H. Thames, Jr.

3:30 Spanish Peerut Yield Iesponse to Nematicides Applied at
Pegelng for Lesion Hemtode Cantrol = R, V. Sturgeon, Jr, and
C. C. Hussell

248



3:50 The Possible Effccet of Fungicldes on the Maturity Index of
Peamits ~ 0, T, Young and D, H. Smilh

4:10 Peanut Disease Conbrol in Malawi, Central Africa - R, W. Gibbons

and P. C, Mercar
4130 The Cylindrocladivm Hlackrot of Peanul in Virginia and Horth
Carolinn - K, H, Garren, M, K, Beute snd D, M. Porter

4350 Some Observations on Leaf Rust and Leaf Spote of Peanuts under

Ipiphytotic Conditions - 4, L. Harrisco
510 Ad journ

TUESDAY, July 18

8 - 12 BRegistration
d:30 - 9:40 DNusiness Meeting = W. T. Mills, Presiding
Committoo Reports
Election of Officera
By-Law Amcndrent
=LA Coffee Treak
10:00 - 12:;00  Two Concurrent Sessions

Seggian 1. N, K, Person, Iresiding

10:00 Developnent and Evaluvation of Peamil Salvapling and Cleaning
Faquipment - G, B, Dule

10;20 Curing Poanuts with Periodic High Temperature - J, M. Troeger,
J. L. Butler and J. L. Pearson

10: 40 The Blfect of Drying Rates on Separation of Cotyleduns of Bald

terneds « J. D, Woodward and K, 3. Hutchison

11:00 Evaluation of Di-l-p-menlhene for Polenlbial Uses on Farmers!
Stock Peanuts - 7, I. Davidson, Jr., FF. P, MeIntosh and L. M,
RedlingeT

11:20 Shrinkege of Peanuts in Slorage - W. 0. Slay, R. E. Hcalwole
and H, 5, Hutchison

11:40 Cerbain Physical and Mechanicel Fropertiss of Virgindia ALR
Peamuts - J. L, Stecle, ¥. S, Wright and P, H, van Shaik

Sesaion 2. J. . MeGill, Presiding

10:00 4 Plow-Flant Bystem - J, L, Shepherd

14a;20 Effect of Caleium Sources amdl & Fungiecide on Peanut Productlion -

F. R. Cox

10:40 Gomparalive Mulrienl Conlents of Laleral versus Cenlral Branch

Leaves of 10 Virginia-Type Peamut Lines and Cultivars - D, L.
Hallock and D', ., Martens

J1:00 Iufluence of Pholopericd on Flowering and Frulting in Pesnuts
J. G, Wynne, R, 7. Downs and D, A, Emery

11:20 Soreening Pesnul Cerm Plasm for Resiclance Lo Verlicill ium
Wilt - B, M, ¥hon, D, F, Wodsworth and J, 3, Kirby

1140 Peammt Mycorrhizee: A Fungel Rool Inlerachbion - 0, T, Slichle
R. E. Peltit and R, &, Taber

12:00 Lunch

Discussion Groups.,

1:15 1., Diseases - BE. V. Sturgecn, Leader
2., Harvesling and Curing - J. Duller, Leader
3. Insects - J. W, Smith, Jr,, Leader

2145 Coffee Brook

3:10 - 5:10 Twa Cancurrent Seasicns

Sessiun L, A4, H. Allison, Preciding

3:10 Sawpling Problems in Determining Germination Percentages - J.
Yourg

r,

H.
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3:30 Breeking Dormaney of Seed of Peanuts (Arachis hyporaea) -
J. L. Gear and W, XK. Bailey

3:50 Seed Dormancy of Differenl Botanical Types of Peanuls (Arachis
bhypgraea L.) - W. K. Dailey end J. E, Pear

4:10 Effect of Seed Size and Seeding Rate on Performance of Starr
Spanish Peanute = L, E, Clark

4:30 Obzervations on the Develoment of Endosperm in Peanuts - J, M.
Kubicek and D. J, Banlm

4150 Influence of Seed Quality and Enviromment on Peart Injury
by Herbicides — P. W. Santelmann

Seagion 2, Edwin Sexton, Presiding

3:10 Hew Metlhod to Estimate Shelf-Life of Peanuts and Peanut roducts -
C. E, Holaday and P, C. Barmes, Jr.

3:30 Determination of Flavor Profiles of Peanul Dubters by Direet Gas
Chromtography - S. P. Fore, L. A. Galdblall and II. P. Dupuy

3:50 A Camparison of Minor Constituents in Peanut Butier ag Possible
Sources of Falty Acid Peroxidation - A, J. 5%. Angelo, R. L. Ory
and L. E. Brown

4:10 Characterigation of Proteins fram Subecellular Fractlons of
Peanuls = T, J. Jacks, N. J, Neucere and L. Y. Yatsu

4130 Proteins from Peanut Cultivars (Arachis hypgmaea) grown in
Different Arees. V¥, Biochemical (Observatians on Ilectrophoretic
Patterns of Proteins and Tnegymes — E. L. Ory and J, P. Cherry

4150 Ttilization of Peamut Flakes in Food Produets - J. H. Mitehell,
Jr, and R, K. Malphrus

5710 Ad journ

WEDNESDAY, July 19

Discussicn Groups.

#:15 1. Quality Measurement - G, T. Young, Leader
2, Soil Pertility and Irrigation - L. E. Samples, Leader
3. S8eed Quality - H. Pender, Leader

5:30 Coffee Break

Diseussion Groups.

EH 1. New Products ~ J. L. Heinis, Leader
2. Skelling Plant Operations and Polluticn Comtrel - R. 5.
Hutchlzon, Leader

CENERAL SISSTON, W. T. Mills, Presiding
11 :00 Tour Information -~ . S. Hutehison
11:10 Cammittee Appoimtments and Concluding Remarks - 0. D, Smith

11:45 Lunch
1:00 -~ 5:00 Tougrs
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BY—-LAWS
of
AMERICAN PRANWUT RESLEARCH AND EDUCATION ASSOCTATION, INC.

Artlcle 1. Name

Section 1. The name of this organization shall be "AMERICAN PRANUT RFSFARCH
ANTY LIUCATION ASSOCIATION, INC."

srticle IT. Purpose

Section 1. The purposc of the Association shall be to provide a continuing
means for the exchange of inforwation, vooperative planning, and periocdie
review ol all phases of peanut research and czteasion being carrted on by
Staie Rescarch Divisions, Cooperative State lixtension Services, the United
Sitates Depariment of Agriculturc, the Commerclal Peanut Industry and
supporting service businesses, and o conduct safd Associariom in such
manner as to comply with Sectiom 501 (o3 (3) of the United States Internal
Fevenue Code of 1954 and Acts amendatory thereto. Upon the dissolution
of the Associarion, all of the assets of the Assoeclation shall be trans—
lcrred te an organization whose purposes are similar to those of this
4nsoclation or teo such other charitable or educatiomnal organization exempt
from Federal income tax under the provisions of Sectionm 5071 (e}{3) of the
United States Internal Revenue Code of 1954 and Acts amendatory thereto
as the directors may appoint provided that no director, officer or memher
ol this eriganization may in any way benefit from the proceedes of dissolution.

Article 1II. Memborship

Section 1. The several rlasses of wembership which shall be recognized are as
follows:

a., Individual momberships: Todividuals who pay ducs at the full ratc as
fixed by the Doard of Pireclors.

b. Organlzaticonal memberships: Industrial or educational groups that pay
dues as fixed by Che Board of Tivectors. Organizational members may
desipnate one representative who shall have Individual member rights.

¢, Bustaining memberships: Indusirial crganizations and others that pay
dues as fixed by the Board ol Tirectors, Sustaining members are those who
wigh to support this Associavion fimancially Lo an cztent beyond minimum
roqulrements as set forth in Section 1b, Article ITII. Sustaining nembers
may designate one representative who shall have indiwvidual member rights.
Also, any organizatiom may hold sustaining memberships for any or all of
its divlsions or scctions with individual member rights accorded each
sustaining membership.

d, Student memberships: Full-time students thar pay dues at a speeclal
rate as [lxed by the Board of Directors. Fersons presently enrcolled as
full-time students at any recognized college, university or technical
school arc eligible for student membership. Posl doctoral students,
employed persons taking relresher courses ur special employee tralning
programs are uot elipible for student membership.

Sectien 2. Any member, particlpant, or representatlve duly scrving om the
Board of Dircctors or a Committee of this Association and who is unable to
attend any meeting of the Board of such Commitiee may be temporarily replaced
by an alternate selected by the agency or party served by such member,
participant, or representative upon appropriate written norice filed with the
president or Committec chairman evidencing such designation or sclectlon.

Section 3. All classes of membership may attend all meetiugs and participate
in discussicns. UOoly individual members wr those with fndlvidual wembership
rights may vete and hold office. Membors of all classes shall receive
notiffcation and purposez of meetings, and shall recefve minutes of all
Proceedings of the Awmerican Peanut Rescarch and Education Assoclotlon.
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Article IV, Dues and Fees

Sectien 1. The annual dues shall be determined by the Board of Directors with
the advice of the Finance Committee subject to approval by the members at
the annual meeting. Minimwme annual dues for the four classes of membership
shall be:

a. Individual memberships: $§5.00

b, Organizational memberships: 525.00
c. Sustaining memberships: $100.00

d. Student memberships: $2.00

Section 2. Dues are receivable om or before January 1 of the year for which the
membership is held. WMembers in arrears om April 1 for dues for the current
year ghall be dropped from the rolls of thils Asseciation provided prior
notification of such delinquency wasz given. Membershlp shall be reinstated
for the current year upon payment of dues.

Section 3. A $5.00 reglstration fee will be assessed at all regular meectings
of this Association. The ameunt of this fee may be changed upol~recommenda-
tion of the Finance Committee subject to approval by the Board of Directors.

Article V. Meetings

Section 1. Annual meetings of the Association shall be held for the presen-
tarion of papers and/for discussioms, and for the transaction of business.
At least one general business session will be held during regular annmual
meetings at which reports from the exccutlive secretary-treasurer and all
atanding 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 brought before the Board of Directors andfor
general memherships.

Section 2. Addltionsl meetings may be called by the Doard of Dlrectors either
on ita own motion or upon Tequest of ovne-fourth of the membera. In elrher
event, the time and place shall be fixed by the Board of Directors.

Section 3. Auny member may submit only one paper as senior author for conslider—
ation by the program chairman of each annual meeting of the Associatiom.
FExcept for certain papers specifically imvited by the Association president
or program chairman with the approval of the president, at least one autheor
of any paper presented shall be a member of this Assocclation.

Section 4. Special meetings or preojects by a porticn of the Associatien
membership, either alone or jointly with other groups, must be approved by
the Board of Dlrectors. Any request for the Assoclation to underwrite
obligations in comnection with a proposed special meeting or project shall
be submitted to the Board of Directors, who may obligate the Association to
the extent they deem desirable.

Seetion 5. The executive secTetary-treasurer shall give all members written
notice of all meetings mot less than 60 days in advance of annual meetings
and 30 days in advance of all other speclal project meetings.

Article VI, Quorum

Section 1, TUntil such time ag the membership amssoclation reaches 200 voting
members, 20% of the voting members of this Association ghall comstitute a
quorum 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 Ddrecters and all Couwmittees, a
majority of the members duly assigned to such Board or Committee shall consti-—
tute & quorum for the transaction of business.
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Article VII. DOfficers

Section 1. The offlcers of this organization shall be:
a, President
L. Prezsident-elect
c. Executive Secretary-Treasurer

Section 2, The president and president—elect shall serve from the close of the
annual genecral meeting of thias Association to the cloze of the next annual
general meeting. The president-elect shall automatically succeed te the
presidency at the close of the annual general meeting. If the president-clect
should suceceed to the presidency to complete ap uncxpired term, he shall
then also serve as president for the folleowing full term, In the cvent the
president or president—elect or both should resign or become unable or
unavailable to serve during their terms of office, the Board of Directors
shall appoint a president or both president-elect and president to complete
the unexpired terms until the next annual general meeting when one or both
offices, if necessary, will be filled by normal elective procedure. The
most recent available past president {previously FPIWC chairman)} ghall serve
ag president untll the Board of Directors can make such appeointment. The
president shall serve without monetary compensation.

Sertien 3. The officers and directors shall be elected by the members in
attendance at the annual general meetding [rom nominees selected by the
NominatlIng Committee or members neminated for this coffice from the floor.
The preaident-elect shall serve without monetary compensation.

Sectlon 4. The executive secretayy-treasurer may Serve consecutive yearly
terms subject to re—clection by the membership at the annual meeting. The
tenurc of the executive sccretary may be digcontinued by a two-thirds
majority vote of the Board of THrectors who then ghall appoint a temporary
execittive secretary to fill the unexpired term.

Section 5. The president shall arrange and preside at all general meetings of
the Board of Directors and with ¢he advice, couneel, and assistance of the
president-elect and sccretary-treasurer, and subject to consultation with
the Board of Direectors, shall carry on, transact and supervise the interim
allairs of the Association and provide leadership in the promotion of the
objectivea of this Associatiom.

Section 6. The president-elect shall be program chairman responsible for
development and cootdination of the overall pregram of the educational phase
of the annual meetings.

Section 7. {a) The exccutive secretary-treasurer shall countersign all deeds,
leases and conveyances executed by the Association and affix the seal of
the Assoeiation thereto and to such other papers as shall be required or
dlrected to be sealed. (b} ''he executive secretary-treasurer shall keep
a record of the deliberations of the Board of Directors, and keep safely
and systematically all books, papers, records, and documents belonging to
the Association, or in any wise pertaining vo the business thereof.

{c} The execuilve secrctary-treasurer shall keep account for all monies,
crodits, debts, and property, of any and every nature, of this Association,
which shall come into his hands or be disbursed and shall render such
aocounts, statements, and inventories of monies, debts, and property, as
shall be required by the Board of Directors. (d) The executive secretary-
treasurer shall preparc and distribute all notices and reports as directed

ln these By-laws, and other information deemed necessary by the Board of
Directors to kecp the membership well informed of the Assoclation actiwities.

Article VIIL. Board of TMrectors
Section 1. The Board of Directors shall conzist of the folleowing:
a. The president

b. The most immedlate past president able to serve
¢. 'The president-elect {elected annually)
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d. Stare employees' representative - This dlrector is omne whose employment
1s state spensored and whose relation to peanuts principally concerns
research, and/or educational, and/or regulatory pursuits.
e. United States Department of Agriculture representative — This directer
is one whosce cmployment 1s directly sponsored by the USDA or one of its
agencles and whose relation te peanuts principally concerns research, and/
or educaticnal, and/or regulatery pursults.
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 ecomsumer food-stuffs or manufactured products
containing wheole or parts of peanuts.
g- A person orlented toward research - to be named by the chairman of
the Board of Directors of the Natiomal Peanut Council.
h. The executlve sccretary-treasurer — non-velting member of the Board 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 Tinance
Committee.
i. The president of the National Peanut Council - a non-voting member.
Section 2. The EBoard of Directors shall determlne the time and place of
regular and special meetings and may authorlze or direct the president to
call speclal meetings whenever the functions, pregrams, and operations of
the Association shall require speclal attention. All members of the Board
of Directors shall be given at least 10 days advance notice of all meetings;
except that in emergency cases, three days advance notlce shall be sufficient.
Section 3. The Board of Directors will act ag the legal representative of the
Association when necessary and, as such, shall administer Assevclaticon
properties and affairs. The Board of Directors shall be the final authority
on these affairs in conformicy with the Dy-laws.
Section 4. The Board of Directors shall make and submit to this Assoclavion
such recommendations, suggestions, functioms, operations and programs as
may appear necessatry, advlisable, or worthwhile.
Sectlon 5. Contingencies not provided for elsewhere in these By-laws shall be
handled by the Board of Directors in a manmer they deem desirable.

Article IX. Committees

Section 1. Members of the Committees of the Association shall be appointed by
the presldent and shall serve 2-year terms unless othetrwise stipulated. The
president shall appoint a chairman of each Commlttee from among the incumbent
committeemen. The Boatrd of Directors may, by a two-thirds vote, reject
Committee appointments. Appointments made to fill unexpected vacancles by
incapacity of any Committee member shall be only for the unexplred term of
the 1ncapacltated commltteeman. Unless otherwise specified in these By-laws,
any Comnlttee member may be reappointed to succeed himself, and may serve
on two or more Cormittees concurrently but shall not hold concurrent chair-
manshipa. Initilally, ome-half of the members, or the nearest {smaller)
part thereto, of each Committee will serve one-ycar terms asg designated by
the president.

. Finance Committee: This Committee shall inclnde 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 prometing
sound fiscal policies within the Association. They shall direct the audit
of all financial records of the Association annually, and make such recom-—
mendatlons as they deem necessary or as regquested 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 repore is given on the work of the Finance Committee
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undetr his Chailrmanship, whichever 1z later.
b. Womirating Committee: This Commlittee shall consist of at least three
members appointed to ome-year ferms, one each representing State—, USDA-,
and Private Business - segments of the peanut industry. This Ceommlttee
shall nominate individual members to fill the positions as described and
in the manner set forth in Artieles VII and VIII of these By-laws and
shall convey their nominaticns to the president of ehls Agsgoclation om or
before the date of the Annual Meeting. The Commlttee shall, insocfar as
possible, make nominacions for the pregldent-elect that will provide a
balance among the various segments of the Industry and a rotation among
Federal, State, and Industry members. 'The willingness of any neminee to
accept the resgponsibility of the position shall be ascertained by the
Committee (or members making nominations at general meetings) prior to
the clection. Wo person may succced himself as a member of this Committee.
. Publications and Fditorial Commlttee: This Cowmittee shall consist of
at least three members appointed for indeterminate terms, one each
repregenting Statce—, USDA-, and Frlvate Business - segments of the peanut
industry. This Committee shall be responsible for the publicatiom of the
proceedinga of all general meetings and such other Assoclation sponscred
publications as directed by the Board of Directors in consultation with
the Financc Committee, 'his Gommittee shall formulate and enforce the
editorial policles for all publications of the Asaociation, subject to the
directives from the Board of Directors.
d. Teanut Quality Committee: This Commitree shall include at least seven
members; one each actively involved In research in peanut — {1) varietal
development—, {(2) production and marketing practices related to quality-,
and (3} physical and chemlcal properties related to quality-, and one
each representing the Grower-, Sheller-, Manufacturer—, and Services-
(Pesticides and Harvesting 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 mechanisma for the clucidation and selution of major problems and
deficiencies.
e. Publie Relations Committee; 'This Gommittee shall include at least
six membcrs, one each representing the State—, UShA~, Grower-, Sheller-,
Manufacturer-, and Services—, segments of the peanut industry. This
Committee shall provide leadership and direction for the Asscciation in
the following areas:

(1) Membership: TnNevelopment znd implementation of mechanisms ta create

interest in the Association and increase its membership.

{2) Cooperation: Advise the Board of Ditrectors relative to the extent

and type of cooperatien andfor affiliation this Assocdation should pursue

and/or support with other organizations.

(3) MNecrology: DProper recognition of deceased members.

(4} Resclutiomns: Proper recognitlon of special services provided by

members and fricnds of the Assoclatiom.

Artlcle X, Diviaions

Sectlon 1. A Division within the Association may be created upon recommendation
of the Board of Nirectors, or members may petition the Board of Directors
for such status, by a two-thirds vote of the general membership. Likewise,
in a similar manner a Division may be dissvlved.

Sectiopn 2. Divisions may establish or dissolve Subdivlsions vpon the approval
of the Board of Directors.

Section 3. Dlvisions may make By-laws for their own government, provided they
are consistent with the rules and regulations of the Association, but no dues
may be assessed. Divisions and Subdivisions may elect officers (chairman,
vice-chairman to succeed to the chalrmanship, and a secretary) and appoint
committeea, provided that the efforts therof do not eoverlap or conflict with
thogse of the offlcers and Committees of the main body of the Association.



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 Sectiom 2.

Section 2. Amendments shall be adopted only when a majority of those heolding
individual membershdp rights vote and then only by the vote of two-thirds
of thoze woting. If a majority of the individual members are not in
attendance at the first regular ammual meeting following announcement of
proposed amendments, the executive secrerary-treasurer shall mail to all
such members of the Association ballots concerning such amendments. Membexs
shall be allowed thirty days to return malled ballots after which the vote
of those returning such ballots shall be binding subject to the regulations
above. Tailure of a majority of the members to return their ballots wlthin
the allotted cime denotes rejection of the proposed amendment.

Section 3. Proposed amendments slated for adoption or relection must be
brought to the attention of members elther by letter or through Associaticm
publications at least thirty days pricor to consideration for final adoption.

Adopred ac the Annual Business Meeting
of the American Peanut Regearch and
Education Association, Ine., July 18,
1972, Albany, Georgia.
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HMEMBERSHIP LIST
AMERICAN PEAWUT RESEARCH AND EDUCATION ASSOGIATION

SUSIAINING MFMBERSHIES

Anderson's Peanuts

Division of Alabama Farmers Coop., Inc.

F.&. Box 1335
Andalusia, Ala, 36420
Attn: JOHN W. ANDERSON

CPC International

Beat Foods Research Center

1120 Comuerce Ave.

Box 1534

Unien, N.J. 07083

Attn: DANTEL MELNICK, Vice-Tres.
Product Research & Quallty
Control

Derby toods, Inc.

4327 West 48th Place
Chicage, Til. 60632
Attn: 8. L. TILURNEY

Dothan 011 Mt11l Company
P.0O. lox 458

Dothan, Ala. 36301
AlCtn: J. H. BRYSON, JR.

Paul Hattaway Company

P.0O. Box 669

Cordele, Ga. 31015

Attn: BH. F. HUDGINS
Sec.=1lreas.

Hershey Foods Corporation

Tershey, Pa. 17033

Attn: E. W. MEYURS
Dircctor of Research

Keel Peanut Company, Inc.
F.0. Box 878

Greenville, N.G., 27834
Attn: JAMES T. KEEL

Lilliston Corporation
Box 407

Albany, Ga. 31702
Attn: WILLIAM T. MILLS

M & M/Mars

P.0. Box 326

Albany, Ga. 31702

Artn: MRS, MARTHA HMARWOOD

July, 1972

Oklahoma Peanut Commission

Bux D

Madill, Okla. 73446

Attn: WILLIAM FLANACAN
Exec. Secretary

Peanut Butter Manufacturers &
Wut Salters Assn.

807 Jefferson Bldg.

1225 Wineteenth 5t., N.W.

Washington, T. C. 20036

Akbtn: JAMES 1. MACK

Pender Peanut Corporatlion
F.O. Box 33

Greenwnod, Fla. 32443
Attn: ROBFERT PENDER

H. B. Keese Candy Co., Inc.

Hershey, Pa 17033

Attn: GEOHGE D, McCLFES
Vice-Tresident

Stevens Industries
Tawson, Ga. 31742
Attn: C. M, CRUIKSHANK

Turner Salea & Supply
P.0O. Box B47

Tifton, Ga., 31794
Attn: LUTILUR TURNER

United States Gypsum Company
101 South Wacker Drive
Chicagn, T11. 60606

Attn: 1. W. TAVIS

ORCANTZATIONAL MIMBERSHIPS

Alabama Peanut Producers dssocciation

P.0. Box 1282

Dothan, Ala. 36301

Attn: JAMES VFARL MOBLEY
Prezident

41ford Relfrigeration Warehouse

P.0. Box 5088

Nallas, Tex. 75222

Attn: WILLIAM L. CRADY
Vice-Fresident
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All American Nut Company
16901 Valley View
Carriteos, Calif. 90701
Attn: WILLIAM V. RITCIOIE
Fresident

Birdsong Storage Company
Lock Drawer 1400
Suffolk, Va. 23434
Attn: BEN M. BIRDBONG

A. H. Carmichael Company
Brokers & Manufacturer's Agents
Shelled Peanuts

2353 Christopher's Walk, N.W.
Atlanta, Ga. 30327

Attn: EBROADUS CARMICHAFL

Jack Cockey Brokerage Co., Inc.
P.0. Box 1075

Suffolk, Va. 23434

Attn: JOHN COCKEY, JR.

Denison Peanut Company
Denison, Texas 74020
Attn: GEORGE HORROW

Fisher Nut Company

2327 Wycliff Street

5t. TFaul, Minn. 55114
Attn: LOUIS R, SMELRLING

Frito-Lay, Inc.

Research Division

900 N. Loop 12

Irving, Texas 75060

Attn: B. W. HILTON
Yice Pres. & Director
of Research

General Foods Corp.

250 North Strest

White Plains, WH. ¥. 10602
Attn: J. J. SHELIAN

Georgia Agricultural Commodity
Comnission for Peanuts

110 East Fourth Street

Tiften, Ga. 31794

Attn: GEORGE P. "PETE" DONALDSON
Executlve Secretary

GFA Peanut Assn.
Rt. 19 South
Gamilla, Ga. 31730
Attn: D. H. HARDENW
Manager
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Gillam Bros. Peanut Sheller, Inc.

Windsor, W.C., 27983

Attn: H. H., GILLAM
Vice—Fresident

Gorman Peanuts

F.0. Box 698

Gorman, Texas 76545
Attn: 1. H. BIRDSONWG ITT

Harrington Manufacturing Ce., Inc.
Lewiston, M. C. 27549
Attn: J. J. HARRINGTON

George ¥. Hartnett & Company, Inc.
540 Trontage Road

Northfield, I11. 60093

Attn: GECRGE T. HARTNETT

Hobbs Engineering Company
P.0. Box 1306

Suffolk, Vva. 23434

Attn: JAMES C. ADAMS, JR.

Institur De Recherches
Four Les Huiles et Oleagineaux II1
13 Sguare Tetrarque
75 Paris, France
Attn: DPIERRE GILLIER
Director of Peanut Dept.

J. R. Jameg Brokerage Co.
P.0. Box 214

Suffolk, Va. 23434

Attn: EBUTH J. MOORE

Law & Gompany

Consulting & Analytlcal Chemists
P.0. Box 1558

Atlanta, Ga. 30301

Attn: WILLLAM W. McBER

The Leavltt Corp.

P.0. Box 31

100 Santl11{ Highway

Everctt, Mass., 02149

Attn: JAMES T. HINTLIAN
Fregident

Charles Matthews Company
F.0. Box 4059

Dallas, Texas 75208

Attn: CHARLES 5. MATTHEWS

Haticnal Peanut Corp.
Planters Feanuts

200 Johnson Ave.
Suffolk, Va. 23434
Attn: D. M. CARTER



Matlonal Teanut Councll

Bender Building

1120 Connecticut Ave.

Washingten, D. G, 20036

Artn: JOHN CURRIER
Presidcnt

W. ¢. Urop Improvement Assn.

State College Station

Fox 5155

Raleigh, H. C. 27607

Attn: LFOIL W. McLAUGHLIN
Director in Charge

N. (. Peanut Growers Assn., Inc.
L. 0., Box 1709

Rocky Mount, N. G, 27801

Artn:  JOE 8. SUGS

Oklahoma Crop Improvement Assn.
Oklahoma State Universicy
Stillwater, Oklahoma 74074
Attn: FD GRANSTAFT
Secretary-Manager

01in

Agriculrture Division
P.0. BLox 951

Little Rock, Ark. 72203
Atin: L. REID FAULKNLR

Peanut Growers Coop Marketing Assn.
Franklin, vVa. 23851
Attn: S. WOMACK LEE

Manager

Yeanut Processors, Inc.
Box 158
Dublin, N. €. 28332

Pearson Candy Company

2140 West Sewventh Street
St. Paul, Minnesota 55116
Attn: GEORGE PEARSON

Pert Lab, Inc.

P.0, Box 267

1108 N, Broad Street
Edenton, W. C.

Attn: J.R. BAXLEY

Pond Bros. Peanut Co., Inec.
P.0. Box 1370

Suffolk, Virginia 23434
Attn: RICHARD POND

Preferred Products Company
101 Jefferson Ave., Scuth
Hopkins, Minn, 55343

Reeves Peanut Company
Eufaula, Ala. 30627
Attn: M,M, REEVES

Seabrook Blanching Corp.
Tyrone, Pa. 18686
Attnt C,B., SMITH

Shell Development Company
P.0. Box 4248
Modesto, Califernla 95352
Attn: T, BLONDEAU, Mgr.
Festicide Development Dept,

Southeastern Peanut Assn.

P.0. Box 1746

Albany, Ga. 31702

Attn: JOHN W. GREENE
Executive Director

Southwestern Peanut Growers Assn.
Gorman, Texas 76454
Attn: EROBS WILSOH

Manager

Scuthwestern Peanut Shellers Assn,
6815 Preatonshire

Dallag, Texas 75225

Attn: SYDNEY C., REAGAN

Texas Peanut Preducers Board
P.0. Box 398

Gorman, Texas 706454

Attn: WAYNE EAVES

Tom's Foods, Ltd,
900 8th Street
Columbus, Ga. 31802
Attn: GEORGE JENKINS
Peanut Purchasing & Selling

Uni-Royal, Inc.
Route #3
Donalsonvdlle, Ga. 31745
Attn: SIDNEY FOX
hrea Supervisor

Virginia-Carolina Peanut Assn.

Lock Drawer 499

Suffolk, Va. 23434

Attn: W, RANDOLFH CARTER
Executive Secretary
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Virginia Peanut Growers Assn.

P.0. Box 149

Capron, Va. 2382%

Attm: RUSSELL C, SCHOQLS
Executive Secretary

Wileo Peanut Company

P.0. Box 921

Ban Antonlo, Texas 78206
Attn: W.G. CONWAY

INDIVIDUAL MEMBERSHIFS

M1ison, Allen H.

Aggociate Professor of Agronomy
Tidewater Besearch Station
Holland, Va, 23391

Andarson, W.B.

S0il Chemistry

Texas A&M University

College Station, Texas 77840

4ndreas, C.RH.

Stauffer Chemical Co.
Agrie. Chemicsl Division
P.0. Box 7222

Houston, Texas 77008

Andrews, 0lin H., Jr.
1731 Pineknoll Lane
Albany, Ga. 31705

Atkin, Lawrence

cfo Arthur D. Little Co.
Hockefeller Center - 630 Fifth Ave.
New York, M.Y. 10020

Ayreg, James L,

Gold Kist Research Center
P.D. Box 388

Lithonia, Ga, 30058

Backman, Paul A,

Dept. of Botany & Microbioclogy
suburn University

Auburn, Ala, 36830

Baikaloff, alex

P.0. Box 26

Field Officer

Peanut Marketing Board
Fingaroy, Queensland
Australia

Balley, W.H.

Plant Genetics & Germplasm Ingtitute
ARS, USDA

Plant Industry Station

Beltsville, Md, 20705

Baker, W.R,

Feanut Belt Besearch Statiom
Box 177

Lewlston, N.C. 27849

Banks, Donald

hgronomy Departmwent
Oklahoma State University
Stillwater, Okla. 74074

Barneg, George L.

Dept., of Botany & Plant Pathology
Oklahoma State Undversity
Sti1llwater, Okla, 74074

Barnes, Phillip C.

USDA, ARS, MORD, PQI
National Peanut Research Lab.
P.0. Box 637

Dawson, CGa, 31742

Barton, Franklin E. II

USDA R.B. Russell EBesearch Center
P.0. Box 5766

Athens, Ga. 30604

Bartz, Jerry A.

Building 162

Plant Pathology Dept.
Vniversity of Florida
Gainegville, Fla, 32601

Baum, Glaude §.
Norfolk, Virginia 23300

Beach, Minton
N.C. Peanut Growers Agsn.
Oak City, N.C. 27857

Bear, John E.

Plant Genetlcs & Germplasm Institute
ARS, USDA

Beltsville, Md. 20705

Belfield, Fred Jr.
Box 628
Nashville, WN.C. 27B56



Bell, Durham K.

Flant Fathology Dept.
Coastal Plain Statiom
Tifton, Ga. 31794

Beute, Marvin K,

3407 Gardner Hall
N.C. State University
Raledigh, N.C. 27607

Birdsong, W.M. Jr.
Birdsong Storage Co., Inc.
P.0. Box 776

Franklin, Va. 23851

Plankenship, Paul D.

TFRD, HFRE

National Peanut Research Lab.
P.0. Box 110

Dawson, Ga. 31742

Blondeau, R.

Pesticldes Development Dept.
Shell Development Co,

P.0. 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

Bond, M.D,

Peanut Specialist
Auburn University
Auburn, Ala. 36833

Bone, James R.
F.0, Box 96
Searecy, Arkansas 72143

Bordt, William H.
Research Chemist

CPC International, Inc.
1916 Webster Street
Alameda, Calif. 94501

Boswell, T.E.

Flant Disease Research Station
P.0. Box 753

Yoakum, Tewxas 77985

Brooks, Stanley H.
Plant Industry Station
Beltsville, Md, 20705

Brown, A,L. Jr,

CPC Internaticnal

P.0. Box 460
Confederate Avenue
Portsmouth, Va. 23705

Brown, Lawrence W,
Tidewater Research Station
Holland, Va. 23391

Brovmn, E.H.
170 Brocmsedge Trail
Athens, Ga. 30601

Bruce, W.M.
Coagtal FPlains Experiment Station
Tiften, Ga. 31794

Bruzewitz, Gerald H,
Ap, Engineering Dept.
Oklahoma State University
Stillwater, Okla, 74074

Bryant, P.C.

County Agent

Martin County
Williameton, N.C. 27892

Puckley, Ellis C,.
2720 W. Mockingbird Lane
Dallas, Texas 75235

Burnette, David J,.
V.F.I. Extenslon 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 Undversity
Dept, of Entomology
Box 5215

Raleigh, NW.C. 27607

Carter, Robert L,

bgronomy Dept.

Georglia Coagtal Plain Exp. Station
Tifton, Ga. 31794

Carver, W.A.

6015 N.E, 7th Terrace
Gainesville, Fla. 32601
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Cater, Carl M,

0Oilzeed Productz Division
Texas A&M University

F.M. Box 183

College Statiomn, Texas 77843

Cecil, L.L.

International Marketing
Diamond Shamrock Chemical Co.
300 Union Commerce Bldg.
Cleveland, Ohioc 44115

Cecll, Sem R,

Food Science Divisicn
Georgia Station
Experiment, Ga, 30212

Chapin, John S,

Area Apronomist

Texas Agriculture Extension Service
P.0, Box 1177

Stephenville, Texas 76401

Cherry, John P,

Dept. of Blochemlstry & Blophysics
Texas A&M University

College Station, Texas 77843

Childress, H.B.

CPC Internatiomal

P.0. Box 460

500 Confederate Avenue
Fortsmouth, Ya. 23705

Clark, L.E.
Texas A&M University
College Station, Texas 77840

Clary, Bobhy L.

Ap, Engineering Dept,

214 Ag Hall

Oklshoma State University
Stillwater, Okla., 74074

Cobb, Leonard
P.0, Box 218
Bremson, Fla. 32621

Coggsdale, Bob M.

¥.P.1, Extension Service
104 E, Counstance Road
Suffolk, Va, 23434

Cole, Joe E.

Area Agronomigt

Texas Agriculture Extension Service
Box 490

Denton, Texas 76201
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Cole, Richard J.

¥atlonal Peanut Research Lab
P.0. Box 637

Dawson, Va. 31742

Coleman, H,R.

CPC International
P.0. Box 5056
Dallas, Temas 75222

Collier, Claude R.
F.0. Box 221
Fort Gaines, Ga., 31751

Conkerton, Edith T,
USDA-SERL

P.0. Box 19687

Wew Orleanms, La. 70179

Cox, F.R,

S0i1l Science Department
N.C. State Univerzity
Raledgh, N.C. 27607

Cullipher, Jack
1708 Rosewcod Drive
Greenville, N.C. 27834

Daniels, Eston
P.Q, Box 362
Lyons, Ga. 230436

Davidson, Jemes I, Jr.

TFRD, HFRB

Wational Feanut Research Laboratory
P.0. Box 110

Dawson, Ga. 31742

Davis, Golin R.

Vice President

The Ferguson Mfg, Co., Inc.
Factory Street P.0O. Box 1098
Suffolk, Va. 23434

Dees, Matt Jr.
Thompson-Hayward Chemical Co.
P.0., Box 8070

HWainwright Station

San Antounlo, Texas 78208

Demuynk, Ty J.

Agronomy Dept.
University of Florida
402 Wewell Hall
Gainesville, Fla. 32601

Dickens, J.W.
P.0. Box 5906
Raleigh, W.C. 27607



Diener, Urban L,

Botany & Microbiology Dept.
Auburn University

Auburn, 4Ala. 36830

Dollear, Frank G,
Route #2 Box 204
Pearl River, lLa, 70452

Duke, George B,
Agricultural Engineer

USDA, ARS

Tidewater Research &
Continuing Education Center
Holland, Va, 23391

Dunning, R.D.

Product Manager

Best Foods

Divisien of CPC Interpnational
International Plaza

Englewood Cliffs, N,J, 07632

Dupuy, Harold P,

Southern Reglonal Research Lab.

1100 Robert E. Lee Blwd.
Wew Orleens, La., 70119

Edwards, H.C.

H.T. McGill Inc.

P.0. Box 517

Brookshire, Texas 44234

Emery, Donald A.

Crop Sclence Dept.
N.C, State Unlversity
Raleigh, H.C. 27607

Fennell, John J.
162¢ Fost Oak Tower
Houston, Texas 77027

Foland, Edward
DuPont

3355 Lenox Road
Atlanta, Ga. 30326

Foraker, Ehea
Sandy Lapnd Research Staticom
Mangum, Okla. 73554

Fore, Sara Pauline

Souwthern Regional Besearch Laborateory

F.0., Box 19687
Wew Orleans, La. 7JOL79

Forregt, J.L.
4505 McEwen Road
Dallas, Texas 75234

Forrester, Glenn
Route {2
Columbia, Ala. 36319

Fox, Sidney W,

Uniroyal Chemical
Division of Unireyel, Inc.
Route #3

Donalsonville, Ga., 31745

French, John C.
Extension Entomologist
P.0. Box 1209

Tifton, Ga., 31794

Fugate, Woodroe
P.0. Box ll4
Willieton, Fla, 32696

Fulenwlder, Eruce
Research Products Co.
P,0. Box 1057

Salina, Kansas 67401

Garren, Kenneth H.

U5D4A, ARS

Tidewater Research Statien
Hellaud, Va., 23391

Gibbons, R.W.

sgric, Rosearch Council of Malawi
Grain Legume Res. Laboretory

P,0. Box 215, Chitedze Res, Statlon
Lilongwe

Malawi

Goldblatt, Leo

Sonthern Reglonal Regsearch Lab.
P.0. Box 19687

New Orleans, La. 70119

Gorbet, Daniel W.
Agrie, Regearch Center
P.0. Box B78

Marianna, Fla. 32446

Gray, James S,
Lance, Inc.
Charlotte, H.C. 28201

Greer, Howard

Extension Weed Control Specialist
Oklshoma State University
Stillwater, Okla. 74074
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Griffin, William J. Jr.
P.0. Box B7
Hertford, W.C. 27944

Hallock, Daniel

Tidewater Research &
Continuing Education Center
Holland, Va. 23391

Hammerton, Jeohn L,
Faculty of dgriculture
Univ. of the West Indies
P.0. Box 113

Kingston 7, Jamaica

Hammous, R.0.

ARS, USDA

P.0. Box 748
Tifron, Ga. 31794

Hannemann, Ernst

P.0Q. Box 45

Quality Peanut Co,
Fredericksburg, Texas 78624

Harrell, E.H.

County Extenslon Chalrman
Rorthhampton County
Jackson, N.C. 27845

Harris, Henry C,

Univergidade Federal de Santa Maria
97,100 - Santa Maria/R.G.S.

Caixa Pastal 272, Brasil

Harrisou, A.L.

Taexas ASM University

Flant Disease BEesearch Station
Route 13 Beox 307

Yoakum, Texas 77995

Hartzog, Dallas L.
Research Assoclate
Agronomy and Scils Dept.
Wiregrass Substation
Headland, Ala, 36345

Haskins, Hatcher J.
Deleon Peanut Company
Deleon, Texas 76444

Hays, Al T.

0.5, Gypsum Co.

Box 50073

Atlanta, Ga. 30302
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Hauger, Ellds W.
Coastal Plain Experiment Station
Tifton, Ga, 317%4

Heinis, Julius L,
Profeasor of Bacterlology
Florida ASM Univeraity
Box 270

Tallahassee, Fla, 32307

Henning, Eon
Route #3

Belmont Road
4thens, Ga. 30601

Higgins, Dan
546 Godfrey Lane
Auburn, Ala, 36830

Hodges, Larry L.
920 Colony Avenue
thoskle, N.C, 27910

Hoelscher, Clifford E,
Area Entomologist

Box 1177

Texas ASM TUnitersity
Agric, Extension Service
Stephenville, Texas 74601

Holaday, Charles E.

Peanut Quality Investigations
FCAP, MQRD, ARS, USDA
Forreater Drive, Box 637
Dawson, Ga, 31742

Holloway, Oris E, Jr.
2323 Meadow Brock Lane
Albany, Ga, 31700

Horne, Wendell

Extension Plant Pathologist

Texas Agricultural Extenslon Serv.
College Station, Texas 77843

Hs1, David C.H.

Frofessor

New Mexico State University
College of Agriculture

Star Route

Clovis, N.M. 881¢1

Hutchison, Read

Naticonal Peanut Eesearch Lab.
P,0. Box 110

Dawscn, Ga. 31742



Inglett, William A,
P.0. Box 248
Colquitt, Ga. 31737

Jacks, Thomas

USDA

P.0. Box 19687

Wew Orleans, La, 70178

Jackson, C.E.

Director

Georgla Station
Experiment, Ga. 30212

Jackson, J.0.

Texas Peanut Froducers Board
Route #3

Gorman, Texas 76454

Jackson, Paul. W,
119 W, Travis
Dublin, Texas 76446

Jenkins, George

Peanut Purchasing & Selling
Tom's Foods, Ltd,

P.0. Box 60

Columbus, Ga, 31902

Jennings, Swansaon D,
Extension Agent

P.0. Box 246
Dinwiddie, Va., 23841

Johanson, Lamar

Dept. of Blologlcal Sclences
Tarleton State College
Stephenville, Texas 76401

Johnson, Bobby R,
N.C. State Univercity
Dapt. of Food Science
Ralelgh, N.C. 27607

Johnson, Dean Jr.
P,0, Box 126
Bronxville, NH.¥. 10708

Johnson, G.R.

CPC Internaticnal, Inec.
International Plaza

Englewood Cliffs, MN.J, 07632

Johnson, W. Hal

The Progressive Farmer
3803 Computer Drive
Raleigh, N.C. 27609

Jones, E,L.

Tarleton Experiment Station
Texas ASM Unlversity

Eox 292

Stephenville, Texas 76401

Jones, Michael

WOBR-2M Agricultural Products, Inc.
2402 Nottingham Way

Albany, Ga. 31705

Jordan, C. Wayne

Migsissippi Extension Service
P.0. Box 5425

State College, Miss. 39762

Ketring, Darold L.

USDA, ARS, OIC

Plant Sclences Dept.

Texas AEM Unlversity

College Station, Texas 77843

Eing, Thomas G.

1901 Kirkwood Circle
Shell Chemical Co.
Albany, Ga. 31701

Eirby, James S.

Agronomy Dept.

Oklahomae State University
Stillwater, Okla, 74074

Kirksey, Jerry W.

USDA, ARS MQRD, PQI

Wational Peanut Research Lab.
P.0. Bex 637

Dawson, Ga, 31742

Kleinheksel, Orrle B,

Begt Foods Dilv, of CPC Internmational
5725 Highway No. 7

Minneapolis, Minn, 35416

Knight, W.C.
Route #1
Suffolk, Va. 23434

Knobel, Harold D.

210 Coldstream Ave.

Rhodia, Inc, Chipman Div,
Merritt Island, Fla. 32952

Kozicki, Jerome
Derby Foods, Inc.
3327 W. 48th Place
Chicago, I11, 60632

205



Kogub, Danilel, J.

Curtiss Candy Company

3401 Mt, Prospect Road
Franklin Park, I11. 60131

Kretzschmar, Carl
Information Service

General Millg, Inc.

James Ford Bell BRes. Center
9000 Plymouth Ave. ¥orth
Minneapolis, Minn. 55427

Lambert, &ndrew J.
Extension Speclalist
tg. Engineering

Seitz Hall, VPI & 5T
Blacksburg, Va. 23061

Lariscy, W.H.
S¥lvanla Peanut Co.
P.0. Box 100
Sylvanlia, Ga. 30467

Larsen, Holger
DMrector

Skippy Laboratories
Best Foods

1416 Webster Street
Alzmeda, Calilf. 94501

Lee, Clifford
Gounty Agent

P.0, Bax 73
Cam!lla, Ga. 31730

Liles, Harcld

County Extension Director
Box 607

Anadarko, Okla. 73005

Lindsey, John
P.0. Box 230

Farmers Milling & Marketing Go.

Abbeville, Ala. 36310

Litten, J.A.

CPC International

500 Confederate Ave,
P.0. Box 460
Portsmouth, Va. 23705

Lyle, James

Anburn University

Botany & Microbiclogy Dept.
Auburn, Ala. 36830

266

McEwen, Willlam T.
U.5. Gypsum Co,

101 5. Walker Drive
Chicago, I111. 60606

MeGill, J, Frank

Extension Agroncmist - Feanuts
P.0. Box 48

Tifton, Ga, 31794

MeIntosh, Freddle F.
TFED, HFEB

National Peanut Res., Lab,
P.0. Box 110

Dawson, Ga. 31742

McEinley, W.HW.
Box 402
Pearsall, Texas 78061

MeNair, CL.A,

Arslstant Dlrector

Gold Kist Feanutas, Inc,
3348 Feachtree Road H.E.
P.0. Box 2210

Atlanta, Ga, 30301

McWatters, Mrs. Kay
Food Sclence Dept.
Geacorgla Station
Experiment, Ga. 30212

Manley, G.N.
Manager

M&M/Mars

P.0. Box 326
Albany, Ga, 31702

Mann, Godfrey E.
Research Chemist

USDA, ARS, SMNRD

P.0. Box 19687

New Orleans, La. 70179

Martin, Archie
1406 Pearl Ave.
Albany, Ga. 31705

Mattil, Karl F.

Food Protein Research & Develpment

Faculty Box 63
Texas A&M University
College Station, Texas 77843

Hayfield, William

Cooperative Extenslon Service
Auburn University

Auburn, Ala. 36830



Mehlich, Adolph

N,C. Dept. of Agriculture
S0il Teating Division
Raleigh, W.C. 27602

Merritt, Allen
Gold Kist Inc.
P.0. Box 2210
Atlanta, Ga. 30303

Mitchell, J.H. Jr.

College of agric. & Blological Seci.

Clemscn University
Clemson, 5.C. 29631

Mixon, Aubrey

Regearch Agronomist

Dept. of Agronomy

Alabama Apric. Experiment Station
Auburn, Ala. 36830

Moake, David L.
519 Louokout Drive
San Antonlo, Texas 78228

Moore, R.P.

Profeasor, Research-Crop Stand
N.C. State University

Dept. of Crop Sclence

Box 5155

Raleigh, N.C. 27607

Morgan, Loy W.
Experiment Station
Tifton, Ga. 31794

Morgan, 0.P,

cfo The Ferguson Mfg. Co., Inc.
P.0. Box 1098

Suffolk, Ya. 23434

Mozingo, Walton
Tidewater Research Station
Holland, Va. 23391

Murphy, John H.

2855 Alpine Road

Gold Kist Industries, Inc.
Atlanta, Ga., 30305

¥emec, Charles

CPC International
P.0. Box 5056
Dallas, Texas 75222

Neucere, Navin J.

Southern Market, & Futriticn
Research Division

USDA

1100 Robtert E. Lee Blwd.

Few Orleanz, La. 70119

Newman, James 5.

Experiment Station

Texas 4&M University, Box 292
Stephenville, Texas 76401

Koxrden, A.J.

Agronomy Dept.

402 NWewell Hall
Gainesville, Fla. 32601

0'Neal, Benry

Agricultural Engineer

Texas AGM University

College Statlen, Texas 77843

Ong, Vic 5.K.

Kelling Wuts, 4 .Unit of CPC Int.
P.0, Bor 1%18

Paterson, N.J. 07509

Ory, Robert L,

USDA, SMNRD, ARS,

P.0. Box 19687

New Orleans, La. 70179

Parker, Wilbur A.

CPC International Inc,.
1120 Commerce Ave.
Union, N.J. 07083

Pattee, Harold E,
278 Wegver Labs

P.0. Box 5906, WCSU
Raleigh, N.C. 27607

Pearman, Grady

PENCO

Pearman Engloneering Co.
Route #1

Chula, Ga, 31733

Pearscn, Jack L.

National Peanut Research Lab.,
P.0. Box 637

Dawson, Ga. 31742

Perry, Astor

Extension Agronomy Speclalist
H.C. State Unlversity
Raleigh, N.C. 27607

267



Person, Net K, Jr. Rice, Philip
Agriec. Engineering Dept. 436 Wayne Drive
Texaz A&M University Raleigh, N.C. 27600
College Station, Temas 77842

Richards, Russell F.

Pettit, HRobert E. CIPA-CELGY Corporaticon
Asst. Professor Route #11 Box 133
Plant Science Dept. Gainesville, Ga. 30501
Texas A&M University
College Station, Texas 77843 Riddick, Henry C.

Assoc, Ag. Extension Agent
Phelps, Richard Post Office Box 1427
Anderson, Clayton & Company Greenville, W.C. 27834
P.0, Box 2538
Houston, Texas 77001 Rider, Allen R.

214 Ag Hall
Pominskl, Jogeph Oklahoma State University
Southern Reglonal Research Leb. Stillwater, Okla, 74074
sgTle. Research Service
UsDA Rivenbark, E,P.
P.0. Box 19687 c/o The Ferguson Mfg. Co., Inc,
New Orleans, La. 70119 P.Q. Box 1098

Suffolk, Va. 23434
Porter, Morris

USDA, ARS Fodgers, W. Ralph
Tidewater Research & P.0. Box 26
Continuing Education Center Morgan, Ga, 31766

Holland, Va, 23351
Roe, James C,

Porterfield, Jay G, Tate & Foe, Inc.
QOklahoma State University P.0, Box 30607
Agriculture Engineering Dept. Dallas, Texas 75230

Stillwater, Okla. 74074
Rogers, Charles C,

Fayuner, Eric Texaz Dept. of Agriculture
Regearch Chemist 301 Weat Nevarro
SURDD, USDA DeLeon, Texas 76444
1100 Robert E. Lee Blvd,
New Orleans, La. 70124 Engers, Kennath M.
240 Finchess Hall
Reagan, Sidoney C. Auburn Tniversity
6815 Prestonshire Auburn, Ala. 36830

Dallas, Texas 75255
Bogister, E.W. Jr.

Redlinger, Leonard County Extenslon Chalrman
Investigations Leader Winton, N.C, 27986
Peanut & Sputhern GCorn Insects Imvest.

Coastal Plain Experiment Station Romain, William E.
Tifton, Ga, 31794 16 East Clark Plsce

South Qrange, W.J. Q7079
Reld, Preston H.

Tidewater Research Station Romere, Julio

Holland, Va. 23391 Division of Tropical Research
Tela Ratlroad Co,

Rhea, Khee-Choon Lalima, Cortesz

Protein Chemistry Leb. Honduras

Texas ASM University Central America

College Station, Texas 77843

268



Rose, John T.

Mineral Regearch & Dev. Corp.
Box 911

Charlotte, N.C. 28201

Samples, L.E,

Extension Engineer
Cooperative Extension Service
University of Georgia
Collepe of Agriculture
Tifton, Ga, 31794

Santelmann, P.W.

Agronomy Department
Oklahoma State University
Stillwater, Okla. 74074

Schroeder, Harry W.

USDA, ARS

P.0. Box ED

College Station, Texas 77840

Scott, Denuls
Sather Cookle Company
Eound Lake, Minn, 56167

Scott, Victar

Cold Kist Inc.

Box 111

Comanche, Texas 76442

Jimmy Seay Farms
312 Lonllwood Street
Pleasanton, Texas 78064

Sexton, E.L.

CPC Internaticonal Inc.
Best Foods Research Center
1120 Commerce Ave.

P.0. Box 1534

Union, WN.J. 07083

Shea, William T.

Mineral Regearch & Dev, Corp.
Box 911

Charlotte, N.C. 28201

Shepherd, James L,

Agricultural Engineering Dept.
Coastal Plain Experiment Station
Tifton, Ga, 31794

Shuster, Herbert
54 Clayton Street
Dorchester, Ma. 02122

Simpson, Charles E.

Texas Agricultural Exp, Station
Box 292

Stephenville, Texas 76401

Sinpgletery, R.C. Jr.

The Blakely Peanut Company
Horth Maln Street

Blakely, Ga. 31723

Slay, Whit O.

TFED, HFRB

National Peanut Research Lab.
F.0Q, Box 110

Dawson, Ga. 31742

Smith, D.H.
Georgia Experiment Station
Experiment, Ga. 30212

Smith, Fred H.

Room 208 Long Hall
Clemson University
Clemson, 5.C. 29631

Smith, H. Ray

Diamond Shamrock Chemical Co,
Box 4550 Crosstown Station
Memphis, Tenn. 38104

Smith, John C.

Associate Professor of Entomology
Tidewater Research &

Continuing Educaticon Center
Holland, Va. 23391

Smith, J.W. Jr.

Texag ALM Universicy
Entomology Dept.

College Station, Texas 77840

Smith, Lloyd Erdman

Gold Kist Research Center
P.0. Box 388

Lithonia, Ga. 30058

Smith, Leouis C,
E.B. Reese Co.

1426 Church Road
P.0. Box 181
Hershey, Pa. 17033

Smith, ©lin D.

Dept. of Soil & Crop Sclences
Texas ASM University

College Statlon, Texaz 77843

269



Sprengon, J.W. Jr.

Texas ASM University

Dept. of Agricultural Engineering
College Station, Texas 77843

Spadaro, James J.

Southern Regional Research Lab.
P.0. Box 12687

New Orleans, La, 70119

Spears, Ben R.

Extension Agroncmist

Texas A&M University

College Statiom, Texas 77843

Stallings, John W.
Avpca Farm

Box 128

Merry Hill, H.C. 27957

St. Angelo, Allen J.
Uspa

P.0. Box 19687

New Orleans, La. 70119

Stansell, J.R.

CFES

Ag Fngineering Dept.
Tifton, Ga. 31794

Steele, James L.

USDA, ABS, AERD

Tidewater Regearch Station
Holland, Va, 23391

Sturgeon, R,V, Jr.
Extension Flant Pathologist
Oklahoma State University
115 Life Science East
Stillwater, Okla. 74074

Sullivan, Gene
3832 Corwin Roed
Ralefph, W.C. 27610

T.E.C.H. Farm Inc.

cfe J.M. Phillips

Box 425

Pearsall, Texas 78061

Taber, Mrs. Ruth Ann

Dept. of Flant Sciences

Texas ASM University

College Station, Texas 77843

Thompson, Samuel S.

Area Ext. Plant Pathologist
P.0. Box 48

Tifton, Ga. 31794

270

Tlematra, Petaer
Derby Fpods, Inc.
3327 W. 48th Place
Chicago, T1ll. 60632

Tierney, S5.E.

Derby Foods, Inc.
3327 W. 48th Plact
Chicage, I1l. 60632

Twalson, George
351 Martgo Drive
Fearsall, Texas 7TB061

Toalson, Hubert
Box 354
Pearsall, Texas 78061

Tripp, Leland

Extension Crops Specialist
Oklahoma State Unilversity
Stillwater, Okla. 74074

Troeger, John M,
USDA-ARS

Coastal Plain Statiom
Tifton, Ga. 31794

Vanderlaan, Pleter W.
Product Wanager
Oceldental Chemical Co.
4671 5.W. Freeway

P.0. Box 1185

Houston, Texas 77001

Van Shaik, P.H,

USDA-ARS

Tidewataer Research Station
Holland, Va. 23391

Wadsworth, D.F.

Botamy & Flant Fatheology Dept.
Oklahoma State University
Stillwater, Okla, 74074

Walker, Milton E.

Asst. Scll Sclentist

Dept. of Agronomy

Univ, of Georgila Collepge of Agric.
Tifton, Ga. 31794

Waller, George R,

Dept. of Blochemistry
Oklahoma State University
Stillwater, Okla, 74074

Warnken, C.H. Jr,

Wilco Peanut Co.

P.0. Box 23156

San Antonlo, Texas 78223



Watson, S.A.

CPC International, Inc.
Box 345

Summit, T1l. 60501

Wells, J.C.

Extension Profegsor
Plant Pathology

N.C. State University
Raleigh, W.C. 27607

Westbrook, Romald C.
Camilla Cotton 011 Co.
F.0. Box 271

Camilla, Ga, 31730

Westmoreland, Williem G.
713 Yarmouth Road
Raleigh, NW.C. 27607

Whitaker, Thomas
MQRD, USDA

Box 5906

College Station
Raleigh, N.C. 27607

Whitty, E.B.

303 Wewell Hall
University of Florida
Gainesville, Fla. 32601

Willians, E. Jay
AERD, ARS, USDA.

Ceorgia Coastal Plaln Exp. Station

Tifton, Ga. 31794

Wilner, W.D.

PPC Industries

774 Wando Drive

North Auguata, $5.C. 29841

Wilsen, Covyt T.
¥PI & 5U Research Division
Blacksburg, Va. 24061

Wilson, Weldon
200 Blundell
Ranger, Texas 76470

Woodall, Morris
11 South Boylan Ave.

c/o The Peanut Farmer Spec. Agric,

Publ. Inc.
Faleigh, H.C. 27603

Woodward, John D.

TFRD, HFRB

Wational Peanut Besearch Lab.
P.0, Box 110

Dawson, Ga., 31742

Worthington, R.E.

Food Sclence Dept.
Georgla Station
Experiment, Ga. 30212

Wright, F. Scott

USTA, ARS, AF

Tidewater Research Station
Holland, Fa. 23391

Wynne, Johony C.
Crops Sclence Dept.
N.C. State University
Box 5155

Raleigh, H.C. 27607

Young, Clyde T.

Asgistant Chemist

Georgla Experiment Station
Experiment, Ga. 30212

Young, James H.

N.C, State University

Dept of Biological & Ag Eng.
Box 5906

Raleigh, N.C. 27607

Zavesky, Thomas C.
A-7 Regency Apts.
Tifton, Ga, 31794

Zekert, Gerxy C.
¢/o Planterz Peanuts
Suffelk, Va. 23434

STUDENT MEMBERHIFS

Beg, Akhtar

108 Williams Hall
H.C. State University
Raleigh, N.C. 27607

Coffelt, Terry A.
Dept. of Agronomy
Connaoxy Hall
University of Georgla
Athens, Ga. 30601

27



Gilman, Framk

Soil and Crop Sclence Dept.
Texas ASBM Univergity

College Statiom, Texas 77B40

¥har, A.R.

108 Williams Hall
N.C. State Univeraity
Raleigh, H.C. 27607

Fhan, Baz M.

Agronomy Dept.

Oklshoma State University
Stillwater, Okla. 74074

Eubicek, Mike
Extension Agent

Box 320, 301 N, Main
Guymon, Okla, 73942

Newlin, Larry

801l and Crop Sciences Dept.
Texas ASM University

College Statiom, Texas 77840

Philley, George
Box 934
College Station, Texas 77840

Slemchinski, Bill
Box 54
Leming, Texas 78050

Stichler, Charles
B-4-D College View
College Station, Texas 77480

Tal, Yal-po

Dept. of Agronomy
Oklzhoma State University
Stillwater, Okla. 74074

Tan, Nguyen Y.

Agromomy Dept.

215A Rolfs Hall
Gainesville, Fla, 32601

272





