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ADDRESS

PEANUT EXPORTS - POTENTIAL, PROBLEMS, PROFIT
by
Don Sands

Gentlemen, Mr. Mills and Mr, Dickens have given me a very challenging and
currently a very important topic for presentation here today. So, before launch-
ing into the subjeet of peanut exports specifically, we should first sct the back-
ground for exports in general. Today the subject of exports is currently in the
news as never before. You can hardly pick up a newspaper or a magazine without
reading something about the importance of exports to the U.S. economy and the
balance of payment problem. The Presidenl is quite concerned and is quoted
regularly on this subject. Recently, we had bad news hitting us all at once that
was somewhat confusing and certainly dismal - in that Germany had defliantly
stopped supporting the dollar; the Japanese were refusing the devalualion of the
ven; and in addition the U. S. balance of payments had taken a turn for the
worse, The immdeiatc cause of our irouble was a deficil in our balance of
payment for the first quarter of the fiscal year in an amount of 5.5 billion
dollars. This meant that for the first three inonths of this year we sent out 5.5
billion dollars more than we took in, which turned loose 5.5 billion of additional
tree dollars in the world market. The President left no doubt aboul which of
these facets of the news concerned him most. The problem at the bottom, he
belicves, is not the dollar but the deteriorating U. 8. position in world trade. The
Adiainistration js less intcrested in monctary measures per se than in finding
ways to bolster U. S. exports. Ten years ago no such problem existed for this
country because we imported annually 14 billion dollars worth of goods but
exports were in the 20 billion dollar range, giving us a comfortable balance of
trade of some 6 billion dollars to offsct other balance of payment factors,
notably foreign aid, maintaining troops abroad, corporate foreign investment,
foreign securily purchases, and the hundreds of millions of dollars spent annual-
ly by Aincrcian tourists overseas.

This picture has changed drastically in a decade, although today exporis
exceed 40 billion dollars annually, which is double ten years ago. Imports are
rising above that figure and have rcecently started 1o accelerate with 1 tremen-
dous influx of foreign cars, electronic equipinent, lextiles, shoes, etc, Alrcady
the combined sales of two Japanese automobile makers sell more cars in this
country than does American Motors. So it appears that the Administration is on
a solid footing, with their contention that our problems are not primarily the
result of an over-valuation of the dollar or an undervaluation of such strong
currencies as the German mark or the Japancse yen - it is a malter of our
spending too much abroad and not being able to earn enough abroad - it is that
simple. To put it another way, an American drives home in a German car from a
French movie, slips ofl his Hong Kong suit and [talian shoes, puts on an English
robe and Mexican slippers and sips Brazilian coffee from Dutch china while
sitting on Danish furniture. Then Lo the soft music of a Japanese tape player, he
writes a letter to his Congressman on Candaian paper with a Belgian pen de-
manding that soinething be done about all of the gold that’s leaving this country.
So, there is no doubt that our overall balance of payment sitoation is reason for
concern, bui in agriculture, we can be proud of our position of being the preat

stabilizing industry of this country and cvery furmer ougnt to be proud of
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the record. IL is a far better record than any other indusiry in this nation. In
agriculture, we have been increasing our productivity per farmer at the rate of
approximately 8% per year, whereas the industrial worker in our country was
only increasing his productivity at the rate of 2.5% a year. The American farmer
can be more than happy about his contribution in the field of exports, because
he is benefiting directly from the trend. U. 8. exports of farm products in the
fiscal year thai recently ended are expecled Lo hit a record of 7.5 billion, up 11%
from the previous record of 6.8 billion. According to Secretary Hardin, the
massive rise in agricultural expurts has largely eliminated U. 8. farm surpluses. So
gentlemen, in snmmary exporis - at the present time have never been more
important. With the first quarter balance of payment deficit ol 5.5 billion and
our gxports for the first five months of this fiscal year being virtually a standoff
with imports, we are going to have to place great emphasis on improving this
position through exporls. So, wilh this atmosphere, T think thal we can state
with confidence that the opportunity in agricultural exports in general and
peanut exports in particular never looked brighter. As we look at the potential
food demand of the world, it scems that we are locking at a bottomless barrel,
With the rapidly increasing world population and the improving cconomic condi-
tions around the world, the demand for foed has never been preater. In spite of
great efforts of the countries of the world to increase food production by
themselves, the ability of most countries to do so is quite limited and will not
keep pace with the increased demand. For instance, in Japan, Sweden, Germany,
Switzerland, Ireland and England the farm land has been loosing ground to
various non-agricultural uses such as houses, roads, airfields and factories. These
countrics can add very little to Lheir productive capacity so far as land is con-
cerned. In fact, they will nol be able to hold their own. Three countries, Pakis-
tan, India and China, where there is well over one-third of the world’s popula-
tion there is little new land that can be brought into cultivation. Al the present
lime, il appears that some of the smaller Asian countries will be able to add
additional farm land snch as Burma, Thailand and the Philippines. Certainly
Africa and Souih America have the potential for greater agricultural endeavor-
ment but at the same time those countrics with additional land available are
some of the areas that are going to have the largest population increases, which
could continue to require most of their additional output. We are all aware that
agricultural technology has and will increase rapidly, bul in spite of our vast
store of scientific knowledge and the rescarch developments yet to come, there
is still no practical substitule for land in the production of food. As new land
becomes increasingly scarce and as large needs can only be met by raising yields,
there will come a time when exporting of food products will becotne a day (o
day business, A time whemn all processors and handlers of agricultural products
will necessarily have to familiarize themsclves with world trade. So, when we
look at (he increasing population, the increasing affluence around the world, the
pitifully low edible peanut consumption in many arcas of the world, we can
certainly say that the potential for the peanul is enormous, We can take advan-
tage of this situation by bringing the nuiritional value, the {lavor and the vasl
array of peanut products to the atlention of the foreign consunler, thus cultiva-
ting their taste and desire to include peanut products in their norinal food fare.
We need to create heavicer usage and acceptance throughout the world by attend-
ing trade fairs, seminars and lend a helping hand lo foreign countrics in the
establishment of their own National Peanut Councils. We should encourage
knowledgeable marketing and proper advertising geared to the mode of the
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various countries. We can help create change and if we are successful, we will
truly be looking at a bottomless barrel.

Certainly, we are not without our problems with peanut ecxports. Our pro-
duction is built around a support program of controlled acreage and our ability
to export depends on surplus production from ihese acres. Therefore, it is to be
expected that at times our supplies will be erralic and, therefore, we cannot
truty be considered as a reliable foreign supplier at all times. The peanut surplus
for export is made availahle by the government through their weekly sales and
our greatest problem is that this creates a cost to the government. Although
peanuts help tremendously, our balance of payment position - to the tune of
some 25 million dollars per year on edible peanuts alone - we are also aware that
we are receiving approxXimately 30% to 40% less for these peanuts than our
domestic market. We find that our ability to get higher prices is somewhat
limited due to world competition. After all, we have only about 300,000 tons uf
surplus from which to produce an exportable edible peanut while the world
production of peanuts totals 17,346,000 metric tons. So, you can see we are not
without competition in the world markets and, of course, this presenils us
problems, But, we are making progress cvery year und the key to U. 8. competi-
tive success lies in the quality of the peanuts we export. We have two areas of
control that have enhanced the esteem of the U. S. peanut immeasurably in
world markets. One is the controls limiting undesirable peanuts from entering
the cxport trade, such as proper sizing, U. S. grade standards, and improved
sheller attitude in shipping quality. The other and probably the most important
for the future is our testing and control procedures for aflatoxin. As nations
become more familiar with the uniformity and realiability of these tesls, our
position will be greatly enhanced. If we will continue our research for additional
controls in this area, it can be the single most important thing in helping us
secure higher and higher prices in the world muarket. Trips like the one made
recently by Mr. Bill Dickens and Dr. Ruark at the request of the National Peanut
Council and U. 8. D. A., during which they visited Germany, Holland, Denmark,
Belgium, Irleand and England will be of great benefit to U. 8. exports. This helps
foreign countries to become aware of the reliability of our testing and sampling
procedures, which without a doubt are the best in the world today. As countries
tighten their standards and enforce them, the U. 8. position will be greatly
enhanced. It seems that a world seminar inviting all interested nations to attend
in order to discuss sampling, analysis and controls of aflatoxin in peanuis could
be of great benefit in establishing uniformity on a world level.

Now, in regard to profits, we havc 1o review this from two angles - one, from
the standpoint of the growers and the other from the standpoint of the compa-
nies operating in the cxpori field. The pcanui growers encouragement to support
export market developinent is not on the basis of profitability today, bul more
on the basis of future potential. He recognizes that his ability to participate in
the world markets at the present time is limited, but may be a very needed and
necessary avenue for disposal of his production in the future. The grower has
faith that the cost of food products®will rise throughoul the world and that he
will be in a positicn 1o capitalize on this situation. His assumption is certainly
valid because the cost of food is rising throughout the world. England shows an
average price increase of 10%4% on agricultural commodities above year ago
levels. In France, coimnodity prices have increased 2.7% since January; in Ger-
many, prices increased last year approximately 5%; in Italy, an ice ¢rean peddler
now charges 16 cents for the same size cone that he sold for & cents only six
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months ago. In Buenos Aires, long home of the cheap but succulent sicak, a
platter of beef has doubled in price in mosl restaurants over the past year. There
is no doubt that food prices are increasing. Hopefully, the nutritious, {lavorful
peanui will someday be able to securc a price in world markets compatible with
the price in the U. 8. On profits in regard to industry, it is important that U. S.
D. A. must recognize that companies competing in the export markel are enti-
tled to a profit on such transactions. Bidding is competitive enough in our free
enterprise system without U.S.D.A |rejection of bids which do not meet a precon-
ceived idea of markel. Last year they utilized such ap approach in accepting bids on
the disposal of their peanut surplus, which resulied in our failure to be competitive
idea of market, Last year they utilized such an approach in accepting bids on the
disposal of their peanut surplus, which resulted in our failure to be competitive
in all of the world marekis. In Europe, we were just above the market, but we
did move a tremendous volume of peanuts inte Canada and Japan, The point I
am making is that we must be reasonably competitive throughout world markets
rather than limil our outlets by price. U. S. D, A, must recognize that every
company who is working in the export fictd has several responsibilities which are
vital to its success and to the success of its operation. The most itnportant of
these, of course, is the ability to make an adequale profit. Without profit,
nothing positive happens since the atmosphere is such that nothing positive can
happen. In the case of export peanuis, it also affects our national balance of
payment when we are unable Lo compete with other nations of the world for the
peanut markel. So as we think, talk and act on the potentials ol exports, the
problems to be solved, we must recognize that business profit is the single most
important ingredient that makes it all possible. This past Tucsday, I attended an
exports meeting called by U. §. D. A., which was aliended by a full cross section
of the industry, T think this was one of the best meetings on exports that I have
had the privilege of attending. The Indusiry had a chance to speak forth on the
problems which confroni them, hear the problems facing the government and
express possible solutions. All discussions were received with an apparent open
mind, with an attitudc to scek the fairest solutions and yet al the same time,
avoid excess cost to either of the parties. It seems to me with this type of
concern, that our export program will have the stmospherc Lo develop as never
before. So, I think we can conclude that export opportunities have never been so
good, that we do have problems but they can be solved and that the profit
potential is there. The only thing we must do is make things happen, not wait on
them to happen,
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ADDRESS

POLLUTION AND THE PEANUT INDUSTRY
by
Gerald T. Weekman
Spec. in Charge, Entomology Ext. N. C. State University
Raleigh, N. C.

I have been requested to speak to you on the subject of pollution and more
specificatly on how pollution effects the peanut industry. By virtue of training
and experience 1 am an entomologist. I will direct my remarks to the subject of
pesticides and their impact on the peanut industry.

Pesticides are and will continue to be essential in peanut production in the
United Statcs for as long as I can see in the future. Unfortunatety for you and
for me the very essentiality of pesticides in peanut production is creating prob-
lems that we must idcntify and strive to minimize.

Among these problems are excessive pesticide residues in the raw agricultural
product.

Ten years ago many peanut growers suffered excessive losses from rootworms
that quite suddenly were resistant and seemingly immune to aldrin poisoning.
What have we learned from these last twenty years of expcerience? We still
depend on highly persistent pesticides to control insecl pests in other crops.
Pcsticides that remain m the soil and in the water not only cause inconvenience
in the production of root crops, but they threaten some vital life systems in our
lakes, rivers, sounds and oceans. A pesticide that persists beyond its useful life or
drifts beyond the place where it is needed must be called a pollutant and the
ugly connotation that goes with this word applies.

The problem that is even more sinister to us in agriculture is pest resistunce to
poisons. Aldrin and its relatives were used from 1950 to 1960 and in this time
we selected a highly resistant strain of rootworrms that survives today.

We have used diazinon, Thimet and their phosphate relatives from 1960 to
the present. How long will it be before another outbreak of a resistance occurs?
Will the chemical industry that inust now spend 10 million dollars Lo develop a
product for use be standing by to play a new one into the system? Even if the
new chemical is there, how long will it last and what will take its place?

I suggest that it is time for us to get off the merry-go-round and take note of
the problems that face us and begin to plan for the futurc.

Nothing is more difficult or more confusing to an agriculturalist today than
trying to make a decision on pesticides. Much of his confusion results from fear
that he will lose an essential pesticide. Just as the conservationist fears the harm
pesticides may do 10 our environment, this fear coupled with an attitude that
the future is beyond control and an apprehension that the worst is sure to
happen has led to the confusion. Developed nations around the world are com-
mitted to impose controls on the use of all pesticides, and in particular to
eliminate all nonessential uses of highly persistent pesticides. These controls may
well relieve the environmental impact of pesticides by reducing the use of polen-
tial environmental polluting pesticides and eliminating misuse. As an example of
the kinds of conirol we can expect T call 1o your attention what has happened in
North Carolina.

On July 12 the North Carolina General Assembly enacted the “North Caro-
lina Pesticide Law of 19717 following detailed commilice review in both Houses
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of the assembly. As stated in its full title this law is: “An Act to provide for the
protection of the quality of the environment and for the protection of the
public health through regulation of the use, application, sale and disposal of
pesticides and the regisiration of pesticides”. This legistation does provide for
regulations on use, sale, storage, disposal and application of all pesticides and
repeals the “North Carolina Insecticide, Fungicide and Rodenticide Act of
1947” (CS 3, Article 4 A, Chapter 106} and the ‘“North Carolina Aerial Crop-
Dusting Law” (CB Article 4 B, Chapter 106) effective Ociober 1, 1971,

There are many significant provisions of this law that affect all of us, The
crealion of a North Carolina Pesticide Board which is responsihle with the
Commissioner of Agriculture to carry out the provisions of the Act.

The Board is to be appointed by the Governor and shall consist of seven
members.

1. A representative of the North Carolina Department of Agriculture.

2. A representative of the North Carolina Board of Health.

3. A representative of a State Conservation Agency.

4. A representative of the Agricultural Chemicals Industry.

5. A person engaged in agricultural production.

6. A citizen at large who is a non agricultural conservationist.

7. A citizen at large not associated with agricultural produclion or the
chemical industry.

This board may adopt regulations and set policy following one or mnore pubiic
hearings with four concurring votes.

The Commissioner of Agriculture is charged to enforce and administer the
law.

Powers of the Pesticide Board

The Pesticide Board is authorized to appoint a Pesticide Advisory Committce
to assist the Board and the Commmissioner in an advisory capacity. The Pesticide
Board may, after hearing, adopt and revise a list of restricted pesticides if in the
judgment of the Board such action is necessary. The restriction may include the
time and condition of sale, distribution or use; may include prohibition of use
for designated purposes; may requirce the purchaser to certify use as labeled; or
may requirc a use permit issued by the Board.

The Board may adopt repulations concerning handling, transport, storage,
display and disposal of pesticide wastes as well as restricting or prohibiting
certain types of packages and containers and nay apply to their strength and/or
size to alleviate danger of spillape, breakage or misuse.

Afl brands or grades of pesticides must be registered by the Board prior to
sale or offer to sell requires an annual fec of $25.00.

The Board to prevent an imminent hazard to the public or lo a nontarget
organization or segment of the environment wnay suspend registration immedi-
ately.

Dealers and Manufacturers

All persons in the business of distributing, selling, offering for sale or holding
for sale restricted use pesticides are to be licensed by January 1, 1972 for each
outlet or location for an annual fee of $25.00. Qualifications for license include
two years of experience or suitable education or a college degree.

A written and/or oral examination prescribed by the Bouard must be satisfac-
torily completed prior to January 1, 1974 and renewa! examinations shall be
prescribed by the Board at mtervals of not less than four years.
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Names of employees of dealers must be submitted to the Board at each
renewal and each dealer is responsible for the actions of his employees,

Revocation of dealers license: provisions for revocation of licenses by the
Board for violation by the act by licensee or employee of licensee for not more
than two years.

Applicators and Consultants

Any person who owns or manages a pesticide application business who
applies pesticides on lands of another except persons who apply pesticides on
their own land with ground machine or for the accornmodation of his neighbors
or is licensed under the North Carolina Structural Pest Conirol Act must be
licensed by January 1, 1972, An annual license fee of $25.00 is required. Each
piece of ground equipment is to be licensed, the fee is $10.00. Each piece of
aerial equiprnent is to be ticensed, the fee is $25.00.

Qualifications for an applicators license include two years experience or suita-
ble education or a college degree.

A written and/or oral examination prescribed by the Board inust be satisfac-
torily completed prior to January 1, 1974 and renewal examinations shall be
prescribed by the Board at imtervals of not less than four years.

The names of all solicitors, salesmen and operators must be furnished to the
Board at each rencwal and applicators are responsible for the actions of their
employees.

Revocations of Applicator's License

Provision is made for revocation of licenses by the Beard for not more than

two years for viotation of the act by the applicator or his employees.

Reporting Volumes of Pesticides

Persons selling pesticides to the consumer shall report to the Board all
purchases, sales and shipments of restricted use pesticides and other pesticides
designated by the Board.

Inspect

The Board may for purposes of enlorcing the act may inspect all equipment
and premises subject to the act, inspect lands on which pesticides are used,
inspect storage and disposal areas, juspect complaints of injury to humans, lands
or plants and sample pesticides being applicd or to be applied.

Interim Licenses

The Board is authorized to issue provisional or interim licenses to all
categories of licenses or to waiver particular requirements or to provide for
phasing of license requirements but no interim or provisional license shall be
valid later than December 31, 1973,

These controls will not solve the problem of pest resistance {o pesticides.
Based on present knowledge, as long as man continues to use pesticides to
control a pest he must recognize and be prepared to deal with pesticide resist-
ance. An insect in its infinite variety and with its myraid of inechanisms to
assure survival is well prepared to meet und overcome any effort by man to
destroy it. By using an inseclicide to control rootworms we add only a single
additional obstacle to the thousands of hurdles that the rootworm already faces
in its struggle to survive. As has been dewnonstrated repeatedly, it only takes
10-15 generations for an insect population to overcome a pesticide,
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The world’s agricultural industry must reorent itself in the use of pesticides.
We will continue to use pesticides and we will use more of them in the next ten
years than we have used in the last ten. But pesticides can never be our sole
defense against pests and they should be no more than one of several tools used
to manage pest problems.

Today when an insect appears on a crop the farmers auiomatic reaction is to
use a poison. This is a reaction that must be altered to one in which the farmer
says: “What pest do I have? How many are there? What damage will they cause?
Of the several means of control available to me, which one offers the best return
for my investment?” He must also recognize the hidden costs of environmental
pollution and eventual pest resistance.

Research can provide the answers we need to the hundreds of unanswered
questions and research can provide the tools to combat our problems.

The solutions to many pest problems may well come from:

(1) The development of more pest specific chemicals, that is, chemicals toxic
only to the target species.

(2) More specilic forecasting of pest outbreak conditions eliminating the need
for routine preventive use of chemicals.

(3) Utilization of plants resistant to disease and insect attack which raise the
threshold of economic damage to minimize the need for pesticides.

By continuing all avatlable resources, whatever they may be, we can arrive at
what is now referred to as pest management, a coinplex but highly efficient
means to alleviate pest problems and hence prevent “pollution” resulting {rom
peanut production.
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INFLUENCE OF PEANUT HARVESTING AND
CURING METHOOS ON AFLATOXIN CONTAMINATION
by
Wilbur A. Parker and Daniel Melnick
Best Foods Research Center, CPC International Inc.,
Union N. J,

William T, Mills
Lilliston Corporation, Albany, Georgia

INTROOUCTION

During the fall of 1963, experiments were conducted in order to evaluate a
new method of harvesting and curing peanuts with the hope that the method
would climinate the aflatoxin problem. This new approach involves leaving the
peanut plant in the soil until low temperatures stopped nut maturity develep-
mnent; this requires approximately 30 days beyond normal harvesting date. The
vines are cut at the soil level two days prior to digging and the harvesting is
completed in one additional step. In the following text and tables, the term
“New Concept Method” and its abbrevialion, NCM, will be used to identify this
new method of harvesting when coupled with subsequent forced air drying in
bins.

The objectives of the New Concept Method are (a) to allow the kernels to go
to full maturity by extending the harvest date, {(b) to protect the kernels from
time of harvest until the completion of curing, i.e., during the period of moisture
reduction, (c) to increase the peanut yield by extending the growing perind, and
(d} to minimize or prevent the growth of Aspergillus flavus and thereby elim-
inate aflatoxin formation. The early literalure indicates that the most vulnerable
period for fungal development is immediately after digging, when the kernels
contain very high moisture contents and are exposed to the extremes of weather
conditions while in the windrows. Likewise, the most susceptible period for
aflatoxin contamination is believed to occur during field drying (1, 2).

Although the method of field curing is still used in many countries of the
world, the popular present method of harvesting in the United States involves
partially drying the peanuts and vines in windrows, with subsequent drying and
curing in bins, utilizing forced air which may be heated 1o reduce the humidity
(3). In the present study, both of the above mentioned methods of curing (i.e.
during field drying and artificially drying in bins) were also used in order to
provide control samples, The new concept method of harvest is actually a combi-
nation of “new and old”, in that once the peanuts are harvested, the curing and
moisture reduction is completed in bins using dry fnrced air.

In the course of this study, a method was developed to allow shipmeni of
high moisture peanuts to distant locations for subsequent evaluation without
fear of having the sample change as a result of mold propagation. This method of
peanut preservation has interesting possibilities in preventing aflatoxin contam-
ination of peanuts harvested in areas having limited drying facilities.

MATERIALS, METHODS AND RESULTS
Seed Types and Soil Treatment

The peanuts comprising the test sample and the two controls were of the
Early Runner variety. The test plot for the NCM peanuts involved a 20 acre plot
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with the two control peanut crops raised on iwo adjoining 5 acre plots. Table I

lists the planting dates and soil preparations for the tutal 30 acres involved in the

TABLE I

SUMMARY OF PEANUT SEED TYPES AND PLANTING CONDITIONS

pH ef So0il Prior to Planting and.

Method of Planting. Treatment
Harvest Seed Type Date Field #20* Field #5¢

New Concept 100% certified Early | April 23 & 5.8 5.4
Runners 24, 1963

Field Curing 5006 Ccertified Early Bpril 23 & 5.8 -
Runners and 50% 24, 1963
from previous year
New Concept harvest

Artificial 100% Certified Early | April 23 & 5.8 -

Curing Runners 24, 1563

* A ton of lime and 200 pounds of N-K-P {6~12-12) were applied to thie field prior to

planting date,

¢ Rbout 1,5 tons of lime and 300 pounds of N-K-P (6-12-12) were applied to this field
prior to the planting date,
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test. Very good weather conditions prevailed during the growing periud. During
the period from mid-June through the middle of August, the crops were dusted
at two-week intervals with a mixture of 80% suifur, 3% copper salt, and 5%
DDT, at a rate of 20 pounds/acre.

Experimental test equipment was developed and used in this study, which
enabled the actual digging and separation of the soil and cxtranecus material
from the kernels in a one-step harvest method, ie., digging, combining and
cleaning.

Harvesting

The two eontrol peanul crops remained in the soil for 139-140 days, after
which digging occurred. The NCM lot remained in the soil for at least one month
longer than the time allowed the two control samples; the latter was typical of
that in current practice prior to regular harvesting.

The analyses for moisture content (gravimetric weight loss procedure) of the
kernels at the time of digging are shown in Table II.The results of these moisture
tests show a significant difference (lower) in the moisture content of the kernels

TARELE II
PEANUT HARVESTING AHD CURING DATA
Methed of Humber of Dayg|---— % MoOistura ——a——a
Harvest bBaryest Date In_Soil Inftial After 7 Daya
Hew Concept Octebar 4 to 23, 164 days at 20 6.5
1963 start of
harvest, 183
days upon
completion of
harvest
Field Curing September 10,
1963 140 a7 9.5
Artificial Septermber 9,
Curing 19583 138 a7z 1.0
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from the NCM lot, which remained in the soil 3040 days beyond the normal
harvest date.

Peanut yield obtained by the New Concept Method was disappointingly luw;
the low yield was dne, in part, to the fuct that the experimental harvesting
equipment was in the early design state, and thus only partially developed.
Consequently extra handling of the nuts thru auxillary cleaning equipment was
required. Although the actual harvest of the NCM peanut was relatively low,
approximately 13,000 pounds of farmers’ stock uuts were harvested from the 20
acres. The two control plots, S acres euach, produced 8,740 pounds in the case of
the field cured peanuts, and 11,650 pounds in the case of the control field which
provided peanuts for the artificial bin curing,.

Prior to starting the harvest of the test plet for the NCM peanuts, 24 soil
samples were taken in sterilized jars to test for the presence of Aspergillus flavus;
later culturing of these samples revealed one sample positive with Aspergillus
flavus. Samples of the high moisture nuis were also sent to our New Jersey
Laboratory for independent critical evaluations; these samples were protected
under an atmnsphere of chloroform according to the procedure to he described
later in this report.

Curing

Subsequent to the digging and combining operation in the NCM program,
curing was completed by transferring the pods to bins utilizing unheated forced
air at the rate of 17,000 cubic feet per minule until the moisture level was
reduced to about 8%. The ambient temperature during the curing period ranged
between 52° F aud 82° F.

During the time the field cured control nuts were in the windrows, the
weather conditions were almost ideal to permit windrowing for 14 days. Two
rainfalls occurred during this period; the first on September 13, when the rainfall
measured 0.25 inches, and agam on Sepiember 14, when the rainfall measured
0.6 inches. Relative humidity recorded during the 14 days averaged 63%, with a
range of 32 to 85%.

With respect to the second controt lot, digging was started during the morning
of September 9; during the afternoon of this date, the peanut pods from one-
hatf of the plot were combined and the pods moved to bins for artificial curing.
The remaining 2% acres were combined two days later and the resulting pods
transferred to the drying bins; the pods were placed on top of those previously
harvested to complete the curing process. This latter method provided ideal
protection to the control nuts, since the kernels werc protected almost from the
time of harvest until the time of shelling. Studies (4, 5) have shown that
reducing the relative humidity and seed moisture as rapidly as possible during
the curing process provides pgood protection against the propagation of
Aspergillus flavus. McDonald and Harkness have found (6} that at least five days
ate required beforc there is measurable formation of aflatoxin on the high
moisture kernels removed from the soil.

Shelling

After the curing of the three lots was completed, each sample was shelled
through the cooperation of the USDA’s Pilot Plant Shelling Plant located at
Dawson, Georgia. The results of the farmers’ stock gradings obtained on the
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peanuts from the NCM test plot and also the gradings for the field cured and bin
cured control peanuts are shown in Table 1II. These data show an abnormally
high percentage of hull breakage in the nuts obtained from the NCM lot, and
confirm our observations made on the same pods at the time of digging. In
addition to finding a high percentage of broken hulls, the hulls were badly
discolored (black) and exhibitcd signs of scrious deterioration. It was obvious
the kernels had lost much of thcir natural resistance to mold contamination,
Other investigators have confirmed the natural protection which is provided by
unbroken, intact hulls against inscet infestation, microbiological spoilage, and
aflatoxin contamination (7, 8).

In fact, at the time of digging, many kernels were already exhibiting heavy
mold contamination, even when present several inches below the surface of the
soil! The excessive degree of hull breakage cxperienced in the New Concept
Method was further demonstrated by the high percentage of ioosc shell kernels,
as much as 16.16% for the New Concept Method. This compares to 4.74% for
the ficld cured and a low 2.36% for the bin cured samplcs.

During the shelling operation, interest wus centered upon the amount of
damage exposed once the peanuts were shelled. The discharge rate during
processing of peanuts for the U. §. No. | grade was at tli. rate of 1200 pounds
per hour. Table IV shows the damaged kernels removed in the reject stream for
each lot as well as the aflatoxin content found in the reject stream during ihe
removal of the damaged nuts and foreign material. The high percentage of rejects
reported for the NCM peanuts (viz. 1.65%) was three 1imes that experienced for
the field cnred rejects, and four times the figure reported for the bin cured
rejects.

The damaged nuts were sorted from each of the reject streams and tested for
the presence of aflatoxin. Aflatoxin was determined at that time by the early
method developed by Breoadbent et al (9) and involved unly measurcment of
aflatoxin B;. Most investigators are in agreement with Coomes et al (10) in
concluding that measurement of the B] compound (the principal and most toxic
component) is normally adequate to define the magnitude of toxicity of a given
sample with respect to total aflatoxin toxicity.

The extremely high level of aflatoxin reported in the damaged nuts removed
from the reject stream from the New Concept Method (110,000 ppb Bp) is
evidence of the high degree of mold contamination associated with the damaged
kernels from this new type of harvest. It is worth emphasizing that the contami-
nation occurred with peanuts in the ground until time of “instant™ subsequent
curing, i.e., curing by forced air ventilation as promptly as possible after
harvesting.

Raw Peanut Gradings

Following the shelling operation, kernels {rom the U. 8. No. | grade were
evaluated by the U. 8. Department of Agriculture and also by our Portsmouth
(Va.) Laboratory to confirm that No. 1 pgrade was, indeed, obtained. Tlie data
from the grading analyses are shown in Table V.

It is significant to note that the valuc for damaged kernels in the NCM lot
were on the average four times higher than the values obtained with the (two
control samples. Furthermore, the aflatoxin test results show an unsatisfuctory
level of 270 ppb B; for the NCM peanuts. The figures for the two control
peanut lots were typical of what could be obtained at that time (1963).
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TABLE IIT

FARMERS STOCK (UNSHELLED} PEANUT GRADINGS

Hew Field Bin
Grading Category Coneept Cured Cured
Hull Breakaga, % 95,00 41.50 31,20
Total over 16/64 X 3/4
Screen, % 66.06 57.76 62,66
Sound Mature Kernele, % 64,56 57,30 62,12
Sound Splite, % a.30 10,94 4.74
other Kernels, % 3.54 7.08 9,32
Hulls, % 2]1.64 23,54 22.98
Loose Shell Exposed
Kernals, % 16,16 4,74 2,36
Damage, % 1.74 0,76 0.54
Foreign Material, % 7.39% 12,46 2,69
Moistura, % 6,21 5.87 6,02
TABLE TV

ANRLYSIS OF PEANUTE REJECTED AT SHELLING BLANT

crading Hew Concept Field Cured Bin {ured

Cateqory Rejects Retects Rejects
% Foreign Material 9.58 1.42 0,98
% Unshelled 14,70 20,24 5.76
% Damage 32,60 16,78 21,76
% Good Kernels 2,74 0.68 3.60
% Machine Injury 4,24 B.20 14,76
% Skin Discoloration 40,02 51,92 52.52
Pounds of Rejects 110.0 20,0 26,5
—— e emm— o SR S | - e — o
Pounds of No. 1l's 6E62 3685 6540
% Rejects 1.65 0,54 0,40
Aflatoxin Concentration
in Damage (pph B ) 110,000 2,500 17,500

—
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TABLE V

RAW PEANUT GRADINGS - NUMBER CONE GRADE

"TA 9[QBL W UMOUS SE PSUIRLqO s1]nsa1 Sui4o[[o]

Buissso0.d Ja3ing Ihuesy pale|nuisg

Grading Category New Concept Field Cured Bin Cured
Plant . USDa rlant USDA Plant TUSRA

% Other varieties Q.00 0,03 0.00 0.00 0.00 0,00
% Split 5.96 2,04 5,56 0.69 1,95 0.44
% Thru Screen L.44 0.91 2,36 1.18 1.79 0,54
% Major Damage 0.77 0,74 0.19 0.16 0,13 n, 04
% Minor Defects 0.89 | 0,508 0.28 0.07 0.13 0.42*
Total Damage 1.66 1.24 0,47 0,23 ¢.26 ¢.46
% Moisture 5,75 | 5.77 5.19 5.97 5.96 | 6.06
Aflatoxin Concen=-

tration (ppb B,) 270 - 25 - 5 -

Consist of 0.25% skin discoleorations,

Attributed to mechanical injury.

The aflatoxin values listed are calculated from analyses of pick-outs,
obtained in a simalated peanut butter plant—operation, with allowance made
for 50% destruction of the aflatoxin during the reasting process (11),
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TARLE VI

RESULTS OF CLER (FLAVOR] SCORE EVALUATIOHS
OF ROARSTED PERNUTE
Flavor Category New Concept Field Cured Bin Cured
% Pad off Flavor o] 5 v]
% Slight Off Flavor a] 20 10
% Low Peanut Flawvor 20 20 25
% Good Feanut Flavor ag 55 65
CLER Score 92 71 82

*Critical Laboratory Evaluation of Roast, a method developed in the Best Foods
Skippy Laboratories and in general use foday throughou! the industry.

The peanuts derived by the New Concept Method proved to have the best
peanut flavor among the three samples; the test samples consisted {or the most
part of undamaged, mature kernels. As a point of reference, a CLER score of 50
is considered borderline. Thus, a CLER score of 92 indicates an exceptionally
good flavor; and, the respective scores of 71 and &2 for the field cured and bin
cured samples also indicates a very satisfactory flavor qualily.

One kilogram aliquots from each of the three test samples were rcmoved
prior to the simulated peanul butter processing, and analyzed for fatty acid
composition (12). The results obtained in the present investigation are shown in
Table VIL. These data indicate a decrease in 1atio of oleic acid to linoleic acid for
the NCM peanuts. Young (13) had reported lower oleic to linoleic acid values for
immaturity, just contrary to what we had fouud. Possibly the NCM peanuts in
the present study were over-mature; Young had also reported a decrease in oleic
acid as maturity was exceeded; viz., “‘studies on over-mature peanuts indicate
that the germination cycle was essentially a reversal of maturity™. The mean
lodine value (94.7) for the samples tested in the present study was slightly
higher than expected for oils obtained for runncr varieties. In any case, differ-
ences in fatty acid composition among the three test lots are regarded to be too
small to be of dircet practical significance, i.e., insofar as affecting nutritional
value or flavor stability.

The simulated plant processing conditions allowed us to preserve the identity
of the samples throughout processing. Special arrangements were made to permit
complete recovery of the pick-outs from the hand picking operations and also
complete recovery of the “acceptable™ peanuis discharging as the main stream.
These “acceptable™ lots of peanuts were recovered by collecting in toto the
discharge from the picking tables in large drums with covers subsequently
applied; the peanuts were held for inanual sorting.

The damaged roasted peanuis in the rejected pick-outs were tested for
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TABLE VIT

AXALYSES QF PEMAUD OILS PRESSED FRGM RAW PERNTITS

Kew Concept

Field Cuared

Dip curad

Iodine value [Wijs) 95,4 94,0 94.6
Sapeonification Valua 1887 1z8.4 28,9
% oil 52,6 52,3 51.6
Fatty Acid Compositionw®
% Fatty Acids in Tri-
glycerides [95,06X% Basis)
Linslenie 0.0 0.4Q 0.0
Linoleie (L} 29,2 26.4 27.0
Oleic (0} 47,3 51.3 s0.8
Saturated 18.1 17.9 17.8
Ratio 0/T 1.62 1.94 1.89
* (Obtained hy spactrophotometric method; no preconjugated
diaone or (ricne were found,
TABIE WIIT
AWALYSES ¢ PEANUT REJECTS (PICKOUTE) DURING
SIMULATED FPEMNUT DBUTTER PRODUCTION
Category Hew Concept Field Cured Bip Cured
Founds of 5,247 3,510 6,232
Ho. 1's {Roasted Basis)
Blancher Ppickeouts (1bs,) 22 9,5 18,5
% of Process Rejected 0,42 0.27 .30
25 Pickouts
% Dapage in 44 .9 14,6 11.0
Pickouts
Bflaioxin Content of
pamage in Rejects; 50,000 12,500 2,500
{prb Bq)
| ~flatoxin (B)] Temoved:
I wg. per 100 lbs. of 4_25 0,23 0.04
| pCEnuts processed
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aflatoxin as well as the main stream mentioned above, The results from these
analyses are shown in Table VIIL. These data also include the percentage of nuts
which were rejected from the total lots processed, as well as the percentage of
the damaged nuts in the rejected peanuts. The grading analysis from the NCM
pick-outs revealed almost 50% damage, which is a very high level of damage
considering the nuts had already been upgraded at the shelling plant. In addition,
the damage was very severe. The aflatoxin content of this damage component
was 50,000 ppb Bj. This is an extremely high concentration of aflatoxin.
Additional tests revealed the aflatoxin level found in the rejects from the field
cured lot was five tiines that of the rejects from the bin cured samples. Further-
more, the amount of aflatoxin removed per unit weight fromn the NCM peanuts
was almost 20 times that removed from the field cured peanuts.

In Table IX, there is a summary of the fate of aflatoxin during the simulated

TABLE IX

FATE OF AFLATCXIN DURING SIMULATED PEANUT BUTTER PRODUCTION
Hew Copgept | Field Cuged | 8in Curad

Reject Stream

Damagad Peanuts Hemoved (%) 0,19 G, 04 0.03

Aflatoxin Conecentration of
Damaged Peanuts (ppb By) 50,000 12,500 2,500

Total Aflatoxin Removed (ppb Bj) a5 5 1

Main Stream

Total Aflatoxin Remaining

33 Negative Negatil
{ppb P1) e cgEELve

Total Aflatoxin in Roasted peanute
Combined Reject and Main Stream 134 5 1
Huts (ppb By)

peanut butter productions. These data show not only the aflatoxin levels in the
rejected peanuts but also those in the main streams which were collected in
drums. The extremely high levcl of aflatoxin contamination found in the main
stream from the New Concept Method after the hand picking operation shows
this stream to have contained a higher level of aftatoxin than even the starting
samples of either the field cured or bin cured samples prior to roasting and
rejection of objectionable nuts, The main streams from the two control samples
tested negative with respect to aflatoxin contamination.

Since the above study was conducted with the hand picking operation used at
that time to remove the aflatoxin contaminated kernels, it is possible that the
aflatoxin contamination (39 ppb Bi) in the main stream of the NCM peanuts
might have been significantly less had present methods for plant sorting of
peanuts been used. Hand picking operations have obvious limitations related to
rate and fatipue factors, when compared to electronic sorting in current use
today (14). All of our plants have long since instailed electronic sorting machines
that have an nnlimited capacity to reject off color (mold contaminated} nuts and
foreign materials.
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fungicides have shown only limited success in protecting high-neisture peanuts
in the field and under conditions of laboratory exposure. Chemical {pesticide)
ireatments bave been known (0 cause off-flavar in food products not only
because of the aff-flavor tmparted by certain chemicals butl also because of the
interference by same in the normal mectabolic changes occurring in the food
prior to and after harvesting. The same risks are involved in using chemicals for
protecting peanuts just after harvesting and during curing. In our studies, chloro-
form has proven to be an cffective fungicide for postharvesiing applications,
with proper precautions taken against inhatation. Properly cured peanuts,
following even immersion in chlorolorm, to the point of measurable oi! extrac-
tions, even up to 2% absolute oil removal, produce no off-flavors during roasting.
The chtoroform is sufficiently volatile to be completely removed during the
roasting process and leaves behind no detectable residuum. The latter has been
demonstrated organcleptically and is being further evaluated by sensitive analyti-
cal procedures; additional studies are also in progress on the influence of chloro-
torm vapor on the post-harvesting treatment (curing) of peanuts. A closed
chamber, holding peanuts protected by chloroform vapor, must obviously be
thoroughly aerated before a person enters the chamber.

CONCLUSIONS

It is evident from the result of the present study that the New Concept
Method, as conducted, is not a solution to the aflatoxin problem. Some very
positive findings have been noted:

1. Peanuts left in the soil 30 to 40 days beyond the regulur harvest date lose
natural protection to mold contamination due to serious hull deterioration and
subsequent hull breakage; i.e., strong, sound hulis are good protection against
mold contamination.

2. One of the desirable features of the New Concept Method is that of
moving peanuis directly from harvesting to curing bins. This completely elimi-
nates the possibility of rain on the peanuts during curing.

3. It has been clearly established that peanuts can and do becoine contami-
nated with mold while in the soil and this mold can proliferate while in the soil;
with the proper mold present, aflatoxin is produced.

4. Artificially bin cured peanuts can be produced that are of good quality
and flavor when processed properly.

5. Mature NCM peanuts, free of dainage, have exceptionally good flavor.
However, with greater maturity obtainable by the New Concept Method, hull
deterioration occurs tu a greater degree with a resulting grealer contamination
with aflatoxin.

6. Fatty acid composition data revealed no differences of practical signifi-
cance among the peanut lots provided by the three different methods of har-
vesting and curing. However, the ratio of oleic to linoleic acid would seem to
indicate that the NCM peanuts are over-matuze in the physiological sensc.

7. Exposure of peanuts of high moisture content to chloroform vapor is an
effective means for preventing aflatoxin contamination until drying will have
reduced the moisture level to less than 8%. This is attained without the introduc-
tion of organoleptic defects.
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SUMMARY

A critical evaluation of different methods of harvesting and curing peanuts
was conducted with respect to the incidence of aflatoxin content and overall
peanut qualily. The peanuts were harvested in bulk according to both the con-
ventional method and according to a New Concept Method advanced at that
time, Septernber of 1963. Those peanuts harvested by the conventional proce-
dure were either subjected to field drying and curing or by artificial means in
bins using forced air. The New Concept Method involved deliberately ailowing
the peanuts to remain in the soil about one month beyond the ideal harvesting
date and then cutting and removing the vines two days prior to digging. The
freshly dug kernels were then immediately subjected to artificial curing, employ-
ing the same procedure as used for one lot of control peanuts.

Microbiological tests demonstrated the presence of aflatoxin producing strain
of Aspergillus flavus in dumaged nuot sainples obtained by the new harvesting
method. Heavy mold contamination was noted on many kernels which remained
in the soil. A new chloroform preservation technique was cmployed to permit
shipment of samples of peanuts of high moisture content to a distant laboratory
location to provide in essence *‘on the spot™ critical evaluation.

The percentage of rejected (darnaged) kernels from the new harvesting
method was about four times that cxperienced with the two control samples
after conventional harvesting, those field cured and those artificially cured.
Many of the Kernels remaining in the soil after the ideal harvest date showed
serious hull deterioration and this ro doubt contributed to loss of natural
protection against mold spoilage. A significant increase in aflatoxin content was
associated with the increase in mold damage. The artificially cured peanuts were
superior in quality characteristics than those field cured, following conventional
harvesting. The mature and damage-free peanuts, obtained by the New Concept
Method, were scored higher in good peanut flavor after roasting than the control
peanuts obtained by the other two methods. This was attained with no change
of direct practical significance in fatty acid composition. However, the advantage
of superior flavor of good peanuts obtained by the New Concept Method was
wiped out by the high incidence of mold contamination in the overall crop,
associated with increased aflatoxin content (30 to 40 times higher). The
standard harvesting procedure, with properly controlled artificial curing there-
after, still offers the best way to obiain quality peanuts with the least aflatoxin
contamination.
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SPANISH PEANUT YIELD RESPONSE TO NEMATICIDE -
SOIL FUNGICIDE COMBINATIONS
by
R. V. Sturgeon, Jr. and C. C. Russell
Oklahoma State University

Infestations of the Northern root-knot (Meloidogyne hapla) and root lesion
{Pratylenchus brachyrus) nematodes have been found in many peanut fields in
Oklahoma. Limited surveys of peanut ficlds indicate the infestations of root-
knot nematodcs occur in small irregular arcas scattered across the field, while the
root lesicn nematode infestations are usually more uniform. Crop rotation with
non-susceptible crops is a practical method of controlling nematodes; however,
many growers cannot rotate and nematicides offer an effeciive means of control,
Many soil organisms capable of causing seedling blight, root and pod rot are
found in the Oklahoma peanut soils. Cormunon soil inhabiting fungi found in the
peanut soils include Rhizoctonia solani, Fusurium spp. Sclerotium rolfsii,
Aspergillus niger, and Pythiaceous fungi. It would be difficult to overemphasize
the importance of the problems caused by the various soil inhabiting pathogens.
In recent years our appreciation of the severity of these problems has increased.
Continued observation of peanut losses in the growers’ fields has stimulated the
development of a rescarch program in this area. In order to cffect an immediate
relief of the grower’s problem, field research studies were carricd cut in heavily
infested growers’ fields,

1968 STUDY. Peanut nematicide-soil fungicide trials in Caddo County were
carried out on the (irrigated) Grover Skaggs, Jr. farm. Two fumigants (DD and
Vorlex) and a soil fungicide (Terraclor) were applied to Starr Variely Spanish
type peanuts. Plots were four single row beds, 1130 feet long on 36 inch centers
with check rows on either side of each material. All nematicides were injected at
an eight inch depth with onc 45° “L” shank chisel per row, prior to planting.
Terraclor 10G (PCNB) was applied in-furrow at planting. Soil samples for
nematode analysis were taken before nematicides were applied, at mid-season
and at harvest. Yield and pod-esion index was determined at harvest Octlober
23.

RESULTS

Increased yields were obtained from all treated plots. Yield increascs of 981
pounds per acre were obtained in the Terraclor-Voriex treatents. The added
imcreased yield obtained from the nematicide-fungicide treatments indicated the
need for such a practice. Qualitative observations of pods indicated a reduction
of pod rotting disease when nematicide-soil fungicide combinations were used.
Treatments and resnlts are given in lable one.

1969 TESTS. Nematicide-soil fungicide trials werc located on Grover Skaggs,
Jr. farm (irrigated) Caddo County and Dce Kccton farm (dryland) Marshall
County. Combinations of a fumigant nematicide (DD) and seil fungicides
(Temraclor 30G and Polyram 80W) were applicd to Argentine Varicty Spanish
type peanuts. The fumigant was injected in two single-row beds on 36 inch
centers, at an eight inch depth with a 45° “L” shank chisel prior to planting.
Terraclor 30G was applied by the in-furrow blending method at planting.
Polyram BOW was applied in 2 14 inch band as a spray and incorporated into the
bed at planting. Soil samples for nematode analysis were taken during the scason
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CHEMICAL TREATMENT OF PEANUTS IN THE WINDROW TO CONTROL
ASPERGILLUS FLAVUS AND AFLATOXINS 1
by
D. K. Bell and Ben Doupnik, Jr.
Assistant Professors of Plant Pathology,
Department of Plant Pathology,
Coastal Plain Experiment Station, Tifton, Georgia 31794

The effeet of chemicals on Aspergillus flavus Link and aflatoxin contami-
nation in peanut kernels was studied on windrowed plants in the field. Cultivar
Starr (Spanish type} peanuts were grown according to recommended cultural
practices. Plants were dug 135 days aficr planting and inverted in the windrow,
Digging samples were collected and kernels assayed for A. flavus on high salt-
malt agar and for aflatoxins by TLC and the aqueous-acetone method. Back-
ground contamination with A. flavus avcraged i5% of freshly-dug kernels and
with aflatoxins 21 ppb. Aqueous sclutions or suspensions of 24 chemicals (Table
1) were applied to pods irnmediately after sampling, and the plants were covered
with polyethylene film (PEF). Pods with water applied scrved as controls. After
24 hours the PEF was raised, pods were inoculated with an aqueous spore
suspension of an aflatoxin-producing strain of A. flavus (NRRL-2999), and the
PEF replaced. After 6-days incubation samples were collected and kernels
assayed for A. flavus and aflatoxins as described for digging samples. Chemicals
most effective in reducing the incidence of A. flavus recovercd fromn kernels
were: PABA-DMSO, 99% free of the fungus; inaneb and Bordeaux, each 98%;
captafol-DMSO, 97%; Geigy-20-072(25), 96%; boric acid, 93%; and formalde-
hyde and propionic acid, each 91% as compared to 48% of the control kernels
frec of A. flavus (Table [.) Aflatoxin contamination was not correlated with
isolation frequency of A. flavus. No aflatoxins were recovered fron 14
treatments, 20 ppb or less from eight, and 151 ppb from controls (Table 1).

1. Contribution of University of Georgia College of Agriculiure Experiment
Stations, supported in part by the Agricultural Research Scrvice, U. 8.
Department of Agriculture, Grant No. 12-14-100-9900(34), administered by the
Plant Science Research Division, Beltsville, Maryland.
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Table 1. Chcmicals applied to peanut pods in tho windrow, Aspergillus flavus
and aflatexins recovered from kernels of treated pods,

Aguecus concen- Aspergillus  Tolal aﬂga.toxins,

Chemical {ration/liter flavus® pph
p-Aminobenzoic acid (PABA) + 20 g +50ml 1 0

dimethylsalfoxide (DMSO)
M (T}

anzate 80D " {maneb} 12 g 2 20
Bordeaux 8-85-100D a3 2 0
Difolatan 4F(T) (captafol) + DMBO 20 ml +50 ml 3 ]
Gelgy 20-072(25) 40 g 4 0
Boric acld 20g 7 0
Propionic acid 50 ml 9 7.5
Formaldehyde 75 ml of 40% B 2.5
Potassium azide 10g 10 i3
Gentian violetl 200 mg 15 5
Captafol 4 1b, a,i. /gal 20 ml 23 0
Benlate 50 WP(“ (benomyl) DE 26 0
DMEBO 50 ml 2T a
PARA 20g 31 1.2
Sodium m-hisulfite 50 g 32 0
Bodlum hypochlorite 5.25 g 35 5
Calelum hypochlorite 50 g 38 0
Cryatal violet 200 mg 46 2.5

(T)

Nutonex sulfur MW 50 g 48 &
Malachite green 200 mg 54 o
Sodium bisunlfite 0E 64 38
Acetic acid 50 ml 65 5
Lime sullur 30L 226 ml g7 22,0
Brilliant green 200 mp 76 0
Control =0— 52 151

& Mean of four 100-kernel replicaies,

P Mean of four 25~g replicates,



INHIBITION OF AFLATOXIN PRODUCTION IN LIQUID CULTURE
BY BIQLOGICAL DYES 1
by
Ben Doupnik, Jr. and D. K. Bell
Assistant Professors of Plant Pathology,
Department of Plant Pathology, Coastal Plain Experiment Station,
Tifton, Georgia 31794,

A number of biological dyes were evaluated for their inhibitory effects on
growth, sporulation, and aflatoxin production of a known aflatoxigenic isolate
of Aspergillus flavus Link (NRRL-2999) in liquid medium. The dyes were
evaluated singly in concentrations of 1, 1@, 100, and 500 ppm in 250-m! flasks
containing 50 ml of a “20% sucrose - 2% yeast extract” medium. Non-
amended medimn served as controls. Flasks were inoculated with a spore
suspension of the fungus and incubated for 7 days in the dark at 27 C. Visual
evaluations on growth and sporulation were made and the contents of each flask
analyzed separately for aflatoxins using the aqueous-acetone method and TLC.
All treatments were replicated five times. Of 27 dyes iested {Table 1), four
(brilliant green, malachite green, gentian violet, and crystal violet), significantly
inhibited growth, sporulation, and aflatoxin production at 100 ppm or lower
(Table 2}. These four dyes completely inhibited growth at 500 ppm. They are
being evaluated further in the laboratory and in the field as windrow treatments
to control aflatoxin contamination in peanuts.

1. Contribution of University of Georgia College of Agriculture Experiment
Stations, supported in part by the Agricultural Research Service, U. S, Depart-
ment of Agriculture, Grant No. 12-14-100-9900(34), administered by the Plant
Science Research Division, Beltsville, Maryland.
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Table 1. Effects of biclogieal dyes on vizual ratings® of growth and sporulation
of an aflatoxin-producing strain of Aspergillns favus in liguid culture,

Table 2.

Drye

Concentyation, ppm

flavue i liquid eulturs,

Effects of biologizal dyes on aflatoxin production by _Asperpillus

i 10 100

Gr.

2]
“
s
5
[
e
o
B

23
=

oS00

Gr.

&n.

Azofnchsin 3B
Azofuchsin G
Bismark brown R
Bismark brown Y

Eriiliant alzarin hlue

Erilliant grecn
Brilliant yellow
Congo red
Cryztal violet
Erylbrasin
Gentian violet
Malaclite grasn
Meathyl green
Methyl orange
Methylene blus
Methylene green
HNigrosin B
Orange G
Oreein
Rhedomine B-0
Rose hengal
Balranin O
Safranin T
Searlet G
Sudan II

Budan green
Thionin

&N BN EMOgA N En BN EA

enoEn

hoeh o &h oot

T T R S B

AN LA 4T CN €N OO SN SN EN BN CA GA EM CM SR €N &N £N &N &N EN ©A &4 BN £oon e

H~ N 1 kot gnoLnoth

NN N gs
e G ET G0 S0 s Bh O 2 o Gn RLEA BR O G RN B e o

L T

Eh G W AN G0 4N 4N &0 S0 BN DN LT M AN 40 41 23 En 4= &N GA = &0 En € 40 B
e

L=l = = I = = T I B D= = I I I e = I I - I = =L
LN 4N BN £M 4N On £N ©A O DA G0 O 2N O sk B2 OO %9 €N BN < EA eR ooG0 e
4N oA tA s O DA CN KM N EA G0 W 20 s B3 p=l CA W £ BN S EMoEN EN €0

S0 B R T

ahoEnoen in

L I T TT R S S R - BT IETL I B~ I - R N R T R T

SO R R B S e R R - L B B =T I T

Dve

Dwe concenfratioh. pprm
1040

1

10

500

d

b Gr.= growth; Sp.= =poralation,

0= no growth or gporulation; 5= most growth or sporuolation,

Azofushein 2B
Azxofuckein G
Bismark brown R
Bismark browa T

Erillignt alzarin blue

Brilliant green
Grilliant yallow
Congo rod
Crystal viclet
Ervthroain
Gentian viclet
Malachite green
Methyl green
Meihv]l crznge
Methylene blus
Methylerne sTeen
Higrosin B
Orange G
Oreely
Hhodomine B-0O
Hose bengal
Safranin O
Salrgain T
Scarlet &
Sudan 11

Sudan green
Thlonin

Aflatoxin production, % of contrel®

23
4
655
157
a0
Ta
&5
K
G0
151
59
&0
&2

153
B3
56
&0

138

42

T3
143
B35
104

54

154

101

100
143

150
a7
220
87
45
43
144
185
106
140
110
b6
142

3
123
131
151
100

Q
LiE]
a7
0
102
4]
U]
27
118
B
29
1540
101
48
53
93
145
100
180
234
&4
142

® Mean of five replicates,
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INVASION OF FARMERS' STOCK PEANUTS BY STRAINS OF
ASPERGILLUS FLAVUS IN A CONTROLLED ENVIRONMENT IN
THE LABORATORY
by
Harry W. Schroeder and Robert A. Boller
Southwestern Field Corps Pathological Investigations,

Field Crops and Animal Products Research Branch,

Market Quality Research Division, Agricultural Research Service,
U. S. Department of Agriculture, College Station, Texas

ABSTRACT & PAPER

Farmers’ stock peanuts with sound pods and with damaged pods were
inoculaied in two separate tests with spores ol Aspergillus flavus; an aflatoxin-
producing strain (P-70-51i) and a white-spored mutant strain (AF-2) capable of
little or ne aflatoxin production. After 1 week in a relative humidity of 90% a1
25 C, A. flavus was recovered from surface-disinfected shelled kernels as follows;
I. Inoculated with P-70-51i, 10% of keenels from sound pods and 62% of kerncls
from damaged pods. II. Inoculated with AF-2, 6% of kernels [rom sound pods
and 78% of kernels from damaged pods. Tests of A, flavus isolates from | and I1
indicated that nearly all strains were similar to corresponding parent cultures.
Species of the A. glaocus group became prevalent after 2 weeks in storage.
Penicillium spp became a significant segment of the mycoflora after 4 weeks.
Aflutoxins were detccted in I alter 2 weeks. Concentrations of the toxins
remained low until 4 weeks, then reached 70 ppb in sound pods and over 7000
ppb in damaged pods. In II, aflatoxin By was detected in peanuts from damaged
pods after 1 week at a level of 4 ppb. After 2 wecks, 21 ppb were detected in
peanuts from sound pods compared to a trace from broken pods. The moisture
content of the peanuts varied from 13.0 to 14.9% in 8§ determinalions made
after 3 and 5 weeks respectively.

Soon after the source of aflatoxin contamination of peanuts was determined,
Bampton (1) investigated the growth of the causal agent, Aspergillus flavus Link,
and production of aflatoxins in this crop. He suggested * . . . the shell might
offer some protection as no fruiting colonies of the fungus were found in the
drying heaps of unshelled nuis.” A continuation of this study, reported by
McDonald and Harkness (8), showed that the percentage of kernels infected by
A_ flavus was “affected markedly” by the condition of the shell. Schroeder and
Ashworth (10) found significant aflatoxin concentration only in kernels from
damaged pods in a hand-separated sample from a contaminated lot of peanuts.

Clearly, a sound, healthy shell or pod is an impediment to the penetration
and infestation of the enclosed kernels and to the sobscquent development of
aflatoxin contamination. Goldblatt (6) recognized prevention of contamination
as the first and best approach to control of the problem. Therefore, the
production of peanuts in sound pods and the maintenance of lhis condition
could be one of the more feasible means of preventing aflatoxin contamination.
However, it most be recognized that the elfectiveness of the pod or shell as
barrier to penetration by A. flavus can be expected to vary cousiderably from
pod initiation, through development to maturity, and finally in the nonliving
stage after harvest. Studies during all of these stages of development are essential
before the role of the shell in the prevention of aflatoxin contamination can be
completely asscssed. This research deals with onc facet of the problem; that is to
determine the effectiveness of the shell as a barrier in peanuts that have been
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cured and then exposcd to environmental eonditions favorable for the develop-
ment of aflatoxin contamination.

MATERIALS AND METHODS

In-shell cured Spanish peanuts, Starr variety, were hand separated into a lot
with sound pods and a lot with damaged pods (primarily mechanicaily cracked
or broken).

Two strains of A. flavus were used in this experiment. Strain P-70-51i, a
normal-type and highly toxigenic, produced large quantities of aflatoxins B and
By in a standard culture test to be described later. The other strain was a
non-pigmented mutant {white-spored} culture first detected as a single conidial
head in an otherwise normal green colony of a non-toxigenic strain. This strain,
designated as “AF-2 (white),” 1) was used as a “marker” to scparate reisolations
from the normal population that may have been present before inoculation,

It was essentially non-toxigenic, producing no aflatoxin in culture in initial
tests, Dry spores of both strains were prown and collected by the method of
Boller (2).

Both sound and damaged pods were inoculated as scparate lots by dusting
with large quantities of dry spores and then tumbling and mixing in a Patterson-
Kelly Twin Shelt Blender 2) for about 30 minutes. Sporcs were applied in equal
volumes in sufficient quantity to insure that thc amount of inoculum would not
be a limiting factor in the infestation. The treated peanuts were then stored on
screen trays suspended over a ghycerol solution in plastic refriperator boxes (Fig.
1). The specific pgravity of the solution was adjusted and maintained at 1.082 to
keep the relative humidity within the boxes at 90% (3). These containers were
then stored in an incubator at 25 +1 C.

Subsamples of the peanuts were selected, atrandom from each treatinent, at
weekly intervals for 7 weeks. Fifty shelled kernels were surface sterilized by
immersion for 1 min. in a 1% sodium hypechlorite solution and plated on
malt-salt agar (7.5% NaCl) to determine the percentage of fungal infections.
Atso 25g of shelled kernels were assayed for aflatoxins by an adaptation of the
meihod of Pons (9). Another 20g were weighed and hand shelled; shells and
kernels were dried sepurutely for 3 hours at 130 C (7), cooled in a desiccator,
and weighed to determine the moisture content of the in-shell peanuts.

The fungi that grew from the kernels were counted afier the plates had been
incubated for 5 {o 7 days at room temperature. A. flavus colonics were trans-
ferred to Czapeck’s agar (3% sucrose) stants. When 7-10 days old, the aflatoxin-
producing capability of each culture was determined by pgrowing it on a
suspension of ground Spanish peanuts (3g in 50 ml of water) in 250-ml
Prlenmeyer flasks for 7 days at 25 C. These cultures were extracted with
aquaeous acelone and the gquantity of aflatoxins was quantified. The percentage
of kernels infected by A. flavus that resulted from the inoculation procedure was
estimated by comparing the color of each slant culture and its aflatoxin-
producing ability with the corresponding characteristics of the parent strain.

I) Tdentification as a mutant of the A. flavus group was confirmed through the
courtesy of Dorothy I. Fennell, U. 8. Department of Agriculture, NURDD, ARS,

Peoria, lllinois.
2) The use of a trade name does not imply an endorsement of this product by

the 1. S. Department of Agriculture or its agents.
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RESULTS

Fungi isolated. Initially, siorage fungi were not found in peannts from either
sound or damaged pods. Internal infection by fungi was limited to a few kernels
infected by ficld fungi (Table 1 and 2). The number of fungus-free kernels
decreased sharply in peanuts with sound pods after 1 week in storage. In
contrast, fungus-free kernels in damaged pods decreased rapidly during the first
week m storage. A. flavus-infected Kernels increased in all treatments during the
first week in storage. Rate of invasion, by the normal green culture, (P-70-51i} in
dumaged pods was about 6 tiines that in sound pods. The number of cultures of
A. flavus isolated from sound pods decreased after 5 weeks but continued to
increase from the peanuts from damaged pods. A, flavus was recovered from 100
percent of the kernels aficr 6 weeks.

Species of the A. glaucus group, although not detected after 1 week in
storage, rapidly became the dominant fungi in peuanuts in sound shells and a
major percentage of the mycoflora of the peanuts in damaged shells (Table 1 and
2). Aspergillus candidus Link was found after 6 weeks in ca 60 percent of the
kernels from damaged pods (Table 2) and Penicillia became prevalent after 4
wecks, with recovery from 74 percent after 6 weeks. Neither the Penicillia or
other Aspergilli (including A. cdndidus) were recovered from an appreciable
number of kernels from sound pods (Table 1}.

Isolations from the peanuts inoculated with AF-2 (white) followed a similar
pattern with some minor variations (Table 3 and 4). Generally, AF-2 (white) did
not appear to be as capable of penetrating the sound pods as the green-spored
normal-type strain, P-70-51i.

Aflatoxin contamimation. A significant level of aflatoxin contamination in the
peanuts in sound pods, inoculated with the toxigenic strain (P-70-51i) was not
detected until after 4 weeks (70 ppb). However, in peanuts from damaged pods,
concentration rcached 20 ppb after 2 weeks and exceeded 7000 ppb after 4
weeks (Table 5).

Although initial tests showed that AF-2 (white) was not toxigenic, aflatoxins
were detected in peanuts from both sound and damaged pods; after 2 weeks in
sound pods and afier 1 weck in damaged pods (Table 6). The concentration
never exceeded 86 ppb in either pod category. Throughout the experiments,
there was no indication of a significant difference between the pod categories.

Moisture Content. Before treatment the moisture content of the in-shell
peanuls averaged 5.8% (wet basis). It increased rapidly to 11-12% during the first
weck in storage, followed by a unifonin decrease in absorplion rate, to reach
about 16% after 7 weeks. Initially the “in-shell”” damaged were slightly drier
than the “in-shell” sound-podded peanuts but the damaged tended to pick up
water at a slightly higher rate duoring the first few weeks.

Recovery of A. Flavus. In the standard test previously described, the normal-
type strain (P-70-511) regularly produced about 3000 to 5000 ug of aflatoxin B
and from about 150 to 300 ug By per flask. Strain AF-2 (white)} failed to
produce a detectable amount of aflatoxin when initially isolated. In later tests,
smajl amounts of B| werc usually detected. With both strains, the rccovery of
the original isolate was confirmed by color in slant culture and performance in
the- standard aflatoxin-production test. Cultures recovered from kermnels from
sound pods (Table 7) usually appeared similar to the strains used to provide the
inoculum for the respective experiments. Only two green-spored cultures were
found in peanuts inoculated with the AF-2 (while} mutant during the entire
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experiment, Similarly, most of the cultures recovered from the kernels of
damaged pods were indistinguishable from the strain applicd as inoculum. (Table

8).
DISCUSSION AND CONCLUSIONS

Diener and Davis (4) reported development of aflatoxins in peanuts with
sound podgs stored before curing at relutive humidities as low as 87 percent at 30
C. In a later study (5), also with intact pods, these authors reporied the limiting
values for unsterile unshelled peanuts as 85.5% rtelative humidity at 20 C.
However, damaged and sound pods were not compared.

The optimum temperature for growlh of most strains of A. flavus, consistent
with maximuin production of #flatoxin, is about 25 C, Qur previous cxperience
had shown that relative humidity of 90 percent at 25 C favored rapid develop-
ment of aflatoxin contamination in peanuts. It is not unlikely that cured
farmers” stock peanuts may be exposed to such conditions and thus the test data
might be expected to predict the actual effectiveness of the sound-ped barrier.

The results established, both by counts of infected kemncls and by the rate of
accumulation of aflatoxins, that the sound pod is an effective barrier to A. flavus
under the conditions of thesc experiments.

The extremely rapid and widespread development of species of (he A. glaucus
group was unexpected. Because of Lhe excessive A. flavus inoculuin level, other
fungi were expected to be at a distinct competitive disadvantage. This proved
true during the early days of storage but the effect was lost with timc.
Apparently, the pods do not bar penetration by the A. plancus group as
effectively as the A. flavus group. Possibly the A. glaucus group had penetrated
prior to storage but data from the control and the first week of storage do not
support this. The A. glaucus group not only penetrated the pod more easily but
alsc scemed lo be at a competitive advantage under the environmental
conditions of this experiment.

Pods became visibly moldy after about 3 weeks in storage. Examination
under the microscope showed that the A. glaucus group was the predominant
external fungus. Many kernels were split and apaim species of the A. glaucus
group were the most common fungi found growing between the cotyledons. In
many cases, growth was luxuriant with conidial heads and cleistothecia visible to
the unaided eye. These data suggest that a closer look at possible detcrioration
caused by species of the A. glaucus group may be advisable.

In damaged pods, kernels supported a much more luxuriant mycoflora than
m sound pods. The development of numerous infestations by Pemicillia was
particularly natable; many kernels in damaged pods supported growth of two or
more specics. They also became obviously moldy more rapidly than kernels from
sound pods.

Although AF-2 (white) originally failed to produce detectable levels of
aflatoxin in the standard peanut test medium, 92 to 100 white-spoted cultures
reisolated from the inoculated peanuts produced aflatoxin in the standard test.
Production was low, ranging from a trace to 4 ug per flask. It seems probable
(hat aflatoxins detected in the stored peanuts may have been produced by this
strain. This is supported by the extremely low rate of isolation of normal green-
spored culiures.

The data from both experiments failed to indicate that multiple infection.of
the kernels seriously inhibited the production and accumulalion of aflatoxin,
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Tabla 1. Fungi {solatad from peanut kernels from sound pode after Lnoculatiom with an
aflatoxin-producing strain of Aspergiliyy flpyys (P=70=511) and etoraga ip an atmosphazae
waintalned at W% relative humidicy snd a temperaturs of 25 C.

Fungl {aclated from kernals

Time
in
storaga A. Elgyng A. alaycpg All othar Fiald
Hone ETOUR froup Aspergllli Panicillin Fungi
weeks ] * % 2 * 7.
0 92 4] 0 il Q 8
1 b6 10 Q Q o 4
2 0 58 104 Q F 2
k] 22 18 58 [+ [} i6
4 20 40 &0 Q [ 0
5 2 40 98 0 4 3
[} 0 1z 108 Q ] ")
7 Q [ 98 a 6 ]

Table 2. Fungl isolated from psanut keynels from domaged pods after inoculation with an
aflatosin=producing strain of Agpergillyg flgvia (P-70-511) and storage in ao atmosphers
maintainad ac 907 relacive husddity and a temparsturs of 25 C.

Fungl {solated from karnels

Tiwe
in

atorage A. flawug A. glapcup All othar Fleld
Hona group Eroup Aspergilli Penicillis fungi

wealks % 4 % % k] %

1] 9% o 1] o 1] &

1 38 62 o 0 1] F4

z 2 .1 [ q a 4

3 i T2 T4 a 3 [

4 0 54 -] &4 0 0

5 i) 92 EL:] 2 62 0

[ 4] 100 18 &4 T [

¥ o 100 64 1] 1z a
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Table 3. Fungl isolated from peasut kernels from sound pods after inoculation with &
whita=spored mutant strain of Agpeygillys fFlavus (AF-2 vhite) and storage ln an atmosphare
maincained at 907 relarive humidity and s tempereture of 25 C.

Fungl ilaclated from karnels

Time
in

pLoTmge A £lgvus A glaucus All other Fiald
Wone BTOUp group AspergillL Panicillia fungl

weeks % % % % * 1A

Q 92 4] Q o ¥ ]

1 92 & Q 0 0 2

2 W 14 14 1] 0 a

3 2 10 M a [ &

4 & 12 84 1] & &

5 2 F. 100 ] B 4

& o ] 100 2 2 2

7 0 16 100 a o 4

Table &. Fungl isclatad from peacut kernels from dameged pods after ineculation with a
vhite-spored mutent strain of Appergiliug flavus (AF-2 white} and storage in an atmgephere
malntained at P07 relatlve humidity and e CLémperature of 25 C.

Fungl lsolated from kemmela

Time
in

storage 4. flavua A. glaucus All other Fleld
Wone group group Aspergilli Penicillis fungl

weEks % % % * * kA

i} 96 Q 1] 4] Q 4

1 16 78 2 0 0 6

2 1] 50 72 o 10 H

3 F Gl 80 2 16 ]

L] q 100 &0 40 24 a

5 & 100 B8 0 86 0

& 0 Loo 56 24 & 0

7 o 100 62 14 (73 [+}

Table 5. Aflatoxine datactad in peanuts inoculated with a toxin-producing strain of
Aspergillus flavus {P-70-511) afrer storage in an atmoephera of 907 relative humidity st 25 C.

Aflatomine 1]

Weeks in stocage: 1] 1 2 k| 4 5 & 7
Sound poda 0 1} <1 1} 10 <3 ll9z 42
Damaged pods 0 0 20 5 7293 Blad 11572 7714
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Table 6. Aflatoxzina datected io pesnuts Inoculated with a white-spored mutant atrsin
of Aspergiliue flavus (AF-2 white) after storage in an atmosphere of 907 relative humidity ar
23 C.

Aflatoxins {ppb}
Weeks in stcrage: a 1 2 3 & 5 [} 7
Sound poda i} il 21 o 42 v T 86
Damaged pods 0 4 <3 30 <3 a5 0 14

Table 7. Fraquancy of recovary of Aegerglllus flavus similar to atrain appliad an
inoeulum bto pesnuts with sound pods aftar stacage in en atmosphere of 90T relacive humidity
and 25 C.

Time Inoculsted with P-70-511 Inoculated with AF-2 white
sto::ge Cultures Culbuzes like Cultures Culturea like
Lestad ingculated atrain tested inocvlated strain
waeke ne. FA no, 7.
1 5 Ro ] 1 100
2 10 00 ] 100
3 9 lon 3 100
b 0 90 -] 67
5 10 100 1 108
& L] 100 3 10
7 3 100 2 100

Tahle B. Frequancy of recovary of Aspargillus flavus similar to strain applied as
inoculum to peanuts with damaged pods after storage in &o atmosphere of 90% relative humldicy
and 25 C.

Time Inpeulgted wich P-JO-511 Ipoculatsd with aF-2 white

atot:gl Cultures Culcures like Cultures Cultures like
tested inoculatad gkrain tested inogulatad strain

weeks Tt % . %

1 10 100 10 100

2 10 90 10 100

3 10 100 10 100

i 1d 180 10 100

5 10 100 9 100

& 1 90 10 100

7 10 70 i) 100
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SOME METHODS OF DETERMINING MILLING QUALITY
OF FARMERS' STOCK PEANUTS
by
Freddie P. Mcintosh, Agricultural Engineer
James |. Davidson, Jr., Mechanical Engineer
Reed 8. Hutchison, Agricultural Engineer
National Peanut Research Laboratory
Transportation and Facilities Research Division
Agricultural Research Service
U. S. Department of Agriculture
Dawson, Georgia

INTRODUCTION

When farmers’ stock peanuts are sold at buying points, the milling quatity of
the peanuts is estimated by the split kernel outtum from the official grade
sheller. The payment to the farmer is discounted for split kernels in excess of 4
percent of net farmers’ stock weight. The official grade sheller developed by
Dickens and Mason 1) has as its performance requircmendts:

“{a) The amount of kernel damage should be as smail as possible since

measurement of size distribution is dependent upon intact kernels, (b) the
shelling time for 1,000 grams of peanuts should be less than 5 minutes, (c) the
amount of unshelled peanuts passing through the machine should be small, and
(d} the machine should be easy to cleau between samples.”
Kernel damage was considered to be the most important performance criteria for
evaluating the sheller. Thus, the official grade sheller was developed to provide a
low split kernel outturn that does not necessarily agree or cerrelate with the split
kernel outturn of commercial shellers.

The cobjectives of this paper are to compare the split kernel outturns from the
official grade sheller with the actual outturns from a pilot shelling plant, and to
report work on development of two laboratory-scale shelling apparatuses - one
for shelling samples larger than 20 pounds and one for shelling samples smaller
than 20 pounds.

A comparison of split outiurn data from the official grade with pilot plant
shellers was needed to scc if a correlation existed between the two split kernel
outturns. If a correlation existed, then the outtum fram the official grade sheller
could be used to predict accurately the split kernel outturn from shelling plants.

Development of laboratory-scale shelling apparatuses was needed by
researchers and industry to determine what effect variables in peanuts and in
techniques have on the milling quality of peanuts and to assist in setting up
commercial shelling plants. Many more samples can be economically and
practically evaluated by using laboratory shellers instead of shelling the sampies
with plant-size equipment.

1) Dickens, J. W. and Mason, I). D. A Peanut Sheller for Grading Samples: An
Apphcation of Statistics in Design. Transactions of the American Society of
Agricultural Engineers, Volume 2, No. 11, pp. 4245, 1962.
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PROCEDURES

As the lots of peanuts (750 to 1,000 pounds cach) were brought into the
USDA pilot shelling plant for tests, a spout-type sampler collecled representative
samnples (3 to 7 pounds) of each lot for official grade evaluation. Data from the
evaluation, collected for Spanish-, Runner-, and Virginia-type peanuts for crop
years 1965 through 1970, were averaged and analyzed to determine the
telationship between split kernel cutturns from the official grade sheller and the
pilot shelling plant.

A 50-pound representative sample also was collected from each lot. Each
sample was shelled, using the laboratory shelling apparatus. Sheilling outturn data
were analyzed to determine the relationship betwcen split kernel outturns from
the laboratory and the pilot plant sheller.

The larger laboratory sheller is approximately one-fourth the size of a
commercial first-stage sheller {fig- 1). It has thrce 4-inch wide cast-iron sheller
bars and can be equipped with either cast-iron type or steel T-bar type sheller
grates. The length of the sheller grates is approximately 11 inches. Although the
rotational speed of the shelling cylinder can be varied, for these tests the
cylinder speed was 205 revolutions per minute (1.p.m.). Capacity of the sheller is
500 to 1,000 pounds per hour. Equipment which comptements the sheller is:

1. Distribution tray for the sheller discharge.

2. Hull pickup system and settling chamber.

3. Vibrating screen for separating large unshelled peanuts, SMK (sound
mature kemels) and small unshelled, oil stock, and split kernels.

4. Bucket elevator to convey SMK and small unshelled peanuts to gravity
table.

5. Gravity table for separating SMK and small unshelled peanuts.

The smaller laboratory shetler was originally designed by the manufacturer to
shell a sample of peanuts for moisture determination. After modification of this
sheller in our shop, preliminary iests were conducted to compare the split kernel
outturn with the outturn from thc pilot plant. Tests with the smaller sheller
were conducted with 1970 crop year §panish- and Runner- type peanuts.

RESULTS AND DISCUSSION
Official Grade Sheller

Spiit kernel outturn frem peanuts shelled by the official grade sheller did not
agree with the split kernel outturn fromn the pilot shelling plant, as shown in
table 1 and figure 2. The hnc y = x in figure 2 represents the necessary
relationship (1:1) for exact agreement. Each data point in figure 2 represents
peanuts of different milling quality and is the average of from 2 to 18 tests. The
scatter of the average data is such that the split outturn from the plant cannot be
accurately described by using split cutturn results from the official grade sheller.
The least squares equation (dashed line in figure 2) developed from the duta is
not a rehable cstimate. Thus, it appears that the official grade sheller is fairly
insensitive to changes in milling quality.

An attempt was made to obtain correlation by grouping the data according to
type of peanuts and calculating the average ratio of pilot shelling plant splits to
official grade splits for each lot of peanuts for all years (table 1). The range of
ratios was so wide for each type of peanut that this too did not provide a reliable
estimate.
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The correlations obtained by calculating the least squares equations of the
data for each type of peanui were not entirely reliable. However, these equations
are a more realistic predictor of split kernel cutturn than the equation y = x
where y = split kernel outturn from the pilot ptant and x = split outturn from
the official grade sheller. The least squares graph for Runner-type peanuts, which
showed the highest correlation of the three types is shown in figure 3. The least
squares equations for Spanish- and Virginia-iype are as follows:

Spanish-type
y=221+1.13x
r=0.73
Virginia-type
y=213+300x
=077
where
¥ = split outturn from pilot plant
x = split outturn from official grade sheller
r = correlation coefficient of the data Lo the equation,

These equations were developed from the data where the official grades were
determined concurrent with or immediately after the pilot plant tests.
Adjustments to the equations are necessary if loss of kernel moisture or other
changes in milling quality occur between evaluations.

The main reason for inconsistent correlation between the split kerncls from
the official grade sheller and commercial-type shellers is the difference in shelhng
action. Shelling actions in the official grade sheller are produced by a
teciprocating, rubber covered rod above a steel grate, while the shelling actions
in the plant shellers arc produced by a steel cylinder rotuting inside steel grates.

USDA Laboratery Shelling Apparatus

Split kernel ouiturn from the laboratory shelling apparatus is approximately
the same as the split kernel outturn from the pilot shelling plant (table 2). The
data for Runnertype peanuts (total splits) are almost identical for the
laboratory sheller and pilot shelling plant. Total splits from the pitot plant are
slightly higher than total splits from the laboratory sheller for Spunish- and
Virginia-type peanuts. This may be due to the fact that Spanish- and
Virginia-type peanuts, especially Florigiants, are very sensitive to factors which
causc skin slippage. When the skin is removed, the cotylcdons separate easily
when cycled through normal handling and grading operations in the shelling
plant. To check out this possibility, the 1967 crop year Virginia-typc peanuts
(Flerigiants) werc cycled through the grading operation of the pilot plant.
Conseguently, 8.1 percent more kernels were split. Total splits after handling
was very near the same for the laboratory sheller and pilot shelling plant (table
2). Split kernel outturn of the first stage sheller in the laboratory sheller and
pilot shelling plant werc also in agreement.

The laboratory sheller is sensitive to changes in milling quality. The effect of
a milling quality variable such as kerncl moisture on outturns can be determined
(table 3). A detailed analysis can bc made to determine the outturns, shelling
efficiencies, and shelling 1ates of peanuts from each stage of shelling.

The laboratory shelling apparatus has been successfully used by National
Peanut Research Laboratory personnel in numerous studies to determine the
effects of different variables on milling quality of peanuts and to set up
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equipment in the pilot shelling plant. Some of these studies are:

1. Effect of Temperature on Shelling Runrer- and Spanish-type Peanuts.
ARS 52-65 by McIntosh and Davidson.

2. Selected Physical and Shelling Properties of Florunner Peanuts. ARS
52-68 by McIntosh and Davidson.

3. Shelling and Storage of Partially Dried (Cured) Peanuts. 1970 Journat of
APREA, Vol. 2, No. | pp 57-64, by Davidson, Blankenship, and Hutchisen.

4. Drying Farmers’ Stock Peanuts at 40° und 60° F. Transactions of the
ASAE, Vol. 13, No. 4, pp 444, 445, 446, and 447, 1970, by Woodward,
Hutchison, and Davidson.

Although the laboratory sheller is sensitive to changes in milling quality and
its outturns correlate with the pilot shelling plant, it is not a replaceinent for the
official grade sheller because of the sample size necded (20 pounds or more).
Also the laboratory sheller is not easy to clcan after running a test. Since two ur
threc stages of shelling are needed per sample for adequate correlation of results,
the time requircd would eliminate it for many tests.

Experimental Sheller

The first 1,000-gram samples shelled using the cxperimental sheller resulted in
split kernel outturns three to four tiines greater than the pilot shelling plant. The
cylinder speed of the experimental sheller then was reduced from about 375
r.p.m. to 250 r.p.m., the round sheller bars replaced by %-inch-square bars and
the bar spacing made adjustable. Tests showed the best bar spacing for Spanish-
and Runner-lype peanuts to be 1 inch and 1-% inches, respectively, table 4.
Other samples shelled at these optimum settings resulted in split kernel cutturns
that were more consistent, table 5.

Since these were preliminary tests to investigate thc feasibility of the
experimental sheller, no definite conclusions can be drawn. However, this sheller
appears to have the potential for shelling I to 20 pound peanut samples.

CONCLUSIONS

The split kecnel outturn from samples shelled with the official grade sheller
does not correlate well with the oulturn from a commercial-type sheller. The
official grade sheller is fairly insensitive to changes in milling quality of peanuts.
The shelling action of the sample sheller is much more gentle than the shelling
action of a comnmercial sheller.

The laboratory sheller is a useful and practical tool that can be used by
research scientists and shelling plant operators to isolate and identify variables
which affect peanut shelling. It can also be used to determine the milling quality
of a particular lot of peanuts and in selecting the combination of grate sizes for
shelling lots of peanuts.

The experiinental sheller has the potential of being developed into a sheller
that can provide an accurate method 1o determine the milling quality of small
samples of peanuts.
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T4BLE 1.--Comparisan of aplit keruel surturn abtained by shelling peancts TABLE 2,--Covparisea of split kernel ocutturns obtained by sbelling

from the same lat in the officfsl grade sheller ard in the pilat seanuts Syom the same lob in the afficial grade sheller, laboratory
shelling -lant. gheller, and pilat snelling plant
Split keenel oufcurn
52lit ketmel outturn Crop YesT i Laboraesry sheller Pilor plin
Crop year Cfficial grade Pilat ghelling plent Rarlg L/ B Offictal grade Firet stage Tatal FLrsT stoge 7914l
Percent Farcent Fercent Percent Zercent  Ferceént Percent
Spandsh-Type Spaniah-type )
1863 3.3 1.4 .60 1967 4.0 7.6 T2 1.8 9.7
1986 5.7 10.3 1.3
1966 2.2 1.8 1.7 1964 —— - 2.3 — 1.8
1967 4.0 9.7 Z.4
1968 2.7 E.9 2.6 1970 — 10.3 -— 1z.% 12,13
1969 i.0 5.2 1.7
196% 6.3 9.4 1.5 Runnet-typs
1968 6.2 11.1 1.8 1967 6.0 13.1 12.5 l2.4 13.3
1970 8.3 11.0 1.3
1570 2.2 3.5 1.6 1966 £.5 1.6 1a.4 —— 1.3
Avg. 1.6
Range 0.6-2.6 1943 6.0 G.8 9.5 7.7 5.8
Tunner-Type 1969 2.4 3.2 4.7 3.0 4.h
1863 3.0 8.3 2.4
1966 E.Q —— —_ Virginia—bype
1967 6.0 12.5 2.1 1967 B.0 10.6 1/10.0 10.8 18.7
1968 11.4 7.2 1.5
1968 E.5 10.3 1.5 1970 9.0 1%.5 —_— 17.3 159.3
1968 5.0 9.8 3
1965 2.0 .2 3.1
1969 4.0 7.0 LB 1/ Shelled pesmuts fror laboratory sheller were cysled thraugh
196% 2.0 4.6 2.3 narmel handling and grading process fa pilct planc. This hendling procass
1970 3.6 4.6 .8 cauzed an additiomal B, percect split kevnels.
1970 14,5 21.2 1.3
1970 4.9 7.2 L3
Arg, 1.8
Range D.& to 3.1
Virginia=-Type
L1965 31,1 3.3 1.2
1966 5.3 10.0 1.5
1967 5.4 17.8 3.3
1968 1.0 8.7 1.4
LUBR & 3.9 2.2
1965 50 14,5 2.9
1963 0.3 4.4 3.1
1970 3.2 E.5 2.0
Arg . 5
Range 1.1 zo 3.4

1/ Plant splits + official grade splits.



TAMLE j.--Results of shelling Floriglant peanuts at Efwe moisture contents with the laboratery sheller.

Stage of Size of F.s5. Sheller Sovnd_ mature kernels
el e ler grate Shelles o efffsiency HX Medim W1 Spiies
Inches Pounds  Percent Percent Porcemt Fercent Fercent — Percent
Moiarture content 10 percent
Ficat 36764 SB.O 24,2 70.4 52.3 14,2 4.3 Z.7
Second 3064 12,90 25.0 BE5.B 49,0 15.2 3.7 1.4
Third 26464 10.5 8.6 37.1 25.4 25.1 9.6 1.2
Total BO.5 24.4 100.0 47.6 15.4 4.8 z.3
Holsture content 7 percent
Firat ELTL-1 54.3 25.7 Bl.4 41,1 1z.0 4.8 1.8
Second ofa4 A6 23.8 B2.0 LI 1.9 6.2 6.5
Third 26/64 3.5 21.2 B8O, 3 5.4 71.R 10.2 4,4
Total 6.8 25.4 100.0 A0.6 13,3 5.2 2.5

TABLE 4 - But spucing tosts an experimental sheller, Crop
Year 1970 peannis

Type of peanut Bar spaeclng Split kernel outturn Cholling efficieney
Inches Dercent Forceont
Spanishy 3/ 10.4 93
1 16.3 86
1-1/% 17.6 il
]hmnera/ 1 17.0 €2
1-1/h 12.6 58

1f Shelled using 22/64 perforated mekal grates.
2/ Shelled uslng 24/64 perforated metal grateg,
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TLRLE 5.--COorrelstion of experimental eheller and pllst shelling
plant split kernel cutturns (erop yecar 1970 pesnuta)

Split kerncl cuthurn

Mype of peanut and test number cxperlmenial shcoller pilst plant
Pereent FYercent
Spanigh 1/

:Lg{ 1G.0 T.4

2 10.5 7.3

3 11.9 5.8

L 10.90 6.6

5 8.6 7.3

53 8.1 7.3

7 9.6 T.6

B 10.7 7.3

9 10.9 TaT

10 9.1 7.8

11 9.8 Tal

12 11.7 6.1

13 11.9 5.8

14 T.0 8.3

Runnsr 3/

152 15.0 9.8

1% 13.2 9.7

175 13.3 3.9

1 12.9 12.4

19 12.3 11.8

20 18,2 11.1

21 8.0 10.8
1/ 22/64 inch perforoled metsl grotes uscd in experimental sheller o

Spanish-type peahula.
2/ 22/6lL inch steel T-bar grates used in pilot plant for tests 1-1h.
3/ 21/6h inch porforsted metal gretes used in experimental eheller for
Spanish-type peanuts.

_l_l/ ab{El inch eaet iron-type grates uscd in pilot plant for tests 15,16, zod 17.
5/ 2h/6) inch perforated metel grates used in pilot plant for tests 18-21.
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METHIONINE CONTENT OF 25 PEANUT SELECTIONS, AND EFFECT OF
MOLYBDENUM ON METHIONINE AND NITROGEN IN PEANUT PLANTS
by
Julius L. Heinis
School of Agriculture and Home Economics,*

Florida A & M University, Tallahassee, Florida

INTRODUCTION

Of all the amino acids present in peanuts {Arachis hypogaea}, inethionine has
been consistently found to be in short supply.

Rosen {7) listed a methionine deficit for peanut protein of -77% as compared
to whole egg. The major peanut proteins arachin and conarachin, according to
Block and Bolling (4), contain respectively 0.6 and 1.9 g methionine per 16 g
nitrogen. Altschul (1) reporied a methionine content of 1.1 g per 100 g protein
in alpha-conarachin. In each case, these values were very low when cormnpared
with other amino acids.

Scicntists in India {5) have found a small but significant difference in amino
acid concentration in different varieties.

The present report deals with the analyses of 25 experimental lines (or
selections) of peanuts kindly provided by Dr. A. J. Norden, Peanut Breeder,
University of Florida. Chemical assays were made with seeds harvested in 1969,
and to check for reproducibility the same procedures wete used with seeds from
the 1970 crop.

Experiments were also performed to study the effect of molybdenum-
fertilization on peanut plants.

METHODS

All peanuts used in the experiment were peeled of Lhe testa and ground with
mortar and pestle. The meal of 10 seeds was defatted with 20 ml of petroleum
ether, After drying overnight at room temperature, 1 g of each sample was
hydrolyzed in 4 ml of 6 N HC1 for 24 hours at 110° C. Duplicates were used,
and the experiment was repeated to prove reproducibility.

Methionine determination was done colorimetrically based on adaption of
Bollings modification of the Sullivan-McCarthy method (4). The hydrolyzate
was poured into a funnel with Whatman No. 50 filter paper, and each tnbe was
rinsed twice with 0.5 ml ethanol. The filtrate, which was nearly black, was
brought to pH 4 with ca. 2.5 ml of 5 N NaOH, and ca. 0.5 g of activated
charcoal was added to each tube for decolorization. After adding 1 ml of
phosphotungstic acid (20% in 0.1N HCI), the suspension was filtered into a
graduated test tube. Each tube was then brought to a volume of 7.5 ml with 0.1
N HCI. In sequence were added: 1.5 ml of § N NaOH, 1.5 ml of glycine, and 0.3
ml of 10% fresh sodiwm nitroprusside. The tubes were mixed, using a Vortex
mixer, and then put into a 37" waterbath for 15 minutes, which was followed
hy 10 minutes in an ice water bath. After cooling, 3 ml of 6 N HC1 were added.
By refiltering the liquid, a green precipitate was removed. This filtrate was
immediately read in a B & L colorimeter set at 520 1nu.

A standard curve was made, ranging from 0 to 2 mg methionine. It is
commonly known that a significant amount of methionine is changed during

*Contribution No. 4.
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hydrolysis if special precautions are not taken. In order to obtain a correction
factor, 10 mg L-methionine (from Sigma Co.) were weighed into a screw cap
tube. This was hydrolyzed and unalyzed exactly like the peanut sampies. The
correction factor obtained in 4 replicates amounted to 5.30, since only 18.7% of
methionine was recovered by the technique used.

Nitrogen determination was accomplished by the micro-Kjeldahl method
(2,6), using 20 mg samples of defatted peanut meal. Each flask received % of a
Kjeldahl tablet (Sargent Co.} and 3 ml H2804 cone.. The samples were then

digested for ca. 1 hour. After partial cooling, 20 ml H2O were added per flask,
Before distillation, 10 ml of 40% NaOH with 5% sodium thiosulfate werc added.
The evolved NH3 was trapped in 5 ml boric acid with bromeresol green-methyl
red indicator. Titration was dene with 0.01 N H2804.

As a check of our methods we also analyzed duplicates of 20 mg NH4C1.
This yielded a correction factor for all N-values of 1.05.

In calculating proteins, the values for percent nitrogen should be multiplied
by 6.25, or 5.46 in peanuts. Results in the literaturc are often given as g/16 p
nitrogen (which is the same as 100 g protein). We found it desirable to mzke our
calculation coniparable.

To determine the value of motybdenum addition to nutrient solutions on the
methionine content, a series of plants was grown in vermiculite pots in the
greenhouse. Every other day, the plants were given 200 ml of a solution contain-
ing nutrients in which the molybdenum concentration varied from 0 to 2 ppm.

When the plants were 4-6 weeks old, they were harvested. The leaves and
stems were dried in an oven at 65° C overnight and then pulverized. This
material was analysed for methionine and nitrogen, similar to the techniques
used for seeds.

Statistical analyses were made in accordance with Sokal and Rohlf's text on
biometrics (8).

RESULTS

The results of our analyses were recorded in Table 1. Therc were significant
differences between the 25 peanut selcctions. The leading sclection, Jenkins
Jumbo, had 8.70 g methionine per g peanut. This was followed by UF 69,415,
Early Runner, and UF 69,204. Starr Spanish ranked 12th., while other named
varietics, such as Florunner, Dixie Runner, Florispan, and Florigiant, had even
less methionine than the forementioned ones.

Nitrogen percentages did not follow methionine contents proportionally as
might have been expected. When methionine contents were cxpressed in g per 16
g nitrogen, the values were found to range from a high of 2.2 for Jenkins Jumbo
to a low of 1.0 for Florigiant. Generally these figures fall within those previously
reported by others (1.4).

In Table 2, methionine contents were recorded for peanuts grown in 1969
and 1970. The selections were ranked for methionine for both years. Generally
ranks in both years werc closcly alike, but with a few exceptions. Methionine
contents for 1970, however, were considerably lower in nur analyses, No seeds
from 1970 were available for either Jenkins Jumbo, the highest ranking selec-
tion, nor UF 69,114 which ranked lowest in 1969.

Table 3 itlustrates the increases in hoth methionine and nitrogen contents in
the leaves of peunuts due to variation in molybdenum-fertilization. Statistical
analysis showed them to be significant.
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DISCUSSION AND CONCLUSIONS

It can be noted from Table | that the {irst 4 cntries contained about twice as
much methionine as the lowest ranking selection. Peanut brecders, therefore,
may like to include Jenkins Jumbo, UF 69415, Early Runner, or UF 69,204 in
their breeding program. Jenkins Jumbo, as the name indicates, is a very large
peanut. The seeds measure up to 2-% x 1 cm, which is considerably larger than
the dimensions of standard varictics. Other large sclections were not as rich in
methionine. Since UF 69,415 had high methionine as well as high protein values,
it too would appear very desirable.

Qur assays showed that highest methionine content does not mean highest
nitrogen, too; in other words, the ratio is not a constani. Statistical evaluation
revealed no such correlation (Table 1). No effort was made to determine why.
Most likely this indicates variability among the different proteins and other
N-containing constituents.

The values for methionine per 16 g N should be high, preferably 2.0 (for milk
this is 4.0}, but since ihis is only a relative amount, the total valuc for mg
methionine per g peanut secms to be more useful for the plant breeder.

By comparing the figures obtained for methionine with those reported by
Rosen (7), we calculated that Jenkins Jumbo was only 45% deficient in
methionine relative to whole egg. This is considerably better than the 77%
deficiency reported for peanut in gencral.

Since the figures for g methionine per 16 g N (or 100 g protein) vary, we may
conclude that the protein composition is different in the various selections.

In the analytical procedure used, much methionine was lost during
hydrolysis. The method of Bidmead and Ley (3), where samples are first treated
with performic acid and hydrolyzed in evacuated tubes, may be preferable if the
equipment is available, Different figures may be obtained with this method, but
the ranking for methionine will likely be the saine as determined in this study.

When the effect of molybdenum on methioninc and nitrogen was studied, a
significant increase was found in both cases. The results reported above werc
obtained with peanut leaves, not with seeds; it can only be speculated that
molybdenum also increases methionine and nitrogen content in seeds, cven if

only slightly.
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Table 1. Hethionine and nitrogen snalyses of 25 selecrions of defatted peanuts
Lot Hethienilne Hitrogen | Methionine
No, Selection wg /g peanut ¥ Rank 4 gfle g 0 "™ Ragk
& Jenking Jumbo 8. 1 6.44 2,2 1
10 UF 49,415 8.16 2 7.3 1.8 4
1 Early Bunner 7.90 3 7.0 1.7 7
9 UF 69,204 7.07 4 6.35 1.8 &
20 UF 69,103 6,96 3 6.36 1.8 4
25 UF 69,403 6.63 [ 6,42 1.7 H
18 UF 6%,318 6,52 7 6,39 1.6 10
14 UF 69,512 6,51 | 5.02 2.1 2
15 UF 63,608 6.34 9 a.h6 1.8 10
17 UF 69,117 6.1% 10 4,72 2,1 2
24  UF 69,70% 6.12 11 6.71 1.5 15
8 Starr Spanish 6.01 12 7.19 1.3 L]
1 Flonmner 5,92 13 7.53 L.3 16
1% UF 69,112 5.64 14 5,91 1.6 10
21 UF 69,616 5.62 15 5.34 1.7 7
18 UF 69,317 5.54 16 5.49 1.6 10
13 UF 69,304 5.53 17 5.58 1.6 10
¥ UF 65,714 5.49 18 7.28 1.2 0
4 DMxle Bumper 3.16 13 6.40 1.3 16
11 UF 63,310 4,70 20 7.11 1.1 21
12 UF 69,208 4.59 21 6.71 1.1 21
22 UF 69,104 4.51 22 5.37 1.3 16
5  Florispan 4,49 23 6.37 1.1 21
2 Floriglant 4,12 24 6.59 1.0 25
23 UF 69,114 3.74 25 3.3l L.l 21

*

mean values oot jolped by the same line are significuntly different at the
WLl level as determined by a studentized mulclple raoge teat,

an L0(Mathionipe)

L0(Hitrogen)
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Table 2. Comparison of methiemine i peanuts harwested in 196% mnd 1970 Tabls 3. Effect of melybdenun om mechicmine and nitregen content of

pranut leaves.

| Hethioaine
ror | z/e paamuc Rank. &, Methiemine content (mg/100 g dry macter}
Wa. Selection 1965 1370 1363 1970 Aseregs Holyadenum 0 ppm 5 pem | 10 gpa| 2.0 pem 2" o
& Jenkins Jumbo E.70 - t - 1 Flotunner Hy | 4% W73 1,20 | 1.58 3 L1231
] UF B9,4l5 E.1lE £.25 2 1 4 R! .23 232 1.10 4 1,13 3 053
1 Early Fummet 7.90 5.32 1 2 3 Floriglant B [ .28 | .29 L4 . k] 73
9 UF 69,204 7.07 5.24 L] 3 Ll 32 i Y3 Tt 258 El A
20 UF 62,103 606 .14 5 & 5 — T
AuaTage 230 S50 ~B2 . L.03 - .0B2
25 UF 69,403 B.65 345 & s L]
18 UF 59,318 8.52 3.31 7 LA I
14 UF 69,512 5.51 .00 B 1 9 B, Witrogen conrent (1)
L5 UF 63,508 634 382 4 6 ¢ Anlybdenum 0 ppm .5 ppm 140 ppm| Z.0ppmj & a
17 UF 69,117 6,19 3.2 i1 ) 1 Flormner B | 1.64 241 588 5.28 N 100
24 LF 65,703 6.12 3.00 i1 10 11 Rz 1.91 241 £.37 45 3 235
E] Starr Spaniah 6.01 410 1z H % Florlgianc B, | 1.00 L.68 3.8 | 3.69 3 315
3 FloTwmar 5.92 2.562 13 13 12 "2 Fon 1.8 2. | 1.1 4 374
19 UF 69,112 5.84 4.55 14 15 14
Average 1.37 2.12 3.54 4.38 - 194
2L UF 69,616 5.62 2.3 15 18 15
16 UF 69,317 5.54 2.02 15 17 18 ® zaan values mob jolned by the same line are elgnificancly differant &t
13 GF 63,304 303 2.58 17 L4 15 the .05 level as determinad by & atudentized multiple renge Lest.
1 UF 69,714 545 1.95 18 12 18 W& n = pumber of cbaervatiems per leval,
L] Dixla Runner 5.16 1.73 19 a0 12 m = sgquare root of realdual mean mqueare in amaylyeis of varlance.
Il UF 55,310 .70 1.59 20 21 20
12 UF &5,208 4.59 1,98 Fan 1z i)
22 UF 69,104 4.51 1.38 22 2 22
] Floriapan 442 2.28 231 12 18
Fe Floriglant 4.12 1.23 o4 a3 24
13 UF B%,114 3.74 - 23 - s

* inderdcored values are sfmilar to 15969 rank.
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AN INDIRECT IMMUNOCHEMICAL ASSAY FOR TRYPSIN INHIBITOR
ACTIVITY IN PEANUTS
by
Robert L. Ory and N. J. Neucere
Southern Regional Research Laboratory
Southern Marketing and Nutrition Research Division
ARS, USDA, P, O. Box 19687, New Orleans, Louisiana 70179

ABSTRACT & PAPER

Antiserum to the total proteins extracted from Virginia 56-R peanuts
contains very few antibodies to the three reported trypsin inhibitors.
Immunoelectrophoretic analysis of inhibitor fractions showed a faint precipitin
arc onty for the largest of these inhibitors (approx. 11,000 molecular weight).
Based on an earlier immunochemical characterization of arachin in dormant and
germinating peanuts, an indirect method for in vitre detection and estimation of
trypsin inhibitor activity in peanuts was developed. The method consists of
measurements of the electrophoretic migration of arachin unireated, treated
with trypsin, and treated with trypsin which was first incubated with peanut
extracts. Results obtained by comparing inhibitor activity in the peanut
fractions to purified soybean trypsin inhibitor confirm the specificity and
potential usefulness of this method for simultanecus analyses of several peanut
fractions in vitro.

INTRODUCTION

Materials which inhibit enzymatic digestion of proteins are widely distributed
in nature, especially in leguminous seeds. Of these, possibly the most widely
studied are the trypsin inhibitors of soybeans. Kunitz (1) was the {irst to
crystallize the soybean trypsin inhibitor (SBTI), which has since been separated
into four active fractions {2). That these plant protease inhibitors are nutrition-
ally significant is shown by the fact that the proteins of heated leguminous seeds
have higher nutritional values than those of raw, unheated seeds (3-5, 7, 17).
Trypsin inhibitors are suspected as the major factor affected by heat because of
their ability to disrupt the normal digestive processes in the iutestine.

Trypsin inhibitor activity has been reported in solvent-extracted raw peanut
meals by several groups (6-8). The active material in the defatted meals could be
solubilized by extraction with water or dilute HC1 (5, 8). Trypsin inhibitor
activity has also been reported in aleohol extracts of raw peanut skins (9, 10),
but it secems doubtful that these alcohol-soluble factors are protein in nature.
Woodham and Dawsou (7), cxamining the effects of heat on peanut proteins,
found no trypsin inhibitor activity in peanut skins but did report that mild
moist heat removed a growth-depressant factor completely. Recently two
polyvalent trypsin inhibitors were extracted from raw peanuts with aqueous
buffer, purified, and their amino acid sequences determined (11). This showed a
molecular weight of 17,000 for the native inhibitor, which did not pass through
a dialysis membrane and could be freeze dried.

In all of these reparts, protease inhibition was assayed by measuring the
hydrolysis of a protein (e.g., hemoglobin) or a synthetic substratc spectropboto-
metrically. In 1969, Catsimpoolas and Leuthner (12) reported a highly specific
immunochemical methed for detection and direct ineasurement of the SBTI. We
attempted to mcasure directly, using immunochemical methoeds, three trypsin
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inhibitor fractions isolated from raw peanuts by Stewartl’s procedure (13).
However, the molecular weights of these peanut trypsin inhibitors are apparently
smaller than the 17,000 reported by other workers {11). This report describes an
indirect immunochemical methed which was subsequently developed to detect
trypsin inhibitor activity in microquantities of peanut meals or extracts. Instead
of measuring the inhibitor direcily, as done for the SBTI, the indirect method
measures the effect of inhibitor fractions on tryptic hydrolysis of arachin, the
major peanut protein.

MATERIALS AND METHODS

Peanuts, Virginia 56-R certified seed, were shelled and hand-selected for
uniform size and quatity by K. H. Garren and W. K. Bziley. The three trypsin
inhibitor fractions were a gift from K. K. Stewart. Thesc were prepured by
aqueous extraction of whole raw peanuts, followed by combinations of
fractiona! precipitation and DEAE-cellulose chromatography of the extract (13).
Soybean trypsin inhibitor was a gift from J. J. Rackis. Pure arachin was prepared
by cryoprecipitation (18). Antiserum to the total proteins of the peanut was
prepared by Antibodies Inc., Davis, California.

immunochemical Methods Employed

Immunoelectrophoretic analysis (IEA) was performed by the method of
Grabar and Williams (14}, with slight modifications. The gel was prepared from
1.5% ionagar (Oxoid Co.) in pH 8.2 Veronal buffer, 0.25 M, Electrophoresis was
carried out for 2 hours at room temperature (24-25°C.) with a voltage gradient
of 4 volts/fem. Immunodiffusion was performed on microscope slides according
to Ouchterlony {15), using the same gel concentration and buffer conditions as
for IEA. The stides were covered and diffusion allowed to take place for 24
hours at room temperature. All slides were dried in air while covered with filter
paper, dyed with 1% Amido Black in 7% acetic acid, then destained with 7%
acetic acid before viewing. The immunochemical characterization of arachin
described by Daussant, et al, (16), was employed in the detection of trypsin
inhibitor activity in peanut fractions.

RESULTS AND DISCUSSION

Current work in our laboratory on the effects of heat on peanut proteins
showed an increase in the nuiritional values of peunut meals heated at
110-120°C. for 1 hour (17). This increase in protein efficiency ratios of heated
meals compared to that for unheated, raw peanut meals suggested the probable
destruction of a trypsin inhibitor by the heat. Since these inhibitors are very
minor components of seeds, the highly sensitive and specific immunocheinical
techniques seemed to offer the best means for the microdetection of trypsin
inhibitor activity in peanuts. The immunochemical method described by
Catsimpoolas and Leuthner (12) detects as little as 0.3 ug. of SBTI, using
immune serum specific for the Kunitz SBT1 (1).

Direct Immunochemical Assay

In order to determine if lhe antibodies of these three inhibitors were present
in our antiserum, immunodiffusion patterns of the total peanut proteins and the
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COMPARISON OF PROTEINS OF PEANUTS GROWN IN DIFFERENT AREAS
1. DISC ELECTROPHORETIC ANALYSIS OF QUALITATIVE AND
QUANTITATIVE VARIATIONS
by
John P. Cherry, Postdoctoral Research Associate
of the National Research Council
N. J. Neucere, and Robert L. Ory
Southern Marketing and Nutrition Research Division
ARS, USDA, P. O, Box 19687, New Orleans, La, 70179

ABSTRACT and PAPER

Proteins from crude exiracts (i.e., pH 7.9 phosphate buffer, I = 0.01, soluble
fractions from acetone powders of single peanuts) were separated by electro-
phoresis into distinct bands in a matrix system of polyacrylamide gel. Using
polyacrylamide gel electrophoresis to characterize the protein makeup of peanut
seeds, a number of cultivars from the different types, Arachis hypogaea L. subsp.
fastigiata var. vulgaris {Spanish botanical type) and A. hypogaea L. subsp.
hypogaea var. hypogaea (Virginia botanical and market types) grown in five
regions (Virginia, Georgia, Louisiana, Texas, and Oklahoma) of the United Statcs
were analyzed. Examination of a large numbcr of Virginia 56R seeds grown in
Louisiana showed much intravarietal qualitative and quantitative protein electru-
photetic variation. Similarly, some of these variations occurred within all the
cultivars examined within and between the geographical locations. This
consistency of the protein variation within and between the different cultivars
made it difficult to clearly distinguish them electrophoretically. Some minor
qualitative and quantitative variations in protein banding patterns partially
distinguished a few of the different cultivars within and between peanut typcs
grown in the different regions, but these variations were not consistent betwecn
the geopraphical locations. Majur qualitative and quantitative protein banding
differences distinguished some of the peanut types grown in different geographi-
cal locations. For example, the Virginia, Georgia, Louisiana, and Texas groups
contain more of the large molecular weight storage globulins (i. ¢. arachin and
conarachin} and albumins than do the cultivars of the Oklahoma group. The
Oklahoma-grown cultivars contain more of the low molecular weight pruteins
than do the former groups. Possible explanations of this protein polymorphism
within and between cultivar types and geographical locations arc discussed.

INTRODUCTION

Gel electrophoresis of seed proteins has addcd mueh supplementary data to
the classical genctic analyses (cytological and hybridization techniques) generally
used to develop and relate cullivars of plant species. The genetic relatedness of
cultivars can be determined by electrophoretically separating the seed proteins
into thin bands and comparing their migrational patterns through a matrix
systcmm of agar, starch or polyicrylamide. This separation of proteins is based
upon their ionic charge, molecular wieght and conformation. Such electro-
phoretic comparisons of seed proieins liave been accomplished for a large
number of cultivars within a pumber of gencera (1, 2,6,7,8,11,13,14,15, 16,
23, 25). In general, these comparisons showed that little protein variation
existed between seeds within a particular cultivar. This lack of variation (qualita-
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tive andfor quantitative) was evident whether the cultivar was grown in environ
mentally similar or diverse geographicul locations. Qualitative and/or quantita-
tive differences within protein banding patterns were more prevalent between
distant rather than closely related cultivars, supportting the data derived by the
classical genetic techniques. However, groupings into distantly and closely re-
lated cultivars were not as clearly shown for certain species and these electro-
phoretic comparisons contributed little useful information to the classification
of the cultivurs.

Preliminary electrophoretic investigations of storage proieins from Arachis
hypogaea indicated that representatives from the genctically different culiivar
types {Virginia, Valencia, and Spanish) of this species showed some distinct
differences in their banding patterns (12). In addition, the arachin fraction from
individual seeds could be separated into iwo bands of slightly diffecent mobili-
ties {20, 21). The individual seeds of peanuts from the diffcrent cultivar types
could be separated into one of three electrophoretic pitterns with regard to the
arachin fraction {banding patterns containing proteins A, B, or AB). I{ was
concluded that this banding variation of the arachin fraction could be used to
sludy genetic polymorphism within peznuts.

In the present investigation, proteins from crude peanul extracts (i.e., pH 7.9
phosphate buffer, | = 0.0}, soluble fraclions from acelone powders of single
peanuts) were separated by electrophoresis into distinct bands in a matrix
system of polyacrylamide gel and the protein patlerns examined. A number of
cultivars from the major peanut typcs of A. hypopaea L. subsp. fastigiata var.
vulgaris (Spanish botanical type) and A. hypogaea L. subsp. hypogaea var
hypogaea (Virginia botanical and market t3 pes) were compared with one
another, This collcction of cultivars is a representation of most of the com-
mercial acreape in the United States and mcludes the following five regions:
Virginia, Georgia, Louisiana, Texas, and Oklahoma.

MATERIALS AND METHODS

Seeds from different cultivars of peanuts grown in five geographical locations
of the United States for use in this investigation were generously supplied by Mr.
W. K. Bailey, Beltsville, Maryland; Mr. J. 1. Davidson, Dawson, Georgia; Dr. R.
O. Hammons, Tifton, Georgia, Mr. J. A. Harris, Slidell, Louisiana; Dr. A. L.
Harrison, Yoakum, Texas; and Dr. J. 8. Kirby, Stillwater, Oklahoma. The
Virginia 56R seeds grown in Slidell, Louisiana, were collected separately frown 21
plants so that a study of inteavarietal protein variation could be properly evalu-
ated. The cullivars and the gengraphical locations where they were grown are
shown in Table I.

TAPLE T. Culfivard of the differsob types of prachis hypogges growm in
differant peographiesl reglooe for aoflysis of intre- &od
iptecropeeific veriotios in proteln electropboretle patteroa.

Emnieh Boteolcal Ty ¥irgioda Boteoical Type Virginlae Mirket Typa
virglola - georgla -~ Texme = Oklaboma 3 Tirglnda = Seorgle :  Virgiola - Georgla - Lomialsne
M fa pan Tifepso Comeb Comet Barly Funper Eor 1y Runner Tirginle Floriglant Yirgiola
dtarr Stare starr Stoarr Flopanrar Tlorunner 0
Argeobing Argeotine Argeutioe Wiegloie Virgioia
5| ANroEs Epanboma Bunch BT [a1]
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Twelve seeds of each cultivar were analyzed individually for protein content.
In addition, 84 seeds {four seeds from each of 21 plants) of Virginia S6R grown
in Louisiana were similarly exainined. The skins of each dehulied seed were
removed and the seed ground twice with a motar and pestle in 10 ml of cold
acetonc. After each acctone washing, the samples werc centrifuged at 39,000 g.
The acetone powders were dried and the proteins cxtracted in 1.4 - 2.8 ml of pH
7.9 phosphate buffer, I = 0.01, followed by centrifugation at 39,000 g. The
amount of buffer used to extract the protein depended upon the average size of
the seeds froin each cultivar (1.4 - 2.8 ml per seed). Within each cultivar, the
acetone powders were ground with the same amount of buffer, disregarding
variation in seed size. A sample of each supernatani was diluted tn a protein
content of each cultivar) and qualitatively examined by polyacrylamide gel
electrophoresis. The technique of polyacrylamide gel electrophoresis used was a
combined method of Steward et al., (18) and Chetry et al., (1).

The authors acknowledge Mr. J. J. Bergquist fur his skillful preparation of the
photographs. The gels were photographed against a diffuse light background,
printed at a size of 7 cm and mounted for the comparisons presented in this

paper.
RESULTS AND DISCUSSION

Standardization of the techniques (protein extraction and polyacrylamide gel
electrophoresis) used to examine the proteins from individual peanul seeds pro-
vided repeatable qualitative clata for comparative purposes (Figure 1-87). The
general (ie., the polyacrylamide gels containing protein patterns occurring in
highest frequency) intensity of staining, and spatial arrangement of the protein
bands were consistent within and between all cultivars examined {Figures 1-5).
Thus, variations from this general protein makeup of individual seeds examined
for intra- and interspecific comparisons were easily detected. The samples of
seeds from the different cuitivars included in this study were small and may not
be representative of the large field populations. However, it was assurmned that
selection for or against the proteins under study was not conducted in the field
poputations of the peanuts. Shaw {17) has presented information indicating that
smal! samples such as those used in these experiments can still add much to the
general picture of the variability of electrophoretic mutanis. On the other hand,
a specific protein banding patiern may predominate within a cultivar if the genes
for these molecules are penetically linked to selected agronomic traits, The fol-
lowing discussion includes a comparison of the data from studies of peanut
cultivars by classical genetic analyses to ihat derived from the biochemical
examination of proteins from individuval secds.

INTRAVARIETAL VARIATION OF VIRGINIA S6R

Examination of 84 seeds from Virginia 56R grown in Louisiana showed much
variation in the protein banding patterns (Figures 1-12). Seeds from 21 plants
were examined, Protein variation occurred throughout these plants and can be
distinguished into six groups as follows: Group I (Figures 1-5): 65 of the 84 gels
examined contain two major (dark staining) protein bands in region 0.5-2 cm.
These protein bands were quantitatively similar. Group II (Figures 6-7): in re-
gion 0.5-2 cm, the major band with a greater moebility has approximately double
the staining capacity of the slower migrating band. Five gels were included in
this group. Group III (Figures 8-9): in region (.5-2 cm, the faster moving band
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within seven gels contained much more protein than the slower band. In addi-
tion, the slower moving band has increased in mobility to a position similar to
that of the faster band. Group IV (Figures 10-11): in seven gels, the slow moving
major band of region 0.5-2 c¢m is absent, Group V (Figure 12): four gels of
Group I do not appear to have the band in region 2.5 cm. Group VI (Figures
1-12): occnrring throughout the five groups, region 5.5-6 ¢m contains either
two. one or no bands.

In Groups III and IV, where the slower moving major band of region 0.5-2 cm
is either in low concentration or absent, minor protein components (light stain-
ing) are present. These minor bands may be other proteins (albumins and glob-
ulins) or enzyes with similar mobilities as the major band (4). Tombs (20, 21)
indicated that variability in the vpper half of the gel patterns may be due to
protein polymorphism in the arachin fraction. His two major protein bands were
labeled as arachin A (highest mobility) and B (slowest mobility). Thus, Groups I,
II, I, and IV may contain arachin A and B. However, quantitative and qualita-
Live variations are apparent in these fractions.

The data from Groups I-VI indicate that within a cultivar much genetic
polymorphism of specific genes or control mechanisms or both, that regulate the
expression of these structural genes responsible for protein formation may be
present. In addition, Cherry and Katterman (3) have indicated that such protein
variations may be partially due to one or more of the following: (a} differential
genetic expression of the alleles in the organism during maturation; (b} the
premature collection of seed at different stages of maturation and thus the seeds
are not ontogenetically equivalent; and (c) the ease of extragtion of the different
proteins from the individual seeds.

To reduce the possibility of examining physiologically immatnre seeds,
medium ta large size peanuts with unwrinkled seed coats from the samples of
each cultivar were used in these experiments {5, 24). Using these samples, the
following observations indicated that peanut immaturity did not play an impoz-
tant role in the protein electrophoretic variations observed between seeds: (a)
The protein electrophoretic variations were present in both the medium and
large secds. (b) The zymograms of a number of cnzymes showed no variations
when (a) was nsed as a criterion for physiclogieal maturity at the molecular level
(to be published at a later date). (c) Immunoelectrophoresis of proteins from
sceds of different sizes with antisera developed from known mature seeds
showed no qualitative variations. Physiologically immature seeds show much
varation in their immunoelectrophoretic patterns; this variation is especially
noted during the early stages |of development {N. J. Neucere and L. Y. Yatsu;
ARS, USDA; personal eommunication, 1971).

COMPARISON OF THE CULTIVARS WITHIN AND BETWEEN PEANUT
TYPES AND GEOGRAPHICAL LOCATIONS

The different cultivars examined from each peanut type and geographical
location are shown in Table I. Cultivars representing the peanut types (Spanish
botanical, and Virginia botanical and market types) grown in Georgia and
Virginia were examined. Representatives of only the Spanish type grown in
Texas and Oklahoma were studied. The protein variations observed in the
Virgifiia 56R seeds grown in Louisiana also occurred within the other cultivars
(Figures 13-64). This consisteney of the protein variation within and between
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qualitative and quantitative protein banding differences between cultivars of the
same peanut types grown in different geographical locations were noted. The
following is a discussion of these data.

The protein content in the upper half of the polyacrylamide gels (region 0-4
¢m) from individual seeds of the Oklahoma-grown cultivars (Figures 13-18; and
65-66) was quantitatively lower than that of peanuts grown in the other loce-
tions (Figures 19-64; and 67-87). The seeds from the Oklahoma-grown cultivars
produced protein banding patterns similar to the Group IV gels of Virginia 56R
grown in Louisiana (Figures 10-11), ie., the slower moving arachin band in
region 0.5-2 cm was quantitatively low or absent. This region (04 ¢cm) in the gels
of the Oklahoma peanuts contained a number of minor bands not clearly shown
in most of the banding patterns of the other cultivars.

In contrast to this low protein concentration observed in region 04 cm for
the Oklahoma cultivars, most of the peanuts from the other areas contained
more protein in this region of the gel. The banding patterns of these latter
cultivars were similar to Groups I, I, and III (Figures 19-64; 67-87; and 1-9).
However, a few seeds of cultivars from the Spanish botanical type grown in
Texas, Georgia, and Virginia, and the Virginia botanicat type grown in Virginia
produced protein patterns in region 04 cm similar to the Oklahoma peanuts
(Figures 22-24; 29-30: 4546; and 58).

'The Oklahoma cultivars contained a grealer amount and number of proteins
in the lower half (4-7 cm) of the gel than peanuis grown in other regions
(Figures 13-18; and 19-64). The protein patterns in the lower half of the gels of
the latter cultivars were either unclear or similar to gels described in Group Vi
for the Louisiana-grown peanuts (Figures 19-64; and 1-12). In most cases, these
electrophoretic patterns of Group VI were present mainly in the gels containing
higher concentralions of proteins.

DEAE-cellulose fractionation and polyacrylamide gel electrophoretic exam-
ination of peanut proteins indicate that the molecules separated in the upper
half of the gels are high molecular weight storage globulins (e.g., arachin and
conarachin} and albumins (4). In addition, catalase and peroxidase activities are
located in this region. These enzymes may account for some of the bands ob-
served here. The proteins in the lower half of the gels are mostly enzymes (e.g.,
esterase and peroxidases) and low molecular weight proteins.

These elecirophoretic studies indicate that peanuts from the Qklahoma region
do not contain as much large molecular weight storage proteins as do the culti-
vars from Texas, Louisiana, Georgia, and Virginia. However, the former group
seems fo contain more low molecular weight proteins and/or enzymes.

Oklahoina peanuts are grown in an environment characterized by declining
temperatures during the latier part of the growing scason (W. K. Bailey, personal
communication). This type of environmental change was also noted in Virginia,
especially during the last six weeks of the growing season. This drop in tempera-
ture may possibly reduce metabolic activity of the peanuts during maturation,
The protein electrophoretic patterns suggest that the effects of declining temper-
atures on protein metabolic systems in maturing peanuts arc more pronounced
in the Oklahoma group. The declining temperatures could affect specific control
mechanisms that regulate the expression of structural genes involved in the
synthesis of large molecular weight storage protcins. An allernate explanation is
that the Qklahoma peanuts may have a greater need for specific functional
proteins than for storage molecules during germination.

Thomason (19) found that barley germinated at different temperatures con-
tained basic proteins (histones) which differed when separated in polyacrylamide
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geis. It was suggested that the electrophoretic variations observed for the
histones might be an indication of specific basic protein changes neccssary to
control (genetic regulatory mechanisms) physiological processes unique at
diffcrent temperatures. Substrate nutrient levels (e.g., P, Cu, Fe, N, and Mn} in
the soil were shown to inlluence protein and enzyme banding patterns both
qualitatively and quautitatively (22). These alterations were especially true for
metal-containing enzymes (¢ g., peroxidases and catalases).

Thus, in contrast to other seed studies (2, 7, 8, 13, 15, 25) in which only
quantitative differences in total protein concentration (but not in clectro-
phoretic patierns) were observed between plants grown in different geographical
locations, these studies on peanuts show a2 nuinber of distinct qualitative and
quantitative variations in banding patierns. The environmenially induced electro-
phoretic changes in protein banding patterns observed by Thomason (19) and
¥an Lear and Smith (22) may play similar roles in the alterations observed with
peanuls grown in different locations.

Recently, Cobb and Swaisgood (5) presented data showing that the amino
acid and sugar compositions and the roasted flavor quality of peanuts are influ-
enced by the growth environment (weather, soil types). Their conclusion was
that high quality peanut cultivars developed under optimal experimental
conditions by chemists and plant breeders may not grow and reproduce as well
under the different euvironmental conditions at the various planting sites. Thus
the environment, rather than genetics, may be the primary determinant ol quali-
ty. Studies concerning polyacrylamide gel electrophoresis of peanut proteins also
indicate the importance of the enviromnemt on the protein composition of the
differcnt cultivars. Perhaps the amounts and types of peanut proteins can be
manipulated in certain cultivars by altering their environment (i.e., irtigation,
soil types and the amount and kinds of nutrients). Biochcmical studies are
nceded to understand the relationships of the environment to the genetics,
physiology and molecular cornposition of the peanut.

Seeds of cultivars from the thrce peanut types grown in Georgia and Virginia
were compared. In all of these cultivars examined, qualitative and quantitaiive
banding variations were observed which were similar to those present in region
0.5-2 cm of the Virginia 56R peanuts growu in Louisiana {Figures 69-87; and
1-12). However, minor quantitative and qualitative variations in region 2-3 ¢m
suggesicd some differences between the cultivars of the differcnt peanut types.
Three distinct major bands were consistently present in this region for the
Virginia market cultivars grown in Georgia (Figures 78-79). The gels of peanuts
from the other two types (Spanish and Virginia botanical) of this latter area
showed five distinct bands in region 2-3 cm (Figures 74-77). Within the Virginia-
grown group, the Spanish and Virginia botlanical type peanuts showed three
distinct bands in region 2-3 cm, while the cultivars ol the Virginia market type
had five bands (Figurcs 80-85). However, two cullivars of the Virginia market
type giown in Virginia (NC2 and Virginia S6R) had three distinct bands in this
region (Figures 86-87). Comparison of Virginia 56R from Virginia to that grown
in Louisisna showed distinct differences in region 2-3 ¢m (Figures 69-73; and
86-87). The slowest moving protein band of this region in the latter cultivar was
quantitatively lower than that of the former seeds. These data indicate that some
electrophoretic distinctions can be made between cultivars from different peanut
types grown in a particular geographical tocaticn. However, these distinctions are
not consistent betwecn geographical locations and therefore interpretations of
chemotaxonomic data by polyacrylamide gel electrophoresis of peanut proteins
are difficult and uncertain, In addition, the presence of the different gel patterns
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observed for Virginia 56R grown in Louisiana (Figures1-12) within all of the
cultivars by this biochemical technique.

The physiological importance of proteins and enzymes and their relationship
to the molecular variation or stability within and between species of plants has
been discussed by Gillespie und Kojima (9). They compared the degree of
genetic variability in broad substrate-specific enzymes (c.g., esterases, alcohol
dehydrogenase and acid phosphatase) to those with a limited substrate specifi-
city (e.g., enzymes involved in energy metabolism). It was apparent in this study
that enzymes of the former group exhibited much more variation than did the
latter. Thus, the physiological iinportance of an enzyme, or of proieins in
general, and the effects of the external and internal environment on these mole-
cules can evidently play a role in determining the dcgree of variation present
within a plant. Similar conclusions are indicated from the present studies on
peanut proteins and from preliininary investigations of selected enzymes froin
the different cultivars (to be published at a later date).

Earlier genetic investigations (10) indicated that cultivated peanuts of A.
hypogaea contain little variability uand, for all practical putposes, were
considered to be 100 percent inbred. Other studies revealed that these cultivated
varieties are tetraploids (4n=40). In an electrophoretic comparisen of seed
proteins from recently synthesized and natural allopolyploids to synthetic mix-
tures of their possible parents, Cherry et al. (1, 2) indicated that evolutionary
changes (e.g., gene mutation, diploidization and/or species-specific regulatory
control mechanisms) in the genetic makeup for seed development may have
occurred in these species of the genus Gossypium. It was suggested thal the
extent of the genetic changes within these allopolyploids depended upon the
length of time that they have existed and the selective pressures to which they
have been exposed. Changes such as these can conlinue to occur within the
allopolyplaids because the duplicated segments {rom the other genome can con-
tinue to produce materials for survival. Thus, new and improved genciic types
can arise within the population and be selected. Since the peanut cultivars have
been suggested to be tetraploids, similar evolutionary processes could explain
some of the proicin variations observed here.
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ABSTRACT and PAPER

Excessive vine growth makes disease control and harvesting of peanuts
(Arachis hypogaea I.) more difficult and possibly reduces yield due to
channeling of energy into vegetative rather than reproductive growth. The crop
is also subject to harvesting losses resulting from a breakage or disintegration uf
the peg (gynophore) that attaches the fruit to the plaut.

In this study three peanut varieties and three experimental lines werc treated
with the prowth repulators Kylar (succinic acid 2,2 dimethylhydrazide) and
TIBA (2,3,5-triiodobenzuic acid) at two rates in greenhouse and field trials
conducted at Gainesville, Florida in 1970. Effects were measurcd on
cotyledonary lateral branch length, main stem height, internode length, peg
strength, seed quality, and yield.

Cotyledonary lateral branch length, main stem height, and internode length
were reduced by the use of Kylar and to a lesser extent by TIBA. However, the
reduced vegetative growth was more pronounced in certain genotypes than in
others. Both Kylar and TIBA were effective in producing darker green foliape
but neither chemical had a significant effect on peg strength or yield. Effects on
seed quality and seed vigor were inconsistent,

INTROOUCTION

Problems associated with peznul production have resuited in interest in the
growth regulators, Kylar (succinic acid 2,2-dimethylhydrazide) and TIBA
(2,3,5-triiodobenzoic acid). Both of thesc substances act as antiauxins (1,3,7),
thereby giving several reported effects on peanut development. Kylar and TIBA
have been reported to increase the strength of peg (gynophore) attachment (8),
decrease vine growth (3,4,11) and increase yield (3,5,8,11). However, €ox(5)
also reported no significant diffcrences in yield in other tests. Brittain {3) found
that Kylar treated plants, in addition to having shorter stems, had shorter and
larger diameter internodes, greener leaves, and higher chlorophyll concentrations
than contro! plants.

It has been observed for some time that one of the factors responsible for
reduced pcanut yields, especially with the large podded Virginia-type varieties, is
the loss of pods during harvesting. Whitney and Porterfield (13} reported an
8.1% yield loss during peanut harvesting., Beasley (2) found total harvesting
losses ranging froin 5% to 35% and the below ground loss accounted for 56% of
the loss. Large vines often hinder harvesting, as well as possibly reducing yields

1. Contributicn from the Florida Agricultural Experiment Stations, Gainesville,
Florida, as Journal Series No. 3997. Part of a thesis submiticd by the senior
author in partial fulfillment of the requirements for the M, S. degree at the
University of Florida.
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due to high energy utilization which is channeled into vegetative rather than
reproductive growth. Hodges and Perry (8) reported that Florigiant peanuts
treated wilh Kylar had lower pod losses and less defoliation before harvest. They
stated that Kylar may result in better pod retention and higher yields for
variciics having poor pod retention characteristics.

If Kylar and TIBA could help to correct the above unfavorable aspects of
peanut production, higher net yields could result. The objectives of this study
were to determine the cffects of the growth regulators, Kylar and TIBA on plant
height, cotyledonary lateral branch length, sirength of peg attachment, and on

he yield and quality of six different peanut genoty pes.

MATERIALS AND METHODS

Greenhouse and field experiments were conducted at Gainesville, Florida,
during 1970. The six varieties and experimental lines used in the experitnents
were chosen becausc of their varation in plant, pod, and peg characterisiics as
follows: Florigiant with a runner growth habit, has deep pegging, medium weak
pegs, and large pods; Early Runner and Florunner have runner plant growih
habit with moderatcly strong pegs and small pods; UF 69304 has spreading
bunch growth habit with intermediate size pods and strong pegs; UF 69313 has
small bunch planis with weak pegs and very large pod size; and UF 69115 has
spreading bunch growth, large pods and weak pegs. The peg strength
classifications above are based on several years of visual observations concerning
the relative numbers of pods that separsted from the plani and remained in the
field at harvest time.

The growth regulators Kylar and TIBA were applied on the grecnhouse
experiment and field plots at the specified dates and rates as follows:

Kylar: Rate 1: 1122 gm/ha applied at 60 days alter planting or at
[ull bloom
Rate 2 : same as rate 1 plus 561 gm/ha applied 30 days after
the 1122 gm application

TIBA: Rate 1: 74 pgm/ha applied 30 days after planting or at
approximately 10% bloom
Rate 2: 74 gm/ha applied in three 25 gm applications 30, 40,
and 50 days after planting or with the first application being
applied at 109 bloom with thc last two applications following
the first at 10 day intervals

At harvest the length of the cotylendonary latera) branches and the main
stems were measured in centimeters. Internode length was computed for the top
(apical) 20 centimeters of branches and main stems, since {he prowth in this area
would be most affected by chemical treatments. In both experiments pep
strength was recorded in grams with the use of a “Hunter” mechanicai force
guge, model L-5000, with a capacity of [ive kilograms. The gauge was mounted
on a lever device designed and constructed to eliminate variation from one
measurement to the next.

Analyses of variance were conducted on all data. Dunnett’s Multiple Range
test (6) was used to determine significant differences of treatments from
controls. This procedure was used in preference to other standard tests, since
these cxperiments were designed to compare the effect of chemical treatments
with conirols and not with other treatments.
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Greenhouse Experiment

On March 24, 1970, UF 69304, UF 69313, and UF 69115 peanut lines were
planted in pots on benches in a greenhouse at the University of Florida,
Gainesville. Four seeds were planted in each four gallon pot and later thinned to
two plants per pot. There were six replications each consisting of 15 randomized
treatments (pots).

Kylar and TIBA were sprayed on the plants at the specified rates. Due to
delayed plant development, the greenhouse applications were delayed until 15
days after the normal field applicalion dates. However, the treatment application
dates in Lhe greenhouse adhered to the stage of flowering alternatives given
above. Rate 1 of TIBA was applied on May 8, 1970, while rate 2 was applied on
May 8, 18, and 28, 1970. The plants were sprayed with Kylar, rate 1 on May 28,
19770; rate 2 was applied on May 28 and June 27, 1970.

When the plants were small, Kylar and TIBA were applied with a DeVilbiss
stomizer. As plant size increased a back-pack sprayer was used to make the
applicalions. The greenhouse study was harvested during the period July 20 to
23. The lengih of cotylendonary lateral branches and main stem heights were
taken and the breaking strength of 10 mature pegs from each plant was
recorded. These pods and any mature pods remaining on the piant were removed
and air dried. The dried peanuts were then shelled, and the seed counted and
weighed. Germination percentage of the seed was determined during the period
September 11 to 18, 1970,

Field Experiment

A field experiment comprised of two tests (A and B) was planted May 6,
1970, ou the Agronomy Farm at Gainesville, Florida. In test A the varietics
Florunner, Early Runner, and Florigiant were planted. Six replications ol the 18
treatments were arranged in a randomized block design. The plots contained two
rows 91.5 cm apart and 6.6. meters long. Test B contained the same
experimental lines as were used in the greenhouse experiment, UF 69304, UF
69313, and UF 69115, This test was planted in randomized block with five
replications. The field experiments were grown to maturity using recommended
cultural practices.

In the field experiments, the Kylar and TIBA treatments were applied with a
back-pack compression sprayer equipped with a boom with four nozzles which
covered two rows at one time. Rate 1 and the first application of Rate 2 of
TIBA were applied on June 10, 1970. The second and third applications of
Rate 2, TIBA were applied on June 20, and 30, 1970. Rate 1 and the first
application of Rate 2, Kylar, were applied on July 5, 1970, while the second
application of Rate 2 was applied on August 4, 1970.

Measurements were taken during the weck of September 14-18, 1970. Four
plants were measured from each plot with five pegs being tested for strength on
each plant. The balance of the plants in each plot were then harvesied. The
peanuts were cured in windrows, machine picked, and the pods dried in a forced
air drier prior to being weighed for yield. Two 200 gram sub-samples were taken
Irom the bulk yield of each plot and graded. Duplicate germination tests were
conducted on both field tests, February 8 and 18, 1971, respectively. In
addition 1o numbers of viable seed, the numbers of seed with emerged radicle
lengths of at least 25 mm werc recorded. A viable seed is defined as having an
emerged radicle length of six mm or more. Seed with radicles less than 25 mm
long were considered to have low vigor,
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RESULTS AND DISCUSSION

Peg Strength

Peg strength differences in the field trials were not significantly changed with
the use of Kylar or TIBA at the rates used and no trends werc observed (Table 1).
Significant differences in peg strength were found among the genotypes.
Florunner and Early Runner are known to have relatively low pod losses in the
field. The relatively high peg strength values obtained for the Florunner control
(1,000 gm) is likely a factor in causing low field losses. Although Early Runner
had a relatively low peg strenglh of 750 gn for the control its smaller pod size,
which offers less resistance as it is pulled from the soil, probably compensates
for its low peg strengih.

According to the conirol, Florigiant has strong pegs with 1,080 gm strength.
Howevcr, in the ficld, it has generally been considered to be weak pegged in thal
large pod losses often occur during harvesting. These lasses may be due to its
deep pegging zone and large pods.

Although the differences were not statistically significant, the peg strength of
line UF 69304 in the grecnhousc was most responsive to all rates of growth
regulator treatments and particularly rate 2 of TIBA (Table 1). Past observations
showed that UF 69304 has had low pod loss in the field and as a result had been
considered a line with strong pegs. However, in this ecxperiment peg strength was
found to be lower for the control of UF 69304 than for the other lines. Possible
reasons for this may be that the intermediate pod size of this line offers less
resistance us it is pulled from the soil, it has an inherently tough peg, and the
different environmental conditions in the preenhouse as compared to the field.
When a variety has good peg strength, it may be reasanable not to expect much
increase in peg strength from the use of growth regulators.

Line UF 69115 has at times had considerable loss of pods in the field which
was attributed to its weak pegs. Results in the greenhouse indicated that the
control plants of (his line, however, had the highest peg strength of the three
lines. It may be possible that the field losses were due mainly to the increased
surface area of its large pods rather than to weak pegs. If this were the case
considerable field losses could occur in spite of strong pegs. It should be noted
that the second rate of TIBA gave the highest peg strength of UF 69115, Rates 1
and 2 of Kylar and rate 1 of TIBA may have been detrimental to the
physiological processes affecting peg strength of Uf 69115.

Branch Lengths, Main Stem Heights, and Internode Lengths

In field trials, Kylar significantly shortened the cotylendonary lateral branches
for all genotypes and caused a shorter mean internode length for two of the
experimental lines (Table 2). TIBA, at rate 2, significantly shortened the
branches of Florunner and UF 69115 but not the other varieties. It should be
noted that the branch internodes of lines UF 69304 and UF 69313 at rate 2 of
TIBA were significantly shortened without a significant reduction in branch
length. No explanation is at hand, but TIBA may have a tendency to increase the
number of nodes. At rate 1 the effects of TIBA were not significant. In no case
did TIBA show a significant effect on internode lengths of the lateral branches in
the field trials. Significant differences in mean branch lengths were found among
genotypes. Florigiant had the longest branches and UF 69313 had the shortest.

Some significant reductions in the branch and internode Jlength of the
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cotyledonary laterals were found in the greenhouse study (Table 2). The
internode length of line UF 69304 was highly significantly (.01) reduced when
the highest rate of TIBA was applicd. Significant reductions in the mean branch
length of experimental line UF 69313 occurred for three of the chemical
treatments. Kylar al rate 1 produced the shortest branches with a length of
28.7cm as against the control length of 38.4 cm. Both rates of Kylar and TIBA
produced highly significantly shorter internodes than the control which was 2.78
c¢m in length. Significant (.05) shortening of branches for line UF 69115
occurred for rates 1 and 2 of Kylar, TIBA had very little effect on the branch
length of this line and neither chemical had a significant effect on the internode
length.

In the feld trials Kylar and TIBA caused significant reduciions in the main
stern height of Florunner, Florigiant, and UF 69115 but not of the other
genotypes (Table 3). Kytar at rate 2 reduced internode length in the samc
genotypes while TIBA at rate 2 affected only Florigiant.

In the greenhouse, significant differences were recorded for main stem height
and internode length of UF 69313 (Table 3)). Experimental line UF 69304
showed no significant difference in main stem height but rates 1 and 2 of TIBA
gave significant reductions in mean internode length to 1.48 cm and 1.51 cm,
respectively, while the control obtained 190 c¢m in interuode length.
Experimental line UF 69115 showed no significant differences m main stem
height or internode length for any of the chemical treatments. The vegetative
growth of line UF 69313 pave a greater response to Kylar and TIBA than either
of the other two lines.

Reductions in vegetative growth of the peanuts in these trials caused by Kylar
and TIBA were similar to those reported by Brittain (3), and McGill (11). This
effect may be due to increased calcium concentrations in the stems. Other
workers reported that stem and cell elongation is reduced as Kylar (3,8) or TIBA
(9) induced calcium increases. The reductions in growth caused by TIBA may
also result from its antiauxin effect in which the activity of growth promoting
auxins is Jowered (7) or may be causcd by an mhibition of auxin transport (10),
Reductions in main stem height occurred but were somewhat inconsistent. The
results sometimes showed no correlation between decreases in brauch and stem
lengths with internode tengths.

The darker green color observed in the treated plants in all the tests may be
dne to increased chlorophyll concentrations caused by a higher rate of carbon
dioxide assimilation and greater photosynthetic efficiency as proposed by
Brittain (3) or to an increased concentration of nitrogen in the smaller plants. It
was cbserved that TIBA caused curling and the devclopment of a few small, dark
brown to black spots on the leaves within a week after application but these
abnormalities disappeared later.

Seed Quality

Rate 1, Kylar, significantly increased the percentage of shriveled seed of Early
Runner and UF 69115 while rate 1 of TIBA gave a decrease for UF 69304
(Table 4). No effects were observed on the other genotypes. The growth
regulators had no sigoificant effect on the percentage of damaged seed or on the
percent of extra large Kernels for any ot the genotypes and thus these data are
not presented.

Kylar at rate 1 significantly reduced the sound mature kernels (SMK} of
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Florunner while TIBA at rate I significantly increased the SMK of UF 69304
(Table 4).

Kylar at rate 2 caused significant reductions in the 100-seed weight of
Florunner and Florigiant (Table 4). No effects were noted from the other
treatinents nor were the four remaining genotypes influenced by the chemicals.
It is not known why occasional differences were observed in seed. quality
characteristics for these varieties and lines. However, residues of TIBA have been
found to accumulate in soybean seed (12) and a similar accumulation may result
under certain conditions with peanuts,

Germination of the greenhouse seed was reduced 17% by rate 2, Kylar, in
line UF 69304 and 15% in line UF 69115 (Table 5). This reduction is not easily
explained; however, Kylar, at the increased rate of application may have some
detrimental chemical or physiological effect on the germination processes which
may be related to residuals of the chemicals in the seed. ;

In the field trials, TIBA at rate 2 gave a significant increase in the percentage
of viable seed of Florunner but none of the treatments affected the viability of
the seed of the other genotypes. Kylar significantly reduced the seed vigor of the
three named varieties while TIBA reduced only Early Runner (Table 5). It is not
known why an insignificant trend toward increased vigor was observed for the
experimental lines. Inherent genetic differences in the response of these lines to
the chemicals may account for the upward trend in vigor.

The observaiions of growth regulator effects on seed quality in this study
bear out McGill’s {11) concern for the effect of Kylar on seed peanuts and
emphasizes the nced for more research in this regard.

Yield

Peanut yields in the greenhouse and field trials wese not significantly affected
nor were there any consistent trends following the use of Kylar and TIBA. The
mean yield for the six genotypes in the field trial was 3638 kg/ha of unshelled
pods. The Kylar treated peanuts averaged 1.8% more yield than the controls
while the TIBA treated peanuts averaged 3.5% less yield than the controls. Wide
tesponses to growth regulators have been reported by other researchers. Most of
the failures to increase yield by the use of Kylar in these experiments agree with
Brittain’s (3) results. The yield results obtained from TIBA in these trials agreed
with Cox (5), when he reported no significant increase in yields.
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TABLE 1., EFFECT OF GROWTH REGULATORS ON PEG STRENGTH OF PEAMUTS IN FLELD AND
GREEWHOUSE TRIALS, 15970,

VarToty or Treatment Haar strength per po ) &
Experlmental Llne CRemical Rate 2 Freld Greenhouse
Florunner Kylar 1 950
2 1110
TIBA I 1430
2 1040
Control a 1000
Early Runner kylar | 760
2 a0
TIBA 1 630
: 7
Contral [ 750
Flarigiant Kylar | [
2 1040
TIBA 1 1060
2 1060
Control ] 050
UF 65304 Kylar 1 a0 Bc3
2 980 ard
Tiah 1 G670 823
2 870 851
Control [1] R 769
UF 69313 Kylar 1 T3 i)
2 1000 837
Thoa 1 350 il
2 jéz0 0
Cantral a 1054 gﬁE
UF &9115 Kylar ] 1230 878
2 1220 49
1B 1 1160 S5k
2 1040 9ol
Control a 1104 909
" Kylar 1 = 1122 gn/ha; 2 = 1683 gn/ha in split applications.
Tiegh | = F#gwha; 2 =7 oanfha In split applTeatlons,

Force requlived to detach pods from plant= - differances were not
slgnlfficant at .05 level when compared with control.
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TRBLE 2. EFFECT OF GROWTH REGULATORS OM COTYLEDOMARY LATERAL BRANCHES CF TABLE 3. EFFECT OF GROWTH REGULATORS OM MATH STER HEIBHT AND HAIH STEMW

FEARUTS LN FIELD AND GREENHOUSE TRIALS, 1570, I NTERHODE LEMETH DF PEAKUTS |H FIELD AND GREEMHOUSE TRIALS, 1870
Variaty or Treatmant Hean branch length f{em) Mean Tnternode langth femi®  Varicty or Treatmant Heah malt stem haiaht [em) | nternedo tenqth (em®
Exparimonzal Line Chemical  Pata © Fiald fraanhoniia Fiald BresnioLss Experimenta) Line Ehapical Aaze 2 Field Greenhsugs Field Greanhouss
Florunner ylar 1 75 . bk 3.7 Florunnsr Fylar 1 . .3 1.56
z 7T .5 3,61 ) 38, bk 1.25%
Tiga 1 81.3 4oob TIBA 1 45,7 1.57
2 i e 3,68 2 4D, 1= 1.7
Comtral [5] 25,5 3,0 Control [] 47 .5 1.62
Early Runner Eylar 1 79, 3.37 Early Rummar kylar I L5 b.7o
2 T Lot 2,83 2 L1k §.25
TIER 1 B35 3.26 TIBA | 51.2 1.7
2 ah,2 b b4 L7.0 3811}
Central ] BELE 3.12 fontral ] L7.7 T.59
Florigiant Eylar t 91.3 k.31 Florigiant Kylar 1 b 2.1%
2 B3, G 3.77 2 L, ek [Brriad
Tipa ] 101.0 -l TIEh 1 53.0 2,25
2 4.0 4.71 2 527 2.0
Cantrol [] 37.0 505 Concrel q 55.5 266
UF 6330k Kylar 1 AT 2%.6 1.42% 2,34 UF &9304 fvlar 1 4.8 8. 1.82 1.82
2 Le G 30,0 2.3t .24 2 35.3 9.8 1.56 1.80
TIBA 1 5h.0 31.5 z.91 2.00 TIBR 3 130 284 .00 1,5
2 524 30.3 2,88 1. B 2 36.0 9.5 2.% ik
tontrol o 0.2 3503 3,23 7.37 Tontrol o [N] 32.7 . T.90
UF 53313 Kylar 1 sh.0 28, Fiow 3,44 2, 1pm UF £9313 Eylar 1 45.5 30, 2k 2,55 1.7
2 b, 30, e 2z 45k 207 2z 35.2 30. Qe 1.9% 1,70
TIBA 1 £1.B Er R 3.h8 2.00%x TI® 1 51.7 30 2.98 1., 76
2 %.5 3.B 3.58 2,03 b b6 31 G 268 1,76
Eontral ] 566 gﬂ.h 3 2.78 Cantrol [ PEN LR F5D .73
UF #3115 Kylar ¥ Gl Lo 25,90 2.98 1.83 UF 63115 kylar 1 bg, T .7 .69 V.36
2 &0, pmr 26, 2,87 1,82 |3 43, 3w 25,3 -t [~
TIBA 1 2:.? 3.7 3.13 1.86 TIBA 1 L, g 7.7 I.gs 143
H S 31.5 3.2 I'SE 2 45 B 27.1 1.85 1.20
Eontro] [ FiN] 31,7 Tt [ Control [ Tk & iéia FAE] T.50

T Kylar 1 = 1122 anfha; 2 = 1683gm/ha 1n split applicatians,
kylar T = 1122 gm/ha; 2 = 1883 gm/ha [n spiTt applications, Tias 1 = 74 gmfha; 2 =7k gméha 1n =plit applicatians,
TIBA 1 = 74 gmfha; 2 = 74 gmfha In spllt applications,
vessured in a 20 em sectlen of aplcal end of branch,
Measured 1n a 20 om secthon of apical end of bramch,

* Gignlfleant at .05 level from control.

w Signifleant ac .05 [evel from concrol, wk Significant st .07 leval fram centrol.
“#  Slgnificant at .01 level from comtrol
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TRBLE 4, EFFECT OF GROWTH REGULATORS OM ZHRIVELED SEED SOUND MATURE TABLE 5. EFFECTS OF GROWTH REGULATDRS DN THE WIABLLITY AWD VIGOR OF GEAMINATLNG

KERNELS, AND SEED WEVGHT OF PERNUTS IN FIELD TRIALS, 1970, PEANUT SEED [N FIELD AKD GREENHQUSE TRIALS, 1970
Varlety or Trestmant _ Shriveled Sourd maturs Weight per 100 variety or Field
Expsrimental Lire Chemical Rate @ Seed ¥ kernels % saed fom) Exparimental T reatment Greenhouse % zeed with stromg
Line Chericaj  Rate 3 % wlable sead % wlable seed Wieor
Flarunnsr Kylar ] 7.7 B Eo.l
2 8.3 65.6 5B L Flarumner Yylar | 95.8 5.0
TIBY | 6.2 71.6 B3.1 H S0 22,0
2 i.0 71.8 62.7 TI s | SE.3 1 7.
tantral [1] 7.3 FIN 53.0 K 55,34 7.0
Contrel [] 558 g
Early Runner Kylar 1 a5k B&.3 8.5
z ok 5.7 ba.2 Early Aumner Eylar 1 =6.0 =R
Tiga 1 7.0 63.3 a0 2 96,8 L6, B
H 2.0 584 51.1 TIE 1 °g.3 255
Contral [4 B0 7.2 £o.8 H 100.0 35.5%
Tontral 4] 3.3 34.3
Florialant Kylar 1 2.5 0.8 ak. ]
z 2.8 720 B7 .5 Floriglent Kylar 1 8.8 B T
ThEA 1 2.2 T4 ] 2 95.5 35, Qe
2 2.9 714 gr.0 TI B, } 95.5 1.3
Gantrol [ 2.6 1.7 E.3 2 99.5 52.5
Control o 99.5 55.0
UF 63304 Kylar 1 5.b 61,5 6.7
H 3.8 62,2 75.4 UF 6930k Kylar 1 q1,5 a4.5 7.5
Tl 1 2. 67, G 1.8 2 A G a4.5 19.5
2 4.5 54,9 73.1 TIzA 1 9&; 39.5 39.5
Contrel @ [N 20,5 T4, 2 2 i) 21,5
Tontrel o _g"é.z ’Eg.s T4
UF 65313 Kylar 1 2.5 86.9 9.4
2 o G0.5 1004 UF £3313 Kylar 1 a0 §0.4 hg,§
TIBA 1 2.3 63,4 103.8 z 851 B 1.5
2 1.8 64,2 100.6 Tigh ! 98.6 g5 9.5
Tontral @ 2.0 %3.0 9.2 2 9.0 0.0 36.0
Tentrel q §h.5 0.5 3.5
UF 63115 Kylar 1 L. om 85,1 a0.1
2 3B 65,9 BB,7 UF 63115 Kylar 1 95.5 b0 L1.s
Tl&h 1 L2 65,0 921 2 3, 5% .5 Ly.0
2 3.2 66,8 g4.9 TIak 1 100.0 95.5 iB.5
Contrel o 1.2 7.5 SRS 2 27.9 94.5 43.5
control [1] 7.8 a6.0 350

Kylar T = 1122 gm/ha; 2 = 1583 amfha in split appllcations, »
TIBY 1 = 7h gn/ha; 2 = 2 gnfha in split applications. Kylar | = 1122 gm/ha; 2 = 16E3 gnfhe Tn spiic spplications,
TIBA 1 = 74 gn/has Z = 74 amfha in split applications.
* Signiflcant at 05 Jevel frem control, b
ke Signifleant st . 0 level from control. Strong vigor are seeds with radicle length of at least 25 mn,

% Sigaificant ac .05 leve] from contrel |
i Significant at .01 lewel from covtrol.












EFFECT OF SOQIL pH AND CALCIUM SOURCES ON
YIELD, GRADE AND MINERAL COMPOSITION
OF VIRGINIA BOTANICAL TYPE PEANUTS 1

by
Euro A. Bracho, E. B. Whitty, W. G. Blue and A. J. Norden 2

ABSTRACT and PAPER

Field and greenhouse experiments were conducted to determine the response
of peanut varieties to sources of Ca. Florunner and Florigiant varieties were
grown in the field study and Florigiant and NC-17 in the greenhouse study.
Calcium sources were gypsum, Magi-cal spray and Magi-cal dust in the field
experiment and gypsum, Magi-cal spray and Claw-El Calcium, a chelated Ca
compound, in the greenhouse. Three soil pH values were established for the
greenhouse study.

Yield, grade and mineral composition of various plant parts were measured.
No significant differences among Ca sources were found in yield and grade of
peanuts; but gypsum increased Ca and Mg, and decreased P and K contents of
various plant parts. Significantly lower levels of Mg and greater levels of Ca were
found in post-harvest soil samples following gypsum application. Soil pH levels
significantly affected the yield of kernels and vines and the mineral composition
of the plants. A positive linear correlation between yield of vines and kernels was
found. There were significant differences among varieties in yield, grade and
mineral composition.

INTRODUCTION

Calejum has a marked effect on peanut yield and quality. Gypsum (29% Ca)
has been the primary source of Ca for emerged peanuts. Other products have
recently become available for supplying Ca to the peanut plant. Magi-cal and
Claw-El Calcinm are trade names of two new prodncts. In general, the
manufacturers’ recommended rates of the new materials supply much less Ca
than the normally used rates of gypsum.

Colwell and Brady (2) found that gypsum at 448 kgfha exerted a marked
beneficial effect on yield and grade of large-seeded peanuts, especially on soils
with low Ca levels. Gypsum did not increase either yields or percent of filled
pods on soils containing 280 ppm as much as it did on soils with lower Ca values.
Middleton et al. (10) found that yield and kernel development of a Virginia
bunch variety were sipnificantly increased when gypsum was applied. The largest
increase in yield was obtained when the soil level of Ca was 42 ppm and was
least marked when the content was 230 ppm.

1. Contribution from the Florida Agricoltural Experiment Station, Gainesville,
Florida, as Journal Series No. 4019, Part of a thesis submitted by the senior
author in partial fulfillment of the requirements for the M. S. degree at the
University of Florida.

2. Former Graduate student (on leave from Shell Foundation, Venezuela),
Assistant Professor, Professor, and Associate Professor, Institute of Food and
Agricultural Sciences, University of Florida, Gainesville, Florida 32601.
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“Hollow heart” and “black heart” are forms of concealed damage in peanut
kernels. Applications of Ca from gypsum or hydrated lime decreased black heart
considerably and hollow heart moderately (3, 13). Calcium applications have
been reported to increase the Ca content of roots and tops (12}, shells (9} and
kernels (6).

The objective of this study was to determine the effect of gypsum, Magi-cal
and Claw-El Calcium on different varieties of peanuts grown at different soil pH
levels.

METHODS AND MATERIALS
Field Experiment

This experiment was carried out on the Agronomy Farm at the University of
Florida during the 1970 season. The soil was Arredondo fine sand with chemical
characteristics as shown in Table 1. The design was a split plot with eight
treatments and four replications. The varieties Florunner and Florigiant were the
main plots and four Ca sources (gypsum, Magi-cal dust, Magi-cal spray and
control), the sub-plots. Plots consisted of two rows spaced 91.5 cm apart and
were 6 m long. Gypsum was applied by hand over the row in a band 40.6 ¢cm
wide on June 19 at 896 kgfha. Magi-cal dust was mixed with dry sand and
applied by hand over the pegging zone on June 19 and 26, July 3, 10,17,24 and
31, and on August 7 at the rate of 8.4 kg/ha per applicalion. Magi-cal spray was
applied by a knap-sack sprayer on the same dates as Magi-cal dust at the rate of
4.65 1/ha per application. Total Ca applied was 260, 20 and 32 kg/ha for
gypsum, Magi-cal dust and Magi-cal spray, respectively.

The peanuts were planted on May 6, 1970 and spaced 7.6 cm apart in the
row. Rainfall was evenly distributed during the peanut growing season.
Fertilization consisted of 11.2 kg/ha of N; 9.8 of P, 37.2 of K, and 22.4 of FTE
503 broadcast and disced in on April 20, 1970. Normal weed, insect and disease
control measures were followed.

The peanuts were dug mechanjcally on September 9, 1970, sun- cured and
picked on September 14 and 15, 1970. The unshelled fruit were dried and
weighed.

TABLE I

themlcal characteristics
of cxperimental soils

Ficld expariment Graanhuuse experiment

{hrrendonde finc sand) {Lakeland fine sand}
pvailable phosphorus {(ppm) 13.00 7.00
Catlon exchange capacly [meq/100g} 2.a1 1.45

Exchangeable catlons (ppm)

Calclum 206.00 250.00
Hagnes 1 um L4z.00 .00
Potasslum 7e.00 12.00
Soi) reaction [pH} b.B 5.6
Organic matter (%) - 1.21
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One week before harvesting, six plants per plot were selected at random and
separated into roots, foliage, hulls and seed for mineral Analysis. Nitrogen was
determined by the micro-Kjedahl method, P by the molybedum blue methoa, K
by flame photometry, and Ca and Mg by atomic absorption.

Shelling percentage and percentages of sound mature kernels, extra large
kernels, shrivels and damaged seed were determined.

One week after harvest, soil samples were taken from the 0-15 cm depth in
the pegging zone for chemical anatyses.

Greenhouse Experiment

Florigiant and NC-17 varieties were used. Chemical characteristics of the soil,
Lakcland fine sand, are shown in Table 1. The sarface 15 c¢m of soil from a field
area was screened and air-dried. Hydrated lime was added at the rate of 1.46
tons/ha to.soil with an initial pH of 5.6. This resulted in a pH of 8.1. The limed
and unlimed soils were then mixed and pH of 6.8 resulted. Thus, soils with pH
values of 5.6, 6.8 and 8.1 were used.

Glazed clay pots were placed on greenhouse benches in a randomized
complete block design with four replications. Four Ca treatments (gypsum,
Magi-cal, Claw-El Calcium and the control) were used to each of the three soil
pH leveis and with each of the two varieties.

Five days before planting, 56 kgfha of N, 24.4 of P, €9.7 of K and 33.6 of
FTE 503 were mixed with the upper 7.6 c¢m of soil in each pot. Reagent grade
chemicals were used.

On Qctober 19 and 20, 1970, four sceds were planted in each pot and
thinned to two uniform plants per pot on November 6, 1970. The plants werc
watered as needed with tap water. On December 6 and 7, 1970, Mg (50 ppm) in
the form of reagent grade MgSQO4 was added when Mg deficiency symptoms
were observed.

Gypsum was applied December 1, 1970 at 896 kg/ha. Claw-El Calcium was
applied December 1, 1970 at 9.35 1/ha. Magi-cal spray was applied by a
Devilbiss atomizer at 9.35 1/ha per application on December 1, 12 and 23, 1970
and January 3, 14 and 25, 1971. Total Ca applied was 260, 48 and 1.8 kg/ha for
gypsum, Magi-cal and Claw-E] Calcium, respectively.

Just prior to harvest on March 2-3, soil samples were taken to a 7.6 cm depth
in each pot. Each plant was separated into foliage, roots and pods and oven-dried
at 70 C. Dried pods were shelled by hand and weighed. Roots, folizge, hulls and
seed were analyzed for P, K, Ca and Mg by the methods used for the ficld
experiment.

Three post-harvest soil samples from the check treatment werce analyzed for
total nutrients. A 1 N NH40Ac¢ (pH 4.8) solution (7} and perchloric acid
digestion were used for determining extractable cations and total nutrents (8).

RESULTS AND DISCUSSIONS
Field Experiment

There were no significant differences among treatments on the yield and
quality of the two varieties. Gypsum and Magi-cal dust gave the highest and
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lowest unshetled and sound mature kemel yields, respectively, for both varieties.
Magi-cal dust gave the lowest percentage of extra large kemels.

Florunner produced a higher yield of unshelled kerncls than Florigiant, 3690
and 3100 kgfha, respectively. Florunner was superior in shelling percent, 77
versus 71. Florigiant had a lower percent of shrivels, 3.8 compared with 6.0 for
Florunner.

Some significant differences were recorded between varieties in N and P
content. Florigiant had more N (1.52%) and P (0.17%) in the roots than
Florunner which had 1.31% N and 0.14% p.

There were significant differences among Ca treatments in the Ca content of
the plants. Gypsum resulted in a higher Ca content of foliage and hulls (Table 2).
This was probably due to the higher Ca rate applied. Florigiant had a higher Ca
content in the roots (0.83%), while Florunner had more Ca in the seed (0.06%).
The possible reason may be as reported by Hallock et al. (4) that genotypic
differences in nutrient contents of plant parts occur, Also, there may have been
a slight transtocation of Ca from the roots into the pods (1, 11). There were no
significant interactions between varieties and Ca sources.

Extractable Ca and Mg remaining in the soil after harvest are shown in Table
3. Calcium levels in control plots were higher than the 280 ppm value stated by
Colwell and Brady (2) as critical for obtaining response in yield and quality to
Ca applications. Soil Mg levels were lowest in plots that had received gypsum.
This may have been due to displacement of much of the exchangeable Mg by
mass action of the relatively large amount of Ca from the gypsum treatment
which permitted leaching of Mg below th 15 cm sampling depth.

Greenhouse Experiment

No significant differcnces among Ca sources were found for root, top (stem
and leaves) or kernel yields {Table 4). There was a highly significant positive
correlation (r = 0.65) between vields of tops and kernels.

Highly significant differences were found i kernel yield as a result of the soil
lime amendments (Table 4). A pH of 6.8 was superior io pH 8.1 and 5.6.
However, pH 8.1 was superior {o pH 5.6. There were significant differences
among soil. pH levels in yields of tops, with pH 6.8 producing a higher yield than
pH 8.1 and 5.6. Although the effect of soil pH on root weights was not
significantly the same order of magnitude was maintained for kernels us for tops.

Florigiant produced a significantly hipher kernel yield than NC-17. There
were no significant differences between varieties in yield of tops and roots
(Table 4).

There were significant differences in the Ca content in the different plant
parts of both varieties as influenced by Ca sources. Gypsum augmented the Ca
conient in the hulls and seed when compared with other trcatments {Table 5).
Since morc Ca was applied in the gypsum, a higher Ca level was in contact with
the pods during their formation, which should increase Ca assimilation {5, 11).

Magi-cal spray increased the Ca content of stem and leaf tissues when
compared with Claw-E]l Calcium and the control (Table 5). Despite an attempt
to remove all residues, some Magi-cal material may have remained on leaf

S0



TABLE 2

Mean calcium content (%) in stems and leaves and hulls of peanut
as influenced by calcium sources. Field experiment. *

Calcium Source Stem and Leaves Hulis

Magi-cal dust 1.19 b 0.14 b
Magi-cal spray 1.15 b 0.14 b
Gypsum 1.25 a 0.17 a
Control 1.15 b 0.14 b

% Means within a column followed by different letters are
significantly different from each other at the 0.01 pro-
bability level.

TABLE 3

1N NH, OAc {pH 4.8} extractable Ca and Mg (ppm) in pest
harvest soil samples as influenced by calcium sources.
Field experiment. *

Calcium Source Calcium Magnesium
Magi-cal dust 315 a 31 b
Magi-cal spray 321 a 34 a
Gypsum 363 a 27 be
Controt 333 a 35 a

® Means within a column followed by different letters are
significantly different at the 0.01 probability level.
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TABLE &

Mean yield (g/pot} of roots, tops and kernels as affected by clacium sources,
sail pH, and variety. Greenhouse esxperiment, *

Calcium sources Roots Tops Kernels
Control 6.1 a 15.8 & 13.9 a
Gypsum 6.0 a 16.2 a 14.9 a
Magi-cal spray 6.1 a 16.9 a 14.9 a
Claw-El1 Calclum 8.1 a 17.1 a 13.7 a
Soil pH
5.6 5.5a 15.0 b 1.6 ¢
£.8 6.6 a 18.3 a 16.8 a
8.1 6.2 a 16.3 b 14.7 b
Variety
Florigiant £.0 a 16.3 a 14.8 a
HC=17 6.2 a 16.7 a 13.9 b

% Means within a column for calcium sources, soil pH and varlety followed by
different letters are significantiy different at the 0.05 probability level.

TABLE 5§

Mean effect of calcium scurces on calcium content {%) in different plant parts.
Greenhouse esperiment. ¥

Calcium sources Roots Stems and Leaves Hulls Sead

Control 1.09 a 1.96 ¢ 0.18 b 0.08 b
Gypsum 1.10 a 2.05 be 0.26 a 0.10 a
Magi-cal spray 1.02 a 2.11 ab 0.19 b 0.08 b
Claw-El Calclum 1.08 a 1.94 ¢ 0.18 b 0.08 b

X

* Means within a column followed by different letters are significantly differ-
ent at the 0.05 probability level.
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surfaces. There was no evidence of greater translocation of Ca to the hulls and
seed from the Magi-cal treatment,

Significant differences among soil pH levels were recorded for K content of
foliage, hulls and seed and for P content of hulls and seed (Table 6). There were
highly significant differences in Mg content of the different plant parts also
occurred as a result of variable soil pH. Magnesium concentration was
significantly higher in the roots and tops at pH 5.6 than at the other values,
However, the reverse occurred for hulls and seed where the highest Mg content
occurred at pH 8.1,

NC-17 had a higher P concentration in the hulls than Florigiant (Table 7).
There were significant differences between varieties in the K content in different
plant parts. NC-17 contained significantly more K in the roots, tops and hulls.
The K content in seed was significantly higher for Florigiant. The NC-17 variety
had a significantly higher content of Ca in the roots than Florigiant. However,
Florigiant contained a significantly higher Ca content in the hulls and seed. A
similar situation occurred in the field cxperiment. This seems to be additional
evidence that there is negligible translocation of Ca from the roots to the pod (4,
5, 11). NC-17 contained significantly more Mg in stem-leaf tissues.

There were changes in soil pH values of the control plots during the
experiment, with the soil at pH 5.6 and 6.8 increasing to 6.5 and 7.1
respectively. The original soil contained 625 ppm total Ca and the interval of 5
months between the first and last sampling suggested an increase in exchangeable
Ca which would justify the post-harvest pH of 6.5. Also the tap water used for
irrigation contained Ca and Mg. Thus the lack of differences between Ca sources
in kernel yields may have been due to near adequacy of Ca in the native soil.

There were highly significant differences in extractable Ca as influenced by
the source of Ca applied (Table 8) because of differences in the Ca content of
the various sources.

Less extractable Mg (Table 8) was found in the plots where pypsuin was
applied. A similar pattern was found in the field experiment.

There were highly significant differences in extractable nutrients due to soil
pH (Table 8). The P, Mg and Ca levels varied proportionally to soil pH, all being
significantly higher at pH 8.1. More extractable Mg was present in the
post-harvest samples than was present initially plus the quantity added as
MgS0O4. The total Mg level after harvest (225 ppm) was much higher than the
extractable Mg. It is possible that nsoluble Mg may have been converted to a
soluble form during the experiment.

Significant differences were found in P and Mg content of the hulls and the K
content of the seed as a result of the different Ca sources. Gypsum significantly
decreased P content in the hulls to the lowest level {0.06%). This indicated the
posaibility of reduced P solubility and absorption where Ca levels were high.
Seed of plants treated with gypsum had significantly lower K content (0.60%)
than all other treatments. The gypsum treatment gave the highest Mg content
(0.19%).
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Hpan effect of soll pH en phosphorus, patassium,
Areanhpuse owpariment .

two  pranul warieties.

TABLE B

caleium and magneslum eontenl (5] in the roots, tops, hulls and seed of

Rogls Stea and Leawvay Hurl 1 Sred
ail Ml [ R [ H, T (4 a E (3 [ fg F {a Ag__
5.k 0.1%a |.50a 0,750 ©.52a o133 1.B5h |8k o.98a a.08a 1.27a 0.16c 0.1Gb 0.38b G.6ha 0,08c 0.21b
BB f.ha 1.4 1030 B4 o132 1,98 1.9Gh  o.fok DB 1.1Zh 0,200 D.16b 0.35c 0.61b D.0%p D.20b
B 0. 0he 1483 | 438 0.4Bb o.1ha 2,008 Z.27a 0.83 p.gE6 1.BEL  0.24a ©.18a G403 O.&b w.lpa D.23a
A HMeans within a coluan Fatlowed by 4l Fferent letters arc sigaiflcantly df Fferent au thée 0.05 probabillvy level.
TABLE 7
Hean phasphorus, potassium, calcium and magnasfum content {%) in the roots, tops, hulls and scod of twa peanut varletles.
Grecohouse axperiment. =
Enad Stem agd | sAgal Hulls Zomgt
¥ I Ca_ M [ 3 Ca M > K [ [ X ta [
Floclylent 0,032 1,35 1,036 0.470 d.1%a Lok 2.00n 0.96a 0.6 1026 0.21a @.18b n,38a 0.86a v.09a U.22a
HC - 17 0.1%a |.62a 1.12a 0.Gla o.13a 2.0Ba 2.3 0.76b D.0Ba |.29a 0.15h J.16a 0.37a 0.586 0.0Bb Q.21a

* Hemnd within o column Followed by different betiers are significontdy differsnt at the 0.05 probabilicr lewel.
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PEANUT LEAF SPOT AND RUST CONTROL CN PEANUTS
by
A. L. Harrison, Plant Pathologist
Texas A & M University Plant Disease Research Station
Yoakum, Texas

Peanut leaf rust (Puccinia arachidis) has become of increasing concern to the
producers of fall peanuts in South Texas for the past several years. It was first
reported in South Texas in 1941 by KenKnight (4). A report on the rapid
development of peanut leaf rust in Texas was presented by Harrison (2) in 1967
stating that peanut rust had caused economic losses in 1965 and 1966 on the fall
crop of peanuts in South Texas and indicated that certain fungicides might
reduce the incidence of the disease. Since this report, tust has repeatedly caused
serious losses in South Texas each fall. Frequent applications of the fungicides in
use for Cercospora teaf spot control in the South Texas area apparently have
reduced rust losses but no fungicide program has been completely satisfactory.
Arneson in 1970 (1) reported that combinations of Dithane M45 plus nickelous
suifate and Benlate plus Plantvax appear promising for the control of leaf spots
and rust in Honduras and Nicaragua.

Rust and the Cercospora leaf spots are frequently associated together on the
fall crop of peanuts in South Texas. Either disease can cause serious losses bui
the two in combination have at times been disastrous.

Excellent control of the Cercospora leaf spots can be obtained by a number
of fungicides, if propetly applied. The data, however, on chemical control of rust
is very meager. This is due primarily to the infrequent appearance of rust in the
spray plots at the Texas A & M University Plant Disease Research Station at
Yoakurn, and its irregular appearance in years prior to 1965,

EXPERIMENTAL PROCEDURES

Tests were conducted in 1970 in order to try to find a satisfactory fungicide
program for the control of the combination of rust and Cercospora leaf spots
and to learn something on the nature of the losses caused by rust. There were
two gencral types of tesis. In one series, Cercospora leaf spots were controlled
by spraying the area with Benlate. (Benlate can give almost perfect control of
Cercospora leaf spots but has little or no beneficial fungicidal effect on peanut
rust). This permits rust to be the predominate leaf disease, if conditions are
favorable for rust development. Other chemicals were superimposed on the
Benlate ireated areas to study their effect on rust. These studies are designated
as the rust control tests.

In the second series of tests no special attempt was made to eliminate either
rust or the Cercospora leaf spots from the plots. The chemicals were applied on a
pre-determined schedule (weather permitting), and then evaluated for their
effectivencss in controlling foliage disease complexes.

Two locations for these studies were used. One location near Pearsall in Frio
County on the George A. Toalson and Sons” farm and the other locatlon was at
the Texas A & M University Plant Disease Research Station at Yoakuml.

IThe test on the George A. Toalson and Sons’ fann in Fric County was
partially supported by a grant-in-aid from the Texas Peanut Producers Board.
This same grant-in-aid helped to conduct in part the tests at the Texas A & M
University Plant Disease Research Station at Yoakum along with grants-in-aid
from several of the companies supplying the chemicals listed in the tables.
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All chemicals in the tests were applied at approximately 50-gallons per acre.
In the Toalson tests a special tractor mounted 2-row sprayer was used. The
sprayer was powered with an 11 gpm PTO Warner 10F 4-piston pump. The
sprays were applied at approximately 200 psi pump pressure. Part of the Toalson
test area was used to study the effect of soine fungicides on the control of
peanut rust. This area was sprayed four {imes with Benlate at 0.5-lb formulation
per acre per application to contro] Cercospora leaf spots. The rest of the Toalson
test area was nsed to study the effectiveness of various fungicides for the control
of a combination of rust and leaf spots. Each test plot in both areas consisted of
two rows 49-feet Jong with two buffer rows between the plots. There were five
replications in each Tealson test.

A second rust control test was conducted at the Texas A & M University
Plant Disease Research Station at Yoakum. Cercospora leaf spots were con-
trolled with Benlate as in the Toalson rust control test. Additional sprays were
superimposed on the Benlate treated area with a tractor mounted sprayer with
three nozzles per tow. The test plots for rust control were two rows 185-feet
long with two buffer rows between each test plot. There were four replications
of each treatment.

QOther tests at the Texas A & M University Plant Disease Research Station at
Yoakum were vsed to study the effectiveness of various chemicals for the con-
trol of all foliage diseases that should occur.

The Cercospora leaf spots were the only major foliage diseases in one of the
1970 tests at Yoakum while rust contributed to the foliape disease complex in
two of the tests.

Data from these studies were taken on the development of both peanut leaf
rust and Cercospora leaf spots. Disease indices were taken by visually observing
the severity of the foliage diseases in the field or, as in the case of 1ust, on leaves
in the laboratory. Leaf samples were collected at random from each plot for the
leaf rust ratings, taken to the laboratory, and rated visually using a modificaticn
of the Horsfall-Barratt disease rating system (3). An attempt was made to give
each leaflet a rating based on the number of rust pustules per leaflet hut this
rating and the resulting calculations to get a reliable index was so time con-
suming that this system was abandoned in favor of the general visual rating
system. Only the lower surface of the leavcs were used for the rust ratings. In
addition to the disease index ratings, data were also obtained on yields and
grades from the various tests. They are presented in Tabies 1 to 6.

RESULTS AND DISCUSSIONS

The data demeonstrate that fungicides vary in their effectiveness for con-
trolling teaf rust and Cercospora leaf spots. Bravo, Dithane M43, Fungi Sperse
and Plantvax reduced the severity of leaf rust and increased the yicld of nuts in
the absence of Cercospora leaf spots (Tables | and 2). Du-Ter, in the Pearsall
test, also showed some value for reducing the incidence of leaf rust. These data
demonstrate that peanut leaf rust alone can cause economic losses to the peanut
producer. Yields were reduced by approximately 600-pounds of clean nuts per
acre in both the Pearsall and Yoakum tests when rust was not controlled.

In tests where both leaf rust and the Cercospora leaf spots were general,
Bravo, Dithane M45, Fungi Sperse and KX3 reduced the severily of both types
of foliage diseases and increased yields of nuts (Tables 3,4 & 5). R & H 176 also
gave promising results for controlling bolh leaf rust and Cercospora leaf spots
(Table 4).

The data in Table 3 and 4 demonstrate that Benlate has little or no effect on
the control of peanut leaf rust. Observations indicate that when Benlate is used
for Cercospota leaf spot control, rust appears to be more severe than when
Benlate has not been used. BAS 3021 F and Topsin M (Penwalt TD 1771) (Table
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4) appear to have similar effects as Bentate on peanut leaf rust. All three materi-
als, however, give excellent control of Cercospora leaf spots. The data in Table 6
demonstrate that Benlate is in the top group of fungicides for reducing Cer-
cospora leaf spots and increasing peanut yields.
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Table 1: Fungicides,for control of rust in near absance of Cercospora
leal spote™ , Yoakum, Texaa 1970

2/ Rate/Acrs/ RInquzx Ibs Nutsh//

Treatment Application 10/19 __here =
Eravoe 1.5 Lbs Tuld 2916
Di thane M45 1.5 Ibs 6.5 2903
Flantvax EC 0.5 Gal 6.1 2639
Fungi Sperse + Ca 1.0 dal Sk 2877
Check 0.0 1. 2356

1/ Entire area treated four times with Benlabe st 0.5 1b/A/application
for leaf spob conbrol.

_2__/ Six applications from July 28 to September 10

3/ Fust indax, Approximabaly 20 leaves wore picked ab random and rated
visually by examining the lower surface of the leaves as followsa:
1 = rust generally severs on most leallets(the number of pustules
averaging approximately 75 to 100 or more per leafieb) end $ = no
mugt pustules evident on amy of the leaflets.

L/ Dug October 19
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Tables 2t Fungiclidea L[or control of rust in near sbassnce of Cercospora
leal spotal’, Pearsall, Texas, 1970.

. 2/ Rat_e/ﬂ,c:_:'a/ ;hnmd;x 3/ Ths Nutﬁf
eatmant Application 10/19 Acra
Brave 1.5 Lba Toly 2861
Plantvax EC 0.5 Gal 6.6 2120
Tu-~Ter O.h Ib 6.3 2610
Fungi Sperse 92 1.0 Gal f.2 2691
I thane Ml5 1.5 Ibs 5a7 2737
Fungl Sperse + Ca 1.0 Gal .l 2642
Check 0.0 2.5 2223

1/ Entire area sprayed four times with Banlabe at 0.5-1b/8/application
for leaf spat control.

2/ Seven epplicationa Trom July 22 to Sephamber 15
3/ Hee Table 1 Tootmote 3
I/ Dug October 20

Table 3: Fungicides for the control of rust and Cercospora leaf spots.
Pemragll, Texas, 1570

Hagase Index

Rate/Acre/ L.s, Rust 3/ Ibe Wabp/

Trextment Applioation 37z 10775 hore 1/
Bravo 1.5 1bs 8.5 7.1 2609
Fungi Speras S% 1.0 @al 8.0 6.0 2512
Fungi Sperse + Plantvax 1.0 + .25 Gal 8.0 57 235
Du=Ter + Plantvax Oul Th + .25 Gal 3.0 6.3 2336
Fungl Sperse + Ga 1.0 Gal 7.8 L.6 205k
Tu-Tar 0.4 Ib TaT 5.4 228l
Benlate + Planfvax X/ 0.5 Ib + .25 0al Tak 3.3 2043
Benlabe + 0il 656 & 0.5 Tb + 1,0 Gal Ta0 2.9 2223
Benlate ¥ 0.5 Ib 6.6 2.1 2060
Dithane Ml5 1.5 Lbs 6.l L0 2235
Dithane MY5 + Plantvax 1.5 Lbs + .25 Gal 6.5 L.2 2019
Check 0.0 L.l 1.7 1997

1/ applied July 22, July 31, sugust 19 & September 7. 411 other treatments received
T=spplications from July 22 through Jeptember 1%

2/ Leaf apot index based on a genmeral visual rabing as follows: 1 = complete defolia-
tden; 9 = no defoliation and ouly cccasional spots on a few leaves.

3/ 9ee Teble 1 FPootnota 3
L/ Dug October 20
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Teble l: Fungleidsa for the gomtrol of peanut rush and Carecspora leaf

epita.  Yoskum, Tenss, 1970,
LNigease Tndex
Rabe/feres T.2.5Y Fush )/ Ibe Nut?f

Treatmant Application 1o, 1077 Acra
Renlate 2 0.50 Ib 7.8 1.7 270l
Denlate & 0450 Lh 8.0 16 27l
Barlate K2/ 0,50 b 7.8 1.2 2635
Banlate + M1 &6l & 0.50 Ib 8.7 1.6 2600
Benlate + (i1 795 &/ 0.50 tb .7 Ik 233
Deanlabs 0.25 Il 7.5 L1 2508
Rerlato + @1 696 0,22 Ib 76 1.3 2726
Fungi Sperse 8% .50 al Tal 2.1 2A50
Fungi Sperae 5% 1.00 Bal Tobh 3ab 2722
Fungi Speras + Ca 0.50 Gal By 2.2 2882
¥unpl Sperse + Ga 1,00 Gal Tel 2.5 2926
Fungi, Hpersa TATO .50 Gul 7.3 2.5 2572
Fingi Spevas A0 1.00 Gal 77 2.3 2602
Brava 1 1.50 Ibs H.C L5 3202
Hrave + [H1 &56= 150 1bs 6.5 4.1 25688
Pannywalb TD 1771 0.50 Ib .8 2.2 2761
BAZ 3201-F 1,00 Ib 8.0 1.3 27l
X3 1.5 Iba 7.1 2.7 282h
&H 176 1.00 Lba Tal £.2 3035
Taneide Maneb 50 1.50 Iba 6.5 2.3 2875
Amazin Maneh + 2N 1.50 Lbe Te3 34 2097
Titlane MLS 1,50 Ihs 7.2 3.8 302l
Tyrons 2,00 Iba 7.5 3.6 2650
Chack 2.0 3.7 1.7 i

1/ Enece 0il ® legallen per acra per applieabion

3,.-’ Tour appllcations Trom July 23 to Septamber 15. A1l chler troatmeota
Tecalred seven applicetlons

3/ dos Table 1 Tootnote 3
Iy Sen Table 3 Footnote 2

5/ Dug Oglaber 12

Table 5: Effect vi Finolens cn fungieides for the combrol of Cercoapora
leal apots and ruab. Yoakum, ‘Tores, 197G

Plosasy Indox
..;35 H‘uul. 3 1he Hurtgf

P o— AHANY AT T aore
Brave + 1.5 Tha ;194 faf okl
Hrovg - 1.5 Lhs e 5 3136
I thane NhE | 1.5 Tbs 7.2 Galt 2673
Dithane MLT - 1.5 Ibs 6.3 .2 2605
Fmgl Sperze + Ca + 1.0 Gal 7.2 4.5 2877
Fungl Sperse + Ca - 1.0 gsl 5.7 3.2 ah72
K3 + 1.5 Ibs 6.9 Lok 2659
3 - 1.5 Iba 6o 3.1 2568
Tangl Sparss THD - 1.0 B 5.7 3 2BLT
Gheok 0.0 1.6 1.2 1oy

1/ Sev:an applications Brom Joly 22 to Sephember 1k
= Finolane @ 1 ptfacrsfapplicatian
= Withaut Finolens

2/ Ses Table 3 Footnota 2

3/ Sem Tablo 1 Footnote 3

L/ Tug Cebobor 1%
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Tsble 6% Interaction of fungicides and date of harvest on peanut production. Yoasleum, Texas, 1970
Lbs Nuta/Acra

Yy Rate/Acre/ 8 From Plantd Loaf Spot Index On2
Treatment Application 101 12 1 9728 E%?; 107T?

Bravo 1.5 Ibs 2Lél 2856 3494 849 9.0 8.0
Benlate 0.5 Ib 25l5 2816 3336 $.0 8.9 7.2
Fungi Sperse + Ca i.o Gal 2436 2903 3171 847 8.0 5.6
KX3 1.5 Lbs 2lish 2707 3113 Bl 749 Lo
Dithane M4S5 1.5 Ibs 233l 2719 2789 8.3 7ol 643
Check 0.0 2352 2380 1898 5.6 3.1 1.3

1/ Seven applications from July 21 to September 1k
2/ See Table 3 Footnote 2

3/ Dug Sepbember 2l, October 5 and October 19, repectively



LATERAL FRUIT DISTRIBUTION OF A VIRGINIA-TYPE PEANUT
by
F.S. Wright and J. L. Steele
Agricultural Engineers, AERD, ARS, USDA, Tidewater Research Station,
Holland, Virginia

INTRODUCTION

Physical characteristics of the peanut plant have been studied by many sci-
entists. Studies have included descriptions of the peanut plant relative to its
foliage, flower, fruit and root characteristics.

Little or no guantitative information is available on the fruit distribution of
peanuts with lateral distance from the plant’s tap root. General information and
observations have indicated that most of the mature fruit is found on the lower
branches near the tap root of the plant, whereas, most of the immature fruit is
found farther away from the tap root.

Information on the fruit distribution may be used in the design of harvesting
equipment and for determination of bandwidth in the application of agricuitural
chemicals. Consequently, this paper describes the procedure and results of a
study on the lateral fruit distribulion of Va. 61R peanuts during the harvesting
period.

Methods and Procedures

A study to determine the lateral [ruit distribution of Va. 61R (Virginia
runner-type} peanuts was conducted over a 3-year period. Determinations of the
peanut dry weight, moisture confent, and meat content were made at weekly
intervals throughout the harvesting period. This period began in late September
and ended in earty November.

To obtain peanuts for this study, a metal frame, 3 ft x 3 ft, was constructed
(Figure 1). One dimension was divided into seven equal sections by removable
sheet metal partitions. In the field the center section of the {rame was positioned
over the tap roots of the plants parallel with the row direction. A sheet metal
scoop was used to remave the peanut vines, peanuts, and soif within each section
to a depth of approximately 7 inches. The soil was screened through 1/4-inch
hardware cloth and other extraneous material was removed by hand.

The peanuts were placed in quart cans, weighed in the laboratory and dtied in
an oven for 3 days at a temperature of 1809F. Upon removal, the peanut dry
weight was recorded, the peanuis were hand shelled, and the meat content (dry
weight) was recorded for each section.

In 1968, one observation per week was made, whereas in 1969 and 1970,
duplicate observalions were made for each week during the harvesting period.
From each observation the pereent of peanuts within each section (d. b.). the
meat content of the peanuts within each section (d. b.}, and the peanut moisture
content within each section (w. b.) were determined. The total dry weight of the
peanuts for the 3 ft x 3 ft area was the basis for the percent of peanuts caicula-
tions. The moisture content and meat content percentages were based on the
peanuts in each individual section.

RESULTS

As indicated (Table ) the percent of peanuts produced by the plants re-
mained about the same in each section during Lhe S-week testing period (late
September to earty November). An average (Table 2) of 36.6 percent was pro-
duced in the center section, 20.1 and 22.1 percent were produced in the two
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adjacent sections, and 84 and 9.7 percent were produced in the next two
sections from the row center. Thus, 96.9 percent of the peanuts were produced
within a lateral distance of +13 inches, or a bandwidth of 26 inches (Figure 2)
centered over the plant row.

In contrast to the fruit distribution, the moisture content of the fruit varied
across seckions during the testing perod and with lateral distance from the
plant’s tap root (Figure 3). The peanut fruit moisture content during the first
week averaged about 8 percentage points higher than the peanut fruit moisture
content during the fifth week. The average peanut moisture content increased
from about .49 percent in the center section to about 67 percent in the outer
sections.

The meat content relationship was inverse of that for the moisture content.
The meat content of the peanuts during the first week averaged about 14 per-
centage points lower than the meat content during the fifth week (Figure 4).
The average for all of the test weeks decreased from about 65 percent in the
center section to about 53 percent in the outer sections.

These results illusirate quantitatively the maturity pattemn for Va. 61R pea-
nuts. That is, on a group basis paralle] to the row the peanuts have a higher
moisture content and less meat content with increase in distance perpendicular
to the row center. Less than 4 percent of the total peanuts were produced
outside a 26-inch bandwidth centered over the plant’s tap root,

DISCUSSION

Because of the long vine growth of this peanut plant, the vines tend to wrap
around the plow shank of most diggers during the digging operation. This wrap
retards the flow of peanut plants through the digger and increases the possibility
of peanuts being siripped off of the plant. Decreasing the bandwidih from 36
inches (row width) to 26 inches may decrease the overall losses by more than the
amount being lost outside the 26-inch bandwidth.

A curve similar to Figure 2 which would indicate the net dollar value of the
peanuis with lateral distance from the row center could be very useful to the
peanut producer. Such a curve would be difficult to develop because it should
account for the grade distribution, the harvesting and drying costs, and digging
losses. However, if the curve could be developed, an optimum harvest width is
expected to occur within the 26-inch bandwidth due to the maturity pattern of
this variety.

In the band application of agricultural chemicals, granular insecticides and
nematicides, these results inay be used to select a bandwidth to cover an area in
which a specified percentage of peanuts is produced. The results presented in
this paper are for one variety; however, the same-type of information has been
obtajiled for a number of varicties in the Variety and Quality Evaluation Pro-
gram!.

SUMMARY

The lateral fruit distribution of Va. 61R peanuts was determined weekly
thronghout the harvesting period for 3 years. Peanut dry weight, peannt
meoisture content and meat content distributions were presented hased on a 3 ft
x 3 ft area partitioned into seven equal sections parallel with the row center.

An averape of 96.9 percent of the peanuts was produced within a bandwidth
of 26 inches centered over the plant’s tap root. The peanut fruit moisture
content within each section decreased with time during the harvesting period

! Monzingo, R. W., unpublished data, Tidewater Research Station, Hol-
land, Virginia.
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and increased with distance from the row center. The percent of meat content
within each section increased with time during the harvesting period and de-
creased with distance from the row center. Practical uses for this type of infor-
mation were discussed.
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Table 1. Lateral fruit distribucion (% of toral
eanuta, d.b,) Eor the S-week tegt period.

Test Seetion
Time 1 2 3 [ 5 [ 7

Firgt wesk® 1.4 10.4 18.8 36.2 23.6 8.9 0.7
Second week® 2,7 9.7 19.4 34,7 23.4 8.6 1.5
Third week® 1.5 9.6 21,4 38.1 21.0 7.6 0.8
Fourth week® 2.2 10,3 22,2 33,3 2L.7 8.9 1.4
Fifth week2 1,7 8.4 18,7 40,9 20.% 7.8 1.6

Averageb 1.0 9,7 0.t 36,6 22,1 8.4 1,2

2 pverspe for week noted over 3 years
b Averape for all weeks owver 3 years

© Centered over tap root of plant

Table 2. Lateral fruit dscribution, moisture contemt, and meat content
for Va. G61R peanwuts for 3 years,

Pry Weight Sectisn
Date _ of Peanuts (am) 1 Fl 3 &< 5 [ 7

Peanut Dry Weipght (% of total, d.b.)

19688 486,9 0. 7.8 22.2 40.1 20.3 7.9 0.8
15650 529,3 1.5 10.4 22,8 35,5 20.6 B.5 0.8
1570b 417,0 3.3 0.8 15,2 34,3 255 6,8 2,0
Average 497.7 1.9 9.7 20,1 366 22,1 8.4 1,2
Moisture Content (% w.b.)
19682 70,4  61.6 50,2 51.5 60.0 66.6 73,7
19690 64,7 59,5 534.5 50,0 55,2 59,5 66,2
1970k 61,5 55.% 31.2  45.7 45,8  56.3 65.5
Average 65.5 59.0 55.0 49,1 550 60,8 &0.5
Meat Content (% d.b,)
1964b 60.0  61.6 64,0  65.9 &40 60,2 57,5
1970k 49.1 54,6 59,1 63,2 59,3  53.6 46.9
Average 54.6 58,1 61.6 64.6 61.6 56.9 52,2

2 Average for 5-week perlod, one observation per week
b Avarage for S-week period, duplicate observations per week

¢ Centered over tap root of plant
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EFFECT OF COMBINE PROCEDURES ON FRUIT CARRYOVER
BETWEEN PEANUT PLOTS
by
R. Walton Mozingo
Instructor of Agronomy
Tidewater Research Station
Virginia Polytechnic Institute and State University
Holland, Virginia

INTRODUCTION

Traditionally, peanuts from yield trials at the Virginia Experiment Station
have been harvested by digging, stacking on poles, allowing to dry naturally and
picking with a stationary peanut picker {1). Most producers now harvest their
peanuts by digging, windrowing, allowing to dry lor five to seven days, com-
bining and drying artificially. This combine method was shown by Duke (2) to
give an approximately 3 percent increase in pounds harvested per acre over the
stack-pole method. Duke (3) also showed that the stack-pole method, from
digging through picking, required 38 man houss per acre compared to 4.5 hours
for the combine method. However, additional labor associated with artificially
drying and curing the crop must be added to the combine method.

With a shortage of labor and more emphasis on using procedures comparable
to those used by growers, many research workers have bepun to harvest their
peanut yield trials with commercial combines. The commercial combines be-
cause of their complex picking cylinders, augers and screens are more dilficult to
clean out than the stationary type picker. Consequently, when using a combine a
certain amount of fruit carryover between plots must be assumed. Therefore, in
1970 an experiment was designed to determine the perceniage of fruit carryover
between plots when using certain conibine procedures.

PROCEDURES

A randomized complete block design with four replications was used. Plot size
included two 36-inch rows 50 feet long. Two commercial combines, A and B,
with bagging attachments were used. The lower cleaning units of the two com-
bines differed in that combine A used air to move the peanuts and combine B
used an auger system. Three combine cleaning procedures were used:

{1) No cleaning with combine A and combine B (stopping at the end of each
plot and letting the combine self-clean until peanuts stopped fiowing in the bag).

(2) Vine cleaning with combine A and combine B (rerunning the vines from
the ptot back through the machine in an effort to “sweep” the combine clean).

(3) Hand cleaning with combine A (by using a homemade hoe and collection
pan the peanuts were taken from the front sand screen and dumped into the
cleaning unit).

The principle source of carryover with combine A was the fruit which
accurnulated on the sand screen in the front of the machine whereas with com-
bine B the principle souree was the fruit which accumulated on the sand screen
and also under the avger. By rearranging the spring teeth on the first cylinder the
sand screen could be hand cleaned in combine A, however, with combine B hand
cleaning was not practical due to the design of the machine. Likewise, with
combine B there was no practical way to clean under the auger.

The varieties Florigiant and NC {7 were used in separate experiments for each
of the three procedures. NC 17 is a large-seeded Virginia bunch type peanut
which has less vigorous vine growth and is smaller in plant size than the variety
Florigiant which is a large-seeded Virginia runner lype.

After digging and inverting the plants, peanut pods were sprayed with a
different color paint for four consecutive plots. The harvested pods were sepa-
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rated by color into the plot being combined, the first preceding plot, the second
preceding plot and third preceding plot. Each color group wus weighed and the
percentage of fruit carryover determined.

The data were subjected to an analysis of variance. Duncan’s New Multiple
Range Test was used to determine differences significant at the 5 percent level.

RESULTS AND DISCUSSION

Most of the total fruit carryover came from the plot imrmediately preceding
the plot being combined. A review of all procedures showed that approximately
ninety-six percent of the total carryover with Florigiant and approximately
ninety-three percent with NC 17 came from the first preceding plot. However,
this discussion wili be limited mainly to the total fruit carryover which includes
the carryover from the first, second and third preceding plots.

For the Florigiant variety the highest total percentages (Table 1) of fruit
carryover were obtained with the no cleaning procedure for combine B and no
cleaning of combine A. There was no statistical difference between the two
combines using this procedure. Cleaning combine B with vines gave the next
highest percentage which was not significantly different from no cleaning with
combine A. The lowest total percentages were obtained by vine cleaning with
combine A and hand cleaning with combine A. There was no statistical differ-
ence between these two procedures.

Statistical differences were significant in each case for the carryover from the
first plot preceding the plot being combined. These differences were the same as
with the percentage of total carryover described above. For the second and third
preceding plots there was no significant difference between any of the treat-
ments.

For the NC 17 variety the highest total percentage (Table 2) of fruit carry-
over was obtained with no cleaning of combine A. Using combine B with the no
cleaning procedure gave a significantly lower percentage than with combine A
but no difference statistically from the percentage for vine cleaning with com-
bine A. The smallest total percentage of carryover was obtained from hand
cleaning with combine A. This treatment was statistically different from any
other treatment,

As with the Florigiant variety, NC 17 showed the same statistical pattern for
the first plot preceding the plot being combined as for the total fruit carryover.
There was statistical difference between plots for the second preceding plot,
however, these were rather erratic with no clear pattern. No significant differ-
ences were obtained for the third preceding plot.

The average data for both varieties (Table 3) shows the percentage of total
fruit carryover with the no cleaning procedurc was not statistically significant
between combine A and combine B, Also with combine B there was no statisti-
cal difference observed between the percentage of carryover for the no cleaning
and vine cleaning procedures. Percentage of total fruit carryover from vine clean-
ing with combine A was significantly lower than with coinbine B. The treatment
with the smallest carryover percentage was hand cleaning with combine A. This
treatment was also statistically different from all other treatments.

The same statistical pattern was observed for the first plot preceding the plot
being combined as for the total fruit carryover, Siatistical differences were re-
corded for the second preceding plot and no differences were observed for the
third preceding plot.

The time required to combine a plot (Table 4) was inversely related to the
effectiveness of the procedure used. This was true when combining either the
Florigiant or NC 17 variety. Significant differences in combining time were
obtained with each procedure with cach combine. Average time per plot for
Florigiant and NC 17 was the longest for hand cleaning with cornbine A. The
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shortest time required per plot was for no cleaning with combine B. Combine A
required more time per plot than combine B when compared within the same
procedure. Every treatment combination was statistically different from any
other combination.

SUMMARY

Three combine c¢leaning procedures in combination with two commercial
combines and two varieties of largeseeded Virginia type peanuts were used to
determine the percentage of fruit carryover between peanut plots when com-
bined with commercial machines. The results were:

1. Most of the total fruit carryover between plots came from the first plot
preceding the plot being combined -- approximately 96 percent with Florigiant
and 93 percent with NC 17.

2. Percentage of total fruit carryover with the various combine procedures
ranged from 1.56 to 4.62 percent with Florigiant and .54 to 5.84 percent with
NC 17 when using a plot size of two rows 50 feet long.

3. Combining time per plot for a plot size of twa rows 50 feet long ranged
from 57 seconds for no cleaning with combine B to 196 seconds for hand
cleaning with combine A.

4. Hand cieaning with combine A gave the sinallest percentage of total fruit
carryover between plots but required the longest combining time per plot.
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Table 1. Percentage of Fruit Carryover During Gembine Marvest for the Yarlety
Fioriziant.

% Fruit Carryover

First Secand Third
TPimatoment Freceding Preceding Freceding Total
Brocedure Combine Flot Flot Plot CarTyover
Fo cleaning A &.Zﬁabl'lr N .05 4.35ab
%.52a N L0z 4.62a
Vioe cleaning A 1.34 ¢ 03 0B 1.7 ¢
Rl .04 .04 EP--)
Haod cleening A 144 b e .g 1.56 o

i/

Meana charing the same gubscript are not statisclcelly different at che
205 level.

Table Z, Percentage of Frult Carryover During Combine Harvest for the Varlety
HC 17,

% Fruilt Carryover

Tahle 3. Average Percentage of Frult Carrvover Durlvs Coaobine Harvest for tha
Varieties Florigiant and WG 17.

% Frulr Carryover

Firat Secqnd Third
Traatment Preceding Freceding Preceding Total
Frocedure Combine Plot Plat Flot Caprvorer
1
Na cleaning A Q.SSa_f .13a -4 5.09a
B 4.238b .08 he L0 4.41lab
Vine cleaning 4 2.06 @ .11akb -1z 2.2% ¢
B 337 b W06 be 09 3.52 b
Hand cleaning A 95 d .05 ¢ a5 1.0 4

1/ Memns sharing the ssme subacTipt are not statisticelly different at the
.03 level,

Tahle 4. Time Bequired (Sec./Flot} to Combine Aarvest the Varietiee Florigisnt

First fecond Third
Treatment Preceding Preceding Preceding Total
Brogedura Lombine Flot Flot Flot CarTyover
Wo cleaning 4 i.ﬁéal'lr L20a .18 3.84a
393k 07 be .18 4,18 b
Vine clesning A 2.5 b .13ab .16 ¥,85 b
Hand eleaning A A5 © (0 e 04 54 o

L Mesns sharing the same subscripr are nok statistically different at the

.05 level.

and FC 17.
Treatment Tims Raguired (fac.fPlot)
Procedure Combine Florieiant no 17 Average
L/
Yo cleaning A 113 =7 L 14 e
B 55 El 58 d 57 L
Tipe cleaning A 132 & 132 b 132 b
B 94 4 - 91 4
Hand cleaning A 200a 152a 196a

L1/ Meane sharing the same subScript are mot Atatistically different at tha
205 Tewel.

110



PEANUT RUST: A REVIEW OF LITERATURE

by
K. R. Bromfield
Ressarch Plant Pathologist, Plant Science Research Division,
Agricultural Research Service, U. 8. Department of Agriculture,
Epiphytology Research Laboratory, Frederick, Maryland 21701

ABSTRACT and PAPER

Puccinia arachidis Speg., the incitant of rust of the cultivated peanut, Arachis
hypogaea L., is endemic to the Westcrn Hemisphere. It is widespread in the
Caribbean region and Central America and has been reported from several coun-
tries in South America and from the United States. Outside the Americas the
rust reputedly has become established only on the island of Mauritius.

On plants subjected to early and intensive rust aitack, leaves fail to attain
normal size and fall prematurely, growth of the shoot is slowed, the life cycle of
the plant may be shortened by more than 15 to 20 days, and the seeds produced
are usually smaller and lower in oil content.

The fungus produces uredospores within uredial pustules found primarily on
the leaves of the host. Uredospores readily become airborne and disseminate the
fungus. Under approprate conditions of temperature and moisture, uredospores
germinate, penetrate, and infect the host within hours and a new crop of uredo-
spores matures within 10 days. Teliospores have been reported from South
America but not eleswhere. At present, nothing is known about the role of the
teliospore, the occurrence of pycina and aecia, the involvement of an alternate
host in the life cycle, or the occurrence of physiologic races.

The peanut rust fungus has been reported to attack only species within the
genus Arachis. Although some cultivars within the species A. hypogaea possess
resistance, the majority are susceptible.

Various dusts and sprays have been used against peanut rust but specific
recommendations for the employment of fungicides remain to be developed.

Additional information on the biology, life cycle, host range, distribution,
pathogenicity, destructiveness, and epiphytotic behavior of P. arachidis is ueeded
to evaluate properly the threat of rust to the world’s peanut crops.

I. HISTORY AND GEOGRAPHIC DISTRIBUTION

Rust of the cultivated peanut, Arachis hypogaea L., is incited by the fungus
Puccinia arachidis Speg. Little information concerning the biclogy of the patho-
gen or its epiphytotic potentialities and destructiveness has appeared in the
scientific literature.

Spepgazzini first described the pathogen in the early 1880 from rusted pea-
nut plants collected in Paraguay. In early literature the names Uredo arachidis
Lagerth., Uromyces arachidis P. Henn., and Bullaria arachidis (Speg.) Arthur &
Mains were occasionally applied to the peanut rust organism. These names are
now considered synonyms for Puccinia arachidis Speg.

Peanut rust is apparently endemic to the Western Hemisphere. It is wide-
spread in Central and South America. It has been reported from Antigua,, Barba-
dos, Cuba, Dominican Republic, Grenada, Guadeloupe, Guatemala, Honduras,
Jamaica, Montserrat, Nicaragua, Panama, Puerto Rico, and St. Vincent. In South
America it has been found in Argentina, Brazil, British Guiana, Colombia, Para-
guay, Peru, Surinam, Uruguay, and Venezuela. In North America it has been
reported in Alabama, Flerida, Georgia, Louisiana, North Carolina, Texas, and
Virginia (6, 14).

Outside the Americas, P. arachidis has apparently become established only on
the island of Mauritius {22, 25, 30).
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A single report dated 1912 notes the occurrence of the pathogen in Asiatic
Russia (12) and a single report dated 1937 concerns the appearance of the rust
in Mainland China (26). There have been no subsequent reports of the rust in
these areas, If, indeed, the reports were accurate, it is highly probable that the
rust did nol become established.

H. ECONOMIC IMPORTANCE

It is difficult to assess the economic importance of peanut rust from the
sparse, scattered, and conflicting literature currently available. In the field, the
almost universal occurrence of Cercospora leal spots, caused by C. personata
{Berk. & Curt.) Ell. & Ev. and C. arachidicola Hori, along with peanut rust also
makes it difficult to determine the loss attributable to rust alone.

Some general information is available, however, from which extrapolation of
the potential economic importance of the diseasc can be made (11).

An early account by Burger (4) records a 50% loss due to rust in a 15-acre
field at Torrey Island, Florida, in 1920.

South (24} reports that peanuts may be seriously attacked by the peanut rust
fungus in the Antilles and that infected planis dic prematurely with resulting
decrease in quantity and quality of the peanuis.

Nowell (21) reports that attacks of peanut rust in Barbados are sometimes
severe enough to cause death of the host plants.

In the Dominican Republic in 1925 an epiphytotic of peanut rust practically
destroyed the entire harvest (8). In 1958 and 1959 Castellani (6) observed
serious dumape fo the peanut crops in various parts of the Dominican Republic.

In October of 1961 peanut rust was first reported in Virginia. Plants in smalt
scattered areas of initial infection were killed and growers harvested their plants
prematurely to avoid severe losses (23). At the same time, rust was first reported
mn North Carolina (28).

The first recorded occurrence of peanut rust in Texas was made by
KenKnight in 194! (13). In Qctober of that year rust was found in seven fields
of Spanish peanut in Frio County. One [lield of about 20 acres was appreciably
damaged. The plants were uniformly and severcly rusted and the leaves had a
scorched appearance. The rust appeared to have spread from this field to the
other six, From 1941 until 1965 the disease appearcd sporadically at infrequent
intervals in widely separated fields in south Texas and was, apparently, of no
special concern to the growers. In 1965, however, the situalion changed and
peanut rust, along with Ceicospora leal spot, becamne cpiphytotic in many fields.
Together they caused severe losses. Peanuts in many fields were dug 2 to 4 weeks
early because of defoliation. This resulted in lowered yields and grades. In 1966
peanut rust was again widespread in southemn Texas and was found on dryland as
well as irrigated peanuts. Again there were appreciable losses from the rust and
leaf spot combinaticn in fields harvested in late September, October, and No-
vember. Some crops were dug 2 to 4 weeks earlier than desirable to avoid further
losses (10}.

Muller (19), writing of plant disease problems in Central America, states that
peanut crops often fail because of P. arachidis, especially during seasons that are
unusually dry.

McLaughlin and Chester, after reviewing the peanut rust literaturc up to
1953, concluded, “Little is actually known of the epidemic potentialities of P.
arachidis but the funpus is widespread in some peanut-growing areas and, with
incr)eased production of peanuts, might become a limiting factor in production”

17).

Although quantitative data on yield loss attributable to peanut rust are lack-
ing in the literature, il is evident that the peanut rust fungus shares with other
plant rusts the potential to become epiphytotic and inflict damage on plantings
of its host.
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11l. HOST SUSCEPTIBILITY

Documented evidence on varietal reaction to peanut rust is scarce. In 1941,
KenKnight (13) reported, ™ . . . as a result of artificial, as well as natural
inoculation under field conditions, at least a few lesions of rust were found on
plants of 50 varieties (all that were thoroughly inoculated) of peanuts. Runner
varieties appeared most susceptible, perhaps because for the most part they were
greener when inoculated.” Rusted selections with varietal names were: Basse,
Carotina Runner, Dixie Giant, Gudayitham, Japanese, Jumbo Runner, Macspan,
Mauritius, Nagpur Groundnut No. 34, Pearl, Senegal, Small Spanish, Tennessee
Red, Virginia Bunch (Florence Strain), and West African.

In 1959 and 1961, Mazzani and Hincjosa (16) in Venezuela observed 254
varieties for reaction {0 peanut rust, The tfest varieties were exposed {o natural
infection in the field. Only one variety, Tarapoto, which was introduced into
Venezuela from Peru in 1955, was classified as resistant. Twelve other variclies
were classified as having some resistance to peanut rust, but the nature of this
resistance is not clear from the data presented. Interpretation of the data sug-
gests that pustules of a susceptible type were present on these varieties but in
distinctly lesser numbers than on the other 241 varieties. The 12 varieties classi-
fied as somewhat resistant and the country from which Venezuela obtained
them are: a nameless variety, Jamaica; Spanish, Urupuay; Valencia, Australia;
Tatu, Brazil; 15235, Cuba; Tipo 3, Argentina; Tingo Maria, Peru; Argentine,
Improved Spanish, Tennessec Red, and PI 221063, United States; and a nameless
variety, Venezuela,

In 1964 McVey (personal communication) observed approximatcly 1,500
peanut accessions that were exposed to natural rust infection in USDA ficld
plots in Puerto Rico. Among the accessions of A. hypopaca, only Tarapoto was
markedly resistant although some accessions were noliceably less rusted than
others.

McVey (18) also induced rust on seven varieties grown in the greenhouse in
Puerto Rico. He inoculated them with a water suspension of spores and incu-
bated them in a saturated atmosphere for 16 or 24 hours. The varictics were
Tennessec Red, Early Runner, Argentine, NC4X, PT 259746, P1 259747, and a
Valencia type Jocally grown in Puerto Rico,

In 1970 Bromfield and Cevario (3) screened accessions of A. hypogaca for
reaction Lo a culture of peanut rust from Puerto Rico and to a culture ftom Frio
County, Texas. Accession PI 314817, a Valencia type collected originally in
Peru, and accession PI 315608, a white-seeded Virginia type selected from Vir-
ginia Adom in Israel, were physiologically resistant to both cultures. One hun-
dred seventy-one accegsions tested to both cultures, 68 tested only to the culture
from Puerto Rico, and 4 tested only to the culture from Texas were susceptible.

Recently Marion Cook in Jamaica screened peanut accessions for reaction to
the Jamuican peanut rust population. Tarapoto, PI 314817, and PI 298115, an
earlier accession of P1 315608, were observed to be resistant {personal commmuni-
cation)}.

Screening for reaction to rust was underway ju Barbados and Ecuador in
1971 but results are not yet available (personal communications).

Arachis nambyquarae Hoehne, A. prostrata Benth., and a hybrid, A. hypo-
gaea X A. nambyquarae have been reported by West (29) to be susceplible (o
peanut rust.

McVey (personal communication) obscrved that A. glabrata Benth. in a
peanut nursery in Puerto Rico was immunc to peanut rust.

Broinfield and Cevario (3) report that five accessions of A. glabrata tested to
a culture of peanut rust from Puerto Rico were immunc. Small, weakly sporulat-
ing pustules developed on the one accession of A. monticola Krapovickas &
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Rigoni tested. No macroscopic evidence of rust developed on Glycine max (L.)
Merr. (vareties Bansei, Clark, Hood, Watson), Medicago sativa L. (alfalfa},
Melilotus alba Desr. {sweet clover), Phaseolus vulgaris L. (varieties Black Valen-
tine, Penn Salt, Red Kidney, Tender Green), Pisum sativam L. (variety Alaska),
or Trifolium pratense L. (red clover) under conditions favoring an abundance of
pustules on companion plants of Starr or another Spanish type peanut variety.

Guarch (9) reports that P. arachidis, in the telial stage only, was collected on
A, marginata Gardn. in Uruguay and that in 1936 W. A. Archer collected peanut
rust on various wild species of Arachis in southern Brazil.

No reports of P. arachidis on species other than those in the genus Arachis
were found in the literature.

IV. SYMPTOMS AND EFFECTS

Peanut rust is geperally first noliced when its uredial pustules, typical of
uredial pustules in peneral, rupture the epidermis of the leaves. The mature
pustules are pulverulent in appearance, cinnamon brown in color, and about 0.5
to 1 mm in diameter. A narrow zone of chiorotic tissue frequenily surrounds
each pustule. Pustuie size is modified to some extent by position and degree of
crowding. If the number of pustules on a leaflet is small, the individual uredia
may be as large as 2 mm in diameter. As the number of pustules per leaflet
increases, the size of each individual uredium diminishes. Pustules on the upper
(adaxial) surface of a leaflet tend to be smaller than those on the lower (abaxial)
surface for a given pustule density.

Uredial pustules are more numerous on the lower surface of a Jeaflet than on
the upper surface. Castellani (6) has counted 200 to 250 pustules/cm? of lower
leaf surface and 70 to 100 pustulesfcm? of upper leaf surface on plants subject-
ed to severe rust attack.

According to McVey (18), whitish flecks on the lower leaf surface are the
first macroscopic evidence of rust infection. Approximately 24 hours later,
yellowish-green flecks become visible on the upper surface and pustules appear
as minute orange spots within the whitish flecks on the lower surfacc. The
immature pustules enlarge and within another 48 hours rupture the leaf surface
and expose uredospores to the atmosphere.

Pustules have been reported on all aerial parts of the plant with the exception
of the flower and the peg (gynophote, carpophore) (6).

The numerous pustules rupturing the epidermis enhance transpiration and
impose water stress on thc infected plants. One effect of water stress may be
premature leaf fall.

On plants subjected to early and intensive rust attack, leaves fail to atlain
their normal size and fall {0 the ground prematutely. Growth of the shoot is
slowed, the life cycle of the plant may be shorteued by more than 15 to 20 days,
and the seeds produced are usuvally smaller and lower in oil content.

Appreciable leaf fall may set the stage for secondary effects adverse to the
peanut crop. The cast leaves, righ in organic food matter, serve as substrale (or
the rapid buildup of populations of facultative parasites like the ubiquitous
Sclerotium rolfsii Sacc. Well-developed eolonies of these fungi can then invade
the weakened peanut plants and cause further damage (6).

Arthur (1), writing in 1929, stated, “When the rust appears toward the end of
the season it does little damage, but with an early attack, especiafly on wct soil,
considerable defolialion, premature ripening of the haulms, and a large propor-
tion of shriveled kernels may result.”

Martyin (15), discussing peanut rust in Texas in 1941, related thai one fietd
of about 20 acres of peanuts “ . . . was rather uniformly and severely rusted so
that the leaves had a scorched appearance.” More recently, Harrison (10) report-
ed that accasional peanut fields in Frio County, Texas, infectcd with peanut rust
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and Cercospora leaf spot, had the appearance of having been seared with a
blowtorch.

V. ETIOLOGY
A. Uredial Stage

The uredial stage of peanut rust is the commonly observed stage. The uredo-
spores are produced in pustules on leaflets, petioles, stipules, and stems. Arthur
(g) describes uredospores as ellipsoid or obovoid, 16 to 22 by 23 to 29 microns,
with cinnamon brown wall, and possessing two, nearly equatorial, germ pores.
Castellani’s (6) description of the uredospores agrees well with that of Arthur.
Castellani, in addition, reports slender, conical ormainentations about 1 micron
high on the outer wall. These are visible in water mounts of the spores but not in
mounts made with lactophenol, lactic acid, or glycerin. The uredospores at
maturity detach easily from the mycelium on which they are formed and readily
become airborne.

Castellani (6) obtained germination of uredospores in van Tiegham cells con-
taining sterile 2% plucose water. Time and temperature factors were now 1cport-
ed. A small percentage of uredospores in a population held in the laboratory
{conditions unspecified) retained germinability for 3 months.

Castellani (6) also made preliminary investigations of conditions under which
uredospores germinate and infect. Water suspensions of fresh uredospores were
applied with small cotton wads to plants. The inoculated plants were held for 4
days in a laboratory at 80 to 90% relative humidity and 28 to 32 C. During this
time they were sprinkled lLightly with water twice a day. They were then re-
moved to the outside. Twelve to 14 days after inoculation, pustules were ob-
served on the lower surfaces of inoculated leaves. Uninoculated check plants
remained free of pustules.

McVey (18) successfully infected 30-day-old plants, Inoculated plants were
kept visibly wet in a moist chamber for 16 to 24 hours following inoculation and
then placed in a greenhouse at 22 to 25 C during the night and 30 to 43 C during
the day. Under these conditions, uredial sporulation occurred at about 1010 12
days.

Two methods of inoculation were utilized by McVey in these tests. In one,
uredospores were suspended in water containing the surfactant B-1956 (Rohm
and Haas} and applied to leaf surfaces with a camelhair brush. In the second, the
uredospore suspension was sprayed onto the planis with an artist’s air brush.
Ptacement of inoculum or either the lower or the upper leaf surface by either
method resulted in infection. However, the first macroscopic evidence of infec-
tion, and all subsequent phases of symptom development, occurred approxi-
mately 24 hours earlier on leaflets inoculated on the lower surface than on the
upper surface,

McVey made cleared and stained whole mounts of peanut leaves and verified
penetration of rust through both the upper and lower leaflet surfaces. He did
not, however, describe details of the germination and infection processes, nor
have they been reported by others.

Brownfield and Cevario (3) infected plants by dusting them with a mixture of
1 part uredospores and 5 parts talc at the rate of about 0.3 mg spores per plant
and then incubating them in one of two ways. In some tests inoculated plants
were transferred to dew chambers and held under dew for 16 - 20 hours at an
ambient air temperature of 20-25 C. They were then removed from the cham-
bers and retumned to greenhouse benches. In other tests plants were inoculated in
place on the greenhouse bench, covered with a tent of polyethylene sheeting,
and misted overnight (16-18 hours). Both methods consistently permitted abun-
dant infection. The minimum night temperature in the greenhouse was usuatly
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near 20 to 25 C; the maximum day temperature was near 30 C during late fall,
winter, and early spring, but 40 C or higher during summer.

Infection was also consistently obtained on detached Jeaflets that were dusted
with uredospores, misted with a fine spray of water, placed on moistened filter
paper enclosed in Pelri dishes, held in darkness at 20-25 for 16-18 hours, and
then placed on a laboratory bench at 25 C.

B. Telial Stage

Teliz and teliospores have not been reported on A. hypopaea in the United
States, the Caribbean .area, or Cenfral America. The only report of teliospores
on A. hypogaea in South America is that contained in Spegazzini’s original
description of the fungus. Arthur {2}, in his manual of plant rusts, describes the
teliospores as oblong, often with three or four cells, 14 to 16 by 38 to 42
microns, germinating at maturity, the wall chestnut brown, sniooth, and with
colorless pedicel. Unfortunately, the source of the material on which Arthur
based his description is not given.

Casteflani (6) states that he never observed teliospores in the Dominican
Republic although he observed “hundreds upon hundreds of plants.” Other
workers in the Aniilles have also mentioned the absence of telia.

Guarch (9) has reported observing teliospores on Arachis marginata Gardn. in
Uruguay. Archer and Gehrt deposited specimens, identified as Arachis glabrata,
bearing uredia and telia of peanut rust in the National Fungus Herbarium, Plant
Industry Station, Beltsville, Maryland. This material had been collccted in Brazil.

Resulis of investigations of conditions inducing telial formation and telio-
spore germination for peanut rust are completely lacking in the literature. Cur-
rently the role of the teliospore in the life history of this rust is not known.

C. Pycnia and Aecia

It is not known whether the fungus produces pycnia and aecia nor whether an
alternate host is involved in the life cycle of the rust. .

D. Physiologic Specialization

To date, races of P. arachidis have not been demonstrated, Although Brom-
field and Cevario (3) in making screening tests used rust isolates from two widely
separated regions (Puerto Rico and Texas) they could not separate the cultures
into two physiologic races on the basis of rcaction types induced on 171 acces-
sions of A. hypogaea, several accessions of other species of Arachis, or six
non-peanut legume species, None of the accessions tested funclioned as a differ-
ential.

V1. EPIPHYTCLOGY

The yearly appearance of rust in the peanut fields of southern Texas [rom
1965 onward has become a cause of increasing concern to peanut growers in the
United States. Prior to 1965, rust had oceurred only sporadically on widely
separated fields and only late in the season. This pattern suggested repeated
introductions of inoculum from distant sources and an inability of the fungus to
overwinter between successive crops. In 1965 and succeeding years, however,
rust appeared much earlier in the cropping season and attained epiphytotic
proportions in many fields. The source of the inoculum remains unknown but
the assumption that local sources now exist is reasonable.

The appearance of rust in the peanut fields of the southeastern United States
has also been sporadic during the past several decades Again the pattern of
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scattered infection appearing late in the season suggests distant sources of initial
inoculum, The islands of the Caribbean, particulurly Hispaniola and Cuba, are
the most likely source region for this inoculum (6, 7, 23, 28).

In the Caribbean area, the Dominican Republic, occupying much of the
island of Hispaniola, is by far the largest grower of peanuts. Cropping is continu-
ous and at any time of the year peanut tissue is available somewhere on the
island for infcction by peanut rust. In this uniformly favorable situation, the rust
perpetuates itself continuousty by means of successive uredial generations.

A similar situation to that existing in the Dominican Republic, but involving
sinaller acreages, also exists in Cuba, Puerto Rico, Jamaica and other islands in
this region.

The peanut crops of Venezuela are frequently attacked by peannt rust late in
the season (16). The source of inoculum for these outbreaks is not known. In
fact, there is a general dearth of specific information on the source of inocnlum
and the epiphytotic development of the rust for all of South America.

The local and long-distance dissemination of peanut rust uredospores has not
been specifically studied, but a knowledge of other rusts with similar uredo-
spores sugpests that airborne spores could be lofted from a source region, e. g.
Dominican Republic, and initiate disease under appropriate conditions of host
and environment in distant areas.

Although germination of nredospores has been observed after passage through
the digestive tract of larval Prodenia species, voracious eaters of peanut leaves, it
is highly unlikely that insects play a significant role in either the local or long-
distance transport of inoculum (6).

On the basis of reports by farmers and his own observations made during
1958 and 1959, Castellani (6) concludes that peanut plants in the field in the
Dominican Republic do not become rusted until they are about 40 days old.
McVey’s (18) observations in Puerto Rico also indicated that in the field rust is
not present until the plants are about 6 weeks old. McVey states, “Plantings less
than 6 weeks old were fonnd that contained older volunteer rusted plunts; but
the young plants showed no evidence of infection. Plantings 6 weeks old or older
had a light scattering of rust on the lower leaves.”” However, in the greenhouse,
McVey was able to infect plants of any age, even those with only the first leaves
expanded. This apparent discrepancy in behavior is only one of many aspects of
peanut rust that needs investigation,

Conflicting statements concerning the effect of environment on peanut rust
development and resulting damage also exist in the literature. Muller (19, 20)
writes that P. arachidis often causes failure of peannt crops in Guaternala dnring
seasons that are unusvally dry. Martyin (15) writing about the peanut rust
situalion in Jamaica, states, on the other hand, that rust is usually woise in wet
weather. Discrepancies of this sort, either real or apparent, require resolution.

VI. POTENTIAL CONTROL MEASURES
A. Control Through Disease Resistance

The use of disease-tesistant varieties of crop plants is a practical, effective,
and widely used method for controlling many plant diseases in cases where
acceptable resistant lines have been developed. Disease-resistant lines are ob-
tained by several procedures Including: (i) selection of resistant individuals fromn
populations subjected to intensive infection, (ii) crossing varieties carrying
factors for resistance with varieties possessing other desirable characteristics but
lacking resistance, and (iii) hybridizing resistant wild species with susceptible
varieties of the cultivated species.

Within the specics Arachis hypogaea three sources of physiologic resistance to
peanut rust have been found: Tarapoto (PI 259747}, P1 314817, and P1 315608,
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Accession Pl 314817 and Tarapoto (Pl 259747) are Valencia type peanuts
from Peru. They are in the A. hypopgaea subspecies fastigiata var. fastigiata.
Accession PI 315608 is a Virginia type peanut in the subspecies hypogdea var.
hypogaca, Tarapoto has comparatively large sharply reticulated horny pods that
frequently contain 3 or 4 dark purple seeds. Pods of PI 314817 are reticulated
but smaller and more slender than those of Tarapoto and contain up to 3 or 4
pink or flesh colored seeds. PI 315608 is a typical Virginia type peannt with
white seedcoats and an erect habit of growth.

None of these three peanuts in present form is considered acceptable in the
United States for commercial purposes. However,. their genes for rust resistance
can undoubtedly be incorporated into desirable commercial varieties by breed-
ing. Similarly, the possibility exists that genes for immunity, present in A.
glabrata, can be incorporated into commercial varietics of A. hypoguaea by appro-
priate interspecific hybridization procedures.

Assuming that genes for physiologic resistance or immunity to peanut rust
can be incorporated into an acceptable commercial variety, the duration of this
protection is unpredictable. To date, races of P. arachidis have not been demon-
strated. However, in view of the occumrence of races in other rust fungi, it is
highly probabte that races also occur in the peanut rust organism. Thus a variety
possessing resistance to a rust population in a given season or a given area may
not be resistant to the rust population in another season or in 2 different arca.
Experiences of this sort arc well documented for cereals and cereal rusts, bean
and bean rust, and many other host-rust combinations. A similar situation would
be expected with peanut and peanut rust.

Mazzani and Hinojosa (16), McVey (18), and Bromfield and Cevario (3) have
reported that some accessions support fewer rust pustules than others when
subjected to the same inoculum load and infection conditions. Thus it appears
that some peanut lines possess generalized or field resistance that may be ex-
ploitable.

It has been generally observed thatl resistance to a specific disease usually
occurs in plants obtained from areas where both host and pathogen are endemic.
In afeas where a specific host and pathogen have had very long association,
resistant forms evolve as a result of natural selection. Thus, central South Ameri-
ca would probably be an area likely to provide rust-resistant peanut stocks.

B. Control Through Use Of Chemicals

Control of a plant disease by use of chemicals is often feasible. The chenical
control of peanut rust has been attempied from time io time, nsually on a
relativety small scale, with varying degrees of success. The majority of chemical
control measures reported involved attempts to prevent fungus penetration and
establishment.

The older literature makes references to applications of sulfur dust or Bor-
deaux mixiure as being somewhat effective against peanut rust. In view of the
lack of quantitation, i. e., amounts applied, frequency of application, pcrcentage
yield crease, etc., the effectivencss of the materials employed cannot be ade-
quately assessed in retrospect.

Castellani (G) reports that peanut crops in the Dominican Republic are fre-
quently dusted with the following formulation to combat fungus pathogens and
insect pests: 50% copper oxychloride, 10 paris by weight; sulfur, 75 parts; DDT,
5 parts; and inert substances, 10 parts. According to Castellani, “The use of such
a powder has yielded noteworthy results in combating the cercosporia (Cerco-
spora personata and C. arachidicola) and some lepidopteran parasites, but very
modest results against the rust.”

Ter Horst (27), working in Snrinam, reported that Brestan (triphenyltin
acetate) and Hoechst 2799, both of which contain tin, reduced P. arachidis
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infection. The Brestan was applied at the rate of 18 to 20 galfacre but the
frequency of application was not given.

Harrison (10) has documented results obtained in south central Texas in 1965
and 1966 with several fungicides tested for effectiveness against both|rust and
leaf spots. He concluded that the following had some fungicidal value against
both Puccinia leaf rust and Cercospora leaf spots when applied on a 7- to 14-day
schedule:

Dithane M-45  (zinc + maneb)
Chlorothalonil  (tetrachloroisophthalonitrile)

Difolatan (N-[{1, 1, 2, 2-tetrachloroethyl) sulfenyl]-
cis-4-cychohexene-1, 2-dicarboximide)

Sprelox S (50% sulfur)

Polyram {mixture of 5.2 parts by weight of amoniates

of [ethyleneibs (dithiocarbamato)] zinc
with one part by weight ethlenebis
[dithiocarbamic acid] bimolecular and
trimolecular cyclic anhydrosulfides and
disulfides)

Dusting sulfur  (325-mesh)

VI, DISCUSSION AND CONCLUSIONS

The scientific literature on peanut rust and its casual agent, P. arachidis, is
sparse, often conflicting, and frequently confusing. The lack of research
information on the pathogen and the disease can be readily appreciated,
however. First, it is apparent that the organism is most common and damaging in
the [Caribbean area. Here, although peanuts are widely grown, they do not
constitute a major crop either in cash value or in acreages committed. The
number of plant pathologists actively working in the area is relatively small and
those that are, understandably, respond to the problems associated with the
more lucrative crops. Second, the organism has not become esteblished in India,
China, Nigeria, or Senegal, major peanut-producing countries of the world.
Therefore, ptant pathologists in these countries have been under no stimulus to
investigate peanut rust. Third, in temperate zone regions of the Western
Hemisphere where peanuts are an important crop in a diversified agricuiture, e.
g., southern United States and Argentina, the rust appears only sporadically.
Thus, again, the stimulus to mount a sustained study of the disease is minimal.

Both A. hyopgaea and P. arachidis are thought to have originated in South
America. From the time of Columbus the peanut plant has been widely distrib-
uted from its ancestral home and now occupies vast acreages in Africa, India,
and eastern Asia. To date the rust pathogen has not become established in the
African and Asian peanut fields. There is, however, the constant danger that
inoculum may eventually bridge existing barriers under conditions favoring rapid
disease development and epiphytotic spread. There are many well-documented
examples of rust fungi behaving in this manner. Tropical corn rust (Puccinia
polysora Underw ) is an especially good example because of interesting parallels
in the present peanut rust situation and the corn tust situation prior to 1949.

Corn is a crop of New World origin that has been successfully and widely
introduced into agricultural areas throughout the world in the post-Columbian
era. Tropical corn rust, one of three rusts attacking corn, is also of New World
brigin. Prior to 1949 it was found only in the Americas. In early 1949, P.
polysora suddenly appeared in Sierra Leone in western Africa and rapidly spread
eastward along the coast and across central Africa to Kenya, and southeast
toward Rhodesia. By 1953 it had reached Southern Rhodesia and the islands of
Madagascar, Mauritius, and Reunion off the east coast of Africa. Puring its
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migration it reached epiphytotic proportions and caused great economic loss (5).
Thus, once the rust fungus had breached the geographical barrier of the Atlantic
Ocean, it spread rapidly and destructively throughout a vast territory. In so
doing it behaved as have many other rusts including coffee rust, stripe rust of
wheat, white pine blister rust, aud antirthinum rust.

In the southeastern United States, peanut rust has appeared only sporadically,
arising presumably from airborne sportes originating in the Caribbean area, and
has not become 'epiphytotic. To date, inoculum has arrived only late in the
season. There is general concern that appreciable inoculum will sometime arrive
sufficiently early in the season to permit the development of several uredial
cycles. If this were to occur, a widespread and devastating epiphytotic is a
distinct possibility, particularly in view of the apparent lack of rust resistance in
the peanut cultivars commercially grown m the Southeast.

In view of the potential of P. arachidis for damage, a broad research effort is
needed te fill in the many gaps in our knowledge of its biology, life cycle, host
range, distribution, pathogenicity, destructiveness, and epiphytotic behavior,
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ABSTRACT & PAPER

Both seed treatment with tetramethylthiuramdisulfide (thiram) and germ-
ination environment (germinator vs sandbed) had a substantial effect on
dormancy of seed of 13 promptly-cured Spanish and Valencia peanut genotypes.
Germination enviromnent influenced dormancy of treated 1969 stack cured secd
of 15 Virginia genotypes. When 1970 stack cured seed of 19 Virginia genotypes
were planted without treatment in a sandbed, dormancy was strikingly different
from comparable treated seed tested in the germinator. When 19 Virginia
genotypes were cured promptly under controlled conditions, germination
environment significantly influenced seed dormancy when tests were run 2
weeks after curing and after 178 days in cold storage. Seed treatment signifi-
cantly influenced seed dormancy when tests with these same peanuts were madc
in a perminator 2 weeks after completion of curing, but after 178 days storage at
40 F and 65% relative humidity, seed treatment did not influence dormancy in
either germination environment.

In all tests, seed dormancy was less when tests were run in the germinator
than when run in the sandbed. Whenever seed treatment was effective, the
treatment reduced dormancy when compared to untreated seed. All Spanish and
Valencia genotypes responded in a similar manner to germination environments
and secd treatments. Not all of the Virginia genotypes were affected to the same
degree by the germination environments, but all responded in a similar manner
to seed treatments.

INTRODUCTION

We undertook this research to determine whether the germination environ-
ment or the application of thiram as a seed protectant would affect dormancy of
peanut seed. For several years we had conducted tests on dormancy of peanut
seed in a seed germinator in our laboratory, and all seed had becn treated with
thiram. Toole (1) and coworkers reported that ethylene gas at a concentration of
100 ppm in air was effective in breaking dormancy of peanut seed. Recently
Ketring and Morgan (2) reported that a peannt seed during germination gives off
a burst of ethylene at about the time the radicle emerges from the seedcoat, and
that as little as 3.5 ppm of exogenous ethylene could induce an otherwise
dormant secd to germinate. We wondered if seed that germinated in our tests in
the germinator might have given off enongh cthylene to have induced dommant
seed to germinate and to that extent might have given us ertoneous information
about the dormancy status of seed under investigation. In addition, dunng a
discussion of results of research on seed dormancy at the APREA meeting in San
Antomio, Texas in 1970, an unqualified statement was made that the seed
protectant thiram was effective in breaking dormancy of peanut seed.
Accordingly, we investigated the extent to which seed treatment and the
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germination environment might influence the dormancy of seed of different
genotypes of Spanish, Valencia, and Virginia type peanuts,

MATERIALS AND METHODS
Seed Sources

Seed used were from the 1969 and 1970 crops grown at the Tidewater
Research Station, Holland, Virginia under cultural practices that are recommend-
ed for production of peanuts in Virginia. At maturity, plants were dug with a
mechanical digger-shaker. For prompt curing, pods were hand-picked from a
portion of the plants of each cultivar immediately following digging, and the
remainder of the plants were placed on field stacks for curing. Hand-picked pods
were transported to Beltsville, Maryland, and were cured in thin layers on the
floor of an attic where air at a temperature of about 21 to 32 C was circulating
vigorously. Occasionally the air temperature was as high as 35 C for a short
period of time. Time from digging to completion of curing under these
conditions in 1970 was 8 days for Spanish and 10 days for Virginias. Stack
curing was for 6 weeks in 1969 and 7 weeks in 1970. Plants in stacks were
picked with a stationary carding-type mechanical picker. All seed used in the
study were carefully hand shelled and graded, and only sound mature seed were
included in the tests,

Genotypes

Our tests included 12 Spanish, 1 Valencia, and 19 Virginia genotypes. The
Spanish were Starr, Argentine, Comet, Spanhoma, Tifspan, Spancross, Improved
Spanish, Georgia C328-39 and PI’s 248759, 268644, 268689, and 268771B. The
Valeneia was Tennessee Red. The Virginias were NC 4X, NC 5, NC 13, NC 17,
Georgia 119-20, Virginia Bunch 67, Virginia Buneh 46-2, Virginia 56R, Virginia
61R, Holland Station Runner, Dixie Runner, Early Runner, Florunner, South-
eastern Runner 56-15, Florigiant, Florida 439-16-6, and PI's 277188, 290650,
and 31917885.

Seed Treatments

Seed treatments involved were (1) no treatment and (2) the application of
thiram as A_rasan-’}'sl) at the rate of 6 ounces per 100 pounds of seed.

Germination Environments

Seeds were tested for dormancy in a commercial type germinator in the
laboratory and in a sandbed in the greenhouse. In the germinator, where teniper-
ature averaged 26+1.5C, seed were placed between layers of wet germination
paper on wire trays. Additional water was needed. Germination counts were
recorded after 3 days. Any seed with a radicle that had pierced the seedcoat was
considered to have germinated. In the greenhouse seed were spaced 1.4 apart
and 1.0-1.25” deep in moist medium fine sand, with rows 3" apart. Air temper-
ature in greenhouse was between 22 and 27C. Germination counts were made
after 10 days.
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Sampling

We used 4 samples of 25 seed each for cach genotype-seed-treatment
combination in cach germination environment in 1970 tests with promptly
cured Spanish, Valencia, and Virginia genotypes. We used 8 samples of 25 seed
gach in the test with 1970 stack-cured Virginias. For 1969 tests which included
only treated sced, we used 4 samples of 50 seed each of each genotype in each
permination environment.

RESULTS

Both germination environment and seed treatment had a striking influence on
seed dormancy of 13 Spanish and Valencia genotypes (Table 1). When tested in
a germinator, the dormancy of untreated seed averaged 61.5% higher than for
treated seed. In the sandbed dormancy was 26.8% higher for untreated than for
treated seed. Qverall, dormancy was 57.3% higher in sandbed than in germinator,
and 39.7% higher for untreated than for treated seed. All genotypes responded
in a similar manner to the seed treatment and germimation environment
variables.

Results with 19 genotypes of promptly cured Virginia type peanuts were not
as striking as those wilh the carly-maturing Spanish and Valencia (Table 2).
When seed of these promptly cured Virginia Genotypes were planted in sandbed,
seed treatment had no effect on dormancy. When tested in the germinator,
unireated seed showed 11.6% more dormancy than treated sced. Dormancy
averaged 10% higher in the sandbed than in the germinator. Some genotypes
responded more than others to Lhe different germimation environments.

Average dormancy level for seed of all but one of 17 of the Virginia geno-
types decreased sharply after 178 days of storage at 4 C and 65% relalive
humidity, but the average relative response to seed treatment and germination
environment was essentially the same as that of the freshly cured secd, except
that the effect of seed freatment was not significant in either germination
environment {Table 3). The sandbed gave 20% more dormant seed than the
germinator. Some genotypes responded to a greater extent than others to the
different germination environments.

However, dormancy of 1969 stack cured treated seed of 15 of these Virginia
genotypes averaged 30% higher in the sandbed (49.6%) than in ther germinator
{38.6%). Some genotypes reacted more than others to the germinatiou environ-
ments.

When 1970 stack cured seed of the 19 Virginia genotypes were planted in a
sandbed without treatment, dormaney averaped 104% higher than for
comparable treated seed tested in the germinator (44.1% vs 21.6%). Some
varieties tesponded more than others to these contrasting treatments.

In addition, we obtained information on the extent to which seed treatment
influenced dormancy of the Florunner cultivar when four tests of each of two
different seed lots were planted in the sandbed. In all ¢ight tests dormancy was
higher for the untreated seed, ranging from minimuin averape inereases of 17 and
22% up to averages of 80, 90, and 100%, with an overall average increase of 52%.
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Table 1. Dormancy of Seed of 13 Promptly Gured Spanish and
Valencia Peanut Genotypes When Tested Under Differxent
Conditions

Percent Dormant Seed When Tested In

Germinator Sandbed Average
Seed treated 20.8% 37.7 29.2
Not Etreated 33.6 47.8 40.7
Average 27.2 42.8

LSD for averages (main effects } = 5.32
1/ Each value based on 1,300 seed -~ 100 seed of each of 13 genotypes

Table 2. Dormancy of Seed of 19 Promptly Cured Virginia
Peanut Genotypes When Tested Under Different
Conditions

Percent Dormant Seed When Tested in

Gemminator Sandbed Average
Seed trecated ?8.3lf 91.3 84.8
Not trcated 87.4 9G.9 89.1
Average 82.8 91.1

LSD for averages (main effects) = 3,62
18D For individual treatment combinatioms = 3,58
1/ Lach value based on 1,900 seed - 100 sced of sach of 19 genotypes

Table 3. Dormancy of Seed of 17 Promptly Cured Virginia
Peanut Genotypes After Storage at 40 F for 178
Days and Tested Under Different Conditiond

Percent Dormant Sced When Tested in

Cerminator Sandbed Average
Seed treated 32,0/ 39.3 35.7
Not treatoed 33.8 38.7 36.8
Average 32.9 39.5

LSD for avcrages {main effects) = 5.6
1/ Each value baged on 1,700 seed - 100 seed of each of 17 genotypes
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DISCUSSION

Under conditions of our tests, dormancy of seed of promptly cured Spanish
and Valencia genotypes was mfluenced substantially by germination environ-
ment and seed ircatment. Dormancy of treated seed of 1969 stack cured
Virginia genotypes was influenced similarly by germination environment.
Dotmancy of seed of 1970 stack cured Virginia genotypes was modified
strikingly by contrasting seed freatment and germination enyironment
combinations. However, promptly cured Virginia genotypes responded not at all
or to only a limited extent to germination environments and seed treatments
when tested 2 wceks after completion of curing or after 178 days in cold
storage. All Spanish and Valencia genotypes responded in a similar manner to
the perminaticn environment und sced trcatment variables. Not all of the
Virginia genotypes were affected to the same degree by the germination environ-
ments, but all respoaded in a similar manner to seed treatment. The contrast in
the response of promptly cured Spanish and Valencias and stack cured Virginias
to the response of promptly cuted Virginias is striking. Further tests will be
required to determine whether such a contrasting response to germination
environment and seed treatment is typical for the genotypes involved.

We have no logical explanaticn for the results obtained in our tests. If
ethylene given off by seed that germinate inside a germinator stimulates peanut
seed to germinate that would remain dormant otherwise, why was not such a
response evident for seed of the 19 promptly cured Virginia genotypes when
tested afier 178 days in cold storage? Only 17% of the promptly cured seed of
thesc genotypes germinated when tested in the germinator 2 weeks after
completion of curing, but after 178 days in cold storage 67% of the seed
germinated. The seed protectant, when effective in influencing dormancy,
probably altered the balance between growth-promotion and growth-inhibiting
substances within the seed that deterinines whether a seed will germinate or
remain dormgnt when placed in an environment that is favorable for germi-
nation. An explanation for the results of our tests probably must await the
elucidation of the molecular hasis for dormancy in peanut seed. Our results
indicate the importance of full identificaticn of conditions under which tests are
run in publication of results of research on peanut seed dormancy.
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ABSTRACT & PAPER

Fungal and bacterial damage to peanuts during windrow-curing was deter-
mined by: visual examination of pods and kernels, noting the degree of kernel
infestation, and determination of germination percentages. Peanuts removed
from the field at digging time and cured on the vine under cover were superior in
quality. Infestation and physical damage to windrow-cured peanuts by fungi and
bacteria were found to be related to: inoculum potential of specific species,
degree of pod damage before and during harvest, pod location within the
windrows, and cimatic conditions during curing. Peanuts which were cured on
the soil surface or inside the windrow during shower periods were more severely
infested with bacteria and fungi compared to those cured in the upper part of
the windrow. Peanuts from inverted windrows dried more uniformly under
adverse drying conditions and were less severely iufested with fungi. Drying
peanuts within the field in random or inverted windrows under high temper-
atures and/or low humidities caused an increased level of sound splits when
shelled. There was an inverse relationship between bacterial mfestation and
percent germination.

INTRODUCTION

Loss of peanut quality during windrow curing is of considerable concern to
the peanut industry. These losses may lower yields and also render the processed
products less suitable for food and feed because of lowered nutritional value and
possible presence of mycotoxins. Reduction in nutritional value is primarily
caused by soil-borne microbial agents capable of utilizing the peanut as a
nutrient source. The degree of such damage is influenced by those factors which
restrict plant growth and favor microbial activity. For exainple, environmental
factors such as temperature and humidity level influence peanut susceptibility,
microbial growth rate, and mycotoxin accumulation (8).

The extent of microbial damage in the windrows has been reported to be
reduced by placing the peanut pods in an exposed position (inverted windrow)
as opposed to placing them in a random windrow (3, 5). Inverted windrow
peanuts are in a more favorable drying position since air movement arcund them
is greater, humidities are lower several inches above the soil surface, and temper-
atures are lower within these kernels. Thus improved quality appears to be
reluted to field exposure time since it has been shown that peanuts dry faster
and more uniformly in inverted windrows compared to those dried in random
windrows when favorable drying conditions are interrupted by rain (5, 7).

Suscepiibility of peanuts within the windrow to Aspergillus flavus and other
fungi has been found to be related to the kernel moisture, extent of pod damage,
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and is time dependent (3, 4, 6). Rapid drying is desirable from the standpoint of
reducing microbial activity; however, when the drying rate is excessive consider-
able physical damage to thc kernels may result (1, 2). An intermediatc drying
rate, rapid enough to prevent microbial damage and slow cnough (o limit
physical damage appears to be a necessary requirement for quality maintenance.

The objectives of these experiments were to relate drying methods and kernel
moisture levels to degree of kernel infestation by bacteria and fungi and changes
in quality as measured by aflatoxin analyses, germination counts, and sound
splits obtained in shelling,

PROCEDURES

Peanuis used in these studies werc grown in South Central Texas at Yoakum
and in North Central Texas at Stephenville using recommcnded agronomic
practices. They were dug with a conventional two-row digger-shaker or a
commercial digger<inverter unit. Tn some tests the inverted windrows were
established by hand where the inverter was unavailable. In either case the pod
arrangements were sirnilar.

Temperature records were obtained by inserting thermocouples inside the
basal kernels of pods located at specific positions in each windrow type. All
readings were recorded on a Class 16 Honeywell Recording Potentiometer
located in the field.

Treatments included the following: partially cured in random and inverted
windrows, partially cured in random and inverted windrows with drying
completed in bags left in the field (1970 only) aund completely cured in random
and inverted windrows. Control samples were obtained from pcanuts which were
removed from the field at digging time and dried on the vine in forced-air dryers,
with one exception. At Stephenville in 1970 control samples were obtained from
peanuts combined 24 hours after digging and dried in forced-air dryers. Within
these forced-air dryers heat was added when the relative humidity was above
70%, and the temperature was maintained below 97° or 14° above the outside
air,

Peanut samples partially field-cured in random and inverted windrows were
combined when the peannt moisture reached approximately 20%. These
partially cured peanuts were dried to a safe moisture level for storage (7-10%) in
forced-air dryers and in 1970 they were placed in burlap bags and left in the
field to continue drying. Drying rates were calculated by measnring the moisture
levels at specific imtervals in the curing process and dividing these values by
expired time,

Representative sarnples for microbial and germination analysis were collected
throughout the harvest season and analyzed as follows. Kernels for microbiat
analysis were surface-sterilized by successive one minute immersions in 70%
ethyl alecohol, 10% commercial bleach {5.25% active sodium hypochlorite) and
sterile distilled water. These kernels were then plated on rose bengal-
streptomycin agar and incubated at 30 C for 7-10 days.

Germination tests were conducted by placing kernels in rolled towels within a
germiuator set at alternating temperatures (68 F. for 16 hours and 86 F for 8
hours}. Germination percentages were determined after 14 days.

Sound splits were determined by using the standard procedure of the
Consumer and Marketing Service (9). All kernels which had been split or broken
by the sample shelier and werc not dirty, discolored, sprouted or damaged by
molds and/or insects were included in the sound splits.
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RESULTS AND DISCUSSION

The degree of fungal and bacterial infestation in kermnels harvested from the
Yoakum windrows in 1967 was influenced by several showers immediately
following digging. Drying rates during the first four days after digging were only
0.014 %/hr and 0.017 %/hr in the random and inverted windrows respectively, a
22% more rapid drying rate for inverted windrow peanuts. Consequently, in
order to reduce possible mold damage, the random windrows were tumed. As
the drying conditions iinproved the random windrow drying rates increased to
0.11 %/hr and the inverted to 0.13 %/fhr, during the final four days of curing.
This represents an 18% increase in drying rates of the inverted windrows over the
random windrow treatments even though the random windrows were again
turned during the last four days of curing.

These low drying rates during the first four days appeared to be conducive to
the growth of Rhizopus, especially in those pods in contact with the soil surface.
Random windrow samples exposed for four days in the field and then dried
within forced-air dryers had a 12% infestation of Rhizopus, a level considered
above normal (Table 1). In comparison 4.5% of the kernels from peanuts
completely field cured in random windrows were infested with Rhizopus. Also
increased levels of Aspergillus and Penicillium infestation appeared to have
developed within these forced-air dryers. The degree of infestation in kernels
froun peanuts dried on the vine with forced air for eight days (Table 1, column
1) was comparable to the infestation in those kernels from the inverted
windrows (Table 1, column 4). Also bacterial infestation was highest (7.0%) in
those kemels from the forced-air drycr. Evidently bacteral activity was
restricted by turning the random windrows to speed drying. 1t is thought that
bacterial infestation may be related to the degree of physical damage to the
kernels. In some cases bacterial invasion appeared to occur after fungal invasion.
When bacterial growth became extensive within a kernel, fungal growth was
restricted. When these kernels are plated out on a nutrient medium fungal
growth may be inhibited. Consequently when bacterial prowth becomes
extensive the degree of fungal infested kernels appeared to decrease, thus fungal
counts alone do not alweys reflcct actual infestation levels.

The extent of bacterial damage to peanuts is believed to be quite extensive
during adverse drying conditions. The most frequently isolated bacterial are
Bacillus subtilis Cohn Prazmowski and Bacillus megaterium de Bary. In addition
other bacterial species {or species groups) have also been identified. These
bacteria are Bacillus pumilus Goitheil, Bacillus cereus Frankland and Frank!and,
Bacillus polymyxa (Prazmowski} Migulo, Arthrebacter citreus Sacks, -some
Flavo-bacteria species, and members of the Alcalipenes-Achromobacter group.

The degree of bacterial and fungal infestation within a given kernel sample
generally influenced the germination count. As noted in Table 1, where the
fungal infestation was the greatest (22.5%) the germination count was the lowest
(90.7%).

Bacterial and fungal infestation was slightly higher in peanuts harvested at
Yoakum in 1968 compared to those harvested in 1967. Peanuts completely
dried in the field for 171 hours in inverted windrows (Table 2, colunm 8)
contained 14% fungal infested kernels and 42% bacterial infested kemncls. In
comparison peanuts cured for 77 houss in inverted windrows and then foreed-air
dried for 79 hours contained 11.5% fungal and 8% bactenal infestation. The
increased bacterial infestation is believed to be related to physical changes in
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Table 1. Degree of fungal and bacterial infestatlon in kernels harvested from
random and inverted windrow plnts at Yoakum, Texas, L967.

Fungl isolated  Forced-air dryery Randon Random Inverted
_and 8 days Windrow Windrow Windrow
other qualities 4 days 8 days 8 days
T dryer 3 days % %
F 4
Alternaria a 0.5 0.5 [¢]
Aspergillus n= 1.7 0.8 a.5
Chastomium 3.0 2.0 1.2 L.5
Cladosporium o ] 1] 0.5
Fusarium 0.7 1.2 1.5 0.5
Macrophomina a.7 a.7 2.0 1.5
Mucor o 0 0.7 0
Nigrospora 0.2 0 0 0
Penieillium 1.7 3.5 1.2 2.7
Rhizopus 2.5 12.0 4.5 2.0
Sclerotium 9.2 0.5 0.2 0.5
Thielavia 0.2 0.2 0 3]
Trichoderma o 0.2 ] 0.3
Total Fungal 9.7 22.5 1z2.6 10.2"
Infestation
Total Bacterial 7.0 5.2 4.0 1.2
Infeatation
Germination n§.2 90.7 93.1 96.2
Percent
Sound Splita 1.9 2.2 2.2 3.9
Aflatoxin pph Trace 5.9 Trace 0

Yy Feanuts removed from the field attached tp the vine and dried under cover
with forced air and supplemental heat-

2/ Aflatoxin levels reported in parts per billion {ooh).
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kernel structure and seed coat damage after prolonged exposure in the field. The
second highest level of bacterial infestalion was detected in those kernels dried
with forced-air after having been combined immediately after digging {Table 2,
colurnn 2). Bxcessive physical pod damage may occur when high moisture
peanuts (30-45%) arc combined. Consequently excessive bacterial and fungal
invasion of kernels may occur in forced-air dryers.

Kernels examined after 97 hours of windrow exposure and 46 hours of coid
storage (40°F) contained an abnormally high level of Aspergillus isolates, 20.5
and 16.0%. However, bacteria failed to grow from these kernels following cold
storage.

All levels of infestation observed in the kernels from the seven treatments
were higher than that observed in the vine-dried check kernels (Table 2, column
1) which contained an average of 5% fungal infested kernels and no bacterial
infested kernels. Similar results have been obtained for several ycars where the
peanuts dried on the vine under cover with forced-air are superior as far as
degree of microbial infestation, germination levels, and extent of sound splits
when shelted are concerned. Peanuts dried in the field or in forced-air dryers are
generally inferior in quality compared to those dried on the vine under cover.

The extent of fungal and bacterial infestation in 1969 (Table 3} indicated
that exposure for 80 hours, where the drying rates were ubove 0.40 %/hr, can
result in considerable damage. The extent of such damage is best noted by the
high level of bacterial infestation detected in kernels from random and inverted
windrows.

The highest bacterial infestalion (59%) was detected in peanuts cured within
the random windrows. Because of excessive bacterial activity only 7% of these
kernels had fungi growing from them. Such increased levels of bacterial
infestation occurred following a curing period when kernel temperatures {Table
5) were above 90 F, the maximum level recornmended to prevent excessive
physical damage. Kernels exposed to ditect sunlight had an averape day tempera-
ture of 107 F and maximum of 123 F. Even higher temperatures (up to 132 F)
were tecorded in those kernels in contact with the soil surface. As a result drying
rates during the first 52 hours of windrow exposure (Table 3} averaped (.59 and
0.60 %/hr, levels capable of causing excessive kernel shrinkage during curing.
Peanuts harvested after 80 hours of windrow exposure had 6.2 and 7.5% sound
splits and germination counts were between 70 to 72% cornpared to 2.4% sound
splits and 93% germination for the check treatments. Losses in quality were
greater m those kernels harvested from the random windrows because more
peanuts were in contact with the soil surface.

In comparison to the peanuts collected from Yoakum in 1969, the Stephen-
ville peanuts were subjected to different climatic conditions. Kernel
temperatures were lower because of overcast conditions, several light showers,
light winds, and an average day temperature of 68 F and an average night
temperature of 50 F (Table 5). Relative humidities during the windrow curing
period ranged from a low of 16% to a high of 70% with an average of 41%.
Under these conditions initial drying rates {during the first 95 hours) averaged
(.14 %fhr and after 269 hours averaged 0.074 to 0.085 %fhr (Table 4, column
3). Such slow drying rates during the windrow exposure period provided
desirable conditions for fungal and bacterial activity. The highest levels of
imfestation were detected in those kernels from the hottom of the random
windrows. Kernels taken from peanuts completely dried within the random
windrows had a 12 % infestation of fungi and a 40% infestation of bacteria. Even
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Table 2. Tcprae of fungal amd bacterial infestatfon In keenels heevested Erom random dand inverted windeow ploce
At Yoakum, Texad,

Control . Fregh dug amd Pattlally windrew cured Partially windeow cuzed #indrow 171 lica.
Funpl leciated Vina dried= conbined dried Haodom 97 hra. Inverted 77 hca. [——
and 77 hre. 174 hra, Dryer 79  (old atore  Dryer 79 Cold store Remdom  Tnverted
thee qualities z z hrs % 7 46 lira hrs & X 46 hre £ *
Alterneris o o aQ [:] o 0.5 o
Bapergillua o 1.0 0.5 20.5 0.5 16.0 1.0 0.5
Chastonlum 0.5 6.5 i 0 5 o L.s 5.0
Bladesporivm o o o ¢.5 o 0.5 L. 0.5
Fuparium 1) ) 1.0 a 1.0 0.5 0.5
Hacrophoming 1.0 i} 1.0 o il i} 2.0 L.o
Higrospora L0 3.0 1.5 o 0.5 0.5 0.3 4.5
Fenicillium 1.5 2.5 0.5 z.0 .0 3.0 2.0 0.5
Lthigopus o o 4] Ll 1] Y 0.5 ]
Sclerotium 1.5 0.5 .5 .5 2.5 .0 1.0 o
Thiclavia 0.5 .5 (8 0.5 0.5 u o 1.0
Trichoderma o o o 0.5 o o o 0.5
OLher 1] .5 2.5 LU n i} 1 [+
Tatal Fungal
TnEestatiom 5.0 16.5 i12.0 6.0 11.5 25.5 0.5 14.0
Total Hacterial
InEeatation a.u 19.0 13.3 .o 8.0 i.o 110 42.0
Germinalion
pERCCELE X - BE - a3 - 8L as
Sound splite ¥ 1.4 - 2.1 - 2.0 - .9 b1
Lf Peanutp vemoved from bhe £leld attached to the vine and'dried under cover with forced air and supplesental
heat.
Tmble 3. Characteristice of peanuts harvested Erom windrow teaka conduckted at Yoakam, 1469,
Treatneutey Field Poamick “L“"“Ef Average Eicld Kernel moisture Jound Germdostbloo  Fougal Bacterial
Expopure Followlng flald  drying rate following drying spiite ] infeptation infestation
hre curiog 1 I/hr H I x k4
Vilne-dried
with forced a - - B.1 .4 23 14 L]
air
Partially Eield
cured in Tandom 52 18,1 0,59 B.0 3.3 18 13 11
windrows
Partisily [Ield
cured 1o loverled 52 17.7 0.60 B.0 4.2 %) 0 H
windraws
Completely fleld
cured in raodom B0 1.8 0,47 B.1 7.5 70 ? 59
windrowe
Completely Fleld
cuted Lo ioverbed B0 11.4 0.47 7.9 6.2 i 14 26

wludraws

1/ Dryivg eowpleted in forced sit dryer with supplemsutsl heat when the relative humtdity af the atmospharic air wae
above 70 percent.

2/ Toicisl pesout mciskture when dug 48.5%.
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those samples from inverted windrows were becoming infested with bacteria and
fungi when harvested. Those peanuts partially dried in the inverted windrows
and then forced-air dried were superior in quality compared to those dried
completely in force-air dryers or those dried completely in the windrows.

Drying rates during the 1970 harvest season at Yoakum were somewhat lower
compared to 1969. After 70 to 72 hours of windrow exposure the drying rates
were 0.40 and 04! %/hr for the random and inverted windrow samples
respectively (Table 6). This drying rate was slowed after 144 hours by a 0.7 inch
rain which raised the peanut moisture level and high humidities {for 48 hours),
Chladosporium grew over the vines and pods giving the whole windrow a gray-
green cast. After 244 hours of windrow exposure the kernels had become
infested with fungj and bacteria to levels ranging from 14 to 36%. Those pods in
contact with the soil surface were the most severely damaged and infested with
fungi. Some increase in the degree of fungal infestation was noted within those
samples harvested from the mverted windrows; however most appeared quite
sound. These increased levels of microbial infestation appeared to have exerted
an adverse effect on germination. All kernels germinated poorly with a
maximum of 81%, noted in those samples cured on the vine with natural air
(Table 6). The lowest germination levels were recorded in kernels from the
windrow tops where the random samples averaged 54% and the inverted samples
59%.

In addition some of the partially windrow-cured peanuts were combined and
placed in new burlap bags and left in the field for completion of drying. Shortly
after placement within these bags the 0.7 inch rain occumed. A check of the
moisture levels within the bagged peanuts indicated that very little increase
occurred. Apparently the new buriap acted as a protectant to the peanuts. Under
these drying conditions the peanuts reached a moisture level of 11 to 12%
approximately 30 hours before the same levels were reached in the random
windrow-cured peanuts on the soil surface. Also these peanuts were less severely
infested with bacteria compared to the partially field cured samples which were
dried further in forced-air dryers, While in the dryers bacterial infestation
increased indieating that the air stream may have contained viable bacterial
spores which were forced into damaged peanut pods.

Drying conditions at Stephenville in 1970 were even less desirable than in
1969. After 430 hours of windrow expaosure the peanut moisture levels reached
8 and 9% (Table 7, column 2). However with these slow drying rates less
microbial damage occurred as evidenced by the higher germination percentages
and lack of bacterial infestation. The lowest germination was noted in the check
samples where peanuis with a moisture level of 31.8% were combined and dried
in sacks within a forced-air dryer. These check samples were also severely
infested with bacteria. Such increased infestation is attributed to physical
damnage of the pods during combming which allowed penetration by bacteria and
fungi. In general these Stephenville peanuts had less sound splits and higher
germinations, compated to Yoakum peanuts, even though up to 20% of some
kernel samples contained fungal infestation.

Again the partially cured samples, where curing was completed in burlap bags,
were equal in quality to those harvested from the windrows and superior to the
check samples. The low level of sound sphts in the bag-cured samples (2.1 and
2.5% compared to 7.8% for the check samples) indicated that higher quality
peanuts may be obtained when drying is completed in bags.
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Table 7. Characterlatics of porouts hatvested from windrow teats condueted ae Stephanville, 1970.

Tr:sn:wenl.ﬂy Fiald reanuk moiar_urzz" Averdge Eield Keenel wodsture Sound  CGerniostion  Fusgal Bacterial
Exposure follewlsg field dryleg calbe [ollewing drying eplite I infestation Infestation
lize euring ¥ 2 T H I z

Combined and

dried with 24 alL.a D.43 10.7 F.B By 18 15
forced air

Partinlly fleld

cured In raodom EL] Top 5.1 a.19 1.1 1.2 95 10 o
windrowa Battom 43.5 0.2 1.2 12 3
Partially ficld

cured in lowerted 55 25.6 .19 9.9 2.5 u7 17 i
windraws

LompluLely fleld

cured Ln zandom LRl Top B.5 0.08 6.5 2.1 ™ 20 [+
windrowe Bottom 8.9 .08 3.9 1.8 L1 ] 14 z
Onmpletely FLeld

cored in Luverted &30 B.4 a.08 8.4 2.1 o8 12 h

windrows

Carllal randem
windrow and 335 .4 0.00 10.% 2.1 i n G
mach cuzed

Partlel inverted
windrow and 33 18.2 .10 10.2 2.5 98 1 13
sach cured

1/ vryiog completed in forced air dryer with supplemsntsl heat when veletive hwmddity of the atwoepheric alr wae
above 70 parcent.

2f Indtlal pesnut moletuce when dug 42.1 percent.

CONCLUSIONS

1. Peanuts dried in inverted windrows are generally less severely damaged by
bacteria and fungi compared to those dried in random windrows.

2. Bacterial infestation of peanuts can be quite serious in peanuts on the soil
surface in random windrows and in peanuts combincd at high moisture levels
and cured in forced-air dryers.

3. Germination levels are mnore adversely affected by bactedal infestation
compared to fungal infestation.

4. Peanuts which absorb moisture after having dried to levels below 20% may
become severely infested with bacteria and fungi if drying rates are slowed.

5. The most suitable method for drying peanuts was on the vine under cover
with forced natural air and supplemental heat added when the relative humidity
was above 70% and air temperature was controlled.
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EFFECTS OF DIGGING TIME ON PEANUT RECOVERY YIELD,
SALVAGED YIELD AND QUALITY -
A PROGRESS REPORT
by
George B. Duke
Agricultural Engineer, AERD, ARS, USDA and Associate
Professar, Dept. of Agric. Engr.,
Virginia Polytechnic Institute and State University,
Tidewater Research Station, Holland, Va.

INTRODUCTION

The initial peanut harvesting operation consists of digging which uproots the
plants, dislodges the soil, and deposits the plants in a windrow to partially field
cure and dry before combining. Peanut digging losses consist of pods which have
shed from the plants by disintegration of the pegs, plus those which become
separated in the uprooting, lifting and windrowing operation. Further losses may
occur during the combining and curing operation but this study is concerned
only with losses related to the digging operation,

Studies of peanut digging losses with Va. 61R variety were conducted in
1967, 1968 and 1969. When dug approximately 2 weeks before normal digging
date, at normal digging date, and 2 weeks after normal digging date, average field
losses were 10, 16 and 28 percent, respectively. The 3-year study showed that
approximately 80 percent of the pods lost were below the soil surface. These
results were obtained from 216 plots, each consisting of two 36-inch spaced
rows, 7.2 {eet long. Limited studics showed that about 40 percent of the losscs
are 2 to 4 inches below the soil surface.

Peanuts are an indeterminate plant. Seed maturity begins in August and con-
tinues until the crop is dug or killed by disease or frost. As cach pcanut matures,
the peg connecting it to the plant may deteriorate due to age, discase, insect
damage or other causes. The quantity of peanuts lost is influenced greatly by
time of digging and physical condition of the pegs and plants. Peanut digging in
Yirginia normally begins about Sept. 20 and continucs until about Oct. 20.

Optimum digging date is that time when the crop should be dug to give the
maximum recovery yield and highest quality. Digging too early is onc way to
avoid high ficld losses but may also result in low yield and quality. Digging later
than the optimum date results in higher field losses and lower recovery yicid duc
to additional shedding of the mature peanuts, Some of the factors that influence
the optimum time of digging are (1) ratio of mature peanuts to immatures; (2)
physical condition of the plants, pegs, and peanuts; (3) variety; (4) disease; and
{5) weather.

A peanut digger that will significantly reduce field losses below that of pres-
ent commercial digpers is desited. Field digging losscs may be substantially re-
duced by developing peanut digging cquipment which recovers the peanuts
which are lost, or by developing varieties having peanuts well attached to the
plants at the time of digging. If current field losscs with existing varieties and
conditions arc to be greatly reduced, equipment must be designed to save pca-
nuts atready shed, in addition to those that become separated from the plants
when digging. Equipment to mect this requireinent is expected to have higher
initial, operating, and maintcnance cost and less field operating capacity than the
present digger. To justify this equipment therc must be a detnand for the extra
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peanuts, their quality must be acceptable, and the total recovery cost should not
exceed their value.

An experiment was initiated in 1970 to evaluate both the quantity and quali-
ty of peanut losses from two digging methods.

PROCEDURE

Peanuts were grown at the Tidewater Research Station using practices cur-
rently recommended by the Virginia Agricultural Experiment Station. Three
varieties of peanuts were included in the study, Va. 61R, Florigiant, and NC 17.
Each varicty was planted on May 13 in rows spaced 36 inches apart. Ezch plot
consisted of two rows, 14.52 feel long (002 acre), and treatments were random-
ized with three replications.

Digging dates were at 3-day intervals commencing Sept. 29 and cnding Oct,
20. On each of the eight different digging dates, three replications of each
variety were dug with a two-row commercial digger-inverter. A 6-foot wide
USDA plot salvager followed the digger to collect the detached peanuts on and
below the soil surface. Also on each ol these same digging dates, three replica-
tions of each variety were dug with USDA’s recently developed experimental
equipment which combines digging and salvaging in one operation.

This study dctermined the quantity of peanuts attached to the vines after
digging and the quantity collected by salvaging with each of the two digging
methods. Thus, four samples were collected consisting of (1) vine yield from the
commercial digger, {2) salvaged yield from the commercial digger, (3) vine yicld
from the digger-salvager and (4) salvage yield from the digger-salvager. The sal-
vaged peanuts were collected at the time of digging or within 24 hours after
digging to avoid possible post-digging deterioration,

Peanuts attached to the vines after digging were picked off by hand. The
collected salvage samples contained good quality peanuts, soil particles, clods,
leaves and damaged peanuts. The foreign material was separated by hand and
discarded. All plot samples were kept separated and were dried with ambient air,
Quantity and guality of the peanuts were determined after drying to equilibrium
tnoisture or about 8 percent wet basis.

In order to provide adequate size samples and reduce by one-half the number
of samples for quality evaluations and analysis by cooperators, it was necessary
to combine plot yields after drying as follows:

(1) For each peanut variety, all peanuts picked from the vines on a given day
were mixed to make one composite vine sample. Thus, three varieties and eight
digging dates yielded 24 composite sumples that were picked from the vines.

(2) All salvaged peanuts {rom each variety on a given day were likewisc
combined and yielded 24 composite samples for analysis.

Quality evluations included farmers’ stock grade, price per pound, germina-
tion, molds, aflatoxin, rancidity, fat acidity and CLER flavor. Peanuts used for
farmers” stock pgrade were delivered unshelled. All otber samples were shelled
with a Federal-State sample sheller before delivery for quality evaluations. Soil
moisture was determined daily throughout the digging period.

RESULTS

The 6-ft wide peanut salvager which followed the commercial peanut digger
collects about 98 percent of the peanuts left on and in the scil. Peanuts recov-
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ered with this salvager effectively represent normal digging losses with consider-
able accuracy. The two-row combination pcanut digger-salvager collects soil and
peanuts from a 28-inch width band per row. Thus, its salvaging efficiency is less
than that of the 6-foot salvager. The conveyor bar speed on the digger-salvager
exceeds the equipment ground speed to enable lifting soil at a faster rate for
increasing machine capacity. Although this difference in speed separates more
peanuts from the plants than the commercial digger, a high percentage of these
detached peanuts is collected by the salvaging components.

Soil sifting with both types of salvaging machines performed best in dry,
sandy scil. When operated in damp soil, screen congestion occurred, and the
equipment became inoperative. All salvaged peanut samples contained excessive
quantities of foreign material consisting of peanut leaves, soil and clods.

Soil Moisture

Soil moisture percentages, d.b., are shown graphically in Figure I. Moisture
ranged between .8 and 15.0 percent with an overall average of 7.2, 6.6,and 5.4
percent in the Va. 61R, Florigiant, and NC 17 test areas, respectively. Average
moisture in the NC 17 test area was significantly different from the moisture in
the Va. 61R and Florigiant test areas. September and most of October were dry
except on September 28, 1 day before the test, 1.37 inches of rainfall occurred.
From September 29 to QOctober 20 rainfall was .36 inch on Qctober 16 and .04
inch on Qctober 17.
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Peanut Yield

Vine and salvage yield from the three varieties, eight digging dates and two
digging methods are shown in Table 1.

Commercial digger vine yield: Peanut vine yicld from the commercial digger
showed no significant differences attributed to any of the eight dipging dates
with Va. 61R or Florigiant varieties, NC |7 variety showed a significant vine
yield difference due to dates. Yield {from those peanuts dug September 29
through October 14 was significantly higher than those dug on October 17 and
20.

Digger-salvager vinc and salvage yield combined: Yield from the digger-
salvager did not show a significant difference due to either of the eight digging
dates with any of the three varieties. The digger-salvager yield from the cight
digging dates gave a highly significant increase over the yield from the commer-
cial digger with all three varieties of peanuts. Averuge yield increase excecded
500 lb/a with each variety.

Commercial peanut digger losses are not excessive if the peanuts are dug
before pegs have deteriorated and are of a variety adapted to machine harvesting,
For example, the bunch variety, NC 17, dug early (September 29 and October 2)
with a comnmercial digger resulted in a loss of only 3.7 and 3.9 percent, respec-
tively. Losses from late digging of this same variety (October 17 and October 20)
were 26.2 and 34.2 percent, respectively.

The percentage of peanut losses from a commercial digger that may be saved
with a digper salvager is determined as follows:

(Digger-Salvager Total Recovery Yield) - (Commercial Vine Yield) x 100.
Commercial Digger Losses

Application of the formula to the test results is:
Va. 61R variety = 67 percent
Flerigiant variety = 88 percent
NC 17 variety = 85 percent
Average = 80 percent

The digger-salvager recovers approximately 80 percent of the cxpected losses
occurring with a commercial digger,

Farmers’ Stock Grade

Fatmers’ stock grades are shown in Tables 2, 3, and 4. No appreciable grade
or price per pound differences were found between the vine and salvaged sam-
ples. No Segregation III peanuts were found in any of the vine or salvaged
samples of either variety. 1) Va. 61R variety contained one sample of Segrega-
tion IT (from salvaged peanuts) and 17 samples of Segregation I. Florigiant
variety contained two samples of Segregation [I (from salvaged peanuts) and 16
samples of Sepregation I. NC 17 variety contained two samples of Segregation 11
(from salvaged peanuts) and 16 samples were of Segregation 1.

Germination
Peanut seed germination percentages are shown in Table 5. Germination of

the peanuts from the salvaged sumples was about equal to those from the vine
samples.
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Table 1, Peanue yleld {1bfa)_ Holland, ¥a, 1970
Commercinl [Hgger Digpar-Salvaper
Digping Vine Salvege Vine Solvage
_Date Yield Yield Total Yiueld Yield Toral
Vo, 61R Variety
9729 4073 552 4525 izro 581 3851
1042 3652 518 4170 114 332 3648
1045 3165 692 3857 27117 BO4 3521
/e 3516 ahs 4380 3176 454 032
10/11 1367 ax 4197 3081 806 a7
10/14 iz 1204 4376 jnal 11h4 4175
10/17 2869 1044 913 3012 1399 4411
Wi 3166 1081 4247 2711 1437 4148
Avg 1422 T98 42 jols 945 3959
Floripiant Variety
9429 4509 12 4f21 4085 a1 4907
1072 4583 364 4567 4255 662 4917
1045 442 570 5212 3030 673 4503
10348 4512 633 5145 4039 §25 4064
10411 4500 823 53 4134 P06 5040
10/ 14 4795 610 5665 3887 1257 5144
13717 4240 392 4632 4418 1162 5541
10120 4412 aa? 529% 4279 1056 5335
AVE 4524 608 5132 4128 932 5060
NC 17 Yariety

9§29 4456 115 4631 4608 15¢ 4758
10/2 4399 182 4581 4278 28 4532
1045 4506 kEL) 4845 4509 183 G692
1048 42466 290 4556 4492 398 4891
10411 4359 673 5032 gz 881 4793
with 247 466 4733 irze 913 4539
10417 3572 1271 4843 3390 4918 4357
W f20 3168 1653 4822 3745 i1 489
Avg £121 633 4754 4083 380 4661

Table 2. Farmexs' stock grade, price per pound, and segregatlion, Va. §1R varlety,
Hollend, Va, 1979
Digeing Mola= Segre=
Date Fancy ELE.  ture OF 55 BHE YD cD V+C Hulls Briceflb gation
z % % 1 1 1 z z % 1 £
Vines
9j)2¢% 73 27 3 & 1 [ 1 4] 1 26 13.56 1
1042 67 25 5 2 3 63 1 4] 1 23 £3.14 1
10/5 3 23 5 3 1 67 ] 1) ¢ 25 13.21 1
1048 &7 25 5 1 1] 71 1 L] 1 26 13.74 1
011 69 29 L) 1 2 a8 1 [u] 1 28 13.57 1
10714 K] 31 4 1 3 [.1:] 4] o 4] ig 13.81 1
10417 T2 33 4 3 i 687 1 ] 1 28 131.43 1
10/20 &0 27 4 4 1 L] a 0 [+] 27 13.56 1
Avg 69 27.5 4.5 2.5 1,5 67,7 4.6 O 0. 27.6 131,50
Salvaged
Gf29 &6 60 4 1 1 TE o 1} [H] 2z 15.56 1
1042 Bl 25 4 2 2 k3 &4 1} 4 7 12.45 I1
10/5 &0 24 4 1 2 70 2 L] 2 25 13.75 I
048 -3 42 4 1 2 L} 4 L] 1 26 14.23 L
11 86 12 4 1 3 71 1 0 1 24 14.38 1
10414 B35 2% 4 1 2 70 1 0 1 26 13.94% L
wi1? B4 il 4 3 1 M i o 1 25 13.95% I
10420 81 29 4 1 1 0 2 0 2 26 13,59 I
Avg a1.2 34.5 4 1,3 .7 0.2 1,5 0 1. 25,1 13.98
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Table 3. Farmers! etoeck prade, price per pound, and segregation, Floriglant wvarlety.
Halland, Ya, 1970

Digplng Hols= Sepre=
Date Fancy _ELE ture OF 85 21514 Vo co Y+C _Hulls Priceflb gatiom
* % % % % * k3 % * % ¢
Yines
9/29 87 4 5 2 2 6y 1 O 1 26 14,17 I
10/2 23 45 4 2 1 73 1 Q 1 28 15,65 1
10/5% 5 37 5 3 i 68 o a 1] 28 13.711 1
1048 :L] L 4 2 i 71 o 0 o 26 14,82 i
10711 L} 51 4 1 1 74 a o a 24 14,58 1
10714 o3 48 &4 1 2 T4 1] o ] 23 15,10 I
10717 83 44 5 1 1 72 1 1] a 25 14,46 1
10720 86 57 & 3 1 7 ] 1] 0 i g 15,67 1
Avg Ba.7 46,8 4.3 1.6 1.2 72,8 0.3 O 0.3 25.1 14,77
Salvapad
9429 84 40 4 1 1 70 3 [} 2 26 13,84 1
1042 87 a5 & 1 2 w0 2 ] 2 25 13,91 1
mnis a6 42 & 1 ] 1 0 L O 25 14,60 I
1078 90 L L3 4 1 1 66 ] 1 ¥ 25 10.346 11
10411 a7 40 4 1 1 73 1 0 1 4 14,56 1
10414 89 & 4 2 1 a7 5 ¢ 5 25 12.35 11
16717 g1 1] 5 1 1 T 1 o i 23 14.94 1
10/20 &8 45 4 1 2 4 1 o 1 22 15.93 I
hvg &8 42,2 4.1 1.1 1.5 M6 2.2 0. 2.) 24.3 13.8%
Table 4, Famers! stock grade, price per pound, and segregation, HC 17 variety,
Holland, Ya. 1970
Digping Ho{g- Gepre-
Dato Fancy ELK tura D 58 SR yo [+13 V4C Hulla Price/id  gation
i % T % " % % * T = [
Vines
4izn 67 61 4 1 1 6 +] 0 o] 22 15,53 1
/2 66 62 4 1 1 ri] a 1] o] 22 15.61 1
10/5 T4 62 4 a 2 T3 1 1] 1 2 15.54 1
10/8 57 65 & 1 1 75 0 0 0 23 15,48 1
10411 &7 b 4 1 t 77 1] o 0 21 15.82 1
10414 67 57 4 1 1 6 4] a o 22 15.a0 1
10/17 69 63 4 1 1 77 1 1] 1 20 15.81 1
10720 a1 i4 4 1 2 70 3 o] 1 26 is,05 I
Avp GB.5  58.5 4 0.8 1.2 752 0.3 0 0.% 22.2 15.42
Salvapad
Lf2e 71l 55 5 1 2 12 2 o 2 23 14.73 1
1oj2 86 52 4 1 2 &% 3 0 3 25 13.93 11
1045 2] 52 4 1 1 72 k| i) 3 23 14.52 11
io/8 a3 60 4 1 2 74 1 ] 1 22 15,37 1
10/11 a6 62 & 1 4 76 ] G 0 21 15,73 1
10714 ED| 67 5 1 1 8 1] a ] 20 16.08 1
0417 91 58 & 3 1 75 1] ] 1] 23 16,10 1
10420 a5 a4 &4 1 i % Q /] o 1% 16.20 i
Avp 53 an 4.2 1 1,5 74,3 1.1 0 1.1 22 15.34
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Molds, Aflatoxin, Rancidity and Fat Acidity

These analyses for each variety are shown in Tables 6, 7 and 8. A report from
the National Peanut Research Laboratory stated, “As shown by the test results,
none of the samples showed rancidity or any appreciable fat acidity, and they
were free of aflatoxin and visible mold.”

Decayed and Shriveled Kernels

Decayed and shriveled kernel samples were analyzed for aflatoxin contamipa-
tion and results are as follows:

Aflatoxin Analysis of Decayed and Shriveled Kernels

Va. 16R Florigiant NC 17
Vine Sample
Decayed None None None
Shrivels ” ” ”
Salvaged Sample
Decayed None None None
Shrivels ” ” ”

PEANUT FLAVOR

Peanut flavor evaluations were made only on the vine and salvage samples
collected from alternate digging dates - - October 2, 8, 14 and 20. These results
are shown in Tables 9, 10 and 11. The peanut flavor ratings show that the
salvaged peanuts are not appreciably different froin those picked from the vines.

CONCLUSIONS

The feasibility of mechanically salvaging peanut digging losses involves cco-
nomics such as initial, operating, and maintenance cost of the equipment; capaci-
ty and efficiency of the equipment; soil type and moisture; and quantily and
quality of the salvaged peanuts. If the peanuts are of edible quality, price per
pound is expected to be about equal to that of windrow harvested peanuts. IT
the salvaged peanuts are contaminated with aflatoxin, they may be a potential
source for seed, or if sold for oil stock, their value is expected to be about
one-half of the price of windrow harvested peanuts.

Peanuts as salvaged in these trials require recleaning before drying Lo remove
foreign material such as clods, damaged peanuts, etc. Equipment to reclean
salvaged peanuts must be provided.

Salvaged peanuts contain high moisture - - 50 percent or morc. The cost of
artificial drying to 8 to 10 percent moisture will exceed the cost of drying
semi-cured, windrow harvesied peanuis.

The width of the soil band over the row, which must be sifted Lo recover a
high percentage of the peanuts, depends upon the variety. Preliminary studies
have shown that a high percentage of the runner type peanuts is distributed
within 15 inches of the primary root; with the bunch type, distribution from the
primary root is considerably less. A digper-salvager designed for bunch type
peanuts is expected to operate at a faster ground speed than one designed for
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Table 5. Peanut germination percentages, Holland, Va, 1970

Digging Variety

Date Va. 618 Florigiant RC 17
Vines
9/2¢ 91 50,5 88
10/2 86 94,5 82,5
1045 92 a7 92
10/8 94 93 89.5
10/11 94 96 93.5
10714 92.5 94 91.5
10717 91.5 88,5 91
10420 97.5 96 92.5
Avp €2,1 92.6 90,1
Salvaged
9429 91.5 75 91
10/2 89 93.5 1]
1045 88,5 o1 B7.5
1048 95 G3.5 a9
tof11 13 85.5 @5
10714 96 48,5 84,5
10417 24 90,5 90,5
10420 92,5 96 93
Avg 92.8 §1.7 90.3
Dverall Avg 92.6 92,2 50,2

Table 6. Peanut quality evaluation, Va, G61E variety.
Holland, Va, 1970

Digeing
Date Molds Aflatorin Rancidicy Acidity
Yines
S/29 Q 0 1.5 0.20
10/2 0 0 1.4 0.30
10/5 0 Q 0.8 0.25
10/8 s} 0 1.4 0.20
D711 0 1] 0.6 D, 20
ns14e 0 0 0.6 0.20
10£17 1] 1} 0,6 Q.25
10/2Q 0 0 0.8 0.20
Avg 0 0 0.56 0,22
Salvaged
9129 0 0 1.1 0,20
10/2 0 Q 1.4 0,20
1045 0 0 1.4 0,30
1048 1] o 0.6 0,30
/11 0 1] 0.6 0.20
10414 0 0 1.5 0.35
10717 0 1] 1,0 0.20
10/20 o] 0 1.0 0,25
Avg 0 0 1.07 0.25
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Table 7, FPeanut quality evaluation, Florigient variety.
Rolland, Va. 1670

Digging Fat
_Date Molds Afletoxin Rancidity Acidity
Vines
G129 0 o 0.6 0.25
10/2 0 0 0.9 0.20
1045 0 a 1.1 0.20
10/8 o o 0.6 0,25
10/11 o o 0,6 0,20
10/14 0 0 0.6 0.20
10/17 0 0 0.7 0.15
10420 o 0 0.6 0.20
Avg 0 0 0,71 0.20
Selvaged
84129 0 0 1.4 0,20
1042 0 0 1.0 0.35
145 o 0 1.8 0.25
i0/8 0 0 L1 0.43
1011 1] 0 1.0 0,25
10/14 0 0 0,8 0.20
10/17 0 0 1.0 0.20
10420 0 0 1.2 0.20
Avg o] 0 1.16 0.26

Table 8. Peanut quality evaluation, NC 17 varxiety, Holland, Va.

1970
MHegeing Fat
_Data Holds Aflatoxin Rancldity Actdity
Yines
Gf29 0 [+ 1.3 0.25
10/2 0 0 1.5 0,35
1045 1] ] 0.8 0,20
10/8 0 0 1.4 0.15
10411 0 0 2,2 0.20
10/14 0 0 1.3 0.20
10/17 [+ 0 1.4 0,35
10/20 o] 0 1.2 0.25
Avg o 0 1,28 0,24
Salvaged
9l o Q 0 0
10/2 o 0 0 1]
10/5 o 0 1.5 0,30
10/8 o 0 0.6 0,20
10/11 ] 0 0.6 0,25
10/14 ] 0 0.6 0.25
10/17 0 0 1.8 0.30
10/20 D 0 1.8 0.25
Avg ] ] 1,15 0.27
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Plaver Evaluation (%)

Tablo 5. F
Digging
Date CLE} X80F  TLLOF
10f2
Vinas 41 3 25
Salwveged &5 5 25
1048
Vinas 36 L] 25
Salvaged 52 0 25
Lif14
Vinas 47 3 kL]
Salvaged 49 5 25
L0420
¥ines 52 1} 25
Salwaged 51 0 n

ILF?__IGHF
65 3
Fl ]
35 20
63 19
55 10
o0 L
L] 1q
0 10

lavor evgluation, Ya. 61k warisry, Holland, VYa. 1670

Commente

Sipht grading, {air. Swect, starchy, dry, astringent,
upody flaver notes. Owerall Elawver quelicy fair to poor.

Sight prading, fair. &weec, stacchy, haylike, sour
Havor ngtes.

Sight grading, medium, Flight sweer, dry, weody, flaver
ootes. Some ahrivels. Owerxall Elavor quality, fair.

Sight greding, Ealr. Dry, sweer, sour, bitter, astringent
flavor notes. Somo shrivela, Overall Elawvor quality feir.

Sight grading, £alr. Some shrivels. Scur, askringent,
bicter, woody, Elavor notes, Owverall [laver qualiry, fair,

Sight prading, Ealr, Sowe shrivels. Dry, oeaty, gew dust-
like, bitter, setringent Flaver notes. Overall flavor
quality, fair.

Sight grading, medium, slight pwest, sour, woody, asErin-
gent Flawer notes. Overall £lavor quality, falr,

Bight grading, wediuwm, 5light sweet, sour, astringent,
hay-1lke Flavor notes, Fair overell Elavor.

(*) POF = Bad off Elaver.

LLO¥F = Low level oif Elavor,
LFF = LoW peanut Elaver,
GFF = Good peanut flever,

LER = Crirical laboratory aveluated rease,

Tabie 10, Fimver ovaluscion, Floripiant varizty, Helland, Va. 1970

Digping Flavor Evaluation (*}
Data CLER TROF  TLOF 7L ECEF
102

Tines 43 5 5 7

Salvagad 41 3 o 65
pli¥i]

Vines 33 pli} kL] 50

Salvagad 38 1n 30 50
114

Vineg “ 10 5 65

Salvaged 35 15 3 5%
0420

Yines 38 10 I &0

Balvaged 33 10 a0 %0

EF

Commentg

Sight grading medlum. Sour, hay-like flaver notes.
General peanut {isver quality, poor.

Sgut, biteer, astringent, Soapy, hay-like, veody, chemical
off-flavar notes, Sight grading, medium. General! Elaver
quality, poor.

Sight grading, medium, sour, hay-like, bitter, sstringent,
beany Elaver netes. General Elaver qualilby very poor.
Sight grading, peor. Soapy, chemical-off, ssur-bitter-
astringent [lavor notes. @Genersl [laver qualicy very poor.
sighe grading, wedium. Spur, birter-asteingent, Waody
dry, Elavor noces, General flaver gquality, peoor.

S1ght grading, fair. Soapy chemlcal-off, astringant, hay-
1ike flavor notes, Cenersl Elaver quality, very poor.
sight grading, medium, HWoody, dry, sawdustslika, aseria-
gent flavor notea, Generzl flavor qualiby, very poor.

Sight grading, mediuvm, Woody, dry, hay-like, astringent
flavor netes. Genersl flever quality, Very paor.

(%) BOF = Bed off flavor.

LLOF = Low level off flavpr,
LPF = Lo peanut £laver,
GFF = Good peanut Elavor,

CLEE = Critical laboratory evaluated tosst.
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Table 11. Flavor evalustion, HC 17 variety. Holland, Va, 1970
Digping Flavor Evaluation (¥)

Date CLER _ %BOF  ZLLOF  FLPF  IGEF Ce ts
16/8

Vinea 45 5 k4] 1] 3  Sight grading, fesir, Some dark color, spotted skins.
Hay-like, woody, sour, bitrer flavor notes. General flavor
qualicy, fair,

Salvaged 42 10 30 55 5 Sight grading, fair., BSeveral dark spotted gkins. Dry,
sour, mealy, astringent flavor notes, Overall flaver
quality poor,

10414

Vines 4y 0 35 65 0 Sight grading, fair. Some dark spotted skins. Woody,
hay-like, biltter-astringent flevor notes. Overall flavor
quality, fair,

Salvaged 46 0 30 10 0 Sight grading fair. Some dark spotted skins, Woody,
hay-like bitter-astringent flavor notes, Overall flavor
quality, falr,

16420

Vines 50 o 30 60 10 Sight grading, fair. Slight sweet, hay-like, woody, astrin-
gent flavor notes. Overall flaver quality, fair,

Salvaged 46 0 35 60 5 Sight grading, fair, hay-like, woody, sour, bitter, astrin-

gent flavor notes. Overall flavor quality, fair,

{*) BOF = Bad off flavor.
LLOF = Low level off flavor.
LPF = Low peanut flavar,
GFF = Good peanut flawor.

CLER =

Gritical laboratory evaluyated roast.



runner type peanuts because about onc-third less soil requires lifting and sitting.

Detached peanuts collected with the digger-salvager may be cured, dried,
stored and processed independently of those on the vines. Peanuts attached Lo
the vines may be left in a windrow to partially cure and dry prior to combining.
The salvaging operation does not affcct or alter the presentty accepted windrow
method of harvesting peanuts.

Approximatety 340,000 acres of large seed type peanuts are grown, and some
are dug early with light losses. On an cstimated 15 percent of this acreage,
digging losses may be in excess of 500 Ibfa. Salvaging thcse could increase
tecovery yield by about 25 million pounds.

SUMMARY

Peanut varieties grown in Virginia mature their seed over a period of several
weeks, sorne maturing before normal digging time. Many of the early maturing
peznuts may shed before digging and others may have weak pegs due to age,
insccts or disease damage. Both peanuts with weak pegs and some of normal
vigor become separated from the plant during the digging operation. When pca-
nuts are dug at the optimum time, losses do accur and are estimated to range
between 3 and 15 percent of the total yield. If digging is delayed several days
beyond the optimum digging date, ficld losses may range up to one-fourth or
more of the total yield.

A study was made to determine the effects of digging time on peanut recover-
y yield, saivaged yield and quality. Three varieties of peanuts were dug at 3-day
intervals over a 22-day period using (1) a coinmercial digger followed with
equipment io recover the losses and (2) an experimental plot harvester that
combined digging and salvaging in one operation. With Va. 61R and Florigiant
varieties, yield data analyses did not show a sigrificant difference due to digging
dates by either digging method. With NC 17 variety, digging dates significantly
influenced vine yield with the commercial digger and those dug September 29
October 14 pgave the highest vine yield. With the cowmnbination digger-salvager,
digging dates did not significantly influence vine and salvage yield combined.

The peanut digger-salvager recovered an additional 500 Ibfa over the vine
yield from the commercial digger with each of the three varieties. The digger-
salvaper rccovers approximately 80 percent of the cxpected losses that may
occur with the commercial digger. Average commercial digging losses over the
8-day period excecded 600 1b/a.

Farmers’ stock grade and price per pound of the salvaged peanuts were about
equal to that of the peanuts picked from the vines. Average value of the addi-
tional peanuts collected with the digger-salvager ranged between $70 and $82
per acre.

Germination of the salvaged peanuts was about equal to that of the peanuts
picked from the vines. Average germination of the salvaged peanuts and those
from the vines cxceeded 90 percent with all three varicties.

Neither the vine nor salvage sumples showed any appreciable rancidity or fat
acidity and all samples were free of aflatoxin and visible molds, There was no
aflatoxin contamination in the decayed or shriveled kernels of any of the sam-
ples.

CLER flavor evaluations were slightly higher fraom the vine samples but no
appreciable differcnces were noted between them and the salvaged samples.
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The 1-year evaluation of peanut digging losses and quality is from peanuts
grown only on the experiment station and is no assurance that tests conducted
off the station would give equal or similar results,
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1) Segregation I - less than 2 percent damage and no A. flavus.
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MODERN FERTILIZER PRACTICES FOR
MAXIMUM PRODUCTION OF HIGH QUALITY PEANUTS
by
A. Melich, Consultant Soil Testing Division
N. C. Department of Agriculturs, Raleigh, N, C.

The average yieild of peanuts in North Carolina has continually increased from
about 1200 Ibs, per acre prior to 1940 to 2670 lbs. in 1970. However, individual
yields in excess of 4000, including 6000 lbs./A have been recorded.. These
remarkable increases have been due te improved genetic seed stock and to im-
provement of various agronomic practices, A substantial part of these increases
can be ascribed to the improvement of soil fertility and better use of fertilizers
based on soil and plant analyses. For the maintenance of maximum production
of high quality peanuts it is essential to make use of modern soil test technology
and to adapt fertilizer practices in accordance with the recorded soil test infor-
mation.

Research resolts for the past 30 years have denoted the various nutrient
factors which are essential for maximum yield and quality of peanuts. These
factors include: (1) nutrient requirements in relation to rooting and fruiting
media, (2) mechanism of calcivm absorption by the peanut fruit, (3) yield and
quality of peanuts in relation to nutrient balance,

Nuftrient requirements of rooting and fruiting media

Burkhart and Collins (1942} were the first to demonstrate the need for study-
ing the environmental conditions of the peanut plant in terms of the rooting and
fruiting media separately. Middleton et. al. (1945) and Brady and Colwell {1945)
stndied the influence of potassium (K), magnesium (Mg), and calcium (Ca) on
yield and quality of field grown peanuts. The treatments by Middleton et. al.
included: a) control, b) 400 pounds gypsum (CaS0,4.2H50) applied on the foli-
age at early bloom, 58 to 70 days after planting (June 17-July 2), ¢) as b) plus
37 pounds K as muriate of potash (KC1) at the time of emergence, 20 to 21
days after planting (May 10-11), d) 400 1bs. dolomitic limestone added in the
row at time of planting (April 20-23) plus 37 pounds K as under c). The effect
of these treatments on the average yields of four varieties of peanuts on four
soils are recorded in Table 1.

Yields of Va. Bunch and N. C. Runner varieties were significantly increased
by the addition of gypsum. The gypsum plus K combination gave further in-
creases, but they were not significant. The limestone plus K treatment failed to
increase yield. The Spanish varieties increased yield due to gypsum and gypsum
plus K only slightly. The lime plus K treatment failed to increase yield with
Spanish 2B and it was slightly higher than the control with the White Spanish
variety.

The authors point out that the beneficial effects of K in the Va. Bunch and
N. C. Runner varieties wete related to an increase in plant size and not in the
filling of fruit as measured by a decrease in shelling percentage and the percent-
age of ovarian cavities [illed. Gypsum invariably increased both true shelling
percentage and percentages ovarian cavities filled over control, including Spanish
2B.

Middleton et. al. also reported the effect of these treatments on the yield of
oil. The data recorded in Table 2.showed highest oil yields with gypsum plus K
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Table 1 - The effect of celcium sulfate, potassium and dolowitic limestone

on yield of four varieties of peanuts (After Middlston et. al.,

1945)
Control casou {.:aLSOl'L + K Lime + K
Variety 1bs. acre
Va. Bunch L3l 1149 1438 47
N. C. Runner 701 1166 1281 720
Spanish 2 B 1152 1421 1626 1053
White Spanish 1048 1094 1208 1212

L3D .05 = 396

Table 2 - The effesct of calecium sulfate, potassium and dolomitlce limestone

on oil yields of four varities of peanuts {after Middleton et, al., 1945)

Control Caso CaS0, t K Lime + K
Variety lbs. oi%/acre (v -onE)
Va. Bunch 127 350 k35 133
N, C. Runner 212 355 396 214
Spanish 2B : 346 k49 502 313
White Spanish Ang LG A3 367
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followed by gypsum and lowest in the control and the lime plus K treatments.
The highest oil yields were obtained with Spanish variety 2B under control and
the gypsom and gypsum + K treatments, The White Spanish variety produced
fairly high oil yields under alt conditions, while the Va. Bunch and N, C, Runner
varieties produced high oil yields only where gypsum was used.

Middleton et. al. also reported on the oil contents of kernel sizes of four
varieties of peanuts there was very little difference in the percentage oil content
of the peanuts due to the above treatments in the large and medium size kernels.
However as recorded in Table 3 the percentages of oil are highest in the large size
kernels, they fall off slightly in the medium size kernels and very drastically in
the smaller kernels in all varieties. The results of a comprehensive investigation
on the effect of macronutrients on yield and quality of peanuts under field
conditions has been reperted by Piggoft (1960} in Sierra Leone. A summary of
the main-effects on yield shelling percentage, percent cavities fitled and kernels
per fruit are reproduced in Tuable 4.

Addition of magnesium (Mg), sulfur (8) and potassium (K} failed to increasce
yield and decreased the vardous quality factors, while addition of calcium (Ca)
increased yield, shelling percentage, percentage ovarial cavities filled and kernels
per fruit, The combination, Ca § Mg further increased yield and maintained the
other quality factors. However, the highest yietds were obtained with the further
addition of phosphorus and K in combination with CaSMG.

Macronutrient effects applied specifically to the rooting and fruiting media
were reported by Brady (1948), Brady and Colwcll (1945) and others. Brady
and Colwell (1945) made the following treatments to Va, Runner variety pea-
nuts grown en Kalmia sandy loam: rooting media at time of planting 3 to 5
inches below the level of the seed: a) control, b) 39 1bs. K/a as K980y, c} 9 lbs.
Mg as MgS80,4.Hy0, d) 94 lbs. Ca as CaSQ4.2H,0; the same treatments were
applied to fruiting media at carly blooming stage July 5 by broadcasting on the
foliage.

The results recorded in Table 5 show yields to decrease over control with
KMgCa in the rooting media and with KMg in the fruiting media. Highest yields
were obtained only with Ca in the fruiting media,

The effects of K, Mg and Ca in the rooting and fruiting media on yield are
largely due to variations in the shelling percentages and the percentage ovarian
cavities {itled. These data, recorded in Table 6, show the highest shelling percent-
age and the highest percentage of ovarian cavities filled with additions of Ca to
the fruiting media.

Mechanism of nutrient absorption

The macronutrient contents of foliage and pods of N. C. 2 variety peanuts
after 16 weeks growth are recorded in Table 7. The data show N and P lower and
sulfur (8), K, Ca and Mg higher in the foliage than in the pods (the pods included
in mature fruit only). The macronutricnt eontents of N, K, Mg and Ca only in
mature shells and kernels of N, C, Rnnner varicty peanuts ace shown in Table 8.
These analyses, reported by Colwell et. al. (1945) on shells having 2, 1 and 0
kernels decrease in the order N, K, Mg, Ca. The same order follows in the
kernels, except that N, K and Mg are higher and Ca is lower in the kernels than
in the shells producing 2 kernels instead of 1 or no kernel. Addition of CaSOy to
the fruiting mnedia resulted in nonc to slight reductions in NKMg and slight
increases in Ca in all these groups of pericarps.
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Table % - Influence of kernel size on the oll content of four varietics of

pesnuts (after Middleton et. al., 1945).

Large* Mz ddum®* * Remainder
Varicty percent oil {zmall)
Va. Bunch 52,5 heh 36,4
N. C. Runner sh.0 51.1 hool
Spunich 2B 54.0 g1.0 35.6
White Spanish 54.5 547 46,8

held on sereen with 20/64% inch perforation
¥%  pagseing above, held on screen with 15/84 inch perfeorations

Table 4 - Influence of various macronutrientz on yisld, shelling percentage,
percent cavities filled and kernels per fruit of peanuts (after

Pigeott, 1960),.

Macronutrients Fruit yield Shelling Percentage Kernels
percentage avular cavi- per fruit
ties filled
lbs./a

Cemtrol 500 57 ho 1.0
MgSK 540 2 23 0.6

Ca 830 71 76 1.9
CaBMg 1116 66 76 1.6
CaSMgPK 1780 &7 76 1.7
LaD .05 132
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Table & - Influence of potassium, magnesium and calcium on yield of Va.

Hunncr peanuts applied to rooting and fruiting media of Kalmia

fine candy loam {(after Brady and Colwell, 1945).

NHutrdents in

Nutrients in Fruiting Mcdia

Rooting Media Control K Mgz Ca
yield, lbs./acre

Control 420 228 267 g4z

K 291 154 286 1073

Mg 233 103 283 981

Ca 334 396 284 1028

LSD .05 = 271

Table & - Influence of potassium, magnesium and caleium on shelling percentage

and percentage overian cavities filled {after Brady and Colwell,

1945).

Nutrients in

Nutrients in Fruiting Media

Rooting Media Control K Mg Ca
True Shelling percent

Control 1.7 29.5 27.9 6043

K 21.8 16.5 26.6 58.5

Mg 27.6 19.4 29.0 58 .4

Ca 31.9 27.5 26.1 56.8

LD .01 = 11.0

Control
K
Mg

Ga

Ovarisan Cavities Filled, percent

26.5 19.6 17.7
13.0 11.4 18.9
17,2 12,0 18.7
19.7 20.9 15.2

59.8
€8.6
63.7
?0.7

L8D .01 = 12.4
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The increased content of Ca in mature pericarp with additions of CaSQOy4
applies also to Va. Bunch, Spanish 2B and White Spanish varieties as shown in
Table 9. Where no CaSOy4 was added the shells without kernels were consisténtly
higher in Ca than the shells having 1 or 2 kernels. It appears therefore that the
shells supplied a portion of the Ca required for kernel development. There
appears to be no deficiency in the shell Ca where Ca was supplied as CaSOy.

The pericarp of the N. C. Runner variety had the lowest Ca content, followed
by Va. Bunch and Spanish 2B. The Ca level in the shells of the White Spanish
variety was highest in both the control and the CaSOy series. The failure of the
White Spanish variety to respond to additions of CaSOy4 with respect to yield
(Tables 1 and 2) may in part be due to the high Ca content in the shells or the
ability of the shells to absorb Ca from lower concentrations of Ca and from the
fruiting media. There is also the further possibility that Ca is translocated mto
the developing fruit from other parts of the plant. The various possibilities for
meeting the Ca requirements of the White Spanish variety without the need for
high concentrations of CaSQ, in the fruiting media apparently have not been
investipated.

A large number of investigations with large seeded peanuts have shown the
need for Ca to be present in the fruiting media in soluble form (Burkhart and
Collins, 1941; Brady et. al 1949; Bledsoe et. al., 1949 Harris, 1949, Skelton and
Shear, 1971). A major source of the soluble Ca is CaSO4l(gypsurn or landplaster).
The solubility of limestone is too low to serve as a direct source of soluble Ca,
however, following reaction of limestone with exchange acidity of the soil com-
plex, Ca becomes available for absorption by the peanut shells on hydrolysis,
The rate of hydrolysis was shown by Mehlich and Colwell (1946) and Mehlich
and Reed (1947), when based on fruit quality, to be influenced by type of soil
colloid, cation exchange capacity and percentage Ca saturation. For any given
level of Ca, fruit quality {percentage cavities filled) was higher when the colloid
was predominately kaolinitic rather than montmorillonitic or organic. This dif-
ference was explained by Mehlich and Reed as being due to the position of Ca
on the surface of the different colloids. The Ca on the Kaolinite is held largely
extracellular from which it can readily enter into the soil solution while in the
rmontmorillonitic and organic type it is largely intracellutar.

Mehtich and Reed (1947) tested this concept on a kaolinite and organic soil
at the conclusion of an experiment involving measurements of fruit quality, and
Ca content of pericarp, foligae and the Ca in a 1:1 soil: water extract after a
shaking period of 30 minutes. The results of this study, reproduced-in Table 10
showed for the same concentration of Ca the Hy0 extract and pericarps to
contain less Ca and a lower percent cavities filled with the organic soil. When,
however, the peanuts were grown on the organic soil containing about 10 times
more Ca, the Ca content of the Hy0 extract and the pericarps as well as the
percent cavities filled were essentially the same as the values for the kaolinite
colloid.

The data in Table 10 show the Ca content of the foliage to be higher when
the peanuts were grown in the organic than in the kaolinite colloids, which
indicates that the organic colloid supplies Ca to the roots of peanuts as readily as
the kaolinitic colloid. The authors therefore postulated that the transport of Ca
into the roots and into the pericarps involves different mechanisms. Earhier
studies by Mehlich (1946} established a close correlation between the uptake of
Ca by plants and the release of Ca by H ions (HC1). Hence, it was postulated
that mobilization of Ca into the pericarp took place without a measurable H jon
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Table ¥ - Magronutrient content of foliage and pods of W. C. 2 variety peanuts

after 16 weeks prowth

Parts of

Plant [ r 3 K Ce. Mz
percent

Whele plant 2.46 G.20 0.29 2.78 1.28 0.4l

Tods b0 0.28 0.17 1,02 U.16 .18

Table 8§ - Macronutrient content of mature pericarps of N. . Runmer varictiy

having ©, 1 and 2 kernels per pod (after Colwell, Brady and Piland,

1945],
Rooting-fruiting Eernels N K Mg Ca
Media percent
0, K, Mg 2 vg8 480 L107% 070
1 1.36 .596 .149 .05
4] 1.68 820 L1485 066
Co-Ga 2 0,79 L84 L0873 122
1 1.07 .583 110 096
0 1.58 +736 L1165 088
Kernels Wo CaS0 5,01 B0 +17 L0734
Kernels Plus Ga 04 h.59 62 .16 .036
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Table 9 - Calcium content of mature pericarps of four varicties of peanuts

(after Colwell, et. al., 1945),

Treatment Kernelas Variety
per shell Va. Bunch* N.C. Runner Spanish 2B White
Spanish
percent Lz in air-dry pericarp tisaue
Control 2 074 -050 -070 088
1 074 =052 072 L084
0 L84 L072 .086 .108
CaSOu 2 112 080 L1102 130
1 -108 .086 098 .148
o .110 093 142 L4

* Ya. Bunch, averapge from 4 locations, all other varietics from 2 locatlens.

Table 1D - Effect of type of collold and Ca level on Ca in H_ O extraect,

2
foliamge and pericarps end on fruit gquality (after Mehlich and

Reed, 1947).

Type of alcium Frult guality
¢ollold Soil HEO FPeanuts cavities
Initial Final Extract Foliage pericarp filled
meq./100g % % %
Kaolinitic 0.39 0.26 0,045 0.88 0.14 23
Organic 0,38 0.26 0.015 1.06 0,10 32
Organic 3,80 2.76 0.043 1,06% 0.13 85

* Data from plants prown on soil containing initially 0.76 meq. Ca/100g
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exchange mechanism. Experience has shown that during the period a maximum
development of fruit quality requires that the fruiting environment contains an
adequate concentration of Ca ions, Furthermore, for the production of high
quality peanuts, Ca is the only nutrient needed in the fruiting media, while
increasing concentrations of Mg and particularly K reduce peanut quality
(Brady, 1948).

All other minerat nutrients needed for normal fruit development are being
supplied through the rooting media, while the need for carbohydrates is met by
translocation from photosynthetic action of the plant. This phase of the growth
cycle is as important as the mineral nutrient supply. The relationship between
translocation of carbohydrates out of the peanut leaves is a function of stage of
development apparenily has not been studied, although loss of dry weight of
foliage in relation to increasing pods and fruit filling has been reported (unpub-
lished}.

A study by Thrower (1962) with soybeans may have general application to
peanuts. By employing radioactivity he found that during early leaf expansion
translocation from older leaves was all important. When the leaf reached
approXimately 50% of its fmal size the leaf was essentially self-sufficient, fol-
lowed by an outward transport at a high rate as leafage increased to its final size.
In consequence of these activities labile pods of carbohydrates are established in
plant tissues for use|in respiration, storage and synthesis. The major practical
application of these observations lead to the conclusion that translocation of
carbohydrates from the labile pool are in competition between the requirements
of the developing fruit and the requirements for new leaf development. Hence,
any cultural practices which are likely to stimulate new leaf growth at a stage
when the carbohydrate requirement for fruit development is critical, maximum
yield and quality will suffer.

Excessive stimulation of vegetative growth of peanuts can be achieved with
additions of nitrogen or nitrogen and manganese. The effect of such treatments
in relation to time of application on yield and quality of peanuts is recorded in
Tabies 11 and 12, These resulis were obtained at various location in North
Carolina using a suspension application techinque with tandplaster, landplaster-
urea and landplaster-urea-manganese. The experiment in Courtland Co. Va. was,
however, obtained with solid materials (Table 11). The figures under rate refer
to the quantity of landplaster (94% CaSOy4) ground for 95% to pass a 100 mesh
sieve and 100% to pass a 80 mesh sieve. Urea was added at the rate of 28 1bs. N
per application. Manganese was applied at the rate of 3 lbs.fa in the form of
manganese sulfate in Northampton Co. and in the form of suspension grade
manganese oxide in Washington Co.

Since an alternative objective of these trials was to supply the mutrients asa
time and economy 1neasure all suspension materials contained a fumglicide for the
control of leaf spot diseases. This was successfully accomplished through the
inclusion of Coperoid, added at the rate of 11/2 Ibs. Cu per application. A good
dispersion was obtained by adding the requisite quantity of Coperiod to about
3/4 of the total volume of water required, followed subsequently by the addi-
tion of suspension grade landplaster or landplaster-urea. The capacity of the
applicator tank was 100 galicns and the urea covered per eperation was 12 feet
or 4 rows of peanuts, The maximum quantity of landplaster was 100 Ibs/25
gallons of water,
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{Ua%) and CaSo, -Urea (CaSW}

Table 11 - Elflect of tiwe and guentity of tadd
applicativns on yield, value and gquulity of peanuks (19691,
Eake Hubrient Date Ticld Value ELK M L1
1ba/s Thela i/n % % X
Varfety, W. 0o 2, Chowan Oo., ¥, C.
Control - 2162 ash 15 h4e 61
2 x bon CaB 740 ~haz 1k 20 a5 65
/20
2 x b0 Coadd b 2abn A7y 15 L] S
B2
Voaricty, Na ¢. 5, Perguimans Oo., N. O,
600 Caf L Thoy Ll 29 36 65
A0 Cali 7/ 3058 37 30 35 &5
600 Cagl 71 Th0d o 31 35 56
500 ek /29
Variety, M. G. %, Burtic Co., W. C.
00 Cab 7/ 3683 jeield] ] Hid 0
Ctil] Casll 7/ 27h5 511 31 39 7a
2 x hoo  Cas 7/9- 3903 570 32 36 e
8,18
2 x hOO Calw 2/9=- 3983 534 27 43 70
8718
Yaristy, G1R, Cowrtland Co., ¥Ya.¥
Control — b536 621 22 S 72
Cad a1z Lo G168 22 LTl 71
600 GeSK 8/1z byzg 6Oz 20 h9 £9
1200 OasSN a/12 4134 53k 17 51 64

* Nutrient materiala added ar dust, all others in =uspcncion

Tabls 12 - Effoect of CaSOh, Ca.SOk—Urea and Ca.‘iO#—Urea—Hangsneae (CasNMn)

oo ¥ield, wvulwe and quality of peanuts [ E=Tc- BN

Hate Nutrient Date Tield Yalue ELK MK SHE
1bs/n 1bs/a $/a % %
Variety, mixed NU 7, Florigiant, Morthampton Co., N. G.
hoo Gas 717 o84 367 27 545 4]
o0 ZalN 7T 2879 TAD 27 5 62
f:gg oas gﬁ; 2000 387 25 3 63
A A S
m g::m‘!n Eﬁg 2428 215 an ke 23
m g:gﬁ”" g:’;i? 2115 253 13 no [
Variety NC 2, Washington Co., N. G,
Loo Cal 7/ 2910 348 2h 35 59
o0 CaSHMn 7/B 2660 32k =24 35 59
:gg Ejﬁ gﬁi ) 790 25 34 59
b0 caam e e om: 2 m o om
it Cafiitu Y. esto 374 26 % 62
s GaStita i, o 316 23 » &
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The results with variety N. C. 2 in Table II show the additicn of N at two
dates reduced yield value and quality, in terms of extra large kemels (ELK) over
CuS only. Additions of N also reduced yield and value with N. C. 5 in Perqui-
mans Co. when applied late (July 29); however, the highest yield and value was
obtained with CaSN applied July 1 and followed by CaS on July 29. Similar
treatments with N. C. 5 in Bertie Co. do not show any reduction in yield and
value due to N although doubling the rate of Ca S and CaSN also increases both
yield and value. Additions of 600 Ibs. CaS04 or CaS04-urea, in solid form failed
to tucrease yield or value over control with 61R in Courtland Co., Va,. however,
addition of 1200 1bs. CaSO4-urea substantially decreased yield, value and quality
{ELK).

Manganese was included in the Northampton and Washington counties sites
because of the prevalence of manganese deficiency symptoms of the foliage. The
results in Table 12 show, that although Mn corrected the visual symptoms of the
-deficiency, yield, value or quality were not improved over the CaS or CaSN
treatments. Substantial decreases occurred at both sites when the CaSNMn com-
binations were followed by CaSN rather than CaS combination, notably in
Northamnpton County.

The effect of calcium sulfate-urea on yield and value of peanuts, applied at
planting, were studied at 5 locations during the 1970 season. The material was
granulated calcium suifate-urea furnished by the United Siates Gypsum Com-
pany. The application rate was 600 Ibs. landplaster equivalent (94% CaS0O,4) and
34 ibs. N per acre. The materials were broadcast iu a 14-16 inch band either
before planting and in one case at the Newsoms site (Table 13) in the same way
at emergence (6 days after planting). The yield and value of peanuts on these
treatments (CaSN) compared with 600 Ibs. landplaster {CaS) applied as dust on
the foliage at carly flowering as shown in Table 14, The only significant increase
in yield was obtained with the NC2 variety at the Bertie County site. At all other
locations the CaSN treatment failed to reach significant increases or decreases
when compared to the CaS treatinent. The increase at the Bertie Co. location
was obtained on an acid soil, with pH’s ranging between 4.8 and 5.1.

Nutrient requirements in relation
to soil pH and nutrient index values

An effective program of fertilizer use for maximum production of high
quality peanuts requires adequate knowledge of nutrient content and nutrient
availability in soil and nutrient requirements of crop. Mehlich {1946} proposed
equations for the prediction of cation content of plants from measurements of
the concentration and distribution of mnetal cations in soil when the total and
proportionate metal cation requirement of a specific crop was established. The
equation also took into account the influence of type of colloid and caticn
exchange capacity, Following establishment of the optimum Ca/Mg,Ca/K and in
some cases Ca/Na ratios in a specific plant under optimum conditions of yield.
The desired corresponding cation ratios in soil could be used for lime and ferti-
lizer recommendations based on soil analysis.

Since Ca contributes the major metal cation on the exchange complex it is
used as reference point to the other metal cations. Hence, when the level of
exchangeable Ca in soil is known, the concentration of exchangeable Mg and K
(necesiary to provide the desired cation content in the peanut plant) can be
calculated as follows:
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Ca (meg/100 g soil)
/Mg (plant) .cMg(C)

Ca (meg/100 g soil
a plant).c

Mg (meq/100 g soil} = &

K (meq/100 g soil) =

where CMg = C/Mg (soil)/Ca/Mg (plant};
¢K = Ca/K (plant) and C = correction factor for cation exchange capacity and
type of colloid.

Although cation ratios and c-factors have been established for a number of
crops (Mehlich, 1946); Mehlich and Reed, 1948, 1949 and Millan and Mehlich,
1954), similar data on peanuts are not available. An application of those princi-
ples is however possible on the basis of the datu in Table 7. To do this it is
necessary to convert the conventional percentage figures into milliequivalents
(meq) per 100 g since the cations in the soil are likewise expressed on a meq/100
basis. (In fact, this form of expressing results in more characteristic of the
exchange reactions in soil and the nutrient uptake by plants than the conven-
tional weight basis). This conversion is obtained by multiplying per cent by 1000
and dividing by the equivalent weight of each cation, This calculation has been
carried out for Ca(EW, 20), Mg(EW, 12.16) and K (EW, 39.1} from the whole
aerial plant data in Table 7 and the results - -2 recorded in Table 14. The table
also includes the concentration of the exchaupeable cations, the mm of cations
in the plant, the Ca/K and Ca/Mg rations of plant and soil as well as the CK and
cMg values. Since the cCa coefficient is taken as one, cK devotes a proportionate
K uptake of 12.6 and cMg a proportionate Mg uptakeof 2.7 in relation to Ca. In
view of this tendency, which is characteristic of most crops, fertilizer practices
should be directed towards obtaining an adequate concentration and also opti-
muwn cation rations or nutrient balances for maxin m yield and quality of
CIOpS.

To suggest to the farmer and advisor the forms and quantities of lime and
fertilizer needed to achieve the desired production, soil or plant test diagnostic
techniques must be designed to convey this information in an uncomplicated
and easily communicable form. The North Carolina Soil Testing Service has
achieved this through the employment of index values for each nutrient, These
index values are bascd on standardization of instrumentation from 0 to 100 in
terms of concentration of each nutrient and with respect to metal cations also in
relation to their desirable ratios. The index values of 100 correspond to 5, 1 and
0.4 meq/100 g soil of Ca, Mg and K, respectively. Hence, any parallel index value
conforms to a Ca/Mg ratio of 5 and a Ca/k ratio of 12.5. These ratios have been
found optimum for the majority of crops grown on light textured soils and they
are expected to serve as very useful guidelines, even though narrower ratios apply
with crops grown on highly sandy soils and wider ratios for crops grown on
organic and heavy textured mineral soits. These variables are however incorporat-
ed in the lime and ferlilizer recommendations.

An application of the relationships between soil pH, index values und respons-
es to various nutrients on yield and value of peanuts is shown by the data in
Table 4. The rates refer to landplaster equivatent (94% CaSO4). The trcatment
labeled CaS was landplaster, dusted on the foliage at carly fiowering. The CaSCu
treatment was a copper landplaster mixture applied as fumgicide for the cuntrol
of Jeaf spot and dust at the rate of 25@ lbs. landplaster and 4 Ibs. Kocide, 101
(86% Cu0 or 56% metallic Cu, 14% inert material). The nutrients CaSN consisted
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Table 1% - Relabionship bLelween =eil pll, index

Table 13 - Fgquivalent concentration and ratlos of K, Ca, and Mg in

peanut tops and soil

Substance ca Me Sho Vi Ca/Mp oK cMg
meq/100g

Peanut Topas 7l.10 64,0 33.90 1688 0.9 1.9 12.6 2.7

S5oll 0.16 1.8 .55 A3 11.3 51 -— ——

on yleld snd value of peanute

values and responses Lo wirious

nutricnds

Rate Nutrieni ¥iela Value Soil Index Yaluen . 'Sohns
1befa lins/n §/n FOET e Fg Mo 1bs/s
Vaviety, Florigiant, Martin Go., W. C. (1970)
Control 2649 B0 ) d 19 3z 26 11 )
2450 Cajn 070 hug .4 g7 2 3 22 10 76
£00 Cas 3174 455 5.5 32 a0 L5 1y 11 90
600 CaSH. 3496 4ol 5.5 g2 2y 3 18 11 72
500 CaSNEK 3660 sk 5.4 89 22 ho 17 17 9z
TED, 0.05% TS
Variely, NG2, Bertie Co., W, C. {1970}
Coulrol 125 270 5.0 wo0r 58 22 17 14 4o
250 Castn 2196 264 5.1 91 ku o 18 12 15 36
6o Cak 2979 415 [ 1000 62 33 11 17 78
600 Gasi 342z L33 5.0 100 62 30 1h 19 102
500 CaSHEY 3383 46 4.9 100 BF P9 1z 16 72
L8, 0.05% B
Variety, Florigiant, Nswsoms, Va. {1970}
Control 3417 277 B &5 b4 32 ? 18
250 CafCu 3757 LE5 5.8 g1 &0 57 zh ¢ 36
600 cas Loy [25) £.0 77 & 67 22 8 4o
&00 CalN L5pg 616 5.9 92 &3 N6 23 7 56
600 CaSNEK La7s 80 5.8 100+ 66 57 21 i 94
TS50, D.0S% L51
VYariety, NO 17, Chowan Co., H. G, {1970)
500 Ces 2158 302 5.k luo+ 2% 56 Eld) 10 1k
1200 Gaf 2468 3hy 5.3 100+ 2% Lo 20 g 136
1200 Cafi 2L 351 Sk 100+ 29 &0 29 10 1560
1200 CalHET 321l Lo 5.3 1004 53 50 26 7 146
5D, .05% Gyl
Variety, NGO Bertie Co., N, ©, (1970}
GO0 CAS Elelt: LD Z.1 W01 L5 61 18 17 hs1
1700 el A6 503 5.1 o PE &2 15 17 136
1200 CalHlk 6 555 5.0 o0+ B6 63 1y 21 1ha
160, 0,058 t.5,
VYariety, NG5, Bertls Co, N. C. [1369)
Lo L] 3683 S00 6.1 1000 b5 he 25 9 --
How Gas 3903 520 6.0 10+ L 56 2z 10 -
J20 Gag Lo8o 570 5.0 wo+ 4 éh 20 A -
Varisty, NGZ, Chowan Co. N, C. (1969)
Control 2162 2l 5.5 100+ 22 25 26 & -
800 Cad 2hg? 214 5.5 100+ 22 4o 15 & -- I
Variety, NGA FPiitt Co., N, €, (afler Perry & Sullivan, 1970)
Coalrol 2750 %08 5.5 1000 330 33 o
£a0 Cos 1876 263 5.2 o0+ 29 b1 ] 9 Fi
GO0 Ua Sk 1177 164 5.1 o0 0 hY a 8 G
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of a United States Gypsuin granular material containing 5% N in the form of
urea. The N rate was 34 lbs.fa applied past prior to planting in a 14 to 16 inch
band, except at the Newsoms site where it was applied at emergence. The treat-
ment labeled CaSNPK was the same as CaSN but was mixed prior to the applica-
tion with granuiar 0-10-20 to supply 30 1bs. P305 (13.2 Ibs. P) and 60 lbs. K50.

Soil samples were collected at the time of harvesting peanuts and the chemi-
cal propertics recorded in Table 14 measured. The data represcnt averages from
2 to 4 replications.

The various sources of landplaster did not effect phosphorus {P), potassium
(K) or manganese (Mn). They decreased pH very slightly at the Martin and Bertie
Co. locations and increased the exchange acidity (Ac) slightly only at the Martin
Co. sile. The landplaster treatments increased calcium (Ca) and sulfate sulfur
(§04-8) over control (No. 1} at all locations, and decrcascd Mg.

The chemical data probably explains the increased yield and value for the
materials containing urea and supplemental P and K. The pH’s were probably
too low, particularly at the Bertie Co. location, for optimum nodulation and
nitrogen {ixation with the result that the inclusion of nitrogen produced larger
increases. Although the pH’s at the Martin Co. site are not excessively low, those
soils are too high in exchange acidity and low in organic wnatter for adequate
nitrogen supply and thercby giving responses to additional nitrogen. At the
Newsoms location, soil organic matter, pH and exchange acidity are optimuin
and no response to additional nitrogen is indicated.

The phosphorus level at the Martin Co. site is high, but the potassium level is
low which leads to the conclusion that the main mcreases in yicld and value were
probably mainly due to the addition of K. At the Bertie Co. location the P level
is high and the K level is medium to high, hence, additions of P and K did not
increase yield or value of peanuts. The addition of P and K uat the Newsoms
location failed to increase yield and value since the P and K levels in the soil are
already high. The P levels at the Chowan Co. site are high and the K levels are on
the border lisie between low and medium. The large increascs in yicld due to PK
and value were probably mainly due to the addition of K. Additions of CaSNPK
at the Bertie Co. location (1970) failed to increase yield or value over Ca$§ alone.

According to the soil tests all index values for P are high and responses to ihis
elentent in peanut yield are not to be expected. The range of K, however, is
considerable and responses to this nutrient were indicated when the index valucs
were below 23 at the Martin Co. location and below 32 at the Chowan Co. site.
Additions of K did not increase yield or value at the Newsoms location with
index values in the range 60-66. Data from Perry and Sullivan in Pitt Co. showed
the addition of K to decrease yield and quality with index values in the range
29-33.

The ranges of Ca-index values in Table 14 werc considerable. With an index
value of 32 for the control at the Martin Co. location, yield and value was
increased at the 250 lbs. rate of landplaster without reaching significance but
reaches significance at the 600 1b. rate. At the Bertie Co. site with a Ca-index
value of only 22 for control, the 250 1b. rate failed to increase yield and value,
but resulted in significant increases at the 600 lb. rate. Additions of 250 lbs.
landplaster increased yield and value of peanuts at the Newsoms location, how-
cver, significant increases were obtained only ai the 600 lb. level, when the
Ca-index, values of the control plot was 44.

At the Chowan and Bertie Co. locations {1970 harvest) the control plots were
lost, hence comparisons between a 600 and 1200 lb, rate of landplaster is availa-
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ble. Under these conditions no further increases in yield and value over the 600
Ib. rate were obtained with index values in the range 40 to 63, Table 14 also
includes data from a 1969 harvest for Bertie and Chowan counties. At the Bertie
site additions of 800 and 1200 Ibs. landplaster produced slight increases in yield
and value over a 400 Ib. rate with Ca-index values of 49 to 64. At the Chowan
Co. site, 800 1bs. of landplaster resulted in moderate increases in yield and value
although the Ca-index value of control was only 25, The lack of effectiveness of
landplaster in this case may be attributed to a deficiency of K as indicated by
the low index values for K. Landplaster decreased yield and value of peanuts in
the Pitt Co. experiment carried out by Perry and Sullivan. This negative effect is
suspected to be due to a deficiency of Mg as indicated by the very low index
values. The inclusion of K further decreased yield and value indicating enhanced
competition with Mg.

Since those studies did not include the use of Mg materials, the significance of
the ranges of index values for Mg in relation to yicld and value cannot be
evaluated. However, from the standpoint of the previously discussed importance
of maintajning optimum cation ratios, the index values for Mg should be approx-
imately within the same order as those for K and Ca, Hence, Mg was probably a
limiting factor for optimum nutrient composition on all locations and a limiting
factor for yield at the Pitt Co. site.

There was no evidence of Mn deficiencies in any of the locations recorded in
Table 14, although index values less than 8 may be suspected of becoming
limiting and particularly if the pH’s are adjusted above 5.8 as recoinmended.

The S levels are generally shown to be increased with additions of calcium
sulfate and Lhe quantities used are sufficient to meet the S requirements of the
crop.

Practical Applications

The main objective of this contribution was to evaluate the importance of both
level or concentration and balance of nutrients for inaximum yield and quality
of peanuts, A major key towards achieving this objective is through seil and
plant diagnostic techniques and in the expression of the results to be easily
commutable between advisor and user of the inforination, For this purpose, the
North Carolina Soil Testing Division has instituted a system of soil test informa-
tion based on index values. These index values cover the range of deficiency to
sufficiency for cach nutrient on a numerical scale 0 to 100. This range of values
relates to level or concentration of nutrient. However, as pointed out before
there is Jikewise need for expressing the results in terms of balanced nutrition.
This has been achieved by letting a unit index value be equal to the desired
optimum nutrient ratio. This. principle is particularly applicable to the metal
cations, K, Ca, and Mg.

The Ib/acre corresponding to index values of 100 are shown in Table 15. This
table also provides information on the quantities of fertilizer materials equiva-
lent to 10 index units.

From the soil test data in Table 14 it appears that the index values for K
should be greater than 30 in order to avoid yield limitations due to u lack of K.
On the basis of nutrient balance, the index values for Ca and also Mg should be
greater than 30 and in near proportion to the index values of K. These propor-
tions would bc adcquate for the vegetative requirements of the peanut ptant,
Additional quantities of Ca, as Ca$0,4 (landplaster) are required, however, for
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the fruiting envirecnment. As pointed out previously, an equal index value for Ca
and K indicates a Ca/K ratio of 12.5. This applies to the total extractable Ca and
K, but does not necessarily apply to the Ca/K ratios in the solution phase of the
fruiting 1nedia. Studies by Mehlich and Reed (1946) have shown these ratios to
be narrower in the solution phase than on the exchange complex. The magnitude
of these differences is indicated by some of the data reproduced in Table 16,
together with the calculated index values. The data selected involved 3 levels of
K and 2 levels of Ca including the addition of gypsum equivalent to approxi-
mately 400 Ibs. per acre.

The data show that by increasing the Ca level from an index value of 27 (soil
pH 5.0) to an index value of 40 (soil pH 5.9) increases the Ca in solution
glightly. This treatment difference had litile effect on K. Potassium in solution
however increased largely in proportion to the K in the soil. The significance of
these interactions is well reflected by the CafK ratios which were found to
increase with increasing Ca in the soil and decrease with increasing K in the soil.
Since it is considered desirable to obtain in the solntion phase Ca/k ratios 10 or
above, the Ca present in the Ruston soit plus the 400 1bs. gypsum added were
adequate when the K-index values corresponded to 10 and 20, but they were
insufficient at the 40 index level. The deficiency of Ca for the attainment of a
Ca/K ratio of 10 in the solution phase can be calculated from the date in Table
16 using the pH 5.9 soil. The calculations involve the difference hetween the
meq. K x 10 =0.79 - .53 meq. Ca) = 0.26 x 1.9 (efficiency factor based on the
Ca/K ratio of the soil divided by the corresponding Ca/k ratio of the solution) =
0.49 meq/100 g soil. This corresponds to a Ca index value of 10. Hence, in order
to obtain an optimum level of Ca in the fruiting media with a miniinum interfer-
ence by K, sufficient CaS80,4 should be added to this soil to correspond to a
Ca-index of 50 (40 of the original soil plus 10}. The quantity of CaSO4 needed
to supply the requisite Ca-index unit of 10 is shown in Table 15.

To provide a similar Ca level for the acid soil with Ca-index 27 and K-index
40 would require enhancement by 23 Ca-index units, requiring 1668 lbs. land-
plaster (94% CaSO4) when broadcast or 750 Ibs. placed in a 14 to 16 inch band.
Evidently, for greatest production efficiency a soil should first be limed based on
soil test recommendation.

Cation distribution studies in the solution phase of soils having K-index values
greater than 40 have not been performed. However, if the trend for K to enter
the solution phase with increasing K levels continues as indicaled in Table 16,
the Ca concentration will likewise require a proportionate increase. Since 600
lbs. landplaster (banded) corresponds to a Ca-index value of 20, this rate should
be considered adequate for all soils with K-index values less than 40 and Ca-
index values not lower than 20 units of the K iridexes. In view of the greater
intensity of competition with increasing concentrations of K, 20 Ca-index units
corresponding to 600 lbs. landplaster are not expected to meet the reqpirements
for Ca for the developing fruit, In the absence of factual data the‘following
tentative suggestions are indicated from an extension of the dats in ‘Table 16,
The 600 lbs, rates of landplaster (banded) per 20 index units for Ca is Yo be
increased to 700, 800, 1000, 1250 and 1500 lbs. corresponding to K-indexes
sgreater than 60, 70, 80, 30 and 100, respectively.

Although the objective of these suggestions is the achievement of balanced
nutrition there is no evidence to indicate that peanut pruduction levels can be
substantially increased with K-indexes greatcr than 50. There is, however, evi-
dence to show the high levels of K lead to pod breakdown and that this effect
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Table 15, Converaicm of Imdex Valucs to lhg/s of Wutrient and Fortilimer

Index Velue
1bsfhere
1be/Index V. of 1O

Muterinls Equivalent to 10 Index Units

NUTELENT
4 i3 e e W g
100 100 100 100 100 100
1500340 P?OE) 203030 1{?(;} 2000 243 S 200
1564h ons‘) w038 Kao) 200 24 8 20

Materials EBquivalent to Index Value of 10 in lbs/fA*

Conrentrate Superphocphate (% PZUE)

Muriate of Polwsd {60% KEO)

Limestene (Uacoj)

Timeslone (Dolomitic, soppliea 114 lbe. Mg)

Tondplaster (1% (‘.3804) bromdeast, enpplies 1%2 1bus. S
erdplaster %94% Cu.uojl). applied in 14-16 ingh row, 63 1bs. S
Bpaom Salt (I‘lp,'SOh. HEU) glso supplies 20 lbs, 8

200 Drlomitic limestore, also supplies 42 1hz. Ca

Nutrient

F 74 1ha.
63 1hia
Ca 400 1hs.
GO0 Tbs.
s 'Lbs.

P Fer
30 lhs.

e
M %o 108.
45 1bsa
Mn 16 Lba.
28 lbe.
5 5% 1hs.

220 ha.

Magnesium Unide {523 Mg.)

Manpenese Oxide (48-5290 Mn,)

Manganese Sulfale (2HF Mn.)

Landplaster (M Ca.SOk), also supplicd 25 lba. Ca
Fpoom Sall, also supplies 24 1ha, Mg

Lo cllect a chanpe in 10 index unite the cquivelent guantities of malerisle shonld
be mulliplied by a suilable factor for each nubricad. based on the kmeown offieiency

of ntilisalion;

viz. ['=3, K 1.,5.

Table 16 - Influenee of levels of K snd ©a in zo0il on their concentration

and Oa/K ratios in @olution (Ruston sandy loam)

K-lavel in seil

Ca index wvalue

A7 {pd 5.0} 4O (pf 5.9 Ca/K raties
Index Meq/100g Cations in solution eolukion Aoil
Yalue e K Ga, K pI 5.0 H 5.9 pHi 5.0 pH 5.9
meg. /100 g basis
10 Ml .27 L1T Lh2 017 20,8 35,0 3.0 500
n 08 A5 LOoh2 82 039 10.7 l5ad 17.0 £5.0
ey .la Lk L0B3 .53 Nar) 5.3 6.7 &.5 12.5
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can be partially alleviated by high rates of landplaster (Hallock et. al., 1968).
Sound economics dictates to refrain from adding potash fertilizers for peanuis
when the soil is well supplied with this nutrient, which applies to the outrient
phosphorus as well.

Magnesium should be applied whenever the Mg index values fall below 30
either in the form of dolomitic limestone if lime is required or suitable forms of
Mg, such as the sulfate, or if K is also needed in the form of polassium-
magnesium sulfate, or magnesium oxide, used in conjunction with fertilizers.

If need for manganese (Mn) is indicated by the soil test it should be applied at
the rate of 7-12 Ibs. of actual Mn prior to planting peanuts. These include
manganese sulfate (about 24% Mn), manganese oxide (26-50% Mn) or manganese
shelate (5-20% Mn),

Nitrogen should be applied at planting or prior to planting, but only if the
soil is acid (below pH 5.5 or if the soil is sterile with respect to nitrogen fixing
organisms and particularly if the peanuts have nol been inoculated. The suggest-
ed rate is between 20 to 30 Ibs. nitrogen per acre.

The precise suggestions for quantity and kind of material required can be
provided by the Soil Testing Division provided the soil samples are submitted
well in advance of planting. The best period for sampiing is in the fail, immedi-
ately following the removal of the proceeding crop. This slep is of particular
importance in connection with lime, and PP and K fertilizers which should bc
incorporated in a plow-down operation, well in advance of planting.
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SEED PEANUTS - POTENTIAL VS. ACTUAL GERMINATION PERCENTAGES
by
R. P. Moore
North Carolina State University
Agricultural Experiment Station
Raleigh, North Carolina

The planting value of seed peanuts is largely based on the soundness of
embryo characteristics which perfnit seeds 1o be transformed into acceptable
plants especially on the application of suitable fungicides to prevent critical
infestions. The required embryo qualitics cannot be directly observed. Their
presence must either be assumcd from the history of secd lots or by special seed
evaluation tests,

The presence and nature of the esscntial embryo qualities can be evaluated
from various viewpoints. In commercial practice the qualitics of seed lots are
traditionally cvaluated by a rather narrow concept -- that of total germination
percentage under favorable testing conditions, The assumption is commonly
made that the higher the germination percentage the better the planting quality.
But this assumption is not necessarily correct. Other information is needed. We
need to gain information about the soundness of secds that are capable of
germinating.

The object of this paper is to introduce and discuss various concepis of secd
life that could be useful to the seed industry. A knowledge of the concepts will
permit the elimination of many of the mysteries now associated with storage
life, germination tests, and {ield cmergence. Apptication of this knowledge could
greatly increase the profitableness of peanut production.

Germination Potential

Each sced has an inherent potential or capahility either to be or not to be
transformed into an acceptable seedling. A seed ot in tum possesses a capability
to produce a certain percentage of acceptable seedlings under favorable germina-
tion conditions., The measure of this capability could be called the potential
germination capacity. This potential germination percentage represents a ceiling
for actual permination percentages.

The truc value of the germination potential is usually unknown when seeds
arc evaluated only by growth tests. It is only when the germination is 100% that
the potential is actually known in 1 growth test.

Tetrazolium tesls currently provide the mosi accurate estimates of germina-
tion potential. Such tesls are rapid and relatively free of numcrous and variable
environmental influences that commonly causc trouble in growth tests,

A knowledge of germination potential can be very helpful in detecting unsus-
pecting troubles in growih tests. Such information, when used to supplement
growth test results, is especially useful in checking effectiveness of fungicide
applications.

Total Germination
Total germination percenlages are usually delermined from growth tests in

paper towcls. In order to obtain near maxiinum percentages, the tests are usually
conducted under {avorable testing conditions. In practice, however, the condi-
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tions often vary in levels of favorableness. The resulis obtained always teflect an
interaction between seed and the envirenment of the test. Results frequently
vary with the environment.

Growth tests at best can only transform the germinable seeds into countable
seedlings. Sceds that were initially non-germinable usually hecome liquid logged,
decay, or produce abnormal or diseased seedlings. In case of dormancy even
germinable seeds may fail to produce seedlings without special treatment.

In growth tesis the potentially germinable seeds may fail to produce counta-
ble seedlings and thus give the impression that a seed lot has a much lower
germination percentage than expected. Commnon causes for malfunctioning of
germinable seeds in growth tests include excessive dryness of seeds, excessive
initial supply of water in germination environment, lack of or inadequate fungi-
cide ireatment, poorly managed testing conditions, etc, !fnadequate fungicide
apphcation is a common source of irouble that is usually preventable by suitahle
precautions,

A common type of discrepancy occurring between a potential germination
percentage obtained by a tetrazolum test and the actual germination percentage
from a standard growth is provided by the following example: A sample of seed
submitted for tetrazolium and growth test was found by one laboratory to have
a 93% potential and 92% total germination percentage. Another laboratory re-
ported a 64% total germination. A retest of a new subsample two weeks later
received similar tetrazolium and growth test results from the first laboratory.
The second laboratory reported 69% germination in place of the earlier 64%. On
another retest, the second laboratory reported a germination percentage of 94%
which was all that could be expected from the inherent potential of 93%. The 64
& 69% germination reports were misleading estimates of the soundness of the
seed lot. The seed ot could easily have been rejected by this false information.

Cases of a differcnt nature occasionally come to light. In samples of seed
where Rhizopus infection is a problem, the commonly used fungicides secin
madequate for suitable protection of germinable seeds against Rhizopus, Table
1. In this case the correction of the discrepancy between the potential and actoal
results awaits the desired fongicide.

The knowledge to be gained by striving to obtain agreement beiween poten-
tial and actval germination results provide many new concepts conceming the
nature of germination problems. The time of testing for potential germination
and for total germination can be important. In one series of tests the potential
and actual germination percentages as first obtained in October were in good
agreement, The second growth test results obtained in March were distinctly
below thc earhier percentage. A reevaluation of the samples showed a distinct
reduction in both the potential and actual germination percentages during the 5
months of laboratory storage.The most severely-injured germinable sced in Ocio-
ber had become non-germinable during storage.

Germination Tendencies

Tetrazolium tests commonly reveal that commercial secd lois consist of a
wide array of embryos that show varying amounis of mechanical injuries and
other forms of deterioration, One end of this array usually consists of embryos
that are essentially sound with no more than minor injuries. The other end of
the array is usually rcpresented by seeds that are injurcd sericusly enough to
prevent germination even under the most favorable conditions. Betwceen these
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two extremes of soundness are to be found a variable distribution of seeds with
wide differences within intermedizte levels of soundness. Within this range there
exists a division line between germinable and non-germinable seeds.

The distribution of levels of seed sonndness among seed lots varies consider-
ubly. In seed lots of superior quality a high percentage of seeds contain no more
than minor injuries and only a small perceniage of seeds with major injuries,
Tahle 2. A low quality lot uf seed may contain the same general types of injuries
as superior {ots. The percentages of seeds with mujor injuries, however, tend to
be increased.

The magnitude of potential or actual germination perceniages does not neces-
sarily reflect the patierns or levels of soundness of the majority of germinable
embryos. Embryo soundness, nevertheless, has an importance on performance in
storage, germination tests, and field emergence.

Seed lols thal contain a high percentape of sound or nearly sound embryos
tend to perform well under a wide range of cnvironinental conditions. Germina-
tion occurs rather promptly and satisfactorily under a wide range of environ-
menlal conditions, Seedling vigor is fairly uniform and good. Regardless of the
germination percentage we can consider that such seed lots hiave a stable germi-
nation tendency.

Seed lots that contain a high percentage of deteriorated, germinable embryos
tend to store pootly, and to genninate erratically in growth tests and under field
conditions. Such seed lots place a rgid demand upon storage and germination
conditions being favorable. Even slight shifts in the degree of adversity of envi-
ronmental conditions can resull in wide differences in storage or germination
responsc. Replicates of a test, or repeated tests, often give divergent results, Such
seed lots can be considered as having an unstable germination tendency.

It is important to know whether a seed lot possesses a stable or unstable
germination tendency. The usual growth tests conducted under favorable condi-
tions are not very appropriate for evaluating germination tendency. The cold test
is much more informative. Of even greater value is the tetrazolium test. The
tetrazoliuin test permils by differential staining the evaluation of normal, weak,
and dead tissues., A study of the presence, location, and extent of the abnornal
tissue permits classification of embryos by extent and nature of soundness,
Table 2.

The extend and nature of sonndness is closely related to gennination tenden-
cics. The weak and necrotic tissues provide leachates and colonizing bases that
stimulate mfection by numerous saprophytic fungi. Even without infection these
disturbed arcas enlarge readily and are usually the first and main causes for
premature loss of seed soundness and germination,
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Table 1, Tetrazolium and prowth test evalustions of seed sawples showing
no Bhizepus infection and samples with hesvy lufections chat
were not adequately controlled im growth tests by commonly used
fungicides,
Samples | Condition Tetrazolium Total germination
tested of evaluatiaon in
Samples ermination| OCerminacion rowth test
Potential Energy Arasap 75| Captan— | Captan—
{1-5) {1-3) Haneb Maneb
+
Cetecap |
% z 4 4 S
L8 Ro Rhigopusg 78 &0 77 - =
il Bhizopus 284 66 == 45 -

7 Rhizopus a4 64 - 42 58
Table 2. Tatrazolium seed quality cvaluvations of stable and unstable seed lota.
Sead Embryo VYarletcy NC 3 NG5
Condicien goundness Lot Stable Unstable

4 4

Germinable 1 {Best) 50 2
2 30 14

3 {av,) [ 40

& 3 4

5 (Poorest) 1 10

Cermination potential (1-5)%* 90 a0

Gormination enerpgy (1-2) 80 16

" " (1-3) 8é 58

" " (1=4) 89 80

Main croublek® M. M.h.

Hon— é g 1
Germinzble 7 7 g
§ {Dead} 0 1]

Main trouble M. N.h,

*Potential germination 1s an estimate of maximm gpermination percentages to
be expected from standard growth test.

M = Mechanical injury
A = Aglng
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THRIPS CONTRCL; EFFECT ON YIELC AND GRADE OF
VIRGINIA - TYPE PEANUTS IN VIRGINIA
by
J. C. Smith
Associate Professor of Entomology
Tidewater Research Station
Virginia Polytechnic Institute and State University
Holland, Virginia 23391

ABSTRACT & PAPER

Thrips control experiments involving 10 separate tests from 1965-1970
demonstrated yield increases in only one test, Thrips control, based on visual
ratings, percentage of injnred Jeaflets, and immaturc/mature thrips counts, was
siificant in all tests. Sound Mature kernels (SMK) contents had significant
differences in 3 of 10 tests, but did not favor thrips control. Valuc per acre
favored theips control only in a 19G7 test. This value increase was probably
achieved through southern corn rootworm control by the insecticide formula-
lions employed in the test. On a farm with a history of nematode problems, the
eflective systemic thripicides, carbofuran, aldicarb, disulfoton, and phoraic
failed to increase yields over untreated controls. However, when dibromochloro-
propane (Nemagon® was injected as a sidedress treatment in addition to the
insecticide, there was a trend {oward higher yields. Plots trcated with the insecti-
cide/nematicide, carhofuran (Furandan, and sidedressed with the nematicide
had the highest yield and value per acre. Plots receiving only the nematicide had
the second highest yield and value.

INTRODUCTION

Thrips injury to peanuts was first reported by Watson (1922). Poos (1941)
demonstrated that the diseasclike symptom known as “pouts™ was caused by
the rasping-type feeding of tobacco thrips, Frankliniclla fusca (Hinds), in the
unopened lcaflets of seedling peanuts. Thrips injury to peanuis occurs annually,
although its depree of severity depends on many factors such as population
numbers, timing of occurrence, and gencral growing conditions.

Thrips have been effectively controlled by sprays and dusts (Poos and Baiten,
1937; Poos, 1945; Poos et al., 1948; Aranl, 1956; Arthur and Hyche, 1959).
Systemic insecticides applied in pranular form or as drenches have been particu-
larly effective (Howe and Miller, 1954 Arlhur and Arani, 1959; Motgan et al.,
1970).

However, irrespective of effective control and severity of damage, the effects
of thrips control on yield and grade have been difficult to demonsirate. Early
attempts to demonstraie the value of thrips control usually resulted only in
increased vine weight.

The following report presents results of Lhrips control experfinents on pea-
nuts in small plots at or near the Tidewater Research Station, Holland, Virginia
from 1965-1970.

METHODS AND MATERIALS

Standard plot size of 12-ft. width (4-36 in. rows) x 20-[t. length was em-
ployed in randomized tests with 4 to 6 replications. Soil types varied from well
drained light sandy soils o somewhat poorly drained fine sandy loam soils.
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Only minor variations in application procedure occurred in tests from
1965-1970. In general, candidate materials were applied as granular formulations
in the seed furrow in predetermined rows with a hand-operated Gandy® Mod.
901-2 applicator. The granular insecticides were then incorporated by a graden-
type rotary tiller or by the planter shoe during planting. All candidate granular
insecticidcs possessed a dogrec of systemic activity. Some f{oliar sprays werc
included in tests for comparison of control. The sprays were usually timited to 1
application at a solution rate of 50 gallons per acre. Sprays were applied after
thrips mjury first became apparent. In the 1969 and 1970 tests, randomlty selec-
ted plots were fumigated for 24 hours with methyl bromide gas, applied under a
plastic tarp, at the rate of 1 Ib. per 120 sq. ft, Other plots were injected with
dibromochloropropanc (Nemagon® at 8 Ib. active/acrc.

Thrips control was evaluated by a nuinber of parametcrs: (1) Percent actual
mjury was determined by examining |2 leaflets per plant in 10 randomly selec-
ted plants per plot. (2) A visvul control rating was assigned with a grade of 1
showing little damage and a grade of 5 having severe damage. (3) Thrips counts
were made by pulling 10 unopened leaves from each plot, placing them in
alcohol and later counting mature and immature thrips with a microscope. (4)
Yields were determined by picking peanuts with a stationary picker after field
curing. (5) Standard grading procedures were employed to determine percent
souud mature kernels (SMK) and percent extra large kemels {ELK). (6) Value
per acre was based on grade value x yield.

All data were tested for significant treatment means differences at the 5%
level by Duncan’s multiple range iest.

RESULTS

A summary of significant differences wneasured in lhrips control tests from
1965 through 1970 is presented in Table |. Thrips control was achieved in all
tests when comparison was made with untreatcd controls. Significant differcnces
in untreated- and treated-plot yields resulted in only 1 of 10 tests during the 6
year period (Table 2). Converscly, although differences werc not significant,
there was a trend toward higher yields from plots with no thrips control in 1965
and in test 1970b.

When significiant differences occurred in grade (1967a, 1970a, 1970c¢), they
tended to fabor no treatment (1967a, 19704) or the nematode treatment in the
1970c test (Tables 2 and 3).

Value per acre was significantly influenced by treatmcents in test 1967a and
test 1970c. Per acre values favored treatment with carbofuran, phorate, phorate -
zinophos, and Dasanit® in 1967a Table 2).

Neither species nor population level of plant parasitic necmatodes which prob-
ably inhabited the test plots in 1969 and 1970 were known, although one
possible interpretation of results strongly indicates that damaging numbers of
nematodes might have been present. In the split-plot test of 1969 (Table 4),
yields were significantly higher from plots fumipailed with methyl bromide than
from plots treated with systemic insecticide then sidedressed with Nemagon®
Differences were not significant, but % SMK and %ELK were highest from plots
that rcceived only the methyl bromide trcaiment. The results from test 1970b
indicated an unfavorable interactien of chemicals when carbofuran-, aldicarb-,
and phorate-treated plots were sidedressed with Nemagon® Although differences
were not significant, the highest yiclds came from untreated plots. Test 1970c¢
indicated probable damaging infestations of nemuatodes in the test plots. The
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highest yield and value per acre was obtained from plots treated with carbofuran
and sidedressed with Nemagon® Plots treated with Nemagon® (only) were sec-
ond highest in yield.

The hypothesis that thrips control was not responsible for yield benefits of
1967 ireatments (Table 2) appears valid since results indicate that the yield
response was probably due to southern com rootworm control. Carbofuran,
aldicarb, phorate, phorate-zinophos, disulfoton and Dasanit® arc all effective
against thrips. Disulfoton has never been effective against rootworms in my tests,
thus low yields in untreated and disulfoton-treated plots were probably due Lo
rootworm infestations that were severe in 1967, Low yields of the aldicarb +
diazinon plots are difficult to explain, as they were not significantly different
from untreated plots.

DISCUSSION AND CONCLUSIONS

Generally, entomologists experimenting with thrips control on peanuts have
concluded that thrips control per se is not economically important nor practical.
With the advent of effective chemical weed control, the need for rapid scedling
growth to contribute competition, shading and subsequenl weed control is
doubtful.

However, most peanut researchers and practically all commercial peanut
growers continue to practice chemical thrips control. The aesthetic value of
pretty peanuts and subsequent grower pride appear to be the most important
factors remaining to overcome before the discontinuance of thrips control can
begin.
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Table 1, THRIPS TESTS REJULTS, MOLIAND, VA., 1965 - 1970.
Significant Hfferencea
Year % Coptrol  Yield  GCrade  Value/Acre
1965 Yes Ho - -
1966 Yes - - -
1967a - Yes Yes Ya
1967b Yes ¥o No No
1948a Yes ¥o No Ho
1968Db Yes Ko No ¥o
1949 Yen Fo No No
1970a Yes Ho YesZ No
1970 Yea No ¥o No
19?0c‘ Yes No Yen Yes
1/ VYalue Favored Treatment
2/ Value Favored No Treatment
Table 2. INFLUENCE OF THRIPS CORTHCL ON
GRADE, YIELD, AND VAIUB, HOLLAND, 1967,
Treatment-1b, Al/acre % EXS % 9wk v1e1al/  Vaiue/Acrel/
l. Carbofuran G @ 2.0 5.08 52,5 317 6bc 22abc
2. Aldicarb G +
Dlaginon G @ 1.0 +
2,5 14,8¢ 5.5 2813a 289¢c
J» Phorate + C @
1.0 + 2.0 8,0ab 58.5  348s5c Erd
4, Phorate-Zinophos G
@ 1.5+ 1.5 D52 53.5 J176bc R5abe
5« DMpulfoton G +
Diazinon @
1.0 + 2.5 8, %ab 52.0 376bc 317bc
6. Disulfeton C @
1.0 + 2,0 11,0be 49,5  2868Bab 274c
7» Dassnit G & 1.0
+ 2,0 11.0be 57.8  J17&e 355ab
8, Untreated 13, 5be 52,8 26508 270¢
1/ Treatment means not sharing a common leiter are significantly

different,
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Table 3.

GRADE, YIELD, AND VALUE ON VIRGINIA-TYPE PEANUTS
TREATED FOR THRIFS COKTROL, COURTIAND, 1970,

1,
2.
3:
""o
50
6.
7
8.
e

Average Percent

Valuel/

Treatment-1b_aAl/AcTe sl w

Carbofuran 10C @ 1,0 32,3 72.52 4289 611ab
Carbofuran + Nemagon . Sbed  73.0a L4960 Tlha
Aldicars 10C @ 1,0 33,0cd  72,3eb 4516 6lt2ab
Aldicarbt + Nemagon 37.3bcd 74,32 {579 672ab
Disulfoton 15C @ 1,0 40,580 72,3ab 4606 6ézab
Disuifoton + Nemagon 33.8bcd 72.0ab  40BD £70h
Phorate 10C @ 1,0 .5bcd 73,58 4380 £35ab
Fhorate + Nemagon A, 0bcd  71l,5ab Luhy £27ab
Untreated 36.0bed  72.8a L 639ab
Nemagon @ 8# AL/Acre 4,58  7h,5a  BEEL  69%ab

10,

1/ Treatment means not sharing a common letter are significantly

Table ‘\‘o
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different.

EFFECT OF THRIFS CONTROL ON PEANUT YIELDS,

SMITHFIELD, VIRGINIA,

1949

Average Yleld - l'b/plnty

Insecticide Insectlclde
Insecticide (only) + Nemagon + Methyl Eromide
Prorate 11,10 92 n,7o
Disulfoton 10,98 10.34 12,78
Carbofuran 9.36 9,3 11,32
Aldicarh 1044 B.62 10,52

Umireated 9.98

Nemagon 10,56

Methyl Eromide 12,16

1/ Differences in treatmemt means were not significant,



SANITARY CONSIDERATIONS IN THE PRODUCTION
AND USE OF RAW SHELLED PEANUTS
by
Lawrence Atkin
Arthur D. Little, Inc.
Consultant to Research Committee - National Peanut Council

A discussinn like this cnmmonly begins with a deflinition of terms. Sanitation
is a word that can cover so many different concepts that it is desirable to
indicate what we indend to cover in this discussion.

Sanitation, for our purposes, consists of the cumiulative objective of the
actions and the precautions, aimed at producing a finished product that is whole-
soine i.e. does not contain microorganisms or substances of a kind or in a
eoncentration such that it is an actual or potential hazard to health,

The elimination of potential hazards to health is emphasized becuuse it is this
facet of sanitation that has become a major concern of practically every segment
of the food industry.

The potential hazard consists of microorganisms or trace substances nonc of
which are obvious i.e. visible to the naked eye in the process or in the finished
product. These {actors are detectable only by laboratory tcsis, often of a very
sensitive and sophisticated kind. To complicate matters therc are other
organisms and substances not specifically hazardous but regarded as indicators of
possible contamination and hence of potential hazard.

This emphasis upon sanitary (actors that are detected or measured only by
laboratory tests in effect forecasts a ncw look, a changing concept or even a
revolution for many segments of the processed food industry.

It is appropriate at this peint to bring up the subject of Good Manufucturing
Practice or GMP as it is called. Some time age the Food and Drug Adminis-
tration published in the Federal Register a general statement of GMP. This is the
onc that has been described as the “umbrella” GMP ie. a regulation applicable
to all food processing operations,

It is logical to ask whether this regulation or something like it might not
represent a complete guide to samitation. In this connection, Panel 2 of the
National Conference on Food Protection, on Prevention of Contamination of
Commercially Processed Foods, obscrved in its report “Experience in recent
years . . . has demonstrated that although conventional good manulacturing
practice js necessary it i3 not always sufficient to prevent the occurrence of
incidents of putative heaith hazard and very costly regulatory actions.

The report goes en to say, “The panel was unanimous in agreeing that new
dimensions must be added to good manufacturing practice and that these new
dimensions depend on luboratory tests .. .”

To sum up: to avoid both health and repulatory hazards, attention must be
given to certain traditional or obvious considerations plus some that arc newer
and not so obvious.

RAW PEANUT SHELLING

For raw peanuts in the shell; good sanitation requires that they be sorted
under conditions that will prevent insect and rodenl infestation. The procedures
for accomplishing this, including lumigation are fairly well known and not with-
in the scope of this discussion. Meld contamination can however be a serious
problem if the in-shell peanuts arc not completely or uniformly dried before
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being placed in storage. Even more important may be the leaking roofs,
condensate drip and high humidity due to poor ventilation. We are informed
that this is why, in one producing arca, at least, some shellers expericnced
difficulty with aflatoxin in 1970 even though none ol the peanuts delivered to
their buying points were found to contain A. flavus growth.

After shelling and grading, all peanuts are subjected to aflatoxin testing, and
consequently contaminated lots will be diverted from {ood channels. In this way
contamination of the food supply is prevented but it should be recalled that it is
axjomatic that a heavy or massive input of contamination will strain almost any
screening procedure and thus incrcase the chance of contamination petting
through to later stages of the food processing chain.

RAW SHELLED PEANUTS

After shelling and grading, the raw shelled peanuts are usually placed in cool
storage until shipped to the user or manufacturer. Shelled peanuts are still highly
susceptible to insect and rodent infestation as well as mold growth. Again the
safeguards required are well known and will not be detailed at this point. How-
ever, as the peanuis move from the sheller, via truck or rail to the user or
manufacturer seme additional aod not so well known sanitary considerations
come into play. Even before aflatoxin was heard of, or before there was serious
concern over preseoce of cerlain newly prominent microorganisins in foods,
good manufacturing practice dictated that the buyer inspect the goods upon
receipt. Statistics arc not available regarding the proportion of user-buyers who
make a systematic inspection of raw pcanut receipts but there is a concensus
that it is much higher than it wus a few years ago.

Peanuts constitute a raw agricultural commodity and the sheller must meet
USDA grade specifications with respect to foreign material, damaged nuts, etc.
To this we must now add the pre-testing for aflatoxin contamination.

The inspection given to the iocoming shipment of peanuts allows a recheck of
the grade factors, not only to confirm the original grade certificate, but a check
of the protection accorded the peanuts during transportalion.

Instances of infestation in transit are too numerous to mention and to thesc
we must add the incidence of mold damage. The Voluniary Code of Good
Practices for Purchasing, Handling, Storage, Processing and Testing of Peanuts
published by the National Peanut Council advises the inanufacturer: “The carrier
and the outside of all bags should be examined {or mold, dampness, and must or
unusual odors, Peanuts from moldy bags should not be used in edible products.”
These precautions are aimed at mold damage but when combined with a recheck
of prade factors will serve to assurc the user that the incoming material meets the
sanitary standards appropriate to a raw agricultural commodity.

Mention is made of “standards appropriate for a raw apricultural commodity”
because of the necessary distinction between food malerials as harvested [rom
the ficlds and finished food products. This distinction is recognized in several
sections of the umbrella GMP of the FDA, mentioned carlier. It is recognized,
for cxample, that raw materials entering a plant may contain damaged or
imperfect food iteins that will be removed in the initial stages ol processing. In
another section good practice requires that a physical separation be maintained
between incoming raw material and finished foods or foods in process. This
separation is extended (o personnel and portable equipment, carts, etc. The
avoldance of contaci, direct or indirect, of finished food products with raw
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matetials is tacit recognition that raw agricultural commodities are not expected
to meet the standards applied to finished food products.

SANITATION BY THE FOOD PROCESSOR

The sanitation problems of the food processors who use shelled peanuts as a
raw material are not substantially different from those of other inanufacturers of
processed foods. The parallel is particularly close when the finished food
preduct is not sterile i.e. not given 2 final thermal processing step in a sealed
container. The single possible difference is the cxtra special attention given to
the removal of mold damaged nuts.

In terms of the laboratory tests applicable to the process and particularly to
the finished food product, the processor will focus his attention upon:

1. Aflatoxin
2. Extraneous matter
3, Viable microorganisms

AFLATOXIN

To judge by the voluine of research and other cvidence of interest it would
seem rcasonable to conclude that afllatoxin control is a dominant sanitary
consideration in the production and use of peanuts. On the other hand if
judgment is based on regulatory activity involving product recalls and the attend-
ant publicity, not to speak of economic losses, it would appear that food
processors should have equal concern with extraneous mailer {(insect fraginents,
rodent hairs, etc.} and viable microorganisms (salmoneila, E. coli, etc.).

The Voluntary Code of Good Practices of the National Peanut Council covers
the subject of aflatoxin control by the food processor in ample detail and need
not be repeated here. It may be worth commenting, however, that the processor
would be well advised to study these recommendations carcfully and to do what
is needed in order to be certain that his products meet the guidelines established
by the FDA. The agency has Tet it be known that il will not restrict itself (o ihe
announced aflatoxin guideline in the case of products that have been produced
without an cvident attempt to follow the recoinmended procedures.  Confir-
ination of the presence of aflatoxin is possible at levels well below the current
guideline of 20 ppb.

EXTRANEOUS MATTER

“Extraneous matter” is a cuphemism for insect fragments, rodent hairs and
filth. In a recent action more than 2000 cases of peanut buttcr were recalled
from wholcsale and retail levels because of “rodent containination,” according
to one report. Another source reporied that “FDA said peanuts used to muake
the peanut butter were found to contain rodent hairs, pesticide residucs, and
coliforin contamination.” Without delving into the details of the case or the
curious combination of contaminants mentioned it scems probable that this was
the result of a failure to apply the most elementary type of sanilation. This is
the kind of sanitation problem that is usually well controlled by conventional
good manufacturing practices.

The problem of traces of extrancous maticr in products made under good
manufacturing conditions but detectable by microscope technigues is not so
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simple nor so clear. The aforementioned panel of the National Conference on
Food Protection made the following observations on this subject: “Insect
fragments and rodent hairs are not desired constituents of food materials but
upfortunately cannot be completed avoided in many cases, especially in certain
raw gpricultural commodities. Although the presence of this cxtraneous matter is
not, per se, a positive index of a public health hazard there are no recognized
guidelines for discriminating between non-hazards and potential hazards.”

The panel went on to make the following recommendation: “The signilicance
of the interrelationship of detected extraneous matter and microbial contam-
ination of processed foods should be established so that all concerned will have a
means of knowing when additional testing and counter measures are required.”

Most will agree with the statement of the problem and the recommendation
but at the same time recognize that this aspect of sanitation merits carcful
attention by the fooed processor. In other words he will want to conduet periodic
tests to assure himself that extraneous matter is maintaincd at the lowest
practicable levels.

VIABLE MICROORGANISMS

The control of viable microorganisms in finished food products by the use of
raw pcanuts is in no way different from the controls used by any other food
processor using raw agricultural cominodities to produce non-sterile foods,

Although presumably there is more than one type of organisin of concern in
processed foods, major attention in recent years has been given to salmoneila.
This organism although not a spore former, and although it can be killed by the
maoderate temperatures of pastcurization when in the wet condition it is remark-
ably durable in the dry state. It is also detectable at extremely low levels by
sepsitive laboratory procedures. In addition many, if not all, struins of
salmonella are definitely classed as pathogens. Thus even when detected at low
levels and in types of food wherein a health hazard is extremely unlikely and
could probably not be demonstrated, many lois of processed foods have been
condemned and destroyed. The detection of salinonells has become the
predominant target of nearly every food inspection agency. No foeds are
exempt.

The panel mentioned above commented that it “is not aware of any non-
sterile processed food . . . that can be co sidered totally exempt from nicro-
biological examination by cither a regulatory agency or agency investigating an
outbreak of food poisoning.”

To get back to raw peanuts. Not long ago certain peanut containing
conlections, were subjected to a national recall because of salmonella. In secking
the possible source of the contamination all raw materials were examined,
including peanuts. No final report has appeared and there is no indication that
any will issuc. It was the opinion, however, of at least two independent experts
that the most probable direct source of the contamination was the in-plant
environment,

The general situation was summarized by the Technical Sub-Committee of
the National Peanut Council Research Committec as follows:

1. Pecanuts are not commonly contaminated with Salinonelta. Tests of lots of

raw shelled peanuts in the laboratories of members of the Committee have

given negative results.
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2. The Committee is of the opinion, however, thal peanuts, like any other
bulk raw food or agricultural commodity, cannot be expected to be
uniformly and totally free of Salmonella and food operators should recognize
this potential for contamination, no matter how slight or sporadic, by careful
handling and treatment of all such raw, unprocessed commodities.

3. Authorities aprec that peanut roasting conditions as used for salting,

confections, and peanut butter and which utilize temperatures of 3000F for 5

to 10 minutes effectively destroy zll viable Salmonella. Testing of roasted

peanuts has been even more extensive than that of raw peanuts, and tests in
laboratories of peanut processors have shown roasted peanuts to be uniformly
negative for Salmonella.

4. Extensive expericnce in food processing operations, that involve a

sterilizing step like peanut roasting, has indicated that when Sahnonella

contamination in the finished product does occur, it can often be traced to:
a) The introduction of other ingredients which do not go through the
sterilizing (or pasteurizing) step, or to
b) A focus of contamination in the plant itself, or to
¢) Dust contamination by contact, direct or indirect, between raw
unprocessed agricultural commeodities and the finished food product,

Thus raw peanuts should be treated substantially the same as any other raw
agricultural commodity,

As mentioned at the begmning of this discussion, sanitation i.c. the
prevention of conlamination of commercially processed foods, seems to be
entering a new era in which new dimensions are being added. Aflatoxin testing
of peanuts and other agricultural commodities, is one such new dinension and
we can be sure that the peanut industry will prefer 10 add new dimensions like
this one at a time.
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STORAGE OF RAW PRESSED PEANUTS AND
ROASTED PARTIALLY OEFATTED PEANUTS
by
J. Pominski, H. M. Pearce, Jr., and J.J. Spadaro
Southern Regional Research Laboratory, ARS-USDA
New Orleans, Louisiana
For APREA, July 18, 1971

In recent years a new low-fat peanut product called partially defatted peanuts
has been introduced in the markets of this country (1, 2, 3, 4). Because of its
lower fat and thus lower calorie content, this concept has an appeal to many
calorie conscious people who love to eat peanuts, The manufacture of these
partially defatted peanuts involves the following steps: preferably blanched
peanuts, with a moisture content of about 5% are cold pressed at room temper-
ature to remove 50 to 80% oil. The pressed peanuts are expanded in hot water to
essentially their original size, drained, salted, and oil or dry roasted.
Commercially produced partially defatted peanuts have approximately 55% of
the original oil removed and may be prepared with some modifications in the
steps described.

Because of the changed nature of the peanuts caused by pressing to remove
oil, a study was conducted on the shelflife of raw pressed peanuts as well as raw
full-fat peanuts and roasted products prepared from these materials. Results of
this investigation are reported in this paper.

MATERIALS AND PROCEDURES

Pcanuts used in this study werc commercially spin (dry) blanched peanuts
prepared from medium Virginia freshly harvested peanuts nf the 1968 crop. The
peanuts were pressed in commercial cage presses at approximately 4000 lbs. per
square inch to remove 57.5% of the original oil.

Pressed peanuts werce placed in polyethylene plastic bags (0.006 in. thick) and
stored at four temperature conditions: (1) 1009F, (2) 1009F for 3 days and
then at 359F, (3) 759F, and (4) 350F. Full-fat peanuts in polyethylene bags
were stored at (1) 1000F, (2) 75CF, and (3) 350F. Exposure of peanuts to a
temperature of 1000F for 3 days before storage at 350F was done to simulate
the adverse temnperature to which peanuts may be exposed while in transit by
truck from one location to another.

Table 1 shows the analyses of the raw full-fat peanuts and pressed peanuts.
Oil content for the full-fat peanuts was 49.3% and for the defatted peanuts
29.0%, a decrease of 57.5%. The peroxide value of the oil was the same for both
--0.5.

American Oil Chemists’ Society methods were used to determine moisture,
oil, free fatty acid, peroxide value, and nitrogen.

Figure 1 shows the procedures used for preparing roasted full-fat peanuts and
partially defatted peanuts. For full-fat peanuts, 700 grams of peanuts were roast-
ed in peanut oil for 4 minutes at 3259F, cooled with air, salted by adding 2%
salt and 1% oil and then packed under vacuum. For partially defatted peanuts,
JOO grams of pressed peanuts were expanded for 2 minutes in water at 1800F,
drained, salted with 4% salt, roasted in peanut oil for 3-3/4 minutes at 3250F,
cooled with air, and packed under vacuum. For each roast, fourteen cans were
obtained, each containing 50 grams of peanuts. These cans of roasted peanuts
were stored at 75°F.,

183



Table 1.

ANALYSES OF RAW PEANULS

TYPE MOISTURE | OIL iﬁgrEY PEROXIDE | NITROGEN
ACID VALUE
% g | g | Ve ¢
Full Fat h,9 49.3 0.3 Q.5 b7
Presaed 7.1 29, L 0.5 0.5 6.6

1/ 57.5% of original oil removed.

Fig. 1. PREPARATION OF ROASTED PEANUTG
FULL ¥FAT PARTIALLY DEFATTED
Q1il Rosast Expand in Water
b min. at 325°F 2 min. at 180°F
io v
Fen Cbol Add hf Salt
b
4dd 2% Salt end 1% 01l 011 Roaat

Can under” Vacuum
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Table II shows typical analyses of the roasted peanuts. Oil content of the
fuil-fat peanut was 52.1%. Oil content of the defatted peanuts was 33.7%. Dur-
ing roasting, the defatted peanuts gained 2.7% oil (dry weight basis).

Table II. ANALYSES OF ROASTED PEANUTS

FREE
TYPE MOISTURE OIL FATTY PEROXIDE
ACID VALUE

b % ¥ m;e_qékg

Full Fat 0.9 50,1 0.4
Partially 1/
Defatted 1.0 33.7 0.5 1.0

1/ 51.7% originel oil removed
RESULTS AND DISCUSSION

Shelf life of raw peanuts is shown in Table III. Shelf life was organoleptically
evaluated by odor tests for rancidity. The pressed peanuts stored longer than the
full-fat peanuts, perhaps because of the decreased il content. At 100°F the
full-fat peanuts were off in 5 inonths and had a peroxide value of 55 while the
pressed peanuts were off in 6 inonths and had a peroxide value of 12.3. At 75°F
the full-fat peanuts were off in 18 months and had a peroxide value of 45
whercas the odor of the pressed peanuts was still acceptable though they had a
peroxide value of 38.7. It is to be noted that at the temmperature of 35°F the
peroxide values of both the pressed and the full-fat peanuts increased with time.
Full-fat peanuts incrcased [rom 0.5 to 16.7. Other lots of peanuts have been
stored at this temperature for 2 to 3 years with no significant change in peroxide
valucs.

Tabte IV shows shelf-life tests at 759F of roasted peanuts prepared from raw
pressed and raw full-fal which had becn slored at various times at 100°F. Tastc
tests on roasted peanuts were based on a 9 to 1 hedonic scale, Twelve months
storage time were obtained for roasted peanuts prepured from [ufl-fat and
pressed peanuts stored up to 4 months at 100°F before roasting.

Both raw pressed peanuts and raw full-fat peanuts stored at temperatures of
750 and 350 F for 12 months viclded roasted peanuts with a shell life of 12
months at 750 F.

Table V shows effects of packaging conditions on peroxide values of oil
during storage of oil-roasted partially defatted peanuts. No significant differences
were shown for peanuts packaged under a vacuum of 22 inches Hg as compared
to peanuts packaged under nitrogen. Peanuts packaged under air and a vacuum
of 14 inches Hg had rapid incrcase in peroxidc values.
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feble 1L SHELF LIFE, waw puenyral/

Teup Full-fat P/N Pressed P/H
°F Tima Parox. Time [Perox.

o, Yal. Mo. Val.

Img( ]_45 meqf kg
100 s{err}| 55 6{orc}| 12.3
100
trseandays )

35 - - 18+ 13.3

(£ 18(off)| 45 18+ 38.7
35 15+ 13.3 18+ 15.7

y Peroxlde velne, Initlally 0.5 peg/xz.

Table TV SHELF-LIFE, MONTHS

Roa.steriy
Pesnuts Raw, sr,erea Storsd at Teat%
at 100°F T5°F Tes
Pull-fet ¢ 124 6.6
2 12+ 5.7
N 12+ 5.4
5(ez2)?/ o(oft) .8
Freaseq o I+ 6.6
2 1o+ 5.7
s 12+ 5.4
6{orr)2/ 12(0fr) L5

1/ Ra¥w peaputs efter.storsge.
2/ Based on odor test by teste penel
y Besed on hedonic seale of 9 to 1,

Table ¥, SPORAGE OF FARTIALLY DEFATTED PEANUTS:

CONDITICIE ON PERQCKIDE YALULS

EFFECTS OF PACKAGING

PACKAGING PERCYIDE VﬁLUESy
CONDITICNS reqj ks

4 months 12 montha
Vacuun, 22" Ha 17 i
Vecuum, 14" Ha 32 L&
Nitrogen 18 15
Air 35 {L5+)

1/ FPeroxide Value, initially after rosating - 4.3 meq/ka.
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Shelf-life data from one lot of peanuts has been given. Shelf life of partially
defatted peanuts depend on the quality of the raw peanuts, To the best of our
knowledge, there arc no known chemical tests which can show with absolute
certainty that a given lot of raw peanuts when processed will have a long shelf
life. This is true cven though raw peanuts may have a low peroxide value and a
low free fatty acid.

Development of new chemical tests for raw peanuis Lhat can be related lo
shelf tife of raw full-fat and raw pressed peanuts are needed.

It was noted in these tests that peanuts with peroxide values as high as 30 to
40 may be acceptable organoleptically,

SUMMARY

The raw pressed peanuts had a better shelf life than raw full-fat pcanuts at
750 and 100? F. and peroxide values after storage were lower for the pressed
peanuts. Both raw pressed peanuts and raw full-fat peanuts may have a shelf life
of over 12 months at temperatures of 750 and 359 F. and both may yield
defatted peanuts which have a shelf life of 12 months at 750 F.

REFERENCES

1. Vix, H L. E., Pominski, J., Pearce, H. M., Jr. and Spaduro, J. J., Develop-
ment and Potential of Partially Defatted Peanuts, Peanut Journal and Nut World,
Vol 46, No, 3. pp, 10-11, Jan. 1967; Vol 46, No. 4, pp. 10, 11, 18, Feb. 1967;
Vol 46, No. 6, pp. H-I I, April 1967,

2, Pomiinski, J., Pearce, H M., Jr., and Spadaro, J. J., Partially Defatted
Peanuts Fat and Calorie Content Caleulations, Peanut Journal and Nut World,
Vol 48, No. 12, pp. 19, 20, 21, 23, Oct. 1969

3. Pominski, J., Pearce, H M., Jr., and Spadaro, J. 1., Partially Defatted
Peanuts & Factors Affecting Oil Removal During Pressing, Food Technology 24,
No. 6, 92-94, June 1970,

4. Spadaro, J. J., New Uses and Products of Peanuts, American Peanut
Research and Education Assoc. J., Vol I, No, I, 13-20, 1969

188



OBSERVATIONS CONCERNING BLANCHING AND
STORAGE EFFECTS ON THE VOLATILE
PROFILE AND FLAVOR OF PEANUTS
by
Harold E. Pattee and John A. Singleton
Market Quality Research Division
Agricultural Besearch Service
United States Department of Agriculture
North Carolina State University
Raleigh, North Carclina 27607

SUMMARY

The volatile-profile technique along with organoleptic evaluation was used to
study effects of blanching temperaturc on peanuts. Three different temperatlure
paramcters were used; high, gradient, and constant. High-lemperature blanching
produced the most marked change in the volatile profile. Storage of blanched
peanuts resulted in an increased concentration of some volitile coinponents and
in pronounced flavor changes. Results of this study suggest that storage of
blanched pcanuts might result in the production of off-flavored products,

INTRODUCTIQON

The flavor of freshly roasted peanuts is unigue and desirable in the man-
ufacture of peanut products. Mason, et al., (1966) has isolaled and identified
numerous compounds from roasted peanuts and proposed that a class of volatile
compounds known as “pyrazines” is primarily responsible for the aroma and
flavor of roasted peanuts. According to Mason, et al., (1969) reducing sugars,
free amino acids, and small molecular weight peptides arc precusors to pyrazine
formation.

Although volatile componcnts and nonvolalile precusors believed to be
responsible for roasted peanut flavor have been investigated extensively, little
mformation is available concerning the aroma, flavor, rheclogical properties, and
effects of storage on the flavor of blanched peanuts. For peanuts the term
“blanching” is used to indicatc the process of removing the red skin or testa, The
method discussed in this paper utilizes heat to lower the moisture conlent and
loosen the skins. Peanuts are oficn processed immediately after bianching but in
some cases are held in storage and/or shipped from the blancher 1o the
manufacturer. Samples from some shipments of blanched peanuts had off-flavor
after roasting.

This communication reports on a cooperative blanching study with a
commerciat blanching company. The objective of the study was to provide some
explanations for the occurrence of the noted off-favor.

EXPERIMENTAL
Materials
Two small lots of peanuts, designated “278” and *280,” were commercially
blanched by different treatments on March 10, 1970 and transporied to the

laboratory the same day. Immediately upon arrival each lot of pcanuts was
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divided into threc parts. Onc part was analyzed immediately as freshly blanched
peanuts, The other portions of the lot were stored for 30 days under controlled
conditions or under simulated warehouse conditions (Pattee, et al., 1971) for
later analysis. A third lot, designated “170,” was part of a shipment of peanuts
known to produce off-flavor peanut butter and for which a peanut butter sample
was available for organoleptic evaluation, Samples from all lots were evaluated
organoleptically. Blanching conditions for each lot were as follows:

Lot 170 - Constant temperature and sealed in metal cans (runner-type

peanuts)

Lot 278 - Gradicnt temperature range - 100; 135, 165; 185; 1750F (Virginia

-type peanuts)

Lot 280 - High temperatnre - 300¢F (Virginia-type peanuts)
Unblanched contro! sainples were also associated with each lot.

Component Isolation

Representative 100-g samples [rom cach lot were quick-frozen in liquid
mitrogen, ground in a blendor {or one minute and placed in a low-icmperaturc
high-vacuwm, distillation apparatus. Five 100-gram samples were used per
distillation. The distillation flask was under a Ny atmosphere during addition of
the sample to the flask. A high-vacuum distiltation technique with differential
cryogenic trapping (Paticc, ct al., 1970) was used for isolation of Lhe volatile.

Profile Analysis & Data Collection

The liquid Ny trap was removed from the distillation system and equilibrated
in a 70°C water bath for 30 min. A 5 m! vapor sample was used for analysis,
Volatile components were separated using a Model 1840-10 Aerograph gas
chromatograph equipped with dual flame ionization detectors and a 1/8” x 6’
Chromosorb 102 colurnn programmed from 125 to 200°C at 4 min,

The volatile profiles were integraied by an Infoironics CRS-100 digital inte-
grator. The output of the intcgrator was fed inio a teletype unit for digital data
printout.

Organoleptic Evaluation

Blanched and unblanched saimnples were cvaluated immediately upon arrival in
the laboratory and after storage by individuals familiar with both raw and roast-
ed Aavor of peanuts.

RESULTS AND DISCUSSION

Data presented in Fig. | show the effect of blanching und storage on the
volatile profile of peanuts. The volatile components with their respective peak
numbers arc identified as follows: (1) Methanol (2) Acetaldehyde (3)kthanol (4)
Acetone (5) Pentane (6) Methyl Forinate (7) Pentunal (8) Hexanal, Immediately
after blanching the volatile profile of the high-temperaturce blanched sample was
greatly reduced (Fig. 1B). Apparenily the components were volatilized by the
high temperature or consumed by chemical reactions during blanching. Storage
of this high-temperature blanched sample resulted in a qualitative reestablish-
ment of the volatile profile (Fig. 1 C and D).Analytical data presented in Table 1
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Table 1,

Effects of blanching on Peanut Volatiles, Storage and Flavor of Blanched Peanuts

Sample
Treatient Component Area Counts/gram Flavor Components
Freshly Cold Ware- Freshly Storad Mann-
Control | Blanched | Room house Control Blanched Blanched factured
Storage | Storage Feanuts Feanutz Productk
High temper- | methanol 483 0 132 93 typical | roast char- | residual Ovexr-roast
ature blanch- | acetalde- raw acteristic roast produced
ing hyde 137 2 39 39 peanut predoeminant | £lawvor with extreme
flavor notes ease
pentane 67 0.6 114 96 present
hexanal 3l i} 0,0 L
Gradient- very light no
toast char- residual
Temperatufe me thanol 483 223 193 150 typical | acteristic roast
taw ray flavor flavor
acetalde- peanut nates notes pres-
Blanching hyde 137 111 110 102 flaver predominant | ent flavoer
appeared
pentane 367 395 574 481 to be "beany
or grassy'
hexanal il 41 36 36
Constant alight
Temperature toast
Blanching methanol 122 200 typical | character- 0ily
Taw istic with type
Lat 170 acetarde- flavor raw flavor taste
hyde 610 82 notass
predominant
pentane 275 297
hexsnal 14 14
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reflect the quantitative differcnces between the profiles. These data suggest that
some type of metabolism occurred during storage. These metabolic products
could have been derived by cnzymic reactions (Whitficld and Shipton, 1966;
Pattee, et al., 1970} from the lipid fraction due to the action of lipoxygenase
and alcohol dehydrogenasc. Auloxidative reactions contributed to the reestab-
lishment of the volalile profile. The volatile content was lower in blanched
peanuts siored under warehouse conditions than its corresponding analog under
controlled storage. A difference in the moisture content of the blanched peanuts
stored under the two different storage environments may have exisicd thus
resulting in a lower profile from the warehouse-stored peanuts since lower
moisture contents can reduce the volatile concentration of a food product (Wills
and McGlasson, 1970).

High-temperature blanching of peanuts resulted in a product with definite
roast flavor notes (Tahle 1). This suggests that blanching initiated the chemical
reactions responsible for a light roasted flavor. Since the high-temperature ex-
posure was not sufficient for a complete roast, a multitude of interinediate
products were probably produced. Orpanoleptical evaluation of the high-
temperature sample {(Table 1) after storage showed that slight roast flayvor notes
were still present, but were partially masked due to the reestablishment of the
volatile profile components (Fig. 1C and D). The ultimate effect of a partial
roast on the flavor of processed peanut products has not yet been determined,

Changes in the volatile profile of the gradient blanched sample were less
marked than in the high-temperature blanched sample (Fig. LE, F and G). Analy-
tical data presented in Table 1 show that during blanching loss ol incthanol and
acetaldehyde occurred, while pentane increased. Storage of this sarnple resulted
m a further increase in the pentane concentration, This was probably a result of
enzymic and for autoxidative reactions upon the lipid fraciion.

When the gradient temperature-blanched sample was cheeked organoleptically
iinmediately after blanching a very slight roast flavor was detecled with the raw
flavor notes being predominant (Table 1). After storage this sample had a
“beany or grassy” flavor. Flavors of this nature are generally rclated io the
production of carbonyl compounds (Forss, 1969).

According to Eriksson and Svensson (1970) plant enzymes differ in their
responses (o heat, and Eriksson (1967) found in peas that lipoxygenase activity
could be related to location within the seed. The higher activity was found near
the center and lowesl in the skins, With gradient-temperature blanching the
internal temperature of the extra large Virginia-type kernel may have been below
that nccessary 1o inactivate the lipoxygenase in the area of highest activity.
Lipoxygenase and alcohol dehydrogenase (Eriksson, 1968; Pattee, et al., 1970)
are believed to be responsihle for the production of carbonyls, alcohols, and
hydrocarbon compounds; therefore further processing of pcanuts stored after
blanching could produce undesirable flavors in the roasted producl.

Lot 170, runner-type peanuts, was subjected to a constani-lemperalure
blanch, and the time of mitial sampling and packaging was different from Lhe
previously discussed sampies. The blanched nuts were sealed in metal cans and
were not tested immediately after blanching. Analytical data for Lot 170
showed a decrease in acctaldchyde whereas pentane and mcthanol showed an
increase above that amount present in the controt (Table 1).

Flavor impressions from Lot 170 indicate that slight roast characteristics were
presenl but with raw flavor notes being predotninant. Organoleptic evaluation of
peanut butter made from this lot of peanuts classificd the product as having an
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“aily™ taste. The low-flavor quality of the manufaciured product may have been
due to incomplete development of typical roasted lavor or the [lavor may have
been masked by Cjg and higher n-alkadienals, According to Forss {1969) this
class of compounds is generally responsible for the “oily™ taste in food products.
Due to the Jow threshold values of n-alkadicnals they may be easily detected by
organoleptic tests. The lipid fraction is bclicved 1o be the precursor for the
production of n-alkadienals and these compounds can be produced both en-
zymatically and autoxidatively,

Results of this study suggest ithat blanched peanuts may have roast flavor
characteristics and the degree of roast flavor development depends on the heat
treatment used. Stored blanched kernels are also more susceplible to the devel-
opment of undesirable flavors than raw peanuts. Thus blanched kernels should
only be stored for minimal periods before processing into the [inal product to
prevent the development of undesirable flavor characteristics caused by enzytnic
and for autoxidation processes.
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COMPARISON OF PROTEINS OF PEANUTS
GROWN IN DIFFERENT AREAS
Il. PRELIMINARY IMMUNOCHEMICAL ANALYSIS
OF THE MAJOR PROTEINS
by
N. J. Neucere, John P. Cherry and Robert L. Ory
Southern Marketing and Nutrition
Research Division
Agriculture Research Service
LS. Department of Agriculture
1100 Robert E. Lee Boulevard
P, O. Box 19687
New Orleans, Louisiana 70179

ABSTRACT and PAPER

Individual seeds of several Spanish- and Virginia-type peanuts were defatted
with acetone and the proteins were extracted from the meals with phosphate
buffer, pH 7.9, [ 0.01. Immunoelectrophoresis and immunodiffusion analyses of
the soluble proteins were conducted. Based on comparisons using anti-immune
serum to Virginia 56-R and Virginia 61-R peanuts grown in Virginia, very little
qualitative differences were observed in the major protein precipitin reactions
for the cultivars analyzed. Identical Spanish cultivars grown in Oktahoma and
Texas showed differences in protein content and semiquantitative variations
(double diffusion) for the major peanut globulin,, a-arachin. Several Spanish and
Virginia cultivars grown in Virginia contained all of the major proteins common
to Virginia 56-R and Virginia 61-R. Semiquantitative evaluation by\ antibody-in-
gel analysis of both Spamish and Virginia peanuts grown in Georgia showed some
quantitative variations in the major protein, g-arachin,

INTRODUCTION

New ways of improving protein quantity and quality of seeds to satisfy the
nutritional needs of expanding populations are increasing in importance. The
protein composition of seeds are important influences on the nutritional charac-
teristics and physicochemical properties governing the acceptance of oilseeds as
dietary protein supplements. The relationship of plants and the genetic varia-
tions of plant hybrids can be readily elucidated by use of immunochemical
techniques (1,2). The advantage of these methods is their ability to detect speci-
fic proteins (antigens) which are not readily distinguishable by other chemical
means. A crude protein extract generally contains many separate antigens which
induce the formation of distinct antibodies when injécted into animals. Hence,
serum obtamed from animals injected with such protein extracts contains a
complex array of antibodies.

The objective of this preliminary report is to determine by immunochemical
techniques the quantitative and qualitative differences in the protein spectra of
peanuts grown in different geogrphic areas, These analyses were carried out
using iminune-serum containing antibodies to the total proteins of either Virgini-
a 56-R or Virginia 61-R peanuts and of the major peanut protein, g-arachin,
grown in Virginia.
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antigen-antibody complex of gz-arachin. Two minor arachin contaminants were
present in very low titer. The major precipitation frontier corresponds to the
antigen-antibedy complex of g-arachin. The amount of antigen that gives a thin
distinet precipitin line is directly proportional to the length of the conical zone.
Based on the protein extracted from individual seeds and assuming identical
antigenicity of g-arachin in different cultivars, it appcars that the Starr peanut
(samples 7 and 8) has a slightly higher content of g-arachin; dilfercnces in the
other samples are within experimental error.

DISCUSSION

Although limited data are presented in this communication, several inferences
are warranted. In the case of garachin, e.g., differences in electrophoretic
mebility while maintaining antigenic specificity suggest variations in polymeric
forms of this particular protein. Perhaps in cultivated peanuts there exist “‘class-
cs” of antigenically identical proteins that could have slightly different amino
acid compositions which could have evolved through genetic chanpges. On the
other hand, both qualitative and quantitative dilfcrences in seed proteins could
result from environmental variations between planting sites. Differcnces in pro-
tein contents of leguminous plants grown in different climates and geographic
locations have been reported (12).

From our results and from other studics (3, 14) it is evident that immuno-
chemistry cun be useful in detecting protein variations among closely related
plants. Because cultivated peanuts arc highly inbred (15), however, the task of
elucidating minor variations by serological technique will require higher titers
developed from purified fractions. In general, functional proteins (c.g., en-
zymes), as opposed to Teserve or storage proteins, arc ol primary interest in
predicting genetic relationships between seeds. In this study, total protein ex-
tracts were used as the source of antigens. Tt is conceivable, therefore, that
proteins specific to certain genotypes could be masked by excessive storage
proteins. We have ordered antisera to proteins of several other cultivated varic-
ties and isolated fractions to obtain more complete information on this subject,

In conclusion, the data submitted show the close similarity of the major
globulins in cultivated peanuts. We hope that more cxiensive work on enzymes
responsible for protein synthesis will reveal more information on the degree of
genetic variability,
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LEGENDS FOR FIGURES

Figure 1. Qualitative immunoelectrophoretic and immunodiffusion analyses
of Spanish peanuts grown in Texas and Oklahoma. Immune-serum to total pro-
teins of Virginia 56-R peanuts grown in Virginia. Nomenelature: 1, Virginia 56-R
(Virginia; 2, 3, 4, Argentine, Comet, Spanhoma, respectively (Oklahoma); §, 6,
7, Argentine, Comet, Starr, respectively (Texas). C: zj-conarachin, Cp2:
a2-conarachin; A: g-arachin. Samples contained 30-70 mg. protein per ml. All
wells for electrophoresis were filled 1o give equal amounts of protein {0.75-1.0
mg.) before electrophoresis. Troughs werc filled three times with iminune-serum
ufter electrophoresis. For immunodiffusion, all wells were filled twice, including
the center wells which contain immune-serum against Virginia 56-R. Electro-
phoresis was carried out for 2 hours in a 0.25M veronal buffer, pH 8.2, 25°C, at
4 V/Cin. Diffusion took place for 24 hours before drying and staining of the
slides.

Figure 2. Qualitative immunodiffusion of Spanish and Virginia cultivars
grown in Vigginia. Total proteins of Virginia 56-R (a) and Virginia 61-R (b)
immune-sera were employed. Nomenclature; 1, Va, 61-R; 2, NC-2; 3, NC-5; 4,
NC-17; 5, Florunner; 6, Florigiant; 7, Virginia Bunch; 8, Early Runncr; 9, Argen-
line; 10, Starr;, 11, Virginia 56-R. All wells were filled with equal amounts of
protein and the troughs were filled 4 times with immune-sera. Diffusion was
allowed to proceed for 24 hours before drying and staining.

Figure 3. Semiquantitative analysis of g-arachin in Spanish and Virginia peca-
nuis grown in Georgia by the antibody-in-gel method. Nomenclature: 1, Argen-
tine; 2, Spancross; 3, Tifspan; 4, Early Runner; 5, Florunner (combincd green &
dried stock); 6, Flerunner (foundation seed stock); 7, Starr (combined green &
dried Stock; 8, Starr (foundation seed stock); 9, Virginia 56-R; 10, Florigiant;
11, Virginia 61-R. All extracts were adjusted to 1.0 mg protein per ml. whercby
0.02 ml. volumes were applied to each well. The 1.5% agar plate containced 4 .0%
anti- g-arachin immune-serum from Virginia 56-R proteins. Electrophoresis was
carried out at room temperaturc for 15 hours ai 7.5 V/Cm. Plales were stained
wtih 0.1% amido black in 7% acetic acid and washed in 70% acetic acid.

Presented at the American Peanut Research and Education Association Meeting,
Raleigh, North Carolina, July 18-21, 1971,

200



DRYING COEFFICIENTS OF PEANUT
PODS AND COMPONENTS
by
John D. Woodward, Mechanical Engineer
and Reed S. Hutchison, Agricultural Engineer
National Peanut Research Laboratory
Transportation and Facilities Research Division
Agricultural Research Service
U. S. Department of Agriculture
Dawson, Georgia

INTRODUCTION

Fundamental drying research is needed for a better insight into the drying
process, ultimately leading to properly designed, more efficient commercial
dryers. To dry farmers’ stock peanuts, three completely dilfercnt materials - -
meats, skins, and hulls - - each having completely different properties , must be
dried. Tests were conducted to determine the relative drying properties of the
materials and the effcct of the hulls and skins on the drying rate of peanut
kerpels.

The drying of a product may follow two drying pattcrns. When the product is
extremely wet, it may follow a constantwrate pattern. Once the loosely held
moisture is removed from the surfuce of (he material, the drying follows a
falling-ratc pattern.

Almost all agricultural products arc dried by (he falling-rate pattern. The
moisture removed from the surface is replaced by diffusion of moisture from the
interior of the material. The rate of removal steadily decreases as more and more
of the moisture is removed and the difference in vapor pressurc belween the
material and surrounding air is reduced.

Muny rigorous theoretical analyses have becn made concerning diffusion in
the drying of agricultural products (2, 3, 8, 11, 12). These analyscs usually entail
many assumptions in regard to homogeneity, geometrical characteristics, temper-
ature grudienis, the variability of the diffusion coefficient, and even more im-
porlant, usually require an involved numerical computer analysis,

A thovough analysis of moisture diffusion in peanuts wus made by Whitaker
and Young by assuming that peanuts were homogeneous spheres (9), and later
by assuming the pods (complete peanuts with hulls mtact) were made up of
concentric spheres having different diffusivitics (10). Cxcellent agrecinent was
obtained from the latter analysis by numerically fitting the experimental data to
the mathematical model. However, this approach docs not allow simple, straight-
forward evaluation, ’

For many products, the rale of drying in thin layers has been found to be
proportional to the excess moisture above equilibriuni, or

dm=

- " (M-ME)
din ] iq s
wherc ar - rate of change of moisture with time

M = moislurc content at time (, dry basis
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ME = equilibrium moisture content at the
condition of the drying air

a = falling-rate drying index

This relation is penerally called the falling-rate drying equation, although
drying can be falling-rate and stilt not obey the equation.

This equation was used in analyzing the drying of corn and wheat by Huxsell
and Hall {6}. They stated that the cquilibrium moisture content in the equation
was the dynamic value, several percent higher than the experimental value, and
suggested that there may be two equilibria in a drying process. Also, the first
period or stages of drying did not appear to obey the relationship,

Manbeck, Nelson, and others (7) used equation [1] in evalualing vacuum
drying of peanuts. Their resulis indicated the inilial stages ol drying were
constant-rate followed by a briel transition period, before the data followed
equation [1].

According to Henderson and Perry (4}, equation [1] can be expected to hold
quite well where diffusivity of moisture within the solid is high with respeet 1o
surface conductance and thickness. They stated that this is not the case, how-
ever, for grains, [ruits, etc., and that a higher than true value [or My; must be
postulated.

Although equation [1] did not fully describe the drying in these tests, agree-
menl was adequate for the purposes of these tests.

MATERIALS AND METHODS

The drying tests were conducted on freshly harvested Starr Spanish, Early
Runner, and Florigiant Virginia peanut pods, kernels, bald kernels, split kernels,
and hulls. Drying was accomplished in a single layer in wirc baskets with air at
950F. and about 37 percent relative humidity. Air velocity through the baskets
was about 20 feet per minute. Samples of each component were weighed period-
ically during the drying operation and all loss of weight was assumed to be
moisture. Alter reaching equilibrium in the dryer, the sainples were oven dried
to deleninine the amount of bone-dry material.

RESULTS

A set of characieristic drying curves is shown in figure 1. The figure shows
graphically the relative rales of drying of the various componeats. Numerical
values of drying rates cannot be dircetly assigned to the curves because the rates
continuously change throughout the moisture content range; however, a drying
index may be determined [or each curve by applying equation [1]. iquation
[1] can be integrated 1o yield

M-Mg=e ¢t

Mo-ME
where Mg is the moisture when t equals zero. The term on the left side of the
equation is referred Lo as the moisture ratio, MR, Data that obeys this relation-
ship will plot as a straight line on semi-logarthmic graph paper, with a slope
equal to a.

As wus found by the previously cited investigators, slightly higher than truc
valucs for ME were required to obtain straight line from the data. Also, the
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initial portion of the lines usually had some curvature. For this interval, the
drying wus cither constant-rate, or fallingrate but was not in agreement with
equation [2]. Equation [2] may be modilicd to eliminate the initial portion of
the data that does not obey the cquation and to provide for a higher than actual
equilibrium value:
M-ME
Ma-MF

L]

e a(ta)

ME = pseudo-equilibdum moisture which
replaces the true equilibrium value

a =time when drying ratc becomes
proportional to excess moisture

MA =moisture content at time a

The point at which the data began to obey the cquation was estimated from
plots on semi-log graph paper.

To determine the value of Mg that gave the best-fit of the dala to equation
[3], the logarithm of MR was plotted against time {(and linearly regressed) for a
runge of values of Mp. The degree of fit was indicatcd by the slandard error of
estimate, S, that has properties unalogous to those of the standard deviation.
Lower values of S indicatc better [it of the data to the equation. Figure 2 shows
a lypical plot of 5 versus Mp, indicating that 10.5 percent was the optimum
value of MF for this instance. Although optimum values of Mp: were determined
mathematically in this analysis, fairly accurate values could be easily estimated.

Values of 2, Mp, Mg, MaA and S arc shown in table 1. An idea of the
applicahility of the falling-rate drying cqualion to the malerial cun be oblained
by comparing the values of S. Note (hat gencrally the data oblained by drying
ihe kernel and its components showed excellent {it to the cqualion. Values for
pods and hulls had higher S values, but agrcement with the equation was ade-
quate for comparative studies. A sct of curves of MR versus time on semi-log
coordinates is shown in figure 3.

Valnes of MF were in close agreement with true equilibriwn vaiues for pods,
and only about 1 to 2 percent higher for whole kernels and bald kernels. Split
kernels and hulls required pseudo-equilibriumn valucs 3 to 4 percent higher than
actual values.

Compared with peanut puds, the falling-rate index, 2, was higher hy {actors of
about 2, 4, 6, and 20 [or whole kernels, bald kernels, splil kernels, and hulls,
respectively. Some drying dala were oblained {or kernels drying within the hulls
by sainpling farmers’ stock peanuts and determining the moisture content of the
kernels as they were dried. The drying index for the kernels within the hulls was
aboul the same as for the pods, that is, one-half the value of the loose shelled
kernels. These results sugpgest that there is considerable merit from a drying
standpoint in shelling peanuts at a high moisture condition, as suggested by
Davidson and others (1), and then drying only the kemels. Not only would the
kernels dry considerably laster, but storage voluine would be only about one-
half to one-third as much as lor [uriners’ stock peanuts, much handling would be
eliminated and insect control would he simplified.

Some tests were madc on pods with cracked hulls. No signilicant difference in
drying unbroken and cracked pods was noted, thus climinaling this type of
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Table l.==licaulte of drylng tosts

Taeuia- Actunl Initinl Standard
Falllng-vete | couilibeium equilibriem propertlonal arror ol
Yoterinl, type indox = moleture, Mp moiztare, Mg | drylog moisiure, eatimate, &
LEN
TFar_hour Prreent Percent Fereent
Hormal Podu
Spendsh: f,00]11 '] 6 1/ D'Ur?é
O3 5.8 El ol
Mveraga———— ST A -
Hummer ; L0520 T3 ST
. 6.5 6.7 .053
AVCTRRE=——— Niar] L el
¥irginie 051y 6. Sk
+0559 &1 6ot/ .29
AVCTafe=——— L0536 1l .
Cracked poda
Furmer : L0507 - 570 JDEL
Yirginia: L0ghE - bE.Q .03a
050 - EJI & 2031
AVETUFR==—— U543 3 -o3n
Kerpels in hulla
Spenieh: SOH5L L.a - =] i)
163 EN - 2.2 083
Avorags=-== L0507 iE 839 078
Curmner: ] 5.1 bh.1 =)
0555 5.5 £1.6 205
Averoga—--- -] 5e3 50,5 'Ea
Virglnie: Nk .7 - L115
88 &l : 5
hverage--—- L0591 XA 168
Hhole kcrncla
Spanizh: 123 7.3 5.5 B} 014
L) 7.7 5.5 357 019
AVETARE==-— ST T+ F 5.5 A1 016
Runoet : Rl ) 6.7 5.0 8.2 027
. 0863 f.l 5.8 27,8 J027
Avrorage——=— . 885 A4 5.8 8.0 o2y
Virginda: - ESE 6.6 5.6 0.7 055
100 7.0 5.8 a7.2 R
Averago-—-— N a.8 5.5 34.4 RiT%3
Rald kemmels
spanish: 167 6.2 5.8 25.6 0z6
. 206 7.1 5.5 20,0 002
Average——-— . LBG 6.6 5.6 2.8 014
Rumer: .1e8 8.0 5.3 5.7 L0240
182 6.4 5.3 35.2 018
Averapge=--— .1B5 £ 5.3 374 L0179
Yirginia: 100 6.5 5.3 6.9 017
.219 a.1 5.0 24.1 .05
WE LARE=——— 205 7.5 .2 30,5 011
Split kermels
Spanish: 21 7.6 5.3 33.1 004
=263 1.9 5.5 15.8 RS
Average—=-— XD 7.4 5.1 24.4 6
Buooer 268 8.5 5.1 .0 W3
=253 B.O 5.3 57.8 2001
Ayeragesmm= 267 8.2 5.2 7.0 T
Virginia: Bl 10.6 5.5 0.5 Nl
+333 6.8 5.1 38.3 045
354 a7 53 4.9 oIty
AvoTage-—-=
Ruvoper: 148 1k.5 a.3 =131 065
1.4 14.7 10.5 v 150 O51
Average---- 1,24 TiE L3 » Tam 058
Tirginia BAE 1.5 G.4 165 059
L9687 13,0 9.4 - Lad 153
Average——— L BO4 138 5.4 » I 106

1. Calewlated frow valuwey of kermels end hulls
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pretrcalment from considerstion for improving drying. A comparison of values
of whole kernels and bald kernels shows that the absence of the skins resulted in
about a 50 percent higher drying index, although thc skins individually dryed
quite rapidly. Results of drying of the skins are not included in ihe table. Fast
drying prevenied the collection of sufficient data for a meaningful analysis. The
skins were almosi completely dry after aboul 2 hours,

The falling-raic index is dependent on physical size and shape of the particles
being dried, in addition 1o the drying conditions - - icmperature, relative
humidily, and air velocity. Variation in drying conditions was beyond the scope
of this work, and a correlation with particles size has not currently been investi-
gated. Obviously, 211 other factors being cqual, the drying index will be higher
tor small particles, and may account for some of the differences in the results
reported. For example, the index for split kernels was about 35 percent higher
than bald kernels, presumably duc to the difference in particle size,

\ {0} Splits

VN X[ —te)palds

N
\\ s [0) Kerndls
\<\A\\ /»—(+l Pogds

L \

0 10 20 30 40 50 60
t-a, HOURS

Figure 3.--Modified moisfure ratio versus fime for Virginia peanut
pods and coinponents.
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DISCUSSION

Pcanut pods and components obey a modified falling-rate drying equation
reasonably well. Analysis of drying by this method is not as accurate as a more
advanced analysis, but is considerably simpler to apply. Also, it is more meaning-
ful than simpler measures of drying rate, such as points per hour, that vary
throughout the moisture range.
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ABSTRACT

Carbonyl compounds in oil expressed [rom raw and from [reshly roasied
runner peanuts were converted into 2, 4-dinitrophenylhydrazones (DNPH’s) and
sepurated into monocarbonyl classes by column chromatography. The DNPH’s
comprising each class were resolved by (hin-layer chromatography. Cancen-
trations of thc DNPH’s were calculated froin the optical densities ol their solu-
tions in chloroform and reported as paris per million (ppm) in the expressed oil.

Data from 27 carbonyl compounds found in raw peanuts were collected. The
major compounds were hexanal (0.34 ppm), octanal (0.06 ppm), and nonanal
(0.12 ppm). Concentrations of hexanal and octanal cxceeded their flavor
threshold values. These compounds are probahly responsible for the character-
istic “green or beany” flavor and aroma of raw peanuts. Few, if any, of the other
alkanals, 2-alkanones, 2-alkenals or 2, 4-alkadienals are probably important con-
tributors to the flavor of raw peanuts.

Data were obtained for 33 carbony! compounds found in roasted peanuts.
Major aldehydes found were 2-methylpropanol, 3-methylbutanol, 2-methyl-
butanal, and hexanal. Each was present at concentrations greater than 1 ppm.
The branched chain aldehydes exceeded their flavor thresholds several fold and
are probably responsible for the sharp note of freshly roasted peanuts. Other
carbonyl compounds exceeding their flavor thresholds included 2-octenat (0.22
ppm), 2-nonenal (0.62 ppm), 2-decenal (0.19 ppm), and 2, 4-decadienal (0.31
ppm), and several straight chain alkanals. These coinpounds probably contribute
fatty or deep {ried notes to roasted peanut flavor and aroma.

It is unlikely that any of the carbonyl compounds detected are responsible
for the nutty flavor of reasted peanuts.

INTRODUCTION

The presence of aldehydes and ketones in the aroma and flavor fractions {rom
roasted and raw peanuts has been recognized for several years (1, 2}. Significant
roles in the overall flavor and aroma of raw and roasted peanuts have been
suggested for a few of these carbony| compounds.

Pattee and his colleagues at North Carolina State University have published
several papers relating the voiatiles present in raw peanuls {0 storage conditions,
curing conditions, and enzyme activities (1, 3, 4). They detected several com-
pounds, including acetone, 2-butanone, ethanal, pentanal, and hexanal in raw
peanuts. Patee et al. also suggested that hexanal is responsible for the characters-
tic “green or beany” flavor of raw peanuts. (5).
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Several aldehydes and ketones have been identified previously in roasted
peanut violatiles (6, 7). The list of compounds includes the Ca to C|q straight
chain aldehydes, as well as 2-methylpropanal, 2-methylbutanal, 3-methylbutanal
phenylacetaldehyde, 2, 4-decadicnal, and several other unsaturated aliphatic
aldehydes. Research by Mason and his group at Oklahoma State University
indicated that the harsh note in the aroma of freshly roasted Spanish peanuts is
due to low molecular weight aldehydes and the sweet bouquet of roasted pea-
nuts is due to the presence of phenylacelaldchyde (6).

Although volatile aldehydes and ketones are known to be important contribu-
tors to the flavor and aroma of peanuts, quantitative data for the carbony}
cormpounds present in the flavor and aroma fractions of raw and roasted peanuts
have not been reported. The purposes of research reported in this paper were to
determine the concentralions of volatile aliphatic aldehydes and ketones present
in raw and roasted peanuts and to attempt to relale the concentrations of these
carbonyl compounds to the flavor of raw and roasted pecanuts.

MATERIALS AND METHODS

The peanuts were 1969 crop, No. I grade, Southeastern Eurly Runner pea-
nuts. They were three-day windrowed, cured artifically at 909 F and stored al
380 F until utilized. Peanuts were roasted in a convection oven at 3409 F until
judged medium roasted. Results for raw and roasted treatments are based on
three replicates,

The procedures for isolating and identifying the carbonyl compounds were
similar to those developed by D. P. Schwartz ct al. (8, 9). Carbonyl compounds
present in oil cold pressed from raw and roasted peanuts were converted into
their 2, 4-dinitrophenylhydrazones (DNPH’s) by passage through-a 2, 4-dinitro-
phenylhydrazine reaction column. The DNPIVs of imnonocarbonyl, aliphatic
aldehydes and ketones were separated from the DNPH’s of other reaction prod-
ucts and from the oil by adsorption on Celite 545-Sea Sorb 43 columnsand on
partially deactivated alumina.

Alkanals, 2-alkanones, 2-alkenals, and 2, 4-alkadienals were separated into
classes by rechromatography on Celite 545-Sea Sorb 43 columns. Individual
compounds within a class were scparated by chromatography on polyethylene
glycol 400 impregnated Microcel T-38 thin-layer plates (7, $). Compounds were
identified by comparison with thin-layer and column chromatographic, UV, and
mass spectral data for DNPH’s of known aldehydes and ketones. Mass and UV
spectra were obtlained for unknown DNPITs after preparative chromatography
on thin-dayer plates.

Concentrations of individual compounds were determined after preparative
chromatography of aliquots of the DNPH’s comnprising each class, Following
preparative chromatography the DNPH'S werc rechromnatographed on alumina.
The derivatives were then dissolved in chloroform (3-30 ml) and the absorbances
were recorded at the absorption maxima (350-395 inu) on a speetrophotomelor
(10). Concentrations were calculated on the basis of the molar extinetion co-
efficients (10} and reported as parts per million (ppm) in the expressed oil.

Flavor threshold values (in paraffin oil) were taken from the literature (11,
12). Flavor threshold value as used in this report is the average minimal concen-
tration of a compound in the solvenl, below which aroma and taste is not
petceptible to the receptors (11).

Mention of commercial products does not iinply endorsement by the U. S.
Department of Agriculture over a similar products not mentioned.,
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RESULTS

Polycihylene glycol 400 impregnated Microcel T-38 (PLG-T-38) TLC plates
were well suited for separating and isolating the derivatives in each aldehyde and
ketone class. Almost all of the common aliphatic aldehydes and ketones which
are of potential interest in peanut [lavor rescarch could be separated using this
system.

Figure 1 shows a preparative thin-layer chromatogram in which the DNFH’s
of the 2-alkenals isolated from a roasted sample were separaled. The plate was
developed twice in order to enhance Lhe resolution of the lower molecular
weight members of the series. In the lane at the right of the main separation,
known Z-alkenal derivatives have been separated. The known derivatives are
from Lop to boltom: 2-tetradecenal, 2-undecenal, 2-decenal, 2-nonenal,
Z2-octenal, 2-hexenal, and 2-butenal.

The DNPH’s separated on the nreparative TLC plaies were easily eluted from
the support phase and purificu by rechromatography on alumina. [n general the
mass spectra of cach of the DNPH's eluted froin the preparatlive chromatograms
were characteristic of the class to which they belonged. Satisfactory UV absorp-
tion maxima and absorbance readings were oblained after redissolving the residu-
al DNPH’s in chloroform.

Twenty-scven aldehydes and ketones were detected in raw peanuts. Quantita-
tive data for 23 of the compounds were obtained. Concentraiions of the major
aldehydes found in raw runner peanuts are compared to their respective {lavor
threshold values in Figure 2. The carbonyl concentrations determined in peanut
oil and their comparative flavor threshold values in paraffin oil are reported in
parts per million (ppm). Only the concentrations of hexanal (0.34 ppm) and
octanal (0.07 ppm) excecded their flavor thresholds. The conceniration of
nonanal is somewhat lower than its [lavor threshold, whereas the concentration
of decanal is far lower than its threshold value.

Concentrations of some 2-alkenals in raw peanut oil are compared to their
flavor threshold values in Figure 3, The concentration of 2-nonenal (0.034 ppm)
approached its flavor threshold value. The concentrations of the other 2-alkenals
shown in Figure 3 were well below their flavor thresholds. Concentrations of
none of the other carbonyl compounds which were detected in raw runner
peanuts closely approached their Mavor threshoids. No evidence was found for
the presence of isobutyraldehyde, 2-methylbutanal or isovaleraldehyde in raw
peanuts.

Roasted peanuts contained a greater number of carbonyl compounds than did
the raw peanuis, und concentrations of all the carbonyl compounds were greater
in the roasted than in the raw peanuts. Thirty-three monocarbonyl compounds
were detected in lhe roasted samples, and quantilative data for 32 were ob-
tained. Concentrations of 12 of the aldehydes exceeded their flavor threshold
values.

Figure 4 shows the concentrations of the major aldehydes from roasted pea-
nuts. Bulanal and 2-methylpropanal as well as 3-methylbutanal and pentanal
were not completely resclved from each other on the PEG-T-38 thin-layer plates.
For this reason the C4 jsomers were determined together, and the pair of Cg
isomers was determined together. Rechromatography on other adsorbants, ie,
silica gel or base impregnated Micracel T-38, together with mass spectral analysis
demonstrated that the bands were comprised almost entirely of the branched
chain isomers. Therefore, the concentrations of 2-methylpropanal and 3-methyl-
butanal were approximately 1.6 ppin, respectively.
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Threshold values for 2-methylpropanal and 2-nethylbutanal in parraffin oil
were not found. The flavor threshold values plotied for 2-methylpropanal (0.025
ppm) and for 2-methylbutanal (0.07 ppm) are those of butanal and pentanal
valeraldehyde in parrafin oil. The true threshold values for 2-methylpropanal and
2-methylbutanal may be considerably lower, if the relationship between thresh-
old values of branched aldehydes and their straight chain isomers in aqueous
solutions (1 3), also holds true for oil solutions.

Concentrations of other straight chain aldehydes inro. 1ed peanuts are com-
pared with their {lavor threshold values in Figure 5. Concentrations of octanal
(0.41 ppm)} and nonanal (0.68 ppm) and heptanal (0.084 ppm) excecded their
threshold, whereas the concentration of decanal (0.28 ppm) was far below its
flavor threshold value.

In Figure 6 the concentrations of 2-alkenals in oil from roasted peanuts are
compared with their {lavor thresholds. The detected concentration of 2-hexenal
(0.042 ppm) was only 1/15 of its threshold, while, concentrations of 2-octenal
(0.22 ppm) and 2-decenal (0.18 ppm) were greater than their respective thresh-
olds.

The concentration (0.25 ppm)} of one other compound detected in roasted
peanuts is also shown in Figure 7. This compound which was not detected in raw
peanuts, had a mass number and chromatographic characteristics which indi-
cated that it is a phenyl substituted 2-butenal. No threshold data are available
for this compound. Concentrations of all the other aliphatic monocarbonyl com-
pounds which were identified in the roasted peanut samples were lower than
their threshold values.

DISCUSSION

Roasting resulted in increased concentrations of all of the aldehydes and
ketones which were detected in both raw and roasted runner peanuts. The major
qualitative as well as quantitative differences between raw and roasted peanuts
were recorded for the branched chain aldehydes; 2-methylpropanal, 2-meihyl-
butanal and 2-methylbutanal were not detected in raw peanuts, but in roasted
peanuts their respective concentrations were 1.6, 1.7, and 1.8 ppm, These three
aldehydes are probably Strecker degradation products of the corresponding free
amino acids, valine, isoleucine, and leucine (6).

Another major difference between raw and roasted peanuts was the presence
in roasted samples of the compound tentatively identified as a phenyl substi-
tuted 2-butenal. The origin of this compound is not known, but it probably is a
pyrolysis product.

Concentrations of hexanal, octanal, nonanal, decanal, 2-octenal, 2-nonenal,
and 2, 4-decadienal were greater in the roasted peanuis. These compounds are
autoxidation products of oleate and linoleate. The greater concentrations of
these saturated and unsaturated aldchydes can be attributed to the greatly accel-
erated rate of ligid autoxidation which occurs at elevated temperatures (11, 12).

Any attempt to correlated flavor with concentration of the various aldchydes
and ketones detected before and after roasting is fraught with many difficulties.
Flavor threshold values are affccted by several parameters. The polarity of the
dispersing medium and the solubility of the flavor compound or compounds in
the dispersing medium affect the flavor thresholds of compounds. Generlly the
flavor thresholds of carbonyl compounds are lower in polar solvents than in
nonpolar solvents (11). this reason it is important to use [lavor threshold

213






values obtained in a solvent similar in character to the food system of interest
when drawing conclusions regarding the potential contribution of a compound
to food flavor.

Despite qualitative similarities, the flavors which are perceived may vary con-
siderably due to differences in relative concentrations of the components. Addi-
live, synergistic, antagonistic, and masking effects are quitc common among the
various carbonyl compounds (11). Furthermore, a volatile component may
impart a different flavor at high concentration than when it only slightly exceeds
its flavor threshold value.

Nevertheless, it may still be possible to relate the ftavor of raw and roasted
peanuts to the concentration, flavor threshold values and the reported flavors of
individual carbonyl compounds. From our data the aldehydes which most likely
coniribute to the characterstic “green or beany™ flavor of raw peanuts are
hexanal and octanal and possibly nonanal and 2-nonenal. Concentrations of
hexanal and octanal in peanut oil exceed their flavor thresholds in paraffin oil,
and concentrations of nonanal and 2-ponenal are just slightly less than their
threshold values. The flavors of all four compounds have been described by
Kinsella (11} as beany or green, and hexanal has been linked previously with raw
peanut flavor (3). The flavors of 2-hexenal and sowne other 2-alkenals and alka-
nals also have becn described as beany or green (11, 12). However, the concen-
trations of these compounds are much lower than their threshold concentra-
tions, and consequently the possibility that 2-alkenals and atkanals other than
hexanal, octanal, nonanal, and 2-nonenal contribute significantly to the flavor of
raw runner peanuts seems faitly remote.

Scveral alkanals, alkenals and an alkadienal may play significant roles in the
flavor and aroma of roasted peanuts. Mason et al. (6) suggesled that low molecu-
lar weight aldehydes are responsible for the harsh aroma associated with freshly
roasted peanuts. The three compounds mest likely responsible for the harsh note
of roasted pcanuts are isobutyraldchyde, 2-mmethylbutanal, and isovaleraldehyde.
They were detected in the oil from roasted peanutsin concentrations exceeding
their flavor threshoid values by a factor of 25 or more, and they are character-
ized by harsh or sharp aromas (12, 13).

Other aldehydes may play significant bul more subdued roles in the flavor
and aroma of roasted pecanuts. The concentrations of hexanal and octanal ex-
ceeded their flavor thresholds by approximately tenfold, while the concentra-
tions of heptanal, nonanal and dodecanal exceeded their flavor threshold values
by smaller proportions. The concentration of 2-nonenal excceded its flavor
threshold by fifteenfold. Concentration of 2-heptenal, 2-octenal, and 2-decenal
as well as 2, 4-decadienal were greater than their threshold values also, The flavor
of heptanal, nonanal, decanal, and four alkenals and 2, 4-decadienal are reported
to be fatty, oily or deep fried (11, 12), and these compounds, prabably contrib-
ute to the fatty and deep-fricd notes in the overall olfactory scnsation of freshly
roasted peanuts. However, it seems highly unlikely that any of the aldehydes and
ketones which have been detected are responsible for the “roasted-nutty”flavor
of roasted peanuts. This aspect of the flavor is probably due to one or more
pyrazines in the volatile flavor and aroma fraction of roasted peanuts (14).
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LEGENDS FOR FIGURES

Figure 1. Preparative chromatography of 2, 4-dinitrophenylhydrazones of
2-alkenals isolated from medium roasted runner peanuts on Microcel T-38 TLC
plate impregnated with polyethylene glycol 400. The authentic 2-alkenal 2,
4-dinitrophenylhydrazones chromatographed to the right of the main separation
are from top to bottom:Cy14,C11,C10.C9.C8.C6.C4.

Figure 2. Concentrations of some aldehydes detected in oil from raw runner
peanuts.

Figure 3. Concentrations of some 2-alkenals detected in oil from raw runner
peanuts.

Figure 4. Concentrations of some aldehydes detected in oil from roasted runner
peanuts,

Figure 5. Concentrations of some other aldehydes detected in oil from roasted
funner peanuts.

Figure 6. Concentrations of some 2-alkenals detected in oil from roasted runner
peanuts.

Figure 7. Concentrations of selected carbonyl compounds detected in oil from
roasted runner peanuts.
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FIELD EVALUATION OF INSECTICIDES FOR CONTROLLING
THE LESSER CORNSTALK BORER, ELASMOPALPUS LIGNOSELLUS
{ZELLER) IN TEXAS PEANUTS

P. J. Harnman, Associate Entomologist, Texas
Agricultural Extension Service, Texas A & M
University, College Station, Texas
J. W. Smith, Jr., Assistant Professor, Texas
Experiment Station, Texas A & M University,
College Station, Texas
C. E. Hoalscher, Area Entomologist, Texas
Agricultural Extension Service, Texas A & M
Univarsity, Stephenville, Texas

ABSTRACT

Field tests were conducted during 1970 to evaluate the performance of several
insecticides for the control of the lesser cornstalk borer in peanuts. Granular
formulations of Bux®, chlordane, Dasanit®, Diazinon®, Dursban®, Dyfon-
ate®, Furadan®, HCS-3260, parathion and Phosvel® were applied to irrigated
peanuts, while liquid formulations of Azodrin®, Dasanit®, Dursban®, Dyfon-
ate®, Lannate®, N-2596, parathion and 1410 were evaluated on dryland pea-
nuts. Granules were applied in a 12-14 inch band over the row, and immediately
incorporated with rotary hoes to a depth of 1-1 1/2 inches. The treated areas
received 2 acre-inches of water by sprinkler irrigation within a minimun time of
6 hours after application. Liquid msecticides were applied in a directed spray
that covered only the lower 1/3 of the plant and adjacent soil tests showed
Dasanit, Diazinon, Dyfonate, Dursban, parathion and Furadan granules were
effective for lesser cornstatk borer larvae control in irrigated peanuts. The most
promising sprayable insecticides for dryland peanuts were Azodrin, Dasanit and
Dursban.

THE BURROWING BUG, PANGAEUS BILLINEATUS (SAY):
A NEW PEST OF PEANUTS IN TEXAS

J. W. Smith, Jr., Assistant Professor, Texas Agricultural
Experiment Station, Texas A & M University,
_ College Station, Texas
P. J. Hamman, Associate Entomologist, Texas Agricultural
Extension Service, Texas A & M University,
Collega Station, Texas

ABSTRACT

The burrowing bug, Pangaeus bilineatus (Say), Hemiptera: Cydnidae, has
1ecently become a major pest of peanuts in certain areas of Texas. The adults
invade peanut fields from mid-June through mid-July. All life stages feed on the
roots and nuts. Feeding causes yellow spots, termed “pitting”, on the kernel.
This damage cannot be detected unless the husk and skin are removed from the
kernel.

This report will include the following facets concerning the burrowing bug:
biology, laboratory rearing, insecticidal control, distribution and damage descrip-
tion.
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RESISTANCE OF PEANUT ACCESSIONS
TO THE POTATO LEAFHOPPER, EMPOASCA FABAE HARRIS

W. V. Cambell, Professor Entomology, and
D. A. Emery, Professor Crops Science,
Departmsent of Entomology, North Carolina State University,
P. 0. Box 5215, Raleigh North Carolina 27607

ABSTRACT

Peanut accessions and varieties were evaluated for resistance to the potato
leathopper under natural field conditions. Varieties with low “hopperburn™
symptoms were retested using NC 2 as the standard susceptible check. Varieties
for retesting exhibited in excess of 90% less damage than the NC 2 check,
Several varieties have been designated as possessing high resistance to the potato
leafhopper following 10 years of selection for resistance.

The nature of leafhopper resistance was investigated by means of gross and
histological examinalion of the foliage., Characteristics studied included the
thickness of the epidermis, parenchyma thickness, and trichome number, length,
and shape. Differences were observed in epidermal thickness and trichomes,

A CANDID APPRAISAL OF QUR KNOWLEDGE OF PEANUT ROT PODS

Kenneth H. Garren, Plant Pathologist, USDA, ARS, PSR
Daniel L. Hallock, Associate Agronomist, VPl & SU,
D. Morris Porter, Plant Pathologist, USDA, ARS, PSR

tidewater Research Station, Holland, Va. 23391

ABSTRACT

Circumstantial evidence suggests that several soil-berne fungi can cause pre-
lifting rots of peanut fruits. In the United States both Pythium myriotylum and
Rhizoctonia solani have been proved capable of causing a pod rot which is not
accompanied by above ground symptoms. Hence this pod rot deserves a distinc-
tive name as a disease in itself, and it has been named “pod breakdown.” The
association of P. myriotylum or other Pythium spp. with a pod breakdown has
been reported and studied in Israel, Libya, and Argentina, Verticillium sp. and
Fusarium spp. need further study as possible pod breakdown pathogens in the
United States.

Pythium myriotylum is more important than R. solani as a cause of pod
breakdown in Virginia although some summers most of the pod breakdown is
caused by R. solani. We are accumulating knowledge of the roles of rye green
manure, other organic matter, K and Ca cations, and the general soil fertility on
the ability of P, myriotylum to rot pods. We must wait on more of this knowl-
edge to propose longe-range control measures and to explain the erratic and
possibly diminishing effectiveness of increased rates of landplaster as a control
measure. Two years’ field work suggests some peanut cultivars and breeding lines
may be less susceptible to pod breadown than others. Screening lines for inher-
ent resistance to pod breakdown was greatly expanded in 1971.
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SUSCEPTIBILITY OF PEANUT CULTIVARS
TO LEPTOSPHAERULINA CRASSIASCA

D. M, Porter, Plant Pathologist, USDA, ARS, PSR
K. H. Garren, Plant Pathologist, USDA, ARS, PSR
R. W. Mozingo, Agronomist, VPI & SU
P. H. van Schaik, Agronomist, USDA, ARS, PSR
USDA, ARS, PSR, Tidewater Research Station,
Holland, Virginia 23391

ABSTRACT

Several peanut culitvars and advanced breeding lines growing in experimental
nurseries in Virginia and North Carolina were cvaluated for susceptibility to leaf
scorch and pepper spot caused by Leptosphaerulina crassiasca. The two sets of
symptoms observed indicate that this pathogen is the causal organism of two
separate diseases. Within a cultivar or breeding line, there was an inverse relation
of scorch symptoms to pepper spot symptoms, Florigiant, a widely grown culti-
var, was extremely susceptible to pepper spot necroses caused by L. crassiasca
but exhibited few leaf scorch symptorns caused by the same organisin. Another
widely grown cultivar, NC 17, was susceptible to leaf scorch necroses caused by
L. crassiasca but exhibited few pepper spot symptoms. The susceptibility of
peanut cultivars and breeding lines to L. crassiasca and its expression as either
leaf scorch or pepper spot necrosis is apparently governed by the genetic consti-
tution of the plant,

PROMPTNESS OF RADICLE EMERGENCE AS A MEASURE
OF PEANUT SEED VITALITY

Aubrey C. Mixon, Research Agronomist, USDA-ARS-PSR,
Room 249 Funchess Hall, Auburn University
Auburn, Alabama 36830

ABSTRACT

Peanut seed, Arachis hypogaea L., ‘Barly Runner’, from seed lots with differ-
ent germination capabilities {standard germination) were evaluated for germina-
tion rate {promptness of radicle emergence), seedling emergence, and seedling
vigor (dry weight). Daily radicle emergence for each of 3 days in a 25C germina-
tor revealed that the portion of sced that produced ernerged radicles during the
Ist or 2nd day resulted in quicker and greater seedling emergence and in more
vigorous seedlings than did seed with radicles that emerged during the 3rd day.
Plants in soil maintained at 21 + 2C were more vigorous when grown from seed
with radicles that emerged in 1 day; but at the warmer soil temperature {27 +.
2C), therc was no difference in vigor of plants grown frown seed with radicles
that einerged after 1 or 2 days in the germinator. Plants from seed with radicles
that emerged in 1 day emerged quicker and had greater dry weights when seed
were planted 3.8 ¢m deep than when planted 7.6 cm deep. Differences in plant
dry weight associated with planting depth were not apparent when plants were
grown from seed that required 2 or 3 days for radicle emergence,
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EFFECT OF 2.CHLOROETHYLPHOSPHONIC ACID ON SEED
DORMANCY OF PEANUT, ARACHIS HYPOGAEA

W. K. Bailey, Research Horticulturist, and
John E. Bear, Research Agronomist, Plant Science
Research Division, Agricultural Research Service,

U. S. Department of Agriculture, Plant Industry
Station, Beftsville, Maryland

ABSTRACT

2-Chloroethylphosphonic acid (CEPA) in water at a concentration of 10-2M
was highly effective in stimulating permination of dormant cured Florunner
peanut seed, when seed were imbibed for 8 hours between layers of paper
toweling wet with such a solution, This procedure was effective when seed so
imbibed were planted in a greenhouse sandbed immediately following imbibi-
tion, or when they were dried down to normal seed moisture level (6.0-6.5%)
and planted several days, or weeks later.

CEPA at 10-3M for 8 hours, or at 10-2M for four hours, was not as consist-
ently effective as 102M for 8 hours in inducing dormant seed to germinate.
Application of the chemical at 10-2M directly onto the seed as a mist immediate-
ly before planting in sandbed was almost as effective in inducing dormant seed
to germinate as was imbibition for 8 hours. Seed treatinent with tetraethylthiuz-
amdisulfide (thiram) did not increase the effectiveness of CEPA in stimulating
germination of dormant seed.

VARIATIONS IN PEANUT KERNEL MOISTURE
CONTENT DURING CURING

Gerald H. Brusewitz, Assistant Professor,
Agricultural Engineering Department, Oklahoma
State University, Stillwater, Oklahoma 74074

ABSTRACT

A knowledge of the variability in the moisture content of individual peanuts
could be useful in improving methods of processing, storing, sampling, and in
measuring quality.

The moisture content of single unshelled peanuts was measured by the oven
dry technique during the digging season and on through early storage. Peanuts
from a single plant displayed variations which were found to be related with
maturity. The moisture content frequency distribution for peanuts early in the
harvest season was found to be bi- and tri-inodal mather than the single moded
normal distribution,

The moisture content frequency distribution of individual peanuts during
digging and storage compared closer to a log normal distribution than to the
normal distribution, This moisture content distribution has numerous implica-
tions. Reducing the moisture content of the few highest moisture peanuts will
appreciatably change the average moisture content of the lot. Certain aspects of
the distribution curve can possibly lead to development of a sampling character-
istic which will correlate with storability better than the present characteristic,
that being the average moisture content,
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MAINTAINING QUALITY IN LOADS OF WET PEANUTS
WAITING TO BE DRIED

Peter D. Bloome and Gerald H. Brusewitz
Assistant Professors, Agricultural Engineering Dept.
Okiahoma State University, Stillwater

ABSTRACT

During the 1969 and 1970 harvest seasons, studies were conducted on drying
plant lots in Qklahoma with financial support from the Oklahoma Peanut Com-
mission, A total of 99 truck loads of wet peanuts were studied.

In 1969, the average loss in USDA prade value in solid bed trucks waiting
longer than 12 hours was $5.10 per ton. Factors causing the greatest losses were:
(1). 2 high percentage of immeture kernels, (2). 2 high initial temperature, (3}. 2
high initial moisture content, and (4). a long waiting period. Laboratory investi-
gations are being conducted to independently determine the effects of maturity,
initial temperature, and moisture content on heating of peanuts.

In 1970 the average loss in USDA grade value in solid bed trucks waiting
longer than 12 hours was found to be $6.81 per ton. Several trucks had beds
formed by covering stock racks with hardware cloth or light gage expanded
metal. These vented trucks did not suffer grade loss during waiting. Peanuts in
vented trucks had an average bulk temperature of 20°F lower than bulk temper-
atures in companion solid bed trucks after the first overnight period. The cost of
venting was $30. to $60. per truck.

Smal! forced ventilation systems were installed on five trucks with solid beds.
These systems were even more effective in controlling heating. The removable
duct and small centrifugal fan (1,200 cfm) cost less than $80. per truck.

These tests indicated losses in wet peanuts waiting to be dried could be as
high as $400,000. annually in Qklahoma. Both venting and forced ventilation
will reduce, if not eliminate, these losses. Costs are recovered with the first two
or three loadss

MUTATION BREEDING METHODS FOR
CULTIVATED PEANUTS

D. A. Emery, Professor of Crop Science
Narth Carolina State University at Raleigh

ABSTRACT

Three methods of mutation breeding adapted to cultivated pesnuts are dis-
cussed. They are (a} the use of radiation-induced macromutants, (b) the artificial
evolution of bulk populations, and (c) selection within pre- and post-hybrid
irradiated populations.

The breeding value of the macromutant is assessed by comparing normal-
appearing, late-peneration hybrid populations derived from crosses between
different M1 families of the same macromutant (Cup) with control families.
Progress reports are given on investigations of the two other breeding proce-
dures,
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THE EFFECT OF SEVERAL PROCESSING PARAMETERS
ON THE SIMULATNEOUS RECOVERY OF EDIBLE PROTEIN AND OLL
FROM RAW PEANUTS IN AQUEQUS SYSTEM

Khee Choon Rhee, Resident Fellow, Carl M. Carter,
Assistant Professor, and Karl F. Mattil, Professor,
Protein Chemistry Laboratory, Texas A & M University,
College Station, Texas 77843

ABSTRACT

There is considerable world-wide interest in the recovery of food-grade pro-
teins from peanuts that are now used primarily as a source of commergial edible
oil. Several methods for obtaining these from defatted peanut meal have been
developed. A process initiated in the Central Food Technological Research Insti-
tute in India has now been commercialized in that country. The objective of this
work was to evaluate the effect of several pertinent processing parameters on the
yields of protein and oil products from ground raw peanuts in aqueous system.

The extractability of proteins and oil from ground raw peanuts by aqueous
solutions of several mono- and di-valent salts at different concentrations over a
pH range from 1.0 to 10.5 was measured. Studies of various other factors, such
as the particle size, solid-solvent ratio, period of extraction, and temperature of
extraction on the yield of protein and oil products were also been carried out,

It was observed that the maximum recovery of these products was accoms
plished by utilizing the following conditions: (1) 1.6 solid to solvent ratio. {2)
0.2% NaOH concentration, which gives suspension pH of approximately 11.5;
(3) extraction temperature of higher than 400C; and (4) precipitation pH
ranging from 3.75 to 4.5.

INFLUENCE OF DRYING TEMPERATURE AT HARVEST
ON VOLATILES RELEASED DURING ROASTING OF PEANUTS

- Clyde T. Young, Assistant Professor,
University of Georgia Experiment Stations, Food
Science Department, Georgia Station,
Experiment, Georgia 30212

ABSTRACT

Sound mature kernels of Spanish and Runner-type peanuts harvested from
two crop years were dried at four different temperatures (Stack cured, 110, 135,
and 160°F).

Immediately after drying, the peanuts were shelled and roasted. The volatiles
released during the roasting process were collected and quantitated. With increas-
ing drying temperatures, increases m the following volatiles were detected:
hydrogen sulfide, total base, total hydrozones (total carbonyls) and dicarbonyl
compounds. Total volatile carbonyls appeared to be the best indicator of the
effects of the drying temperatures. With increasing total carbonyls, the peanuts
became more undesirable organoleptically.
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UNIFORMITY TRIALS IN THE PEANUT,
ARACHIS HYPOGAEA L. 1

Ray O. Hammons, Research Geneticist,
Plant Science Research Division, Agricultural
Research Service, U. S. Department of Agriculture,
and Research Associate, University of Georgia
College of Agriculture, Tifton, Georgia 31794

ABSTRACT

The influence of the yield level for the sced production season was evaluated
for the Florigiant varicty increased in 4 environments at Tifton, Ga., in 1968,
and grown in uniformity trials in 1969 and 1970. Seed production environments
were 3 irrigated tests contrasting high and very high yield levels on loamy sand
vs. low yield on a thin soil, and an unirrigated test. Yields ranged 2962 to 5314
Ibs/a, a 79% spread.

Both uniformity trials were grown in plots of constant stand to minimize seed
source effect due to germination differences among sources. Fruit yield, seed
size as weight per 100 seeds, and the percentage of sound and mature kernels (%
SMKs) were anaiyzed each season. There were no significant differences (P 0.05)
among seed sources for any of the variables.

The results indicate that yield level of the seed source did not have a per-
sistent effect on yield, seed size, and shelling percentage in subscquent genera-
tions when seeds of high germinability were used.

1) For presentation at Annual Meeting, American Peanut Research and Educa-
tion Assn., Raleigh, N. C., July 18-21; 1971, and to be published in the Jour-
nal. Cooperative research by the Plant Science Research Division, Agricultural
Research Service, U. 8. Department of Agriculture, and the University of
Georgia College of Agriculture Experiment Stations, Journal Series Paper No.
1057 of the Georgia Stations,

BREEDING FOR PEST RESISTANCE IN PEANUTS

Donald J. Banks, Research Geneticist
USDA, ARS, Agronomy Dept., Okla, State University
Stillwater, Oklahoma 74074

ABSTRACT

The search for natural resistance in peanuts to several pesis 1) and the incor-
poration of these traits into commercial agronemic varieties is not new, but it
has reached an important bench mark in interest. This interest is attested to by
the various pest-resistance breeding programs now underway or under considera-
tion at several locations.

Thus far, goed resistance to some peanut pests are found only in wild species
of Arachis. However, use of these wild species in peaput breeding programs has
been hampered because of inherent barrers to hybridization, The significance of
these breeding programs and some of the problemns and possibilities which they
present will be discussed.

1)Pest is used here to include any organisin that is detrimental to pcanuts in-
cluding insects, fungi, bacteria, viruses, and nematodes.
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CONVERSION OF AFLATOXIN B1 TO ISOMERIC HYDROXY
COMPOUNDS BY RHIZOPUS ARRHYZUS

R. J. Cole and J. W. Kirksey
USDA, Market Quality Research Division, Dawson, Ga. 31742

ABSTRACT

This study reports our investigation of aflatoxin By degradation by a
Rhizopus arrhyzus isolate from Georgia peanuts, Two flucrescent metabolites of
aflatoxin By accumulated as a result of aflatoxin By degradation. These were
identified by physical, chemical, and spectroscopic data as hydroxylated isomers
derived from reduction of the ketone function on the cyclopentane ring of
aflatoxin B{. Tt was conclusively shown with 14CJabeled aflatoxin Bj that these
metabolites were derived from aflatoxin By. Two additional fluorescent metab-
olites appeared during purification of the hydroxy isomers. These were identi-
fied as ethyl ether derivatives of the hydroxylated compounds and apparently
were formed spontaneously from either one or bolh hydroxy isomers.

INHERITANCE OF ALBINO SEEDLINGS IN RECIPROCAL
INFRASPECIFIC PEANUT CROSSES 1

Terry A. Coffelt, Research Assistant,
Agronomy Department, University of Georgia,
Athens and Tifton, Ga.

Ray O. Hammons, Research Geneticist,
Plant Science Research Division, Agricultural
Research Service, USDA, and Research Associate,
University of Georgia Cotlege of Agriculture,
Tifton, Georgia 31794

ABSTRACT

Ten F> progenies each from reciprocal infraspecific crosses between the
Argentine and Early Runner varieties were grown in greenhouses at Athens and
Tifton, Ga., or in the field at Tifton. At 2<4 weeks from planting 11,973 seed-
lings were classified at 11,406 normal green vs. 567 albino plants. All chloro-
phyll deficient lethal seedlings were scored as albino. These data, when tested to
a proposed Fj phenotypic ratio of 60 green: 3 albino : 1 zygotic lethal by
chi-square analyses, gave non-significant chi-squares at the 5% probability level.
From these results we conclude that the parental varieties differ at three loci
conditioning albinism. Gene symbols C1, C2, and L are proposed. One dominant
allele at either C locus results in green plants. The double recessive at the C loci
and at least one dominant allele at the L locus results in albino seedlings. The
triple recessive conditions the zygotic lethal. Reevaluated results of previous
investigations with albino peanut seedlings also support our proposed trigenic
model.

1) For presentation at the Annual Meeting, American Peanut Research and
Education Association, Raleigh, N. C., July 18-21, 1971, and to be published in
the Journal. Cooperative research by the Plant Science Research Division, Agri-
cultural Research Service, USDA, and the University of Georgia College of Agri-
culture Experiment Stations. Journal Paper No. 1067 of the Georgia Stations.
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DISCUSSION GROUP SUMMARIES

VARIETIES AND BREEDING DISCUSSION GROUP
by
P. H. vanSchaik, Discussion Leader
Agronomist, USDA, Holtand, Virginia

After requesting suggestions from peanut breeders and agronomists around
the country two topics were chosen:

1. The 1970 Plant Variety Proicction Act and Federal Seed Act and their
implications for peamtt variety development, testing, and release by public and
private agencies.

2. The need to broaden the genctic base of peanut breeding programs.

The discussion of the Federal Variety Protection and Seed Acts was led off
by Dr. Paul Harvey, Head Crop Science Departinent, North Carolina State Urni-
versity. Dr. Harvey cited the history of early discussions, the “Breeders’ Rights”
symposium held in 1963 in Denver, Colorado during the Agronomy Society’s
meetings, the first bill which was proposed but did not pass in Congress in 1968,
and finally the 1969 bill which was signed into law in 1970. At that time an
amendment t» the Federal Seed Act was also passed redefining certified seed and
certifying agencies.

Dr. Harvey expressed the opinion that public agencies have no real reasen to
oppose the Plant Variety Protection Act and that private industry is entitled to
it to protect and recoup its investment.

Different states are at present considering what policy to adopt in connection
with varieties developed and released by their porgrams. Dr. Harvey discussed six
possible alternatives North Carolina has under consideration, ranging from no
change from the present policy of no restriction on availability of released
varieties to a policy of complete ownership and control.

Dr. Ray Hammons asked if the registration of new varieties and germ plasm lines
with Crop Science Society of America can be considered sufficient to provide
protection under the law. Dr. Harvey said essentially yes; as long as a description
of a variety is in print in a recognized publication it would afford the breeder the
opportunity to defend himself if necessary. Dr. Haminons, as Chairman of the
CSSA Svbcommittee for Peanut Variety Registration reported that 12 peanut
varigties have been registered in Crop Science in 1969/70 and strongly urged
breeders to register other varieties and germ plasm. A list of the registered
varieties follows this discussion.

The discussion on the need to broaden the genetic base of peanut breeding
programs was introduced by Dr, Ray Hammons, who is preparing a report on the
“Genefic Vulnerability of the Peanut” for the Nutional Academy of Sciences,
National Research Council.

Dr. Hammons illustrated the narrow genetic base of the present peanut
acreage, not only in the USA but almost worldwide, by pointing out the close
refationship in percentage among the most widely grown varieties. Four recently
released Spanish varieties are all related to two widely grown varieties, Starr and
Argentine. Five related varieties of the Virginia type are grown on a large per-
centage of the U. S. acreage, two of them alone cover 17%. Many varictics grown
in other countries ate also related to U. S. varieties and breeding lines. The
obvious danger of such a situation has been brought home by the sudden spread
of the Southern corn blight disease in the USA in the past year.
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Several factors were cited in the discussion as having contributed to this, the
main one possibly being the strong pressure on the breeders from processors and
other users for a constant, uniform quality peanut. As a result exotic types have
not been widely used. The large germ plasm collections available have never been
brought together and uniformly evaluated and sereened. There is a lack of scien-
tific knowledge in peanuts on the genetics of many characteristics and specific
breeding methodology and manipulation of characters and breeding stocks has
not been widely practiced.

At a follow-up discussion session the group of Federal and State peanut
breeders unanimously agreed to recommend that a coordinated effort should be
made to insure the preservation and maintenance of the present germ plasm
collection of wild Arachis species and that steps should be taken to add to this
collection. They also recommended that coordination in this work be provided
by the Agricultural Rescarch Service USDA.

Further efforts should also be made to look into the situation of the several
scattered germ plasm collections of cultivated peanuts, Arachis hypogaea, and to
organize a sustained program for uniform classification, evalvation, cataloging,
and maintenance,

TEANUT VARIETIES BEGLSTERED 1249-1371

Origisstiag suthor ()
kogistration imsiituiions, az

Variecy e, Yesr ageaclas, ot repistration

prganlzaiinns Eriicles
Flozigiant 1 1365 Florida ALS W. &, Cartver S(5) 1 549-850
Florunoer 2 1569 Florida ALS 4.7, ¥orden, R.W. Lipacom, O{&): 830

W, A- Carwver

SEANCTOES 3 1973 Geazrpia Conscpl Plain &
v O%lubioma AES & ARS, USDA k. 0. Hamzons Lo{&): 459
Tifapan 4 1970 Leorgia Coastal Plafu & Okla.

AZZ E ARS, USDA #. 0. Hammoos 10{&;: 420
we 2 5 1970 ¥orch Carolina ARS W. €. Gregory 10¢Ed s &30=-480
wC 3 @ 14970 toreh Cacolina ARS D.A. Emery, W.C.O0rogory 1R{4): 4al
w17 ? 1270 Worth Carolina 453 D. A. Ezary 10Gay. 463
Yirginia Buach &7 & 15870 Georgia A5 & ARS, USDA R, 0. Hammons 10¢5Y 14G0-4EL
SouLheastern Rumner 56-15 9 1970 Coorpla AZS & As, USDA %. 0. Fanmoas W{ays 27
Virginia 562 1 1970 Tidewster fes. Station ¥, W. Alexander 10{6}: 727

¥El, Helland, Va Ao HL ison

Virginia 61R 11 1870 Lidewaler Res. Scation ¥, W. Alewander 10(6)}: 72&
vel, Loliand, Vs, A, H. Allizon

Ceorzia 119-20 12 1971 Leorgis ATS & ARS, USOA R, 0. Hammons 1143 313

List prepared by R. 0. Hammens, Chairman Suheprzictse for Peanut Veoiety Kegistration.
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REPORT ON SHELLING PLANT OPERATION
DISCUSSION GROUP
by
W. M. Birdsong, Jr., Discussion Leader
Birdsong Storage Co., Inc., Prettow Peanut Division,
P. 0. Box 88, Franklin, Virginia 23851

Invited Guests: Mr. W. S. Conway, Wilco Peanut Company; Mr. Robert
Pender, Pender Peanut Company; Mr. James I. Davidson, Peanut Research
Laboratory.

About 22 people were present and entered into the discussion. Discussion
included information from the Peanut Research Laboratory over the 12 variables
that effect commercial shelling of seed peanuts. Best cold storage conditions
seemed to be with the peanut having about 7%% moisture content. A rule of
thumb is for the total of the temperature and relative humidity not to exceed
100 points. Most commercial cold storages carry temperature of about 38°F and
relative humidity of about 62%. Research wark should be done to find out if
these conditions are the best for storing commercial peanuts and seed peanuts,
Rewetting peanuts is a help for better shelling but decreases quality causing skin
slippage. This practice is prohibited by the Peanut Administrative Committee.

Presizing of the peanuts prior to shelling causes less splitting. There scemed to
have been no excessive pest infestation problems during the 1970 crop. Continu-
ing research efforts are helping greatly in this field.

The labor force needs to be motivated. Supervisors and inanagement must do
this and methods must be obtained.

DISEASE & INSECT CONTROL IN PEANUTS
DISCUSSION GROUP
by
J. C. Wells, Discussion Group Leader
Extension Professor, Plant Pathology,
N. C. State Unjversity, Raleigh, N. C.

Discussion Group Panel. Discases (Wendell Horne, Texas A & M; Wyatt
Osborne, V. P. I; Roy Sturgeon, Oklahoma State University; Insects {(John
Smith, Tidewater Research Station, Hoiland, Va.; J. W. Smith, Texas A & M
University; Loy Morgan, Georgia Coastal Plains Experiment Station, Tifton,
Georgia.

The discussion panelist gave a 1 minute presentation concerning specific re-
search underway in the control of soil and foliar insects and soil and foliar
diseases affecting peanuts. Approximately 10 minutes were allotted for discus-
sion after each paper. Sixty persons attended and participated in this discussion
session.
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SEED STANDARDS PANEL DISCUSSION GROUP
by
W. G. Conway, Discussion Leader
President, Wilco Peanut Company, San Antonio, Texas

The panel members were:

. Dr. Lewis E. Clark, Texas A & M University, College Station, Texas.

. Dr. Gene Sullivan, N. C. State University, Raleigh, N, C,

. Mr. James Keel, Keel Peanut Company, Greenville, N. C,

. Mr. Robert R. Pender, Pender Peanut Company, Greenwood, Florida.
. Dr. Leland Tripp, Oklahoma State University, Stillwater, Oklahoma.

. Mr. W, M. Birdsong, Birdsong Storage Company, Franklin, Virginia,

o s b

First discussed was the wide range of germination results it is possible to
obtain by sending parts of the same semple to different state sced testing labora-
tories. It was decided to recommend that steps be taken to try to get all state
official seed testing labs to use the same methods of determining seed germina-
tion. Also, it was suggested that all states adopt common seed standards for each
type.

Sullivan, Keel, Birdsong and others report no seed sizing in Virginia-Carolina
area but there is feeling that there should be some sizing done. The question was
raised that since the development of planters that handle onc seed at a time, is
seed sizing necessary for smaller type kernels? Tripp and Clark reported 4 sizes
are a part of Texas and Oklahoma seed certification standards.

Best types of environment for storage of farmers stock and shelted goods was
touched on. Commercial cold storage generally 352 and 65% relative humidity is
considered best for shelled seed while storage of farmers stock in bags has many
advantages to help the peanuts cure and equalize moisture.

HARVESTING AND CURING DISCUSSION GROUP
by
Nat K. Person, Jr., Discussion Leader
Agricultural Engineering Dept.
Texas A & M University, College Station, Texas

The discussion group on peanut harvesting and curing was attended by
approximately 75 individuals representing all segments of the industry. Such
subjects as digging, field curing, harvesting and mechanical drying were dis-
cussed.

After a thorough discussion of the inverter type digger, it was concluded that
this method of harvesting peanuts has many advantages over the conventional
method now in use. It was stated that peanuts cured in inverted windrows have
more uniform moisture at the end of the field curing period than peanuts in the
conventional windrow. Also, onder adverse drying conditions, inverted peanuts
are less subject to quality loss due to molds.

The group briefly discussed the direct harvest method of harvesting peanuts
which would eliminate the need for any field exposure. It was felt that this
harvesting method was of importance and that research should be continued in
this direction.

The discussion group ended their scssion with a discussion of the combining
and mechanical drying operations. This included comments on the need for
recovering peanuts lost during the digging operation.
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MYCOTOXINS DISCUSSION GROUFP
by
A. C. Mixon, Discussion Leader
Research Agronomist, USDA, Auburn, Alabama

Mr. Frank G. Dollear presented an informal discussion on the topic “Current
Status and Relative Significance and Trends in Mycotoxin Research.” He point-
ed out that ARS Administrator, George W. lrwing, Jr., has recently authored
ARS 20-17, May, 1971 entitled “Aflatoxin Research, A Review of Agricultural
Research Service Studies.” Copies were made available.

Dr, Dollear’s discussion was presented under five headings: Qccurrence, Pre-
vention, Detection and Analysis, Biological Activity, and Inactivation and Re-
moval,

Occurrence - There are now at least 12 1oxic compounds which are structural-
ly similar to afiatoxin. Other mycotoxins which are metabolites of microorgan-
isms other than Aspergillus Flavus or A. Parasiticus include zearalenone, ochra-
toxins A and B, patulin, and sterigmatocystin.

Prevention - Numerous methods of preventing mold growth and aflatoxins
out of food and feeds were discussed.

Detection and Analysis - Dr. Dollear emphasized that good detection and
analysis methods are available for aflatoxins, and other mycotoxins (see S.
Stoloff “Report on Mycotoxins,” I, A. O. C. 54, 305-309, February, 1971).

Biological Activity - In order to answer questions on the effects of aflatoxins
on farin as well as laboratory animals, studies have been conducted by ARS and
other research institutions, At high dose levels some of the effects noted were
growth inhibition, decreased efficiency in feed utilization and increased size of
internal organs. It has been shown that aflatoxin fed to livestock may be
detected in ineat or eges. Small amounts have been found in milk fromn cows,

Attention was called to a recently published paper entitled “Cirrhossis in
Children from Peanut Meal Contaminated by Aflatoxin™ by Indira Amala, C. S.
Kamala, G. S. Goplakrishna, Paul Jayaraj, V. Sreenivasamurthy, and H. A. B.
Parpia, the American J. Y. Clinical Nutrition, 24, 609-614 (June, 1971),

Inactivation and Remaval - Physical separation, chemical treatment, and ex-
traction with aqueous polar solvents such as acetone or isopropyl aleohol were
mentioned as methods of possibly reducing aflatoxin content of contaminated
peanut meal.

Dr. R. J. Cole discussed recent findings of new mycotoxins. He related infor-
mation on a new aflatoxin metabolite in monkeys, Aflatoxin PI. It is a new
phenolic derivative of aflatoxin Bl, and has been identified as the principal
urinary metabolite of aflatoxin Bl in rhesus monkeys. [ts identification in
human urine might facilitate estimation of aflatoxin in humnan populations.

Several scientists discussed their findings on various phases of mycotoxin
research they have underway.
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PEANUT AROMA AND FLAVOR, QUALITY
MEASUREMENTS, AND ENVIRONMENTAL CONTROL IN PROCESSING -
PARLORSA &B
by
Clyde T. Young, Discussion Leader
Associate Professor, Georgia Experiment Station
Experiment, Georgia 30212

Increased knowledge of raw and roasted volatiles primarily due to use of
gas-chromatography and mass spectrometer.
Outline of recent developments:
Bob Johnson identified some 47 components.
Discussed method of isolation of Aroma:
Pressed hot roasted peanuts
Isolated under vacuum
Fractionation
Identification by GC-MS
Basic fraction was mostly alhylpyrazines
Neutral fraction - crabonyls, etc., a large variety of compounds
International flavors and fragrances found a total 187 steam volatile compo-
nents
What good is this information? . ., . For example, can be used to study - Shu
and Waller; Powers, et al; Pattee

Discussion:

How do you extract flavor from the peanutg? Is this a normal procedure? The
pressing and stripping of the oil was found to remove more of the aroma and the
condensate gives a typical aroma,

The residue does not contain much flavor, It is quite possible that some
components are not oil soluble. Avoided steam distillation because of possible
artifacts.

Why not use a water slurry distillation system?

How much carryover of raw volatiles into the roasted profile may be
expected? Most of the raw volatiles are expected to be volitized during roasting,
but need to do additional research in this area.

Need to adjust P H to about 5 to remove pyrazines.

What effect does ageing of peanuts have on the profile? Ageing of peanuts
does produce an increase in the carbonyls but not yet tested on the above
discussed approach.

What causes the increase in carbonyls? Probably mostly due to antioxidation.

How would you compare these groma profiles? Discussed work of Pawers, et
al and Pattee, et al - probably a computer system is needed. Probably need to
examine several or many peaks.

What is the main objective of this type of study? It will provide an overall
improvement of peanut quality. For example, a better consumer product.

Is this a fong range study or does it have immediate application for the peanut
industry?

Is a longer shelf-life more importnat or is the loss of flavor more important to
the processox?

The addition of chemicals has a bad connotation but we should not let this
impede research. May be better to prevent than to add something to the peanut
product.
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Environmental Cantrol in Processing

Environment - the aggregate of all external and internal conditions.

The effect of peanut moisture on oil roasting of peanuts.

Moisture can affect end point of roasting.

The effect of peanut temperature on processing.

Is oxygen necessary for the roasting process or shoutd it be excluded during
roasting?

Nitrogen flushing and vacuum packing can extend shelfife.

Length of time in cold storage is important on flavor of processed peanuts.

Peanuts stored in the shell have a longer shelf-life than those shelled and
stored at the same temperature,

Peanuts stored under warehouse conditions produce more volatiles than those
in cold-storage. The raw volatile evolution increases to a2 maximum and then
declines,

Should we store in the shell and sheil when ready for processing?

There is very little change in the raw volative profile of peanuts during the
first sixty days.

Must have sealed storage facilities for control of insects by carbon dioxide.

Quality Measurements: Charles Holaday and Frank Dollear
Quality - a degree of excellence

MATURITY

Farmer must dig peanuts at proper time to obtain peak flavor

0D method is tentatively adopted although method still has errors. There is a
decrease in yellow pigments during maturation.

A new method - extraction of peanuts {pods) with aqueous alcohol, filtered
and red color {which is mainly due to exiraction of interior color from the
shell}.

A moisture distribution method is being tested at the Dawson Peanut Labora-
tory,

We may need to measure the stability of the intact kernel instead of just the
extracted oil. A fast (40-50 minutes) method is being examined for oil stability.
It is based on light transmittance at a wave length of 315.

Also there is a need to examine quality of seed peanuts, and relation to
germination, -

We need to examine or determine the milling quatity of peanuts. New equip-
ment must be developed to measure these milling parameters for smail lots of
peanuts,

Should peanuts be conditioned before shelling? One can improve milling
quality by wetting just before shelling.

A new simple gas-chromatography for measuring peanut quality by passing
the carrier gas through a raw peanut samnple inserted m the injection part of the
GC was described. It is to be published as a research note in the JAQCS. Partial
identification of some of the peaks was made.

What is the relationship of fatty acid composition and flavor of peanuts?
Would industry prefer a peanut with a high iodine vatue and good flavor or a
longer shelf-life and less flavor.

Should the level of natural antioxidants in peanuts be ignored? They are
mostly destroyed in roasting.
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What degree of unsaturation will give the best balance between shelf-life and
consumer health, i.e. 25 percent linoleic???

What is the effect of variety of volatile profile of peanuts? The qualitation
measurements thus far are the same, but concentrations do vary. May need to
examine the peak ratios for the best estimates.

AGRAONOMIC PRACTICES, IRRIGATION AND WEED CONTROL
DISCUSSION GROUP
by
Preston H. Reid, Discussion Leader
Director, Tiedwater Research Station, Holland, Va.

. Three general problem areas were discussed; namely, weed control, calcium
sources and irrigation.

Dr. Leland Tripp, Extension Specialist on peanuts at Oklahoma State Univer-
sity discussed the problems which he considered most prevalent. These problems
are:

1. Herbicide injury as influenced by temperature and moisture relationships.
Several herbicides caused injury this year, which had not done so previously.

2. The need for a good broadleaf control.

3, Materials are needed for resistant species.

4, More specific control measures need to be followed. Shotgun approaches
which attempt to control all weeds are expensive and frequently disappointing.
Farmers need to get to know their specific weed problems and treat for the
weeds which they have,

Weed control is a continuing operation. Control of weeds throughout the
Totational sequence aids in control of weeds in the peanut crop. More effective
control can be obtained by treating for specific weeds which are present in the
crop. There does not seem to be a good broadleaf, pnst emergence chemical
available.

Mr. Allan Allison reviewed briefly the role of calcium in peanut nutrition and
in disease control. Some of the important points he made are:

1. Calcium levels must be high in the fruiting medium as calciurn does not
translocate to the fruit.

2. Foliar applications of calcium materials frequently result in increased
yields but will not supply calcium for fruit fill.

3. The placement and rate of calcium are more important for fruit fill than is
the source. High levels of soil calcium will provide but will not cure them.

Additional points brought out in the discussion are:

1. Although there are probably varietal differences in calcium requirements,
all varieties need calcium in the zone of fruit formation,

2. If new materials replace gypsum as the principal source of calcium, great
care must be taken that sulfur deficiency does not become severe.

3. Soil tests in Alabama have proven effective in determining the calcium
Tequirements of peanuts.

4, There is need for re-evaluation of the calcium nutrition of peanuts.

Irrigation was discussed by Dr. Lawton Samples from the Southeast area, Dr.
Simson from the Southwest and by Dr. Snead from the Virginia-Carolina area.
Pertment points brought out are:

1. Imrigation may create as many problems as it solves unless it is carefully
controlled.
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2. Periods of moderate moisture stress in the early part of the growth cycle
of peanuts may do little damage, except that preliminary Texas research showed
stress periods at 30 - 45 days of age to be detrimental.

3. hmigation is profitable in the southwest, where rainfall is severely limited.
In the southeast and Virginia-Carolina areas results are not as consistent. The use
of irrigation equipment for other crops will help defray the cost.

4. Preliminary trials with the application of fungicides through the irrigation
system have met with some success but further trials are needed.

MINUTES OF THE REGULAR BUSINESS MEETING OF THE
AMERICAN PEANUT RESEARCH AND EDUCATION ASSOCIATION
Hilton Inn, Raleigh, North Carolina, July 20, 1971

President Bill Dickens called the meeting to order at 8:30 A. M.

It was moved by Jim Butler and seconded by Ed Sexton to dispense with the
reading of the minutes of the last year’s meeting since each member present had
a copy and no changes were indicated. Passed.

President Dickens recognized the assistance of Mrs, Ruth Sturgeon and Mrs.
Bernie Tripp for their part in helping with the registration.

President Dickens then gave special tecognition to Syd Reagan for his many
hours of work in helping the Association secure a tax status of 501(C):(6).

President Dickens then asked for old business: there was none.

New business--there was none.

He then asked for committee reports.

Finance~-Dan Haltock-see Appendix I

It was moved by Charles Holaday and seconded by Astor Perry that we
accept this report. Passed.

Publication and Editorial--Frank McGill-See Appendix I1

Peanut Quality—Charles Holaday-See Appendix IT1

Program--Bill Mills--See Appendix IV

Public Relations~Jim Butler-See Appendix V

Nomination-Bill Conway-See Appendix VI

Jim Butler moved and Ed Sexton seconded that we elect the group by
acclamation, Passed.

It was then announced the next annual meeting of APREA would be held at
Albany, Georgia, July 16-19, 1972,

President Dickens pointed out that since the position of Executive Secretary,
USDA Otilseed and Peanut Research Advisory Committee no longer existed, a
change in the bylaws of the Association would be voted upon at the next
meeting, He stated further that there was a possibility that the office of Admin-
istrative Advisor from the Southern States Research Division should possibly be
discontinued.

President Dickens then turned the meeting over to incoming President Bill
Mills.

President Mills expressed his appreciation for the excellent job that Hill
Dickens had done as the Association’s President for 1970-71.

The meeting was adjourned at 9:25 A. M.
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APPENDIX |

REPORT OF THE FINANCE COMMITTEE
Daniel L. Hallock, Chairman

This Committee is charged with the responsibility “for preparation of the
financial budget of this Association” and “for promoting sound fiscal policies
within the Association.” It also “directs the audit of all financiat records of the
Association and makes such recommendations as they deem necessary or as
requested or directed by the Board of Directors.” A limited audit of the finan-
cial records of this Assoication was made by this Committce. The records were
found to be in agreement with financial statements concerning APREA from the
First National Bank and Trust Company of Stillwater, Oklahoma. Also, this
Committee reviewed the procedures employed by our executive secretary-
treasurer concerning financial matters of APREA and found them efficient and
entirely adequate.

Your Finance Commitiee feels that this Association is presently quite strong
financially, especially in view of its youth. However, it would seem timely that
APREA expand its programs. Implementation of such activities, of course, will
require additional finances. This Committee recommends that additional income
for the near future be obtained primarily from increased registration fees at
meetings. Also, skyrocketing publication costs may be offset partially by certain
publication charges. These avenues for new moneys seemn more plausible than
tncreased membership dues.

APREA needs to establish a formal “Reserve Fund” to insure stubility during
future financial crises, should they occur. We recommend that the 1971-72
Finance Committee consider this request and present a proposal to the Board of
Directors for adoption when feasible, It will be necessary that himitations
imposed by the Internal Revenue Service be investigated thoroughly in order
that APREA’s tax-free status not be jeopardized. In this regard special thanks are
due Mr. Sid Reagen, Leland Tripp, and others.

Your Finance Committee feels that the ovemll program of APREA has
“jelled” sufficiently now so that all committees can estimate with reasonable
accuracy their future financial needs, Thereforc, we recommend that these com-
mittees henceforth plan to present their monetary requests to the Finance Com-
mittee. This will certainly help promote sound and realistic financial planning
within APREA.

In presenting the new budget proposal for your consideration, a review of the
past budget estimate and actual transactions seems warranted. An accounting of
these transactions accompanies this report. Special note should be made of the
low cost of secretarial services which was due to the bookkeeping and other
activities of Mrs. Tripp who did not accept remuneration and to the nominal
cost of services rendered by the Agronomy Department of Okla. State Univer-
sity. Certainly all APREA members are most grateful to Mrs, Tripp, especially,
and to the University and hereby express our deep appreciation for their
services.

As its final act of this year, your Finance Committee presents for your
consideration the 1971 budget for APREA. These budget estimates were
adopted by the Board of Directors at their recent meeting,.
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AMERLCAN PEANUT RESEAACH AND EDUCATION ASSOUTATION

1970 Budgat Report
Acgsets & Income

serve - Jopuary 1, 1570

Membershilp & Registration (Annual Meeting)
Proceedinga Sales

Sp

ecial Comrributions

TOTAL

Lizviiities and Expenditures

January 1, 1970 - December 31, 1970

Ttem
1 Proceedings - Prinking
2 Munual Meeting - Priating - Catering - Miscellaneous
3 Becretarial Bervices
4  Postage
5 Qffice Supplies
6 Pogltiou Bund fovr §5,000 {Exec, Secretary-Treaaurec)
7 Travel - Presidenc
§ Travel - Executive Secretary-Treasurer
9 Regilstration - State of Gevrgia
10  Miacellzneous
SUR-TOTAL
Reserve = Decemhar 31, 1970
TOTAT

AMERICAM PEANUT RESEARCH AND EDUCATION ASSOCIATION

1971 Budget
Item
Assetg and Income
Balance - December 31, 1970
Hembership & Hegistration (Anmuel Meeting)

Froceedings & BHeprint Sales

Special Contributions
TOTAL

Liabilitles and Expenditures

Froceedings - Printing
Annual Meeting - Printing, Catering - Miscellaneous
Secrotarial Services
Postage
OfFice Supplies
Fositlon Bond for $5,000 (Executive Sevretary-Treagurer)
Travel - President
Travel - Executive Sccretary-Treasurer
Registration - Statec of Georgla
Miscellangous
EUB.TOTAL

Regerve - Devember 31, 1571

TOTAL

L

Budgeted Transacted
§1,760,00 $1,767.81
4, 750.00 4,258.00
350,00 53%.82
1,650.00 1,443,50
$8,510.00 $8,00%,23
Budgeted Expended
$2,000,00 §2,206.00
1,850,006 1,465.9
500,00 288.00
150,00 252.01
.00 187,17
15.06 13,00
300.00 350,48
200.00 50,00
5.00 5.00
190.00 157.50
$5.510,00 $5,115.12
§3,000,00 $2,894.11
58,510.00 48,009.23
Budget

$2,895.00

5,000.00

&00.00

250.00

$8,745.00

$2, 500,00

750,00

350,00

300,00

250,00

15.00

300.00

250.00

5.00

250.00

34, 970.00

$3,775.00

$8,745.00



APPENDIX 1l

PUBLICATIONS AND EDITORIAL COMMITTEE REPORT
J. Frank MeGill, Chairman

During the past year, each committee member has had the following primary
responsibility in carrying out the major objectives of this committee as outlined
in the by-laws.

Mr. Wallace K. Bailey has continued to serve during the year in a highly
efficient manner as Editor of “Peanut Research”™, APREA’s official newsletter.
At this point we wish to publicly commend Mr. Bailey for his untiring efforts in
the regard and also to express appreciation to the National Peanut Council for
their assistance in printing and mailing ‘Peanut Research” to all those who have
requested that their names be placed on the Council’s mailing list,

Committee member, Joe S. Sugg, has had primary responsibility for getting
the annual proceedings of our annual peanut research conference published and
distributed, Concrete evidence of his efficiency during the past year can be
attested to by the fact that last year’s proceedings were published and mailed to
those concerned within eight (8) weeks following the close of last year’s session,
and he plans to have them out within four (4) weeks this year,

Dr. Coyt Wilson, a member of this commitiee and a sub-committee Chairman,
continued to have primary responsibility for the very difficult task of getting
chapters written and rtevised for updating the textbook entitled “The Peanut -
The Unpredictable Legume.” It is my happy privilege to report to you since Dr.
Wilson could not be present today that a final deadline for chapter authors has
been set and approved by the Board of Directors which will permit, according to
Dr. Wilson, publishing and release of this textbook prior to the next annual
meeting of the American Peanut Research and Educational Association.

During the past year, the Publications and Editorial Committee lists the fol-
lowing achievements as a matter of information to APREA’s membership.

1. A Presidents News column has been carried bi-monthly in Peanut
Joumnal and Nut World as a means of keeping APREA’s membership
informed,

2. Image building articles on APREA’ organizational make-up, pur-
poses and future goals have been carried in the following publica-
tions whose cooperation in this connection we deeply appreciate.

(a)} Farin Technology

(b) Peanut Farmner

(¢) Virginia-Carolina Peanut News

(d) Southeastern Peanut Farmer

(e) Southwestern Peanut Association News

3. The format heading for “Peanut Research’ has been revised and
approved by the Board of Directors. This new heading will be up-
dated to include APREA’s insignia, color scheme, etc., as thal is
currently being used on the orpanization’s official stationary, letter-
head and copies of proceedings.

And now in conclusion to those things which this Committee in collaboration
with the Board of Directors seeks to do during the coming year - -

1. By unanimous vote of the recently held Board of Directors Meeting,
next year’s chairman of the Publication and Editorial Committee
work with the National Peanut Council in up-dating their maiting list
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of those who receive “Peanut Research.” Furthermore, that such list
shall include the names and addresses of all APREA members, those
registering attendance at Research Conferences plus all University
Libraries who presently receive complimentary copies of Conference
proceedings. This up-dating of mailing lists will insure that all of the
above named shall automatically receive copies of “Peanut Re-
search” without having to make a written request to receive this
official news organ of the association.

2. Publications and Editorial Committee has been asked by the Board
of Directors to submit to them at their next meeting standard sug-
gested format which could be sent to all authors of papers to be
presented at the next peanut Research Conference. This committee
was further instructed to develop a suggested standard format in-
cluding limitations on lengths and requests other recommendations
concerning the publishing of annual proceedings.

APPENDIX I

REPORT OF THE PEANUT QUALITY COMMITTEE
Charles E. Holaday, Chairman

The 1969-70 Quality Committee recommended four specific areas of endeav-
or for this year’s Quality Committee, They are as follows:

1. Run collaborative studies on the iodine number of peanut oil by the
refractive index method; blanchability method; and optical density meas-
urement of the oil as a means of estirnating maturity.

Collaborative studies were completed on the refractive index and optical
density methods and although the results indicated that neither was as accurate
a3 had been hoped by the Commiitee. Recommended that they be tentatively
accepted provided further work be done to improve the accuracy of both meth-
ods. No collaborative study was made on the blanchability method because not
enough collaborators could be located.

The Board of Directors recommended that both the optical density and re-
fractive index methods be published in the proceedings for 1971.

2. Develop equiprment and methodology for measuring milling quality. The
Committee was unable to locate suitable equipment for making this meas-
urement.

3. Further investigate the causes of off-flavor in certain tots of peanuts
blanched before roasting. A contract was let by the Southern Marketing
and Nutrition Division of ARS to Qklahoma State University to look into
this problem. The incoming Quality Committee was advised of this work.

4, Further discuss quality standards and ways and means of maintaining and
improving quality for the good of industry. The Quality Committee
recommended to the Board of Directors that the responsibility of the
Committee be broadened to encompass work on peanut seed quality. The
Commitiee was brought up to date on two new maturity methods and a
new stability method being worked on at the National Peanut Research
Laboratory.

Dr. Tom Whitaker, Chairman of the Subcommittee on sampling, reported on
the new sampling method for aflatoxin which will become effective this year.
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This year’s Quality Committee recommends the following action for the in-
coming Committee:

L.

Further improve the accuracy of the optical density and refractive index
inethods.

2. Develop equipment and methodology for measuring milling quality.
3.
4. Further discuss quality standards and work on the new maturity and

Develop appropriate methodology for measuring seed guality.

stability methods,

The numbering system for APREA quality methods and Method A-1, B-1,
B-2 ang B-3, are part of this report.

NUMBERING SYSTEM FOR APREA
QUALITY METHODS

A. Subject Mcthods (Edible Peanuts)
1. Cler Method
2.
etc.

B. Objective Methods (Edible Peanuts)
1.
2.
etc.

C. Subjective Methods (Seed Peanuts)
1.
2.
ete,

D. Objective Methods (Seed Peanuts)
1.
2.
etc,

APPROVED BY THE PEANUT QUALITY COMMITTEE, 1970
Method A-1

Method: Orgnaoleptic quality perception {Cler score).

DEFINITION

This

method will indicate the relative organoleptic quality level of a given

sample, hoth qualitatively and quantitatively.

SCOPE

Applicable to roasted peanuts. Recommended as an “in-house™ flavor evaluation
method suitable for exploratory tests and for preliminary screening of samples
scheduled for inore sophisticated evaluation. Std. deviation (g) = 14.37; Coeffi-
cient of variation = 24.23% based on collaborative study involving 7 collabora-
tors and 10 samples.

(A) Apparatus:

1. Electric Rotisserie {Modified, see notes).
(B} Regeanis:

None.
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(C) Procedure:
1.

Roast in the rotisserie approximately 300 grams of peanuts to
peak roast.

Remove the peanuts when they have reached peak roast and
place them on a suitable tray. Cool the peanuts immediately
either by placing them in a refrigerator or in front of an elec-
tric fan.

When the peanuts are at room temperature, remove crosswise
fram the tray 20 peanuts and taste them one by one as they
are removed (see diagram).

Score each peanut, as it is tasted, selecting one of these cate-
gories:

a. Badly-off Havor,

b. Low level off flavor.

c. Low peanut flavor.

d. Good peanut favor,

(D) Calculations:

1.

(E) Notes:
1.

Multiply the number of peanuts in each category by 5 and the
tesult is the percentage of peanuts in each category, relative to
the total sample. This is a quantitative measurement, but
caution must be observed in extrapolation to a large shipment,
because of the small sample size.
Multiply the number of peanuts in the “Badly off flavor”
category by 5, the number of peanuts in the “Low level off
flavor™ category by 4, the number of peanuts in the “Low
peanut flavor” category by 2. (For this calculation, ignore the
number of peanuts in the “Good peanut flavor” category.)
Add the individual results and deduct thern from 100,

100 - (5a + 4b +2¢) = Cler Score.
Cler score is a numerical value of the relative organoleptic
quality level of a given sample of roasted peanuts, within the
sample limitations of the test.

A cylindrical wire basket is used to contain the peanuts while
roasting, It measures 8” x 3 1/2”" and is made of 1/4” mesh.

If an obvioL.y damaged peanut is picked at randomn for
tasting, automatically place it in the “Budly off flavored” cate-
gory. It is not necessary to taste it.

It is recognized that a Cler score may be changed by upgrading
peanuts by picking. It may be desirable to approach plant
practices (which include a picking operation) more closely by
making the Cler score test after such picking.



TRAY OF PEANUT HALVES

SELECT |0 HALVES RANDOMLY ALONG X AXIS

AND 10 HALVES RANDOMLY ALONG Y AXIS.
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TENTATIVELY APPROVED BY PEANUT QUALITY COMMITTEE, 1971
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Method B-1

Expressing Oil From Ground Raw Peanut Kerncls For
Various Quality Measurements

Introduction: Oil may be “cold-pressed” from whole peanut kernels
or from ground kernels. Rather limited tests at the National Peanut
Research Laboratory indicate that grinding the peanuts before press-
ing can approximately double the oil yield, increase the optical
density reading about 18%, and slightly improve the precision of the
optical density measurement.
Environment: All peanut samples to be compared should be handled
similarly, especially in regard to curing and storage (except inten-
tional experimental variation), and should be dried to the same mois-
ture level before grinding and pressing; 5% is recommended. The
room temperature, the material to be pressed, and the oil, during
filtering, should be maintained as near 74-769 as practicable.
Equipment:
1. Motomco Moisture Meter (or equivalent) and Calibration
Charts for Spauish; Runner, and/or Virginia peanuts.
2. Hammermill, fitted with approximately 3 mm or 1/8 in. sieve.
(Roughly 50% by wt of ground kernels should pass through a
20 mesh sereen and ride a 35 mesh screen.)
3. Carver Laboratory” Press (hydraulic) with nickel-plated-steel
cage equipment and stainless-steel drain pan.
4.  Bleached, unsized cheesecloth,
5 Apparatus required to vacuum-filter oil samples (vacuum
equivalent to ca 19-24 in wercury).
6.  Reeve-Angel, glass-fiber, flat filter discs.
7. For each oil sample, a 25 ml glass-stoppered Erlemeyer flask,
Procedure: Obtain a representative sample of the lot of peanuts to
be characterized. Dry down to 5% moisture with forced air (75-95°F
and 10-20 cfmfcu ft). When the moisture level reads 5% (+ 0.25),
grind the 250 g sample used to obtain the moisture reading. Mix the
ground sample thoroughly, weigh out 100 g, wrap it in a single layer
of cheesecloth, and place it in the clean, dry press cage, Pump the
press to 5,000 psi dial reading and hold for about 1 minute. (This
will allow initial consolidation of the ground peanuts, allow the oil
to begin to flow, and greatly reduce the chance of peanut meal
bursting through the cheesecloth and escaping from the press cage.)
Increase the pressure to 20,000 psi and hold for about 14 more
mintites, or a total of 15 minutes, Vacuum filter the oil into clean
dry flash through two Reeve-Angel filter discs, replace with clean
discs and refilter the oil into another clean, dry flask. Make quality
measurement(s) on filtered oil or store in stoppered flask at 35-40°F
for later evaluation.



TENTATIVELY APPROVED BY PEANUT QUALITY COMMITTEE, 1971
Method B-2

MATURITY
Spectrophotometric Method 1

Definition:

This is an abridged spectrophotometric method, whereby the density of
yellow pigmentation in freshly pressed and filtered raw peanut oil is measured at
450 mu wavelength and corrected for incidence of haze by formula application
of densities measured at 380 mu and 520 mu wavelength.

Scope:

The relationship of this methed to the average maturity level of a sample of
peanuts is based upon observations of the progressive dilution or disappearance
of oil-soluble yellow pigments, including various carotenoids, during the process
of maturation. Values of 0.1 or greater for corrected net optical density at 450
mu wavelength are considered to be “indicators of undesirable average immaturi-
ty.”1} The validity of the method may be modified by the presence of other
influences upon color intensity. Some such reported influences are: variety of
peanut, speed and temperature of curing or drying, and cultural and
environmental effects upon total oil production.

A, Apparatus:

1. Bausch & Lomb Spectronic 20 Colorimeter/Spectro-
photometer with good line-voltage regulation.

2. Set of optically-matched sample tubes, scrupulously cleaned
and dried.

B.  Reagent:
1.  Distilled water.
C. Procedures:

1. Use freshly pressed and filtered oil from representative sainples
of raw peanuts. (See “Expressing Oil from Ground Raw Pea-
nut Kernels.”) If oil has been cold stored, allow to come to
room temperature before testing.

2. Be sure spectrophotometer is properly calibrated according to
its instruction manual.

3.  Turn insturment on and allow to warm up about 30 minutes
before using.

4.  Thoroughly clean a greater number of spectrophotometer test
tubes or cuvettes than therc are oil samples in the series to be
fested. Fill tubes about half-full of room-temperature (as near
740.76°F as practicable) distilled water, Read transmittance
values {(according to instruction manual) at 450 mu wave-
length, select and number tubes showing greatest agreement,
and use the one nearcst the selected-group average as the refer-
ence tube, Position tubes in instrument the same way for each
reading,

5. Standardize instrument and tubes as follows:

a.  Turn Wavelength Selcctor to 380 mu setting.
b.  With instrument sample holder covered and empty,
adjust meter reading to *0” with Zero Control,
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10.

11.

12.

13.

¢.  Pluace reference tube of distilled water in instrument
sample holder, close cover, and turn Light Control until
meter reads slightly below “100%” transmittance.
Record chosen reference value. (95% should easily allow
all suitable tubes to fall on-scale.) Caution - Check tem-
perature of water in reference tube frequently, since pro-
longed or quickly repeated placement of tube in instru-
ment could cause significant temperature increase.

d.  Place the first sample tube of distilled water in instru-
ment sample holder, close cover, and read and record
percent transmittance, Calculate the percentage differ-
ence between sampie-tube and reference-tube values. Re-
cord as “+” or “-” correction percentage of and for the
sample tube.

e.  Repeat steps “b” through *“d” for each of the sample
tubes to be used.

f. Repeat the above standardization procedures for 450 mu
wavelength and for 520 mu wavelength,

Empty distilled water from sample tubes, dry them thorough-

ly, and fill about half-full with oil samples {ca, 742-76°F) to

be tested.

Test oil samples as follows:

a.  Turn Wavelength Selector to 380 mu setting.

b,  “Zero” instrument as in standardizing.

c. Insert reference tube of distilled water into instrument
and adjust Light Control until meter reads “100%”
transmittance.

d.  Replace with oil-sample-tube “17"; read and record per-
cent transmittance.

€.  Repeat steps “b” through *d” using oil-sample-tube “2,”
“3,7 .. .instep “d.”

Repeat entire test procedure (step “7°") at 450 mu setting and

again at 520 inu setting.

Make necessary percent-transinittance corrections for all

samples at all wavelengths, as illustrated in “D-1" bleow.

Duplicate the test procedure by repeating steps 7> through

“9” for each sample.

Average the two corrected transmittance values for each

sample at each wavelength.

Convert average percent-transmittance values to optical densi-

ty values.

Calculate the corrected net optical density at 450 mu {correct-

ed for haze) for each sample, as illustrated in “D-2” below.

Calculations:

I

Standardization of instrument and tubes:
A-B=CthenC+ B=DorA=B+ [(A-B):B]
Example 95 - 94 = 1 then 1+~ 94 = 1.064
where A = % transmittance of reference tube with
B = % transmittance of sample tube measured
at reference setting of light intensity
C = difference between A and B
D = % of B required to be applied to B to
make B = A.



2. Correction for haze: 1
Corrected Net 0. D. at 450 mu=(A-C) - (B-C)

where A =0.D. at 450 mu
B=0.D.at 380 mu
C=0.D.at 520 mu

1)Sexton, E. L., D. A. Emery, Astor Perry, and Calvin Golumbic, 1966.
Report of PING committee on methods for the determination of quality factors
in peanuts, Proceedings Fourth National Peanut Research Conference, 98.

2)Kramer, Amihud and Bemard A. Twigg. 1966. Fundamentals of Quality
Control for the Food Industry, Second Edition. The AVI Publishing Co., Inc.,

Westport, Conn.

Optical Denpity
{utliera Cmltted [if algnificant st 5% lavel by Dizen's Criterial}

Standard Coafficlent of
P;zf- :‘hnl-ﬂu h;igim Ryates;!t.ic D;S:lof 15_“ Devisst‘ion \f-‘lr(l:g!-.li ky
1 jus_ho .oouozh 000153 1 13, 70%*(0.5%) 01613 28,378
n 1586 DC003T L0573 6 nest*0,1%) 033k 21,668
11 2292 000015 L0015k 5 AT (0.8 01T 7,83

1)Table of values for collaborative study on “Maturity, Spectrophotometric
Method,” run in 1971 according to principles and procedures recommended by
Youden, W. J. 1967. Statistical Techniques for collaborative Tests. The Associa-
tion of Official Analytical Chemists, Washington, D. C.

TENTATIVELY APPROVED BY THE PEANUT QUALITY COMMITTEE, 1971
Method B-3

IODINE VALUE

Refractometric Method

Definition:

This is a rapid method for determining the icdine value of pesnut cils, It is
based upon several hundred refractive index determinations, correlated (1) with
Wijs Method (2,3) determinations.

Scope:

Iodine Value is primarily a measure of the unsaturation of fats and oils (3, 4)
and is widely used in the peanut industry as an indicator of relative storage life
(before onset of oxidation and rancidity) of peanuts and products from different
varieties, production areas, seasons, lots, ete. It should also be useful, in the
reverse, for extimating the relative value of oils for “low cholesterol” diets.
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Apparatus:

1. Bausch & Lomb Precision Oil Refractometer with sodium vapor
lamp, refractive index range of 1.33 to 1.64, Lab-Arc Transform-
er, and tables for converting instrument scale readings to refrac-
tive indexes. -

2. Precision Temperature Controller properly adjusted and connect-
ed to refractometer with shortest practicable hose lengths. Even
with short hose connections room temperature fluctuation can
cause error,

Regeants:

1. Small quantity of Carsgille Index of Refraction Liquid, Master
Calibration Series,nj)2 =1.45760

2.  Supply of hexane, methanol, and soft lint-free wipes for cleaning
prisms.

Procedure:

1. Turn on refractometer and temperature controller and allow to
warm up until the illumination is bright and uniform and the
desired temperature has been achieved and stabilized to within +

0.1°C.

2. Place about 3 drops of the calibration liquid in the refractometer,

wait 5 minutes for femperature adjustment, and standardize the
instrument to the scale value which converts most closely to the
stated refractive index when using another temperature. (To cor-
rect np for the temperature being used, determine the difference
between that temperature and 25°C. Then for each degree [up to
10] above 25°C, subtract 0.00037; for each degree [up to 10]
below 25°C, and 0.00038.)
Note: If the refractometer is to be used mainly for Iodine Value
determination, it may be desirable {o minimize computations by
standardizing the instrument to read the computed np#yvalue {ca
1.45210 or refractometer scale reading of 20.30) of the calibra-
tion liquid since the conversion from refractive index to iodine
value is based upon peanut oils evaluated at 4003, Actually
making the refractive index readings as near 40°C as equipment
will allow (while maintaining highly precise and accurate temper-
ature control) should minimize error from differences in refrac-
tive index-temperature relationships between the calibration
liquid and the peanut oils being evaluated.

3. After standardizing the refractometer, remove calibration oil
with a soft wipe, followed by a hexane-saturated wipe then by a
methanol-saturated wipe. Allow methanol to evaporate, leaving
clean dry prism surfaces.

4. Place in the refractometer about 3 drops of filtered peanut

od {rom the test sample. (See “Expressing (il from Ground
Raw Peanut Kernels,” Allow to stand § minutes and carefully
read and record the correct scale valle to the third decimal (esti-
mated 0 to 5). Clean sample from instrument as'described above
and proceed with the remaining samples, in like manner,

5. Re-check the standardization of the refractometer, make adjust-
ment, if necessary, and proceed as above for a duplicate set of
readings,



6. Average the two refractometer scale readings for each sample and
canvert the averages to refractive indexes to iodine values accord-
ing to the following regression equation:

LV= -12,781.228 + 8798.1836 R.I.
Example - L.V.=-12,781.228 + 8798.1836 x 1.46345
1L.V.=1287570178942 - 12,781.228
ILV.=94.47

1)Avera, F. L., E. L. Sexton, S. A. Watson, and D. Melnick. 1966, Correla-
tion between refractive index and iodine number of oil from peanuts {Abstract),
Proceedings Fourth National Peanut Research Conference. 86,

2)Oral communication with S. A. Watson, Corn Products Company (now
CPC International).

3)A.0.C.S. Official Method Cd 1-25. lodine Value, Wijs Method, Revised
April 1956. Official and Tentative Methods, The American Oil Chemists’
Society. Volume 1.

4)A.0.C.8. Official Method Cc 7-25. Refractive Index. Corrected 1951,
Official and Tentative Methods, The American Qil Chemists’ Society. Volume 1.

5)Written communication frem §. A. Watson, Comn Products Company.
November 22, 1966,

{Data from Four-Decimal Refractometer Cmitted]

Sbandazd Goefficiant of
Palr Maan Frecision Gystematic Depyees of F Unywlation VYariatiom
Ho. ¥alug Exd be Frosdon Talus &d c.¥.

T 93,96 0155 Jlly 2 B2.B3%(2,58)  1.139% 1.2

11 93.20 L0376 5y H I ] W 1.05L

111 oy, 060D JBiLA 2 3 1.23103 1.hig

1) Table of values for collaborative study on “lodme Value, Refractometric
Methed,” run in 1971 according to principles and procedures recommended by
Youden, W. J. 1967. Statistical Techniques for Collaborative Tests. The
Association of Official Analytical Chemists, Washington, D. C.

APPENDIX IV

PROGRAM COMMITTEE REPORT
Witliam T. Mills, Chairman

In February, 1971 the entire membership was asked to submit paper titles
and abstracts, Fifty-four (54) were submitted. Eight (8) were later withdrawn
and two (2) were screened out as being too limited in scope for a national
meeting, Forty-four {(44) were programmed for this meeting.

This was an increase of 14 papers over the 1970 meeting. The balance of
papers, geographically and among disciplines were good, although we would like
to have more papers from industry.

In March,.1971 the Program Committee met in Raleigh and subcommittees
were appointed and charged with specific responsibilities. These men, who are
listed on your program, have done a good job and I want to extend my personal
thanks.
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APPENDIX V

REPORT OF THE PUBLIC RELATIONS COMMITTEE
J. L. Butler, Chairman

One of the pnimary responsibilities of the Public Relations Committee is
the development of membership. In this regard, the committee has written
several letters. The contribution of all members in the enlisting of members is
recognized and encouraged.

As of today, July 20, 1971, the following comparison is given:

Category 1970 T 1971
Sustaining members 15 17
Organizational members 53 58
Individual members 211 207
Student members 5 13

One year ago today, one of our members, Dr, William Earl Cooper died. The
following resolution is offered:

“RESOLUTION"

Be it resolved that the American Peanut Rescarch and Education Associa-
tion (APREA) does recognize that the death of Dr. William Earl Cooper witl be
keenly felt by the peanut industry. Dr. Cooper, who served most of his profes-
sional career as a research plant pathologist with the North Carolina Experiment
Station, made many important contributions to the industry. Some of the more
notable were:

The close work with plant breeders in developing a southern stem rot and

leaf spot resistant variety (N. C.-2),

The development of a seed treatment program for North Carolina,
The development of a leaf spot control program, and,
Rotations which reduced idseasc and nemotode problems.

We do hereby recommend that this resolution be included in the official
minutes of the 1971 Annual Meeting of the APREA and that a copy of it be
forwarded to his survivors.

APPENDIX VI

NDMINATIONS COMMITTEE REPDRT
W. G. Conway, Chairman

President Elect - Qlin Smith

Sheller Representative - Robert Pender

End-User Representative - George McClees

Executive Secretary-Treasurer - Leland Tripp

These individuals have been contacted and expressed a willingness to serve
in the positions to which they have been nomninated.
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