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CHAPTER I
INTRODUCTION

Approximately 120,000 acres of peanuts were harvested in Oklahomg
in 1969. The value of this crop was estimated at 25 million dollars.
Therefore, peanuts contribute much to the economy of Oklahoma. The
peanut varieties currently produced in Oklahoma are those of the
Spanish type, which is considered a small-seeded type.

Certain effects of calcium on kernel development, yield, and its
distribution within the plant of large—seeded type peanuts have been
determined, but the effects of calecium on peanuts of smaller seed size
has not been thoroughly investigated. Problems in peanut nutrition
cannot be attacked so successfully when differences in varietal
behavior are not taken into account.

One of the principle objectives in a research program concerned
with the nutrition of peanuté is that of obtaining good kernel develop-
ment, or conversely, reducing the number of unfilled ovarian cavities,
The abortion of ovules in peanuts is partially responsible for the
failure to obtain the maximum productive capacity of a peanut plant.
Thus, information on the factors affecting ovule abortion as well as
the physiological processes which take place when peanut fruit develop

are seen to be of vital importance.



The principle.objectives of this study were to compare Spanish
and NC2 peanuts in yield, selected reproductive and vegetative
characteristics, and distribution of calcium and potassium when the
plants were subjected to various calcium treatments, The comparisons
were made in hopes of obtaining more information about calcium
nutrition and requirements of Spanish peanuts. All experiments were

conducted under greenhouse conditions.



 CHAPTER II
LITERATURE REVIEW

The peanut (Arachis hypogaea L.) is one of the few plants

requiring a transfer of the ovary of the aerial flower by a gynophore
to a subterranean position before maturation of the fruit will
normally occur. The fact that peanut fruit develop undergroﬁnd
complicates any study of its mineral element requirements. This
necessitates taking into account the characteristics of the upper few
inches of soil in which the fruit develop, as well as the usual

consideration of a supply of nutrients available to the roots.

Calcium and Potassium Effects on Yield

and Quality of Fruit

Burkhart and Collins (6), in 1941, were able to show the neces—

" sity of a calcium supply in the fruit zone for a North Carolina (NC)
runner variety 6f peanuts by separating the root and fruit zone, The
presence of only calcium, added as C&SOA,}in the fruiting medium had

a definite favorable effect on fruit quality irrespective of the nature
of the rooting medium. Increasing calcium in the root zone when the
fruif zone contained distilled water increased the percentage of good
fruit formed. The presence of only potassium in the fruiting medium,
added as K2504, had a definite unfavorable effect on the fruit quality

irrespective of the nature of the rooting media. These researchers
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suggested that it is possible that excessive potassium'intake by the
growing peanut fruit in a low calcium medium may retard the transport
of calcium from the plant into the young embryo, thus resulting in
abortion and associated unfilled inferior fruit or "pops."

Colwell and Brady (9) worked with Virginia Bunch, NC Runner,
Spanish 2B, and White Spanish varieties of peanuts énd fdund that the
use of gypsum increased the proportion of two-cavity size fruit of the
Virginia Bunch and NC Runner varieties, but not of the Spanish <B and
White Spanish varieties. These men suggested that calcium sulfate
exerted a favorable effect by preventing ovule abortion at a very
early stage of fruit development before shell enlargement began.

Colwell and Brady (8) used only Virginia Bunch type peanuts in a
similar experiment and reported that gypsum, applied on the top of the
row at the time of early bloom, was far superior in meeting the calcium
requirements of peanut fruit pfoduced;on5sgilsﬁthanidbidmitic*lihééﬁsﬁf%”
stone placed in the row at the time of planting., Even with gypsum
application, 30-60 per cent of the ovarian cavities still remained
unfilled. These workers concluded that although a very low level of
soil calcium is adequate for vegetative growth, a relatively large
supply 1s necessary for proper development of fruit.

Middleton et al. (24), in 1945, found that Virginia Bunch peanuts
had by far the highest calcium requirement, then NC, Spanish 2B, and
White Spanish varieties in decreasing order, At one location, yields
of Virginia Bunch peanuts were increased six times, NC two times, and
Spanish 2B and White Spanish peanuts were not appreciably affected by

application of gypsum. Although Spanish peanuts did not respond to



added calcium in Middleton's experiment, Spanish peanuts have been
shown to require calcium in the fruit zone for proper development of
fruit (31).

Brady and Colwell (4) reported that Vriginia type peanuts were
not aided in the filling of fruit by application of potassium to soils
and under certain conditions potassium lowered the true shelling
percentage of ovarian cavities filled. When potassium was applied to
the fruit zone in combination with calcium, it had no unfavorable
effect on quality. These researchers concluded that increased yields
from the use of poﬁassium may be expected when (a) there is an adequate
supply of calcium to bring about good filling of fruit and (b) when
the level of soil potassium ié extremely low. Potassium seemed to
affect yields through its influence on plant size rather than on kernel
development. Similar results for potassium were also obtained by Reld
and York (28).

Brady et»al. (5) worked with Jumbo Runner peanuts in containers
where ﬁhe root and fruit zones weré separated. So0il was used for the
rooting media while washed quartz sand was used for the fruiting media.
Of the ions Ca, X, Mg, Cl, SOA, KH2, and POh, calcium was found to be
the énly one which cénsistently increased frui£ filling when supplied
tb the fruit zone. This was true regardless oflthe combinations in
wﬁich it was supplied. The addition of pdtassium to the fruiting or
rooting medium slightly depressed fruit filling in some instances in
the ébsence of calcium in the fruit zone. However, if a solﬁtion of
CéSOh containing as little as 20 ppm Ca were-supplied to the frﬁit

zone, no detrimental effect resulted from potash addition. This was



true even when potassium was added at the rate of 320 ppm K. The
application of chloride, sulfate, or phosphate ions did not signifi-
cantly affect fruit filling.

Strauss and Grizzard (34), in 1947, found the percentage calcium
saturation of the exchange complex was correlated with the number of
nuts formed per plant when using field grown Jumbo peanuts. If the
‘soil had a high calcium saturation value and low K:Mg ratio, added
calcium decreased yields. On the other hand, if the soil had a low
calcium value and high K:Mg ratio, increases in yield were obtained
from added caleium.

Rogers (30), in working with Spanish and Runner peanuts, suggested
that the major beneficial effectbof lime oh peanuts was the supplying
of calcium and mégnesium as plant nutrients. Lime improvéd the
qﬁality of peanuts as shown by increased shelling pefcentages of
Runner peanuts when growﬁ sucéessively for several years on the same
soil. A high rate of potassium fertilizer, 120 pounds of K20 per acre,
decreased the shelling percentage of sound and mature kernels.

By growing Jumbo Runner peanuts in containers which separated
the root and fruit zones, Brady (3) concluded: (1) The most critical
period in fruit development from the standpoint of a supply of calcium
to the fruit zone was 15 to 35 days after the gynophores reached the
sand. (2) The fruit nearest the main stem was much more poorly filled
than those of comparable age further out on the stems. Gynophore
competiﬁion for carbohydrates was offeredfas a possible explanation of
this fact. (3) Supplying calcium to one side of the peanut plant did-

not improve the quality of fruit qgmthe opposite side of the same



plant., This was offered as indirect evidence of the lack of movement
of calcium from one side of the plant to the other.

Harris (15) reported that Dixie Runner peanuts were no£ able to
transldcate calcium from the roots to the developing fruit in suffi-
cient quantities to supply the needs in that region. In his experi-
ment the root zone contained ample calcium while the fruit zone con-
tained 6nly distilled water. Sulfur was the only element other than
calcium that, when left out of the pegging zone, resiilted in a
statisticélly significant decrease in yield of nuts. Harris concluded
that a deficiency of an element in the root area may possibly increase
peg absorption of that element and a balanced supply of nutrients in
the root zone as weil as calciuﬁ and, perhaps, sulfur, in the pegging
zbne are necessary for the best production of huts.

Reed and Brady (26) applied dolomitic limestone and gypsum at
varioué times and rates on Virginia type peanuts and found that on
soils low in calc¢ium, large increases in yield were obtained from
calcium additions. These men concluded that the calcium sppply of
the soil is the most important single factdr in the production of large
seeded type péanuts and the level of soil calcium gives a good index
of the likelihood of response to added calcium when the type of
éolloid is takén into account. The type of colloid can be a factor
in peanut frﬁit filling as'reported by Mehlich and Colwell (22).

Jumbo Runnér peanuts produced fruit of good quality, even at relatively
low caléiﬁm level, when the fruit zone contained the kaolinitic type of
colloid. >In a montmorillonitic system, larger amoﬁnts of calcium at
higher degrees of saturation were required to produce similar fruit

quality. Similar results were also obtained by Mehlich and Reed (23).



Robertson et al. (29) reported that a negative response to
potash was obtained every year when more than 15 pounds of K20, added
as KC1, were applied to the soil. The lack of response to potassium
was attributed either to the application of the fertilizer potassium
in the peanut row or to increasing rates of phosphorus applied as
superphosphate, Calcium gave significant yield responses three out of
four years. No indication of the type of peanut used was given in the
article. |

Cox and Reid (11), in 1964, found that calcium additions to the
s0il reduced plumule damage in NCAX peanuts. Increased amounts of
calcium added to the soil possibly induced a bofon deficiency in the
kernels of the peahuts. Reid and York (27) reported similar results
in that nitrogen, calcium, and boron all prevented pod formation
when they were left out of the foot and fruit zone of NC2 peanuts.

Tuéker et al. (36), in i96h, found that under irrigated conditions
potassium caused a sligﬂt decrease in yieids of Spanish peanuts when
éompared to a check plot. Gypsum, at a different location, when
applied on the surface of the soil, inéreased yields but reduced the
shglling percentage of peanuts. In 1966 Tucker et al. (35) reported
similaf results in that K applied alone slightly decreased the yield
of Spanish peaﬁuts. A combination of ﬁ; P, K, and gypsum at the rates
of 4O, 80, 80, and 500 pounds ﬁer acre, respectively, resulted in the
highest yield. TUnder nén—irrigated conditions internal damage in
Spanish peanuts was reduced by boron and boron plus gypsum applications

to the soil.



Calcium and Potassium Uptake and Distribution

in the Peanut Plant

According to Burkhart and Page (7) the vegetative stage of growth
of Vifginia Bunch peanuts (two months after planting) is the most
practical for foliar diagnosis, as fertilizer supplements may be
beneficially applied as top or side dressings during this stage. The
average concentration of calcium from all leaves analyzed ingreases
with maturity of the peanut plant. The average concentration of : .
potéssium decreases from the first to the second sampling, but .
increases from the second to the third sampling. These workers
postulated that the increase in potassium is probably a result of
upward translocation of potassium from the lower leaves as the plants
mature,

Colwell et al. (10), in 1945, reported the peanut shell potassium
levels of Virginia Bunch and North Carolina Runner to be higher than
those from Spanish peanuts. This was true whether gypsum was applied
to:fhe s0il or not. On all but the Virginia Bunch peanut, the potas-
sium content of the shells was inéreased when gypsum was added to ihe
soil. This was true for shells containing 2, 1, or no kernels.

Shells of Spanish 2B and White Spanish peanuts were higher in calcium
than those of NC and Virgipia Bunch, although Virginia Bunch was
higher.than NC Runner.i Kernel analysis df Virginia Bunch and NC Runner
shdwéd that the conéentration of all constituents except calcium to
be'higher-in the kernel thaﬁ in the shell, Thesé men postulated that
the décrease in the nutrient content of shells.of the two-kernel group
fesulted from movément of the nutrients from the shélls into thé

déve10ping kernels.
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Brady (3) found that calcium sulphate, when supplied to only one
side of the fruit zone of Jumbo Runner peanuts, affected the chemical
composition on only that side of the plant to which it was added.
Calcium sulphate addition to the fruit zone was also found to increase
the calcium and potassium content of the stem as compared to distilled
water in the fruit zone. Reed and Brady (26) obtained a decrease in
potassium content of the plant stem of Virginié type peanuts when
1imé was broadcast, buﬁ localized placement of gypsum resulted in an
inérease in calcium, magnesium, and potassium in the plant.
Nicholaides and Cox (25) analyzed the tops of Virginia type peanut
plants at the end of a seven weeks growth period and found that
varying the‘rates of calcium to the roots had no effect on the
potassium.content of the tops. 7

Rogers (30) reported that lime additions to the soil decreased
the percentage of potaséium in ﬁhe vines of Spanish and Runner
péanutsi This reduction in potaésium content of peanuts by liming a
calcium-depieﬁed sdil was atiributed in part to increased growth and
increased effiéiency of utilization of applied poﬁassium by Spanish
aﬁd Runner peanuﬁs. Rogers concluded that the peanut is a crop which
can _tolerate a high CaéK ratio and posseéses an ability for luxury
absorption of potassium“far in exéess of that required for normal
growﬁh; | |

" Bledsoe et al. (1) reported when labeled calcium was added to the
root zone of Dixie Runner peanuts that deﬁectable amounts could be
foﬁndiin young beés which had not entered the'fruit zone. After the
pegs enﬁered the fruit"zone, calcium ébsorption decreased. The |

peanut shells contained small amounts of labeled calcium, but none was
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found in the seed. When labeled calcium was placed in the fruit zone,
it was very actively taken up by pegs, shells, and fruit. These
researchers suggested thet the capaeity for calcium absorption by the
gynophore and ovary is limited after a definite point during their
development and that further ffuit development is apparently dependent
upon the external supply of calcium in the fruit zone.

Bledsoe'and Harris (2) suggested that the developing gynophores
of Dixie Runner peanute heve a greater ebsorptive intensity for
potassinm and calcium from the external supply in the fruiting medium
than for phosphorus or magneeinm. These results were based on the
mineral comnosition of gynophores befere and after they entered the
fruit zone supplied with a conplete nutrient solution. These men.also
postulated that the root is the primary absorbing organ of the peanut
plant and a nutrient balance in the‘root zone is necessary for optimum
growth'and fruit production. 1In no case was the absorption of an
element by the gynophores sufficient to offset the appearance of
nutrient deficiency'symptoms of that element when it was omitted from
the reoting medium of thelplant. |

| Hallock et al. (14), in 1969, analyzed six different plant i .:-
portions from>Spenish, Virginia 61R, and Early Runner peanuts at four
diffenent time intervals during their growth cycle for various nutri-
ents; The eotassinm content of leaves of Virginia 61R and Early
Runner generally increased with age, while that of Spanish peanuts
went up after the first sampling date then‘remained'the same for the
remainder of the har&est dates. The potassium content was higher for
Virginia 61R and Early Runner peanuts than Spanish for any sampling

date. The calcium content of the leaves of Spanish peanuts decreased
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with age, increased then decreased for Early Runner, and stayed
essentially the same for Virginia 61R. Spanish leaves were higher in
calcium content over all sampling dates than Early Runner or Virginia
61R. Early Runner was slightly higher in calcium than Virginia 61R.,
Mehlich and Colwell (22) reported that calcium uptake by the
shells of Jumbo Runner peanuts was increased with increasing calcium
levels in montmorillonitic or kaolinitic type fruiting medium. The
calcium content of peanut shells produced infa kaolinitic medium was
higher than those in a montmorillonitic medium. This difference, due
to type of coiloid, was more pronounced at high degrees of calcium
saturation and at higher cation absorption capacity levels. Uptake of
calcium from the kaolinitic system was more directly related to fotal
calcium present than to degree of saturation. In the montmorillonitic
system, absorption was more directly related to percentage calcium
saturation than to total amount. Mehlich and Reed (23) also reported
that for any 1evei of calciﬁm, the calcium content of the shells is
highest when fruit is produced in the kaolinitic type colloid as com-
pared to organic type colloids. The calcium content of the Jumbo
Runner plant was highest when the roots were growing in the organic-
type. colloid. Mehlich and Reed‘suggésted that the reason for these
differehces in cdlioid effect were based on differences in the release

of calcium from colloids in the fruiting and rooting media.



CHAPTER III
METHODS AND MATERTALS
Experiment T

This experiment was designed to compare yield, selected vegeta-
tive and reproductive characteristics, and calcium and potassium
distribution for Spanish and NC2 peanuts (hereafter referred to
several times as only Spanish or NC2) when the fruit zone received
various calcium treatments.

The root and fruit zones were separated to permit treatment of
each zone independently.. A diagram of the growth containers is shown
in Figure 1. ‘The fruiting conﬁainers were made by constructing a
rectangular box 12 inches long, 10 inches wide, and 4 inches deep
from 1"x4" lumber. These wooden containers were lined with poly-
ethylene. A 3/h"xj" circular plasticvsleeve, located in the center of
the fruiting containers, connected the root and fruit zones. Two
1/4VX1/2"'plastic tubes, located at the outer edges of each fruiting
container, served as a means of flushing nutrient solutions from the
fruit zone., A 1/h"x5" plastic tube extended from the root zone to
above the fruiting area’and served-as avmeans by which nutrients could
beradded to the root zone. The root containers were number ten food
cans lined‘with poiyethylene. A small l/h"xl" plastic drainage outlet

was located 2 inches from the bottom of the rooting containers. This

13



14

I2ll

£
L=

N

—H-——
S B E—

a1

;t: )
=8

l"l;
o

bl

SIDE VIEW
Top and Side Views of Rooting -

and Fruiting Containers

Figure 1.



15

outlet prevented flooding and permitted the periodic flushing of the
root zone.

Acid washed silica sand was used in both the root and fruit zones.
The sand was washed with dilute hydrochloric acid and then rinsed
several times with distilled water to remove the remaining chlorides.
The sand was air dried for one week and then placed into the rooting
and fruiting containers. Each fruiting container received 6.56 kilo-
grams of sand, resuiting in a fruit zone of 3.50 inches in depth. The
rooting container received 4.99 kilograms of acid washed sand.

Hoagland and Arnon (18)vorigina11y developed the concentration of
nutrieﬁts used to supply the root and fruit zones, but a slight modi-
fication of a "cbmplete nuﬁrient solution" recommended by Bledsoe
et al. (1) proved to be of more benefit for growth of peanuts. All
nutrient solutions were prepared using reagent grade chemicals and
distiiled water. The root zone received a "complete nutrient solu~
tion,“ while the fruit zone received a complete nutrient solution
mihus calcium., Calcium was then added to the fruit zone at rates of
0, 5, 10, 20, and 4O ppm as calcium chloride. Composition of the
complete nutrient solution used ié shoﬁn in Table T.

The expériment was conducted in a greenhouse and each treatment
was_replicated four ﬁimes in a completely random design. Each fruit
zone received 1 liter of its respective fresh nutrient solution every
ﬁwo weeks after beiﬁg flushéd with distilled water. Each root con-
téiner receivéd 500 m1 6f a complete nutrient solution, twice weekly
aﬁd‘was flushed with distilled water once é week. The root and fruit

zones were kept moist by application of distilled water as needed.

-~
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BASIC COMPOSITION OF A COMPLETE NUTRIENT SOLUTION

Concentration of Nutrient

Source Nutrient Supplied (ppm)
Ca(N03)2°4H20 | Ca | 100.00
NO, 310.00

KNO, K 98.50
NO, 156.00

MgSO, + 7H,0 Mg 20,18
$ 31.83

KH,PO, K 20.08
| P 15.95
HyBO, B 0.10
CuS0, + 5H,,0 Cu 0.004
ZnS0, +7H,0 Zn 0.010
H,Mo0, *H,0 Mo 0.010
FeSO, Fe 1.000
MnCl MN 0.06

2
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Spanish and NC2 peanut seeds were planted in one-gallon con-
tainers filled with washed quartz sand on October 4, 1968, On October
14, one plant was transplanted into the rooting medium of each
container. Care was taken to select 20 plants of each kind with as
uniform growth as possible. Nutrient solution treatment was started
immediately for the root zone. Fruit zone nutrient treatments were
begun onbNovember 23, immediately after pegging ﬁas obser&ed.

Flowers of.all plants were counted daily. Sincevthe peanut flower
is epheneral and wilts after a few hours, an accurate record of flower
production is easily obtained. All plants were harvested on
March 1, 1969 (lh?ldays after planting) and separated into four parts“
leaves and stems, pegs with pods, pegs without pods, and roots. The '
peanut tops and pegs were dr1ed in a forced air oven, ground in a
Wiley mill, and then prepared for analysis of total calcium and
potassium as auggeeted by Jackson (21). The analjsis was made with a
Perkin Elmer Atomic AbsorptionhSpectrophotometer, model 303. The
unsheiled fruitjwere’air dried for seven days, hand shelled and then
counted and welghed. iTne shells were also analyaed for totai caleium
and pota351um. Statlstical analyses were performed according to
Steele and Torrie (33). | | |

;'“Because of limited greenhouse space for Experiment I, a similar
experinentvwas stafted on Janﬁary 23, 1969,'and harvested on June 8.
This experiment was essentially a eontinuation‘of Experiment I but had
tobbe coundﬁcted at a diffefent location. The leveis of calcium added
to the frult zone were 80 160, and 320 ppm. Everything else was

carried cut exactly as above.



18
Experiment II

Experiment IT was conducted to compare calcium and potassium
uptake and distribution in Spanish and NC2 peanut plants at various
intervals during their maturation.

The root and fruit zones were separated as in Experiment I except
the fruiting area was reduced to a circular container measuring
L, inches in height and 4 inches in diaméter. This reduced size of
fruit zone was used in order to be able to harvest pegs of similar
age which entered or had not entered a fruiting medium containing a
complete nutrient solution.

Additional Spanish and NC2 peanuts were planted on June 3, 1969.
On June 16, these plants were transplanted into the root zone. Each
treatment was replicated four times in a completely random design.
Harvest dates were August 6, which was considered representative of
early pegging; September 6, which was considered representative of
early maturing of the fruit; and October 10, which was considered
representative of a mid-to~late maturing of most fruit. On each
harvest date the most extended, fully developed leaves from the main
stem and first and secondvlateral branches were collected. Also,
pegs of comparable age which entéred and had not entéred the fruit
zone were collected at each harvest., After each harvest the plant
material was dried and milled. Total calcium and potassium were
determined for each plant part. Data were subjected to statistical

analyses as in Experiment I.
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Experiment III

Experiment III was designed to determine if peanut gynophores have
a cation exchange capacity (CEC) and, if so, how the CEC changes as
Spanish and NC2 peanut plants mature.

Two Spanish and NC? peanuts were planted in polyethylene lined
one-gallon cans filled with Eufaula soil on July 7, 1969. The cans
were thinned to one plant per pot on July 28, leaving plants with as
uniform growth as possible.

Some chemical and physical properties of the Eufaula soil used

are shown in Table IT.

TABLE IT

SOME €HEMICAL AND PHYSICAL PROPERTIES OF EUFAULA SOIL

Available phosphorus (ppm) | 20.96
Cation exchange capacity (meq/lOOg) 1.78
Exchangeable cations (meq/100g)

Calcium ‘ .60

Potassium .13
Soil reaction (water paste, pH) 6.95
Sand (%) 89.59
Silt (%) 7,90
Clay (%) 2.51

Soil treatments consisted of what was considered a low and a
high calcium treatment. On July 29, every pot received 200 ml of
complete nutrient solution minus calcium. Then half of these pots

received 40.22 mg of calcium added as calcium chloride, the high
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calcium treatment. Because of poor plant appearances, an additional
200 ml of a complete nutrient solution minus calcium were added to
every pot on August 15. Also, 40.22 mg of calcium were again added

to each high calcium pot. Distilled water was used throughout the
growing season to maintain soil moisture for gdod growth. The first
harvest date was September 13 and consisted of the peg portion below
the soil. The CEC of pegs of comparable age was determined by the
method suggested by Helmy and Elgabaly (17). For the second and third
harvests, October 11 and November 7, CEC was determined on peanut
shells rather than on pegs. Pegs and shells of comparable age to those
used for CEC detérmination were also analyzed for total calcium énd

potassium after each harvest.
Experiment IV

Experiment IV was designed to evaluate the effects of a strong
andwwéak acid organic resin, placed in the fruit zone, on selected
reprgductive and vegetative characteristiés of Spanish and NC2 peanuts
as_well as the uptake and distribution of calcium and potassium within
the peanut pléntsa The strong and wéak acid resins were products of
Fisher Scientific Company énd were designated as R-231 and R-234,
respectiveiy; The éhemical and physical characteristics of these
resins are shown in Table III. |

The Strong and weak acid.resins were placed in large plastic

containers énd saturated with a solution of 0.5 M CaCl The resins

2.
were stirred several times during a two~day saturation period. The
Ga012 solution was then drained off and the resins were rinsed with

distilled water a sufficient number of times to remove the remaining
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‘chlorides. The resins were air dried for two weeks and samples were
collected to be analyzed for water soluble and 1 N ammoniun acetate
extractable Ca. The analytical results, giving the Ca removed, are

shownn in Table IV.

TABLE III

CHEMICAL AND PHYSICAL PROPERTTES OF STRONG AND WEAK ACID
SYNTHETTC ORGANIC RESINS (Rexyn R-231 and Rexyn R~23L)

Organic - Organic

strong acid* weak acid**
Porosity ﬁedium medium
Mesh size | 16-50 16-50
Total exchange capacity (meq/ml) 1.95 3.70
Moisture content L5.00% L6.50%
hetive working density (dry/basis) 43 .36

*Sulfonated polystyrene copolymer, hydrogen form, Rexyn R-231.

*¥Methacrylic acid containing carboxylic acid groups, hydrogen form,
Rexyn R=234.
TABLE TV

WATER SOLUBLE AND 1 N NHAAC EXTRACTABLE CALCIUM

Water scluble 1 N NH, Ac extractable
Type of resin calcium (ppm) catcium (ppm)
Strong acid 5 990

Weak acid 15 810

Sparrish and NC2 peanuts were planted on July 7, 1969 and trans-
planted into their respective rooting containers on July 26. The

fruiting snd rooting containers were essentially the same as in
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Experiment I except the fruiting containers were reduced to 8"x6" to
better accommodate the limited amounts of resins. A complete
nutrient solution was used in the root zone as in Experiment I. The
exchange resins were placed in the fruit zones on August 20, immedi-
ately after pegging had begun. Distilled water was added to the
resins throughout the experiment to maintain a slightly moist condition.
This study was a completely randomized design with a factorial arrange-
ment.of treatments replicated four times. |

On December 13, all plants were harvested and separated into five
parts: (1) stems and leaves, (2) pegs which had not entered the fruit
zone, (3) pegs which had entered tﬁe fruit zone but had developed no
fruit.  These individual pegs were further divided up into that
portion which was in the fruit zone and that portion above the fruit
zone (4) pegs which had de#elopéd mature fruit. These fegs were also
divided as in (3) above, and (5) fruit.

vLéaves? stems, énd pegs were dried in a forced air oven, milled,
and analyzed for total calcium and potassium. The fruit was air
dried, counted and weighed, and the shells of mature fruif analyzed
for total calcium aﬁd potassium. Statistical analyses were run on the

experimental results as before.



CHAPTER 1V
RESULTS AND DISCUSSION

Experiment I

Adding different levels of calcium to the fruit zone, when the
root zone contained a complete nutrient solution, had varied effects
upon yield, vegetative and reproductive characteristics, and upon
calcium and potassium content of Spanish and NC2 peanut plant parts.

Calcium levels in the fruiting zone in excess of 10 ppm caused
decreases in dry weights of peanut leaves and stems (Table V). Leaves
and stems of NC2 peanuts were somewhat heavier at all calcium levels
than leaves and stems of Spanish peanuts.

Fruiting zone calcium levels in excess of 10 ppm also decreased
the number of flowers ahd pegs produced, but increased the percentage
wapegs which produced fruit (Table V).. Both the number of fruit and
the percentage of pegs which produced fruit increased with increésing
levels of calcium in the fruiting medium. (A fruit was cbnsidered
any peg which had begun enlarging). In general, Spanish peanuts
produced mbre flowers, pegs; and fruit per plant than did NC2 peanuts.

'Yields, as measured by weights of unshelled and shelled.nuts,
were increased by increasing levels of calcium in the fruiting zone
(Table VI). Fruit of NC2 peanuts appeared to be more sensitive than

Spanish peanuts to a deficiency of calcium in the fruiting zone, but

23



TABLE V

MEAN VEGETATIVE AND REPRODUCTIVE CHARACTERISTICS OF SPANISH AND NC2
PEANUTS AS AFFECTED BY CALCIUM ADDITIONS TO THE FRUIT ZONE*

o : Dry weight of leaves of flowers No. of pegs of fruit Pegs producing
Treatment and stems . (g/plant) per plant per plant per plant fruit (%)
Ca level

Spanish (ppm)
| 0 11.9 159 85 4.0 L7
5 11.2 143 81 7.0 8.6
10 11.6 154 74 10.8 14.6
20 8.2 5L L6 7.8 17.0
4O 7.9 63 5 15.0 27.8

NC2
0 13.4 62 L9 1.8 3.7
5 13.1 70 5L 2.8 5.2
10 13.2 58 50 L.5 9.0
20 10.9 35 27 7.0 25.9
LO 9.8 33 25 7.0 28.0
5D o5

1.8 18.1 2.1 5.7 9.9

*¥A11 values are the means of four replications

12
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TABLE VI

MEAN WEIGHT OF UNSHELLED AND SHELLED NUTS OF
SPANTISH AND NC2 PEANUTS AS AFFECTED BY
CALCIUM ADDITIONS TO THE FRUIT ZONE*

Weight of unshelled Weight of shelled

Treatment nuts (g/plant) nuts (g/plant)
Ca level
Spanish (ppm)
0 0.40 _ 0.13
5 0.97 0.68
10 1.75 1.05
20 : 3,80 2,93
40 LoLb 3.38
Nc2
0 0.13 0.00
5 0.83 0.30
10 0.70 0.15
20 4.10 2.80
40 5.23 3.88
LSD.OS

1.98 0.83

*¥A11 values are the means of four replications
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the data indicate that both varieties require a supply of calcium in
the fruiting zone for satisfactory production.

Many pegs were observed to darken and thén deteriorate after
entering their respective fruiting zones, especially in zones with the
lower concehtrations of calcium. However, of the kernels which did
develop, very few éhowed internal damage regardless of variety or
calcium level in the fruitiﬁg zone.

The total caléium content 6f Spanish and NC2 leaves fluctuated
slightly, but in géneral, iﬁcreased as the calcium content of the
fruit zone increased (Fig. 2). The leaves analyzed were a conglomerate
of all leaves on the plaht and included both young and old leaves.
Spaﬁish leaves at any given calcium level weré generally higher in
calcium than NC2. Calcium appears to be transported from the
developing gynophores to the leaves for both varieties. The potassium
gonteht_of Spanish leaves ﬁaried widely with increasing calcium addi-
tions to the fruit zone (Fig. 3). There was avtrend for NC2 to
increase in‘potassiﬁmlas the caicium level increased, but this trend
was not significantly different at the 5 per cent level. In general,
Spagiéh peénuté were higher in pétassium fhan NC2 for any given calcium
level.. Brady (3) obtained.somewhat similar results for both calcium
and potassium using Jumbo Runner peanuts.

m'“  Spanish'and NC2 were eésentially the same in peg calcium content
regardiessvof the fétes of calciﬁm added to the fruit zone (Fig..hj.
These pegs were‘a conglomeration of all peés dn a particularlplant.
Iﬁcreasing the calcium éoncentration in the fruit zone did not

significantly effect the calcium content of Spanish or NC2 pegs. The
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NC2 pegs were generally higher in potassium content than were
Spanish over all levels of calcium additions (Fig. 5). Neither
variety showed a significant increase or decrease in potassium due to
added calcium in the fruit zone.

The total calcium content of both Spanish and NC2 peanut shells
followed the same pattern, but this pattern was very irregular
(Fig. 6). The shells analyzed consisted of a combination of those
which had developed mature or immature fruit. There were significant
differences within either variety due to added calcium to the fruit
zone, but no explanation can bé given for the varied composition,
Because of limited amount ofvplant material and misplaced solutions,
no data are given on total potassium content of peanut shells,

_Limited greenhouse space at the time Experiment I was undertaken
forced_a continuation experiment to be carried out at a later date in
a different greenhouse. As the lighting and temperature were slightly
different from thevfirst part of the experimenﬁ, the results will be‘
presented separately. | |

The addition of high rates of calcium to‘the fruit zone had only
a slight effect on dry weight of leaves and stems of Spanish and NC2
(Table VII). The dry weight of leaves and stems from Spanish for the
160 ppm Ca level represented the only significantly different weight
obtained.

The number of flowers and pegs per plant followed a similar pat-
tern for both Spanish and NC2 (Table VII). Increased additions of
calcium to the fruit zone had no.noticeable effect oﬁ flower or peg
production within either variety, but at any calcium level Spanish

was higher in flower or peg production than NC2.
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TABLE VII

MEAN - VEGETATIVE AND REPRODUCTIVE CHARACTERISTIGS OF SPANISH AND NC2
PEANUTS AS AFFECTED BY HIGH CALCIUM ADDITIONS TO THE FRUIT ZONE¥*

Dry wt. of leaves No. of flowers No. of pegs No., of fruit  Pegs producing

Treatment . & stems (g/plant) per plant per plant per plant fruit (%)
Ca level |
Spanish {(ppm)
80 18.60 125.25 69.25 29.75 L2.96
160 15.09 124.25 ‘ 62.00 28.50 L5.97
320 17.53 126.25 6L.75 23.25 35.91
NC2
80 20.18 75.75 48.50 15.50 31.96
160 18.33 : 68.25 40.00 15.25 38.13
320 19.44 72.50 L1.75 16.00 38.32
LSD.O5

3.05 “14.35 12,69 13.59 NS

*A11 values are the means of four replications -

T¢
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The number of fruit produced per plant was greater for Spanish
than NC?, but was not.significantly affected by Ca levels (Table VII).
The pefcentage of pegs producing fruit was essentially the same for
Spanish and NC2 at any concentration of calcium in the fruit zone
(Table VII).

Unshelled fruit of Spanish and NC2 were significantly different
in weight per plant at the 160 or 320 ppm calciﬁm levels, but were
essentially the same at the 80 ppm calcium level. This trend was the
same for the weight of shelled nuts per plant also (Table VIII). Both
varieties exhibited a marked.increase in weight from 80-160 ppm
calcium, bu§ from‘160—320, no definite improvement was observed. The
high level of calcium (320 ppm) appears to be somewhat higher than
. needed for maximum fruit production for Spanish.

High rates of calcium in the fruit zone did not appreciably
increase the calcium content of Spanish or NC2 peanut leaves (Fig. 7).
For any given calcium level, both varieties were nearly the same in
caicium concentration. ILeaves analyzed ﬁere a mixture of all leaves
on a given plant. Spanish and NC2 leaves increased in potassium
content as calcium was increased in the fruit zone (Fig. 8). Spanish
was someﬁhat higher in potassium than NC2 for the 80 ppm calcium
level, but both varieties approached similar concenﬁrations for the
160 and 320.ppm levels.

Spanish pegs contained more calcium than those of NC2 at the 80
and 160 ppm calcium additions to the fruit zone, but not at the 320 ppm
calciuﬁ rate (Fig. 9). Spanish and NC2 incfeased considerablj in
calcium content from the 80 to the 160 ppm calcium rate and leveled

off somewhat from the 160 to 320 ppm calcium additions. Spanish
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MEAN WEIGHT OF UNSHELLED AND SHELLED NUTS OF SPANISH AND NC2
PEANUTS AS AFFECTED BY HIGH LEVELS OF CALCIUM

ADDED TO THE FRUIT ZONE*

Unshelled nuts

Shelled nuts

Treatment (g/plant) (g/plant)
Ca level
Spanish (ppm)
80 6.40 L.L3
160 10.07 7.75
320 9.25 7.39
Ne2
80 7.43 5.29
160 12.30 9.52
320 11.83 10.16
LSD.OS
2.19 1.07

*All values are the means of four replications
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exhibited a tendency t0 absorb considerably more calcium than NC2 at
the lowest level of calcium (80 ppm) in this part of the experiment.
Bofh Spanish and NC2 pegs increased slightly then decreased in
potassium content with increasing additions of calcium to the fruit
zone (Fig. 10). No difference was observed between varieties at any
given calcium concentration in the fruit zone. All pegs analyzed for
“calcium or potassium included a combination of all pegs produced on a
given plant.
At increasing rates of calcium in the fruit zone, the calcium

cohtenﬁ of Spanish and NC2 peanut shells increased (Fig. il).
Spanish and NC2 were essentially the same in calcium concentrations
for any given level of calcium addition to ﬁhe fruit zones. In
general, the potassium content of Spanish and NC2 peanut shells
decreased és calcium levels in the fruit zones increased (Fig. 12).
Although Spanish was higher in pétassium content than NC2 for any
given éaléium level. This was not a statisticallybsignificant
difference at the 5 per.cent level. It appears that as the calcium
cgncéntration inéreases in the shells the potassium concentration
degreases.. A1l shells analyzéd were a composite of shells from mature
and immature nuts. |

m‘Ingreasing the calcium concentration in the fruit zone apparently
increased the caléium concentration in roots of Spanish bﬁtbnot NCR
peanuts (Fig° 13). The fact that root calcium but not leaf calcium
increased in Spanish peanut plants as the calcium level was increased
cannct be explainede These data could possibly be biased as sand
particles were very hard to remove ¢omplétely from the roots and upon

digestion of the root material some sand was found to remain. Because
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of the consistency of the measured root calcium concentrations, the
general tendency is thought to hold and represents a difference between
varieties.

Even though the two parts of the experiment were presented
separately, the weight of shelled fruit per plant followed a very
similar pattefn for both parts. Because.of this similarity, correla-
tion coefficients, and regreséion equations were calculéted over all
thé data for Spanish and NC2 (Fig. 14). Both Spanish and NC2 show
correspondingly high "r" values between weight.of shelled fruit per
plant and ppm of calcium added to the fruit zone. The fruit weiéht
of NC2 appears to have a slightly stronger relationship to added

calcium than doeé Spanish,
Experiment II

The total calcium and potassium content of Spanish and NC2 plant
partshvariédvconsiderably over three harvest dates. A definite
pattérn was observed for most plant parts analyzed. |

. Spanish was somewhét lower than‘NCZJin calcium content of main
stem leaves for the August 6 harvést (Fig. 15). With increasing
maturity of the plants, however, the calcium level of Spanish
surpassed that of NC2. Both varieties increased in calcium content
over each subseqﬁent harvest. The pdtassium content of main stem
leaves of Spanish was higher than that of NC2 for the.first harfest,
but for succeeding harvesté both varieties differed only slightly
(Fig. 16). Spanish and NC2 decreased in potassium content as the

plants approached maturity. Spanish decreased rapidly from the first



125

0235X » |.51
.84 Ny

-
non

10.0F

WEIGHT OF SHELLED FRUIT(g/plant)

0(\91 | | | |
10 20 40 80 160 320
CALCIUM (ppm) ADDED TO FRUIT ZONE
— 15.0 T T T 1 1
= A
d Y =.0333X + |,.37
'a, 12.5F r =.90 &
s il
90 P\
= 10.0
oc
('
o 75 )
(V8]
wad
)
¥ 50 5
w
S
o 25 .
1 i
O
w ALA 1 I 1
= 10 20 40 80 160 320

CALCIUM (ppm) ADDED TO FRUIT ZONE

Figure 14. Relationship Between Calcium Added to the Fruit Zone
and Weight of Shelled Fruit of Spanish and NC2
Peanuts



TOTAL POTASSIUM (%)

TOTAL CALCIUM (%)

7 Op—— — —
.60 .
.50+ .
a0k .
_ SPANISH
30 S
LSD = 0746

.20 : L — 1 ]

AUG 6 SEP 6 OCTI10

'HARVEST DATES.

Figure 15. Total Caléium Content of Main Stem Leaves

2.8 ——— |

1
2.4 SPANISH .
20F & =
.61 —
L2F | i
LSD 4 =.4916 .
| v , 1 ]
AUG 6 SEP6

HARVEST DATES

Figure 16. Total Potassium Content of Main

ocT 10

Stem Leaves

41



L2

to the second harvest and then leveled off somewhat, while NC2 leveled
off from the flrst to the second harvest and decreased rapldly from
the second to the third harvest.

Spanish and NC2 were essentially the same in calcium concentra-
tion of second lateral branch leaves on the August 6 harvest (Fig. 17).
At'the September 6 harvest NC2 was higher in calcium than Spanish
while at the last harvest Spanish surpassed that of NCZ. Both varieties
in general increased in calcium content with 1ncreaslng maturlty of
the_ plants., Spanish and NC2 second 1atera1 branch leaves differed
in potassium content only at the September 6 harvest date (Fig. 18).
With.increasing maturity of these.plants, the potassium concentration
decreased; Spanish, again, decreased rapidly from the first to the
second harvest and then leveled off someWhat, while NCZ was o
essentlally the same in potassium content for the first and second
harvest but dropped cons1derab1y at the third harvest.

The calclum content of the flrst 1atera1 branch leaves from
Spanlsh and NC2 differed only s11ghtly at any one harvest (Flg. 19).
Both varletles tended to increase in calc1um as the plants matured.
Spanlsh and N02 flrst lateral branch leaves were essentlally the same
in potas31um levels at any one harvest (Fig. 20) Both var1et1es
tended to decrease in potas31um as the plants matured. This decrease
in pota581um followed the same pattern as was observed for the other
leaf p031t10ns analyzed.

Spanlsh pegs not touching the fruit zone contained considerably
more calcium than 31m11ar pegs for NC2 at any harvest (Flg. 21) Both
Spanlsh and NC2 pegs 1ncreased 1n calcium as the plants approached

maturity, although Spanish increased more rapidly than did NC2. The
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total potassium content of these pegs increased and then decreased
as the season progressed (Fig. 22). Neither variety differed;gJﬁﬁilbf
statistically from each other for any one harvest.

The total calcium content of the peg portion in the fruit zone
followed a completely different pattern from that of pegs not touching
the fruit zone (Fig., 23). Spanish pegs in the fruiting zone contained
more calqium than NC2 pegs only at the first harvest, but their
calcium content then declined to a lower level. Brady (3) suggested
that the most critical period in fruit development from the standpoint
of a supply of.calcium to the fruit zone was 15-35 days afﬁer the
gynophores reached the sand; The August 6 harvest corresponds to
approximately this time period. Spanish pegs which did not touch the
fruit zone‘ﬁere considerably higher in calcium than those of NC2.

This may suggest that Spanish has a more adequate supply of calcium
to Begin fruit formation with than does NC2. The NC2 peg:portion in
the fruit zone remained essentially the same in calcium concentration
fof_the,first two harvests, bu£ decreased somewhat at the last
harveét.-_Spaniéh decreased rapidly in calcium from the‘firSt to the
second harvest and leveled off from the second to the third harvest.
The NC2 peg caléium was considerabiy ﬁigher than Spanish for the
September 6 harvest. The potassium content of these pegs followed a
similar pattern as did the pegs which had not touched the fruit zone
(Fig;VQA). The NC2 pegs increased in potassium Very rapidly at the
secdnd hérvest>and-then decreased very rapidly for the third harvest.
Spanish pegs were essentially the same for all harvests. The NC2 pegs
were much higher in potassium than Spanish for the Sepfember 6 harvest.

Burkhart and Collins (6) hypothesized that an excessive potassium
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absorption by the roots of the plants or by the developing fruit may
retard the transport of calcium from the vegetatlve organs to the
fruit or the direct intake of calcium by the fruit. How 1mportant
this large'amount of potassium is on fruit development of NC2 peanuts

for the September 6 harvest is not known.
Experiment III

Many researchers (12 13, 19, 32, 37) have suggested that root
CEC is related to cation uptake by plants and may regulate the relative
amounts of calcium versus potassium taken up by the plant. The root
CEC within plant species can be changed by nutritional variables (20).
In Experiment ITI developing peanut gynophores were considered to act
in a like manner as plant rootse |

_Under low soil calcium conditions, the calcium content of shells
of Spanish and NC2.were'essentiallv the same for the September 13
harvest (Flga 25) As the plants matured Spanish shells increased in
calcium concentratlon while those of NC2 remained the same. At the |
October 11 and espeC1ally at the November 7 harvests, Spanish shells
were cons1derably hlgher in calc1um than NC2. Both varieties produced
good quallty mature nuts at the November 7 harvest. The potassium
content of the shells of Spanish and NC2 peanuts decllned in a similar
pattern from one harvest to the next (Fig. 26) Both Spanish and NC2
decreased in shell pota851um as the plants approached maturlty. Only
sllght dlfferences existed between Spanish and NC2 at any one harvest
datee

Under high soil calcium conditions, the calcium content of shells

of Spanish and NC2 differed statistically at the October 11 and
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November 7 harvests (Fig. 27). The difference in shell calcium of
Spanish and NC2 for the September 13 harvest was not significant at
the 5 per cent level. Spanish appears to be able to absorb more
calcium than NCZ from a low or a high calcium soil, but for either
soil, Spanish and NC2 produced good quality fruit. The potassium
content of Spanish and NCZ shells on a high calcium soil varied some-
what from that on a low éalcium soil (Fig. 28). The potassium content
of NC2 was substantially higher than Spanish only at the September 13
harvest, then NC2 decreased rapidly over the last two" harvests.
Spanish decreased from the first to the second harvest and then
leveled off somewhat at the last harvest. At an early period in fruit
development, NC2 apparently absorbed more potassium from a high
calcium soil thén from a low calcium soil.

.. The CEC of Spanish shells on a low calcium soil was much higher
than that of NC2 on the September 13 harvest (Fig. 29). Heintze (16)
reported that plants with a high CEC favored divalent to monovalent
catidn;uptake and vice versa.. Thisbsuggests that Spanish is more
capable of absorbing potassium thén Spanish. Howevef, shell calcium
and potassium levels do not substéntiate this. Shell CEC of Spanish
degreases as the plants mature, which agrees with ﬁhe work of Helmy
and Elgabalys (17) with roofs of barley plants. The CEC of NC2
increases then decreases from the first to the second and from the
éecond to the third harvests,irégpectively. This suggests that NC2
shells are absorbing more calcium at the Octobér 11 harvest, Only
small differences existed in the calecium conﬁent of NC2 shells for

any harvest date.
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Under high soil calcium conditions, the CEC of Spanish and NC2
shells followed the saﬁe trend as under low soil calcium conditiohs
for all harvest dates (Fig. 30). The large difference in CEC of
Spanish and NC2 agrees somewhat with the difference in calcium content
of the shellsbfor the first harvest, but little agreement is observed
for ﬁhe succeeding harvests. The potassium content of NC2 shells
suggests a relationship to the CEC fof this first harvest; but there
is a somewhat inverse relaticnship for the remaining harvests. This
inverse relationship of CEC to shell potassium concentration was

exhibited by Spanish also.
Experiment IV

JAll of‘the measured vegetative and reproductive characteristics
ngSpehish‘and NC2 peanuts were substantially affected by the use of
synthetic cation exchange resins in the fruit zone (Table IX). The
dry weight of leaves and stems for either Spanish or NC2 was the
least when the fruit zone contained the strong acid resin. The.dry
weight of leaves ahd etems of Spanish was somewhat less than that of
NC2 for either type of resin used.

| Although the strong acid resin increased the number of pegs per
plant, it drastically decreaeed the percentage of pegs which produced
fruit.and, thus, decreased the nuﬁber of fruit per plant (Table IX)
and decreased yield of nuts (Table X). ‘This large difference in yield
is suggested to result from differehces in the release of calcium from
the two types of resins.' The ammonium acetate extractable calcium
was nearly the same for both resins, but the ﬁater extfactable calcium

was three times as high for the weak as for the strong acid resin
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TABLE IX

MEAN VEGETATIVE AND REPRODUCTIVE CHARACTERISTICS OF SPANISH AND NC
. PEANUTS AS AFFECTED BY EXCHANGE RESINS . : :
CONTAINED IN THE FRUIT ZONE* .

Dry weight of leaves No. of pegs = No. of fruit ©Pegs producing

. Treatment and stems (g/plant) per plant per plant . fruit (%)
Spanish |
*Strong acid 37.75 132.50 10.25 : 77
**Weak acid 18.13 76.25 51.75 67.87

Ne2

“'Strong acid 55.63 131.25 L.25 3.2
Weak acid - 24,.38 \ 73.25 L0.75 55.63
LSD.O5 6.23 21.77 9.5, 14.71

*All values are the means of four replications
**Sulfonate@ polystyrene copolymer, hydrogen form, Rexyn R-231
¥¥*Methacrylic acid containing carboxylic acid groups, hydrogen form, Rexyn R-234

u(e
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(Table IV) Therefore, the weak acid resin is considered to release
celc1um more readily than the strong acid resin. If an analysis of
variance is computed on the weight of shelled fruit of NC2 and
Spanish for just the fruit produced in a strong acid resin, the kernel

weight of Spanish is statistically larger than that of NC2 at the

5 per cent level of significance.

TABLE X

MEAN WEIGHT OF UNSHELLED AND SHELLED FRUIT OF SPANISH
- AND NC2 PEANUTS AS AFFECTED BY EXCHANGE RESINS
CONTAINED IN THE FRUIT ZONE*

- Weight of unshelled fruit = Weight of shelled fruit

Treatment . (g/plant) - (g/plant)

Sganish

Strong acid L.,8 2.78
Weak acid 25.53 18.58
nc2

Strong acid 1.48 ' , .75
Weak acid 27.50 20.85
LSD.05 5.51 Leh5

*A1l values are the means of four replications.

The total calcium content of the main stem leaves of Spanish and
NC2 was considerébiy“decreaeed by the use of a strong or weak acid
resin in the frult zone (Flg. 31) .Spanish was higher in leaf calcium
than NC2 when the strong ac1d resin was placed in the fruit zone, but
both peanut varletles had essentlally the same calclum concentration
When the weak a01d resin was used as a frultlng medium. Use of the
weak acid resin produced a much higher level of calcium in the leeves

for both varieties than did the strong acid resin. It appears that
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more calcium was absorbed by the developing gynophores from the weak
ncid resin than from the strong acid resin for both varieties and then
transported to the leaf area. The total potassium content of the
leaves of Spanish anvaC2~differéd statisticélly when the fruit zones
contained the weak acid resin, which gave the lowest potassium COntent
of either vafiety (Fig. 32){ Spanish was much higher than NC2 in léaf
pétassium When the ffuit zone contained the weak acid resin.> Both
varieties exhibited a tendency to decrease in potassium as the calcium
concentration of the leaves increased.

A étrong acid resin in the fruit zone significantly reduced the
calcium content of Spanlsh and NC2 peanut shells when compared to the
ca101um content of shells produced in a wezk acid resin (Flg. 33)
There_was no appreclable difference in shell calc1um of Spanlsh and
NC2 when the fruit zone contained a strong acid resin, but shell
calclum of Spanlsh was substantlally higher than that of NC2 when a
weak a01d re31n,was used as a fruiting medlum. Spanlsh appears to be
abléhtd nbsorh more céléium than NC2nunder one set of conditions (high
amgnnté of waterrextractahle célcium from the fruiting media), but is
véry similar to NC2 in cnlcium absorption under another set of condi;
tions (ldw_amounts of-water éxtractable calcium from the fruiting
média); WRegardleés of the kind of resin used in the fruit zone, NC2
Wéé cénsidefably higher than Spanish in shell potassium content (Fig.
34){ Spanlsh exhlblted an 1ncrease 1n shell potassium concentration.
when the type of resin was changed from a strong to a Weak acid,
while N02 remalned essentlally the same in shell potass1um for either
type of resin., Burkhart and Colllns (6) 1nd1cated that the ¥nown

antagonism between potassium and calcium may come 1nto play when the
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fruiting medium has a low available calcium supply and it is probable
that an excessive potassium absorption by the roots of the plant or
by the developing fruit may retard the transport of calcium from the
vegetative ofgans to the fruit or the direct intake of calcium by the
fruit; It appears that under low available calcium conditions (strong
acid resin in fruit zone) that either NC2 roots or tops transfer
quite a large supply of potassium to the developing shells as conpared
to Spahishe As no potassium was added‘to the ffuit zone, this could
oe one of the reasons NC2 produced such a sﬁall yield of«ffuit in the
strong acid fesin. The availability of calcium, in the fruit zoue,v
not potasSium translocation to the shells, apparently.limited the
fruitipfoduction of Spanish when a stfong acid resin was used in the
_i_'ruit_toue° Under high available calcium conditions (weak acid resins
iu,the;ffuit zone) NCé absorbs the same shell potassium content but
Troduces many more fruit than under low calcium conditions, thus, it
~ appears that a high potassium uptake by the roots or potassium‘trans-
location by the tops of NC2 has little effect on nut production when
sufficient calcium is available in the fruit area. Spanish absorbed
more shell potassium uuder high available calcium conditions than
uhder low auailable caleium conditions, but still produced better
yields under tﬁe high a#ailable calcium conditions. It appears that
increased root absorption or top translocation. of potassium to the
developing fruit had little or no effect on yield of Spanish peanuts,
but could poss1bly be partially respon51ble for reduced yilelds of NC2
peanuts.

‘The calcium content of NC2 kernels was only slightly altered when

the ffuiting medium’was changed from a strong to a weak acid resin



60

(Fig. 35). This agrees somewhat with the work of Burkhart and Collins
(6)‘who stated that the effects of fertilizer treatments on the
composition of Virginia Bunch peanut fruit is small compared to
differences in shell composition. This was not the case for Spanish,
as the calcium content of the kernels increased considerably when the
fruiting media was changed from a strong to a weak acid resin. The
kernel calcium content of NC2 was substantially higher than that of
Sﬁanish undef strong acid resin conditions,ibut Spanish surpassed NC2
in kernel calcium under weak acid resin conditions. Because of the.
large difference in kernel calcium and the small difference in kernel
yiéld of Spanish and NGZ under strong acid resin conditions, it is
suggestedfthat Spanish kernels need less calcium than NCé to produce
a similar‘qﬁantity of fruit. |

Regardless of the type of resin used in the fruit zone, Spanish
and NC2 did not differ statistically, at the 5 per cent level, in the
totallboﬁassium éoncentrafion of their respectiﬁe kernéls (Fig. 36).
Neither variety exhibited a Significant tendency to increasé or |
decréase in kernel potassium Wﬁen the fruiting medium was changed
from a strdng to a weak acid reéino

The peg portion not in the fruiting media (PN) which developed
mature fruit of Spanish was higher in calcium concentration than that
of NC2 for either type of resin used in the fruit area (Fig. 37). Both
Spanish and NC2 increased in PN calcium as the fruiting media changed
from a strong to a weak acid resin. Spanish and NC2 were essentially
the same in calcium content of the peg portion in the fruiting media
(PI) which developed mature fruit in a strong acid resin, but when a

weak acid resin was used in the fruit area NC2 surpassed Spanish in PI
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calcium content (Fig. 37). When going from a strong to a weak acid
" resin NC2 increased in PI calcium, but Spanish remained the same in
PI calcium for either resin. For any one particular resin NC2 was the
séme in calcium concentration of PN or PI, while Spanish dropped in
PI calcium content as compared to PN calcium. No good explanation
can be given for this except that possibly calcium is being transported
from the PN and PI peg portion into the developing fruit of Spanish
peanuts, meore so under weak than under strong acid resin conditions.
SpaniSh and NC2 were very similar in potassium concentration of

the PI pegvportion.ﬁhich developed maturé fruit for either type~6f
resin“uéed in the fruit zone (Fig. 38). Both varieties did not exhibit
_é §ignificant iﬁcrease or decrease in PI potassium when the fruiting
mgdiﬁmlwés,changed from a strong to a wéak acid resin. The PI potas-
sium content of pegs which devélopedvmature fruit of Spanish was
slightly iower than that of‘NCZ for any §ne particﬁlar type of resin
(Eigs 38); Both‘variéites exhibited a tendency to increase in PI
pgﬁassium as £hé fruiting media changed from a strong to a weak acid
feSiﬁ;i very 1itt1e differenceé were observed within either variety
in‘tﬁe PN or PI p@tassium content for any one particular resin. The
PN and PI potaésium‘concentrations of Spanish and NC2 acted in a
simiiar manner as did their'respective shells. |

: ;When conditions were such that no fruit were developed, the above
ground peg pcrtion (PN) of Spanish wés appreciébly higher in célcium
than that of N02 for!either type ofvresin used in the fruit zone
(Figo 39)5 Boﬁh vafietiés increased in calcium content as the fruiting
media was chaﬁgéd from a strong to a weak acid resin. The calcium

concentration of the peg portion below the soil (PI) was the same for
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Spanish or NC2 when a strong acid resin was contained in the fruit
aréa, but NC2 surpassed Spahish in PI calcium when a weak acid resin
ﬁas used as a fruiting media (Fig. 39). The PI calcium content of
NC2 increased sharply as the ffuiting media was changed from é strong
to a weak acid resin, while Spanish remained essentially the same in
PI calcium content for either type of resin used. The PN and PI
calcium levels followed the same pattern as did the PN and PI which
developed mature fruit except the PN and PI which developed no fruit
were génerally somewhat higher in calcium than were those peg portions
which developed mature fruit. No drain in calcium needed for fruit
development could be an explénation for these calcium level differences.
Spanish and NC2 were very nearly the-same in potassium content
of Lhe‘PN peg.pértién which developed no fruit for either a strong or
a;weék acid resin (Fig. L40). Neither variety exhibited a tendency to
increase or decreasé in PN potassium when therfruit zone was changed
from a strong to a weak acid resin. The PI‘peg portion of NC2 was
sllghtly hlgher in pota331um when a strong acid resin was used in the
frult zone, but both varieties were essentially equal in potassium
concentration_when a weak acid resin was contained in the fruit area
(Fig;»ho).. Spanish increased in PI potassium aé the fruiting medium
wés;changed from a stfong to a weak acid resin, while NC2 remained
about the same in PI pota551um regardless of the type of resin used
in the frult zone., The PN peg portion was appreciably higher in
potaésium than the PT beg portion of Spanish when the fruiting areé
conﬁainéd the stréng.acid resin. No other significant differences

were observed when comparing like varieties and resins. The PN and PI



65

.60 T T I T 4

[ LSDgs=.0863
.50} PN PI -
3°
s A40F ' -
-
o 7
- - : -
2 30
o
-
< 20r NC2 .
O
—
A0 SPANISH .
O i 1 1 |
STRONG WEAK STRONG _WEAK
ACID - ACID ACID : ‘ ACID

Figure 39. Total Calcium Content of Peg Portions Which
Developed No Fruit

4.20 - 711 T

TOTAL POTASSIUM(%)

LSD g5=.8637 |
360}k PN Pl -
300} NC2 | -
NC?2
240} /O / |
| SPANISH f
.80} R
SPANISH
1.20F -
60 1 1 1 1
"2~ STRONG WEAK STRONG WEAK

ACID : ACID ACID ACID

Figure 40.. Total Potassium Content of Peg Portions Which
Developed No Fruit



66

peg portions which developed no fruit were in general comparable in
potassium content to the same peg portions which developed mature fruit.

The calcium content of pegs which never entered the fruit zone
was higher for Spanish than NC2 peanuts regardless of the type of
resin used in the fruit zone (Fig. 41). Both varieties increased in
peg calcium as the fruiting media was changed from a strong to a weak
acid resin. It appears that both varieties are capable of trans—
locating calcium from pegs which are in the fruit zone to pegs which
have never entered the fruit zone or that there is a decreased drain
of calcium from the plant when pegs developing fruit can -~ or are
able - to obtain their own calcium. It also appears that regardless
of the auailable supply of calcium in the fruit zone that Spanish
peanuts have a higher supply of peg ca101um to begin fruit formation
w1th than do NC2 peanuts.

Spanish peanuts were higher in pota351um content of the pegs
which never reached the fruiting area than NC2 peanuts for either type
of resin used in the fruit zone (Fig. h2) Both varieties 1ncreased
.1n potassium concentration as the fruiting medium was changed from a
strong to a weak acid resin. When considering the potassium content
of'above ground peg portions from Spanish and NC2 peanuts a difference
was noted. The potassium'content‘of Spanish pegs not yet reaching the
soil, those Just entering the soil, and those which had developed
mature fruit were uniform in pota551um content. The potassium content
of NC2 above ground peg portions increased w1th age, that is the pegs
with the mature fruit contained higher amountsbof potassium than pegs

not yet entering the soii.
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CHAPTER V
SUMMARY AND CONCLUSIONS

Several greenhouse experiments were conducted in order to compare
various calcium treatments on selected vegetative and reproductive
characteristics as well as calcium and potassium uptake and distribu-~
tion in Spanish and NC2 plant parts. More information concerning the
caléium nutrition of Spanish peanuts was the major objective of these

comparisons.
Experiment I

Selected vegetative and reproductive characteristics of Spanish
and NC2 peanut plants responded similarly when increasing levels of
galgiﬁm"ﬁere added to the fruit zone. Both varieties were shown to
be_depéndent upon a calcium supply in the fruit zone for proper
development of fruit although Spanish produceé a somewhat larger
weight of kernels at the lower calcium levels than does NC2. The
céléium,énd potassium content of various plant parts, excépt the roots,
followed esséntially the same pattern for Spénish and NC2, The roots
of Spanish exhibited a tendency to increase in calcium concentratio;
as the calcium level of the fruit zone was increased, while this was
not £he case for NC2. The importance of this, if any, on fruit produc-
tion ahdvtransport 6f calcium by Spanish peanuts as compared to NC2 is

not known.
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Experiment IT

Both Spanish and NC2 increased in calcium content of three leaf
positions as the plants matured and correspondingly decreased in
potassium content. "The peg portion in the fruit zone of Spanish was
higher in calcium concentration than NC2 at the first harvest date
(August 6) which suggested that Spanish was capable of absorbing more
peg calcium than NC2 at a time period considered critical for absorp—
tion of calcium for good production of nuts. Spanish pegs not in the
fruit zone of comparable age to those which were in the fruit zone
were considerably higher in calcium content than those of NC2 at any
harvest. This may 1nd1cate that Spanish normally has a more nearly
adequate,supply of peg calcium to begin fruit formation with than

does NC2.
Experiment ITI

_Peanut pegs and shells of Spanish and NC2 were shown to have a
cation.exchange capacity (CEC) which decreased as the plants matured.
The CEC of Spanish pegs on the first harvest date (September 13)
suggested that Spanish should be able to absorb more calcium than NC2
at this date, but there was not an apparent relationship between the
GEC.of éhells and the corresponding calcium and potassium content
oftthese shells for‘all harvest dates. The CEC could possibly be a
function of stage of development of the fruit when con31der1ng only

one particular date,
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Experiment IV

Selected vegetative and reproductive characteristics of Spanish
and NC2 peanut plants acted in a like manner when either one of two
types of exchange resins were placed in the fruit zone. Fruit produc-
tion was considerably reduced for either Spanish or NC2 when a strong
acid resin was used as a fruiting medium as compared to a weak acid
resin. The differences in fruit yield were considered to be due to
the calcium releasing ability of the resins. Spanish appears to be
abie to absorb more shell calcium than NC2 under high a#ailable
calcium conditions in the fruitrarea, but is very similar to NC2 in
shell calcium under low available calcium conditiohs in the frﬁit
area.

The transport of high quantities of potassium to the developing
fruit of NC2, when the available calcium supply is low in the fruit
area,mﬁas sﬁggesﬂed aé a partial cause for reduced yields of NC2.
Iimited availability of calcium in the fruit zone, not potassium
translbcation to the developing fruit, appears to limit the fruit
pfoductign of Spanish peanuts under low available calcium conditions
inmthe”frﬁit‘area. In generél all plant parts analyzed increased in
calcium and potassium concentration as the fruiting ﬁedium was changed

from a strong to a weak acid resin.
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TABLE XTI

MEAN MINERAL COMPOSITION (PPM) OF PEANUT PLANT PARTS AS INFLUENCED
BY VARIOUS LEVELS OF CALCIUM ADDED TO THE FRUIT ZONE¥

4 : . Leaves Pegs Shells Roots
Treatment Ca K Ca K Ca K Ca
Ca level
Spanish {ppm)
0 L517 14781 1172 17880 91
5 L579 13788 1208 16490 172
10 L779 15281 1173 15700 83
20 5208 18438 1249 17380 184
LO L8L7 14,906 1272 16780 114
80 - 5535, 16500 213, 18938 494 11813 2116
160 6205, 18469 2425 25219 516 11625 2572
320 5966 19125 2439 20062 750 8719 3532
0 3331 11470 1102 18594 77
5 4216 11156 118, 18562 171
10 3951 11813 1008 19125 87
20 41,91 12656 1190 18225 146
L0 L4747 13781 1194 20594 117
80 5425 13969 1519 20719 396 10031 2500
160 54,10 16844, 2159 2359, 563 8750 2516

320 5925 17688 2379 17219 772 7219 2410

*¥A1l values are the means of four replications -

qh
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TABLE XIT

MEAN MINERAL COMPOSITION (PPM) OF PEANUT PLANT PARTS AT DIFFERENT
TIME INTERVALS DURING THEIR MATURATION*

September 6

Dates & positions Spanish NC2
of harvests Ca K Ca K
" August 6%x |

 1IB LOOO 22750 LOOO 20250

2LB 3375 21750 3375 18875

MSL 3000 25500 4250 20500

PNS 1050 22875 375 24250

PS 575 22875 375 24500

1LB L250 14125 4313 18500
21LB 3688 14375 L4500 18750
MSL 4563 17750 L7750 19000
PNS 1813 32000 688 36250

PS 250 22500 138 36200

October 10

11B 5250 12875 5750 12750
21B 5250 12750 4750 14625
MSL 6250 13000 5500 14750
PNS 2250 26750 813 22250
PS 225 18750 313 17625

*All values are the means of four replications

*¥*1LB = first lateral branch leaves, 2LB = second lateral branch
leaves, MSL = main stem leaves, PNS = pegs which had not
entered the fruit zone, and PS = the below soil portion of
pegs which had entered the fruit zone
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TABLE XITI

MFAN MINERAL COMPOSITION (PPM) AND CATION EXCHANGE CAPACITY
- VALUES (meq/100g) OF PEANUT SHELLS AT DIFFERENT TIME
, INTERVALS DURING THEIR MATURATION* - -

Spanish

Tow Ca Soil High Ca Soil
Harvest Dates Ca K CEC Ca K CEC
September 13 250 27000 13.54 | 375 13750 13.79
October 11 364 9646 8,13 576 7523 10.29
November 7 863 6750 1.38 1463 9250 1.20

NC2 ,

Low Ca Soil High Ca Soil
Harvest Dates Ca K CEC Ca K CEC
September 13 225 24250 3.5, _ 225 - 37500 3.22
October 11 200 7500 7.93 250 6417 8.70

November 7 150 L375 1.05 150 L4125 1.25

*A11 values are the means of three replications



TABLE XIV-

MEAN MINERAL COMPOSITION (PPM) OF PEANUT PLANT PARTS AS INFLUENCED
BY USE OF A STRONG OR WEAK ACID RESIN IN THE FRUIT ZONE*

Leaves*# Shellg*#* Kernels** PI of pF*% PN of F**
Treatment Ca K Ca - K Ca K Ca K Ca K

Spanish

Strong acid resin 7771 23500 110 1,958 146 5941, 1102 14158 1723 18658
Weak acid resin 12406 21375 1656 10669 L25 61,27 1110 26288 2773 29051
NC2

Strong acid resin 3625 16081 22l 15268 279 7425 993 24288 976 27225
Weak acid resin 12203 10844 919 16313 323 6298 1828 37625 1788 30587

: -~ PI of NF¥* PN of NF** _pywx
Treatment Ca K Ca K Ca K
Spanish-
Strong acid resin 1040 11935 2861 22167 1888 21375
Weak acid resin 1500 23622 3732  2680L 3102 29127
NC2
Strong acid resin 1166 2232} 1360 24188 722 17688
Weak acid resin 3063 26375 2782 30291 2250 23563

*¥A11l values . are the means of four replications .

*%Ieaves = main stem leaves; shells = only shells which developed mature fruit; kernels = only
mature kernels; PI of F = below soil portion of pegs which developed mature fruit; Pn of F=
above soil peg portion of pegs which developed mature fruit; PI of NF = below soil portion
of pegs which developed no fruit; PN of NF = above soil peg portion of pegs which developed
no fruit; and PN = pegs which never reached the fruit zone.

8/
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