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CHAPTER I
INTRODUCTION

Spanish peanuts are an important cash crop in Oklahoma, ranking
third in total cash income, following wheat and alfalfad Theyvhavé Ehe
-highest.gross income‘perracre.of any crop grown in Oklahoma. Improved
varieties and the use of'fungiéides, herbicides, inéecticides{ ferti- .
lizers and irrjigation have contributed greatly to peanut production,

Recently internal damage of peanuts has been considered commer-
ciglly in péanut quality; Boron deficiencies cause-hollowed, misshapen
and dark colored nuts. This internal damagé'res#ficts,the use of
peanuts, 1owering their value. As a result, some peanut producers have
had large financial losses. . Internal damage due to Boron deficiencdes
can be eliminated and peanut quality can be greatly improved with horon
fertilizer applications. Peanuts, however, have a very narrow range
betweén bqron deficiency and toxicity, A test is needed to determine
the boron status of a peanut crop, which would aid in making boron
fertilizer recommendations.

This study was designed to determine if a foliar analysis can‘be

used to determine the boron status of a peanut crop,



CHAPTER II
~ LITERATURE REVIEW

.Soilskvafy gréaﬁly;in_béron_cbntént, ~Some-contain exqessive;
;amount$'qf Boroh:andAcause-bOrdnftoxicity in many plants, ;éthér soils
contain insﬁfficieﬁt]béron to suppprt normallplant‘growth, The soiis
" where excess boron is'moét‘likeiyftb occurvgre{” 1) those derivedif:om
-marinE-sediménts, 2) arid soils, 3)‘soils derivéd'fromtpafent material
rich in.boron, and.é)'soils-dériQedifrombgeélogically YOﬁng dep&sitéfh
Those.in which:boron deficiéﬁgggé are -most éémmon are:"l)‘soils natux-
ally low. in bbton, sﬁch<é§ derived-fromvaéid‘ignéOQQ fdcks>or freSh
water Sédimen?ar& depoSiﬁs,-Zjvnaturally'aéid soils;froh-which'muéh{of‘
the‘original,bérqn'qdntent*has~beépeﬁemo§ed*by'iéaching;‘3)glight5 |
-textured sandy soils, 4) acid péét and muck soils, 5) alkaline soils,
.espeCiallyfthOSesthtaining;ffee lime, 6) irrigated soils where: the
‘contehﬁ of boron‘in‘thg-wéterviSflow:énd wheréfsalt'or carbonate
vdéposits‘occur, and 7) soils low-in organic-matter“(Bradford, 1966).

Boron in the soil can be-either fixed or water soluble, The:fixed
~boron may benpresent‘as'tourmalinev(a-borosilicaté), organically,com-

: biﬁed borpn, or adsorbed bor0n—, -
Tourmaline:is“prébably;ph¢ main source: 0f boron-in many-sdils:of‘
the humid regions (Berger and Pratt,.1963). It_is-very;sldw-to weéther,
-releasing;only;tracés;of solub1e<boron;(Gr3ham, 1957). This release of

boron is undoubtedly too slow td’sqpp1y~the boron needs of most crops



(Berger and Pratt, ;963).

Organically fixed boron is present in organip matter of soils. Bo-
ron is released by microbial decomposition of organic matter as a water
soluble form. Water soluble boron is found to be positively correlated
with the organic matter of the soil (Gupta,196§;fBergerfandlTruogil945).
Bétgex anngratti(l963):égdiPagéuaddJEadenf(lQEQ)HQQnSidered.otganiC'bo-
ron to be the main source of water soluble boron in humid regions.

Boron may also be fixed by adsorption on fine soil particles. A
high correlation Qas found by Hatcher and Bower (1958) between the
total surface area of three soils and their adsorptive capaéity of
boron. Adsorption or fixation.was greatly infiuenced b& the-soil
environment. Wetting and drying of the soii increased boron fixation
(Parks and White, 1952; Biggag and Fireman, 1960). High pH decreased
boron mowement and increased the adsorption of boron (Hingston, 1964;
Kubota et al., 1948;‘Okazaki and Chao, 1968; Olson and Berger, 1946).

Hingston (1964) found that boron was adsorbed by the clay fraction
of the soil. Sims'ana Bingham (1967) attributed the boron retention
von clay materials to the hydroxy iron and aluminum compounds that
‘occurred as impurities. in the clays. Boron retention.by hydroxy iron
and aluminum compounds Was pH dependent with the maximum occurring in
the‘alkaline range. (Sims and Bingham, 1968a). Hydroxy aluminum
retained more boron than hydroxy'iron materials. The highest correla-
tions with boron retention were found with free iron oxides and 1.0 N
KCl extractable aluminum oxides (Sims and Bingham, 1968b)..

Water soluble boron is mobile. - Added water soluble boron moves
very rapidly through coarse textured soils (Wilson et al,, 1951, Kubota

et al., 1948; Winsor, 1952). The boron movement lagged behind water -



movement,,indicating;some”interactioﬁvwith the-soil (Kubota et al.,
1948). Boron moved less rapidly-in fine-textured_than.in coarsé-tex-
“tured soils (Kuﬁota et al., 1948; Wilson et al,, 1951).

The»borqn~availab1é for plant:uptake was. found to be the water
‘solﬁblg:fraction, Red kidnéy'beapﬂseedlingé.respoqded diréctly'to
v water solublé boron in soils:gnd not:to.adsorbed'borbnF(Hatcher et al.,
-1959). fhe gmoupt of béron absorbéd.by'sunflowersvfrom-aqueous solu~ |
tions.dépended-on the édncentratiqn‘of Water‘SOIuble'boréﬁ, regafdlesé
of the»bo;oh soprcev(Colwell and Cummings,:l944),v |

Elseewi et al. (1968) concl@ded'that H3B03 was mérelavailéble‘to
plénts thaﬂ were boratézions, They - found that'the-aﬁsorption of‘borbn
in barley_was pH depeﬁdent. Sharp~reduction5‘in.boﬁon-uptake ocgurféd
- in substrates with pH values aboVe 7 to 8, | |

The-absorption Qf bqton was.found.tg»bé“a.passive-process._ Upt#ke
.iﬁ ﬁhefacid rangeiié rapid, resulting in'conceqtrations within ﬁhe‘ 
~plant: tissue eqﬁél to tﬁat_of thestbstraté;,.Abso;ption was ﬁot
affected 5y metabolic ihhibi;ors in_the-nuttient media Or‘ﬁy tempera- -
‘ture (Elsee&i_eé‘al,, 1968),. | |

Eactoré that incfeasedvtransbiration in bérlej,seédlings also
increasgd-boron_acéﬁmulation_in the leaf tipé."FactorS‘that‘decreased
water uptaketresulﬁed“in less boron movemént toward the leaf tips,
‘.Howéver, no ‘equivalence between boron and water ‘uptake was observed;
Water consumption was in excesskof boron uptake.(Oertli, 1963).

Boron moved away'frpﬁ-veiﬁs in the.leaf to-the tips and marginal
areaé% In net veined leaves, boron became -more: concentrated in the
 margina1 éhd interveiﬁa1 areas (dertli, 1960), while in parallel veined

- leaves the highest concentrations were found at the. tips (Kohl and



Qertli, 1961). Boron can accﬁmulate to toxic levels iﬁ these areas
(Oertli‘and Kohl, 1961).

Boron toxieity results directly .from high .concentrations of boron
in the plant cell, Oertli and. Kohl (1961) found boron concentrations
for toxicity to be about 1000 ppm. This concenération is of the same
.order of magnitude for all species inVestigated. THe differences in
time require@ﬂfdrftoxic symptoms to appear is directly related:to the
.rate of boroﬁ accumulation by plants rather than differences iﬁ
concentrations.

Boron deposited within a leaf appears to remain. Only in stone
fruit did Eaton (1944) find any great degree of boron movement from
leaves to other paits of the plant. Boron was foﬁnd~to be in a-soigble
and mobile form (Eaton, 1944; Kohl and Oertli, 1961).

Boron is not readily translocated to the troot tips, 1In a split
root system, Albert and Wilson (1961) found that roots éﬁpplied with
boron did not support elongation' of root tips deficient iﬁ boron.
Neals (1960) found only Zb percent of the boron in the bean cotyledon
to be available for radicle growth.

Boron deficiency symptoms occur in the young growth because boron
is relatively immobile once deposited in plant tissue (Sprague, 1964).

Boron deficiency symptoms in peanuts can be observed in the young
foliage. Boron deficient plants have stubby shoots. The. leaves aré
frequently mottled, sémetimes wilted, and may drop off. Dark areas
may appear in .the internodes of the branches, sometimes becoming
cracked (Reid and York, 1958; Harris and Brolmann, 1966b).

The quality of peanuts and peanut production are greatly reduced
by boron deficiencies. ZNutsﬁdéfiéientLinlbonanaanehbéllowéd,;mis§hapen

[,



and darkvcolored.b The tips of the plumules are tan in some cases
(Harris and Brolmann, 1966c); Yields are decreased by peor fruit
development (Harris and Gilman, 1957; Reid and York, 1958), Additions
of calcium or boron will reduce cotyledon and plumule damage iﬁ,peanuts,
Boron, however, is more effective in eliminating,cotylédon damage : (Cox
and Reid, 1964). Internal-damagefand boron defigiency symptoms were
intensified by the addition of a complete fértilizer}(Hafris and
Brolmanh, 1963; Harﬁis and Brolmanﬁ, 1966a).

Soil tests and plant analysés have been used to assay the ability
of the soil to supply Eoron for plant growth, Usingvthrge soils,
Berger and Tfuog (1940) found‘good correlations between hot water
extractable boron and the boron content of beet ieaves, .Stinson»(1953)
found a positive relationship between maturity and productivity of
alfalfa and the amount of water soluble boron ih soils. SunfioWer
yields were significantly correlatédeith water soluble.borbn (Baird
and Dawson, 1955), Sﬁiﬁh (1948), on'the other hand, found no good
indications that water'solublé boron could be correlated with yield
response from soils of Southeastern Kansas.

Ouellette and Lachance (1934) considered plant analysis as being
more reliaBle,in determining the supply of boron for alfalfa in Québeg
than water ext;actable boron in»the'soil. If soil texture is.taken
into consideration, then the soil analysis becomes a rather dependable
indication of the boron status. of a soil, |

Baker and Cook (1959) founa that water soluble boron was poorly
correlated with the boron in alfalfa plant materiai.ffpm their green-
house studies, ‘The boron supplying power of soils seemgto be a function

ol



of the rate of equilibrium'eétablisﬁmenf as well as the equilibrium
- concentration.

Wear aﬁd Patterson (1962) found that the uptake of boron by
alfalfa is greater from acid and coarse textured soils than from fine
textured soils and soils with higher pH values. This indicates that
texture and pH must be considered when using water soluble boron as an
indication of horon availability to plants.

Smith (1948) and Gupta and Munro (1969) considered plant analyses
to be é better index -of baron availabflity‘than soil tésting. The soil
test, hdwever, has the-advantaéé of indicating the possibility that‘a

.boron deficiency could occur before a érOp is planted.

Boron contents. from plant analyses varied with the plant part
sampled. Dible and Berger (1952) found that the bottom part of an
alfalfa_plant couid contain adequate boron while the tips were défie

~cient, Stéwart and Axley (1956) found a great seasonal variation in
boron content of alfalfa, The top 15 inches of the}piant'were more
vresponsive to changes of boron in the soil than were the total shoots;
Baker aﬁd Cook (1959) found that the apical leaves of boron.deficient
‘alfalfa were lower in boron content than thé410wer:1eaves; :

Martens et al. (1969) found thaththebbaronccoﬁteht56f¥the?leaves
and stems of Spanish péanuts decreased with maturity, The leaves |
decreased from about 40 ppm boton in June to 20 .ppm in October. The
plots used in his study were on a Woodstown loamy fine sand and con-
tained 0.21 ppm hot water soluble boron.

Cox and Reid (1964) found an inverse correlatidn between internal

damage and boron contents in NC 4% peanuts. Plants which contained



11 ppm bbronwau“harﬁest‘had,loﬁpefééﬁt damaged nuts while plants with

18 ppm borbn:had only’A_pércent:of the peanuts damaged.



. CHAPTER IIT
'MATERTALS AND METHODS

This,study ineiudeS”ﬁoth;greeeheuse'aneafieid‘plot:Studies. Green-
house experlments ‘Were d1vxded Lnto three areas, 1) boron uptake and
, dLStrlbUtlon as: lnfluenced by boron avallabllity in the 5011 2) Critl-
calﬂlevels;of bpqpn ;n peauutileaves,;and 3) theaqritlcal tlme-Of
supplyihg'beron to the;pleﬁt«v The‘greenhoueefwork wee'thee‘extended,to

field conditions.
’Greenhbusevstudies

Argentineuvariety*Spanishlpeanuts;were~plentedﬁih pOte-containing
4000 gramsﬂef‘soil One plant was grown in each- pot.-'Ail pots.”

reee;ved 31mllar appllcations of 100 ppm K:as K soa, 100 ppm P as

2
GaHPoﬁ, and 20 ppm.N:es Ga(N03)2 at plant;nglb‘They>rece;ved an addi-
"~ tional 100 ppme, 100 ppmiP,-eed-3Q ppm,N»aé Kz

at 60 days. The greenhouse experiments were

HPQA_andj(NH4)H PO4, and

b

‘arranged in.a'completely‘:endOm.design,

140 ppm Ca as CaSO:

‘ Uptekeiand:nistributidn.ovaoronﬁinggeapuL;Plante

In the preliminary study on boron uptake-and distribution, peanuts
were - grawn in a'Eufaula'loamyjfine:sand’soil., The:ekperiment extended
“over a 70 dayvperiod.,’Thé‘soil,initially,conteined,o,lz ppm hot water

‘soluble boren. Feur levels of erop‘wereuapplied.to.thelsoil,vo, 0.25,
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0.5, and 1.0 ppm as boric acid. bThernreatments were applied after pea-
nut emergence, Four-replications vere,intended; but after'boron detex:-i
minations were made, it became apparent that. one.of the 0.25 ppm boron
, treatmene pots had received no boron, -Durlng:the-perlod 0f:20 to 70
days4after’planting;leafletbsampleSavere-eellected at'lo day  intervals,
Slxty days after planting- leaf petioles were also callected "~ At 707
days, petioles, gynophores, and leaf samples were- collected for ‘boron

analysis,

“Critical Levels of Boron in Peanuts

' Peanuts were_érown in e»Yaholaeloemy-verv,fineusand fof'this expe—vv
riment}'*The-sqil initially ¢Ontained»0.10 ppm hot waﬁervsdluble'borane
vYoung leaves were- sampled for: boron analysls every seven days. Beron
was added and water was conbrolled in an attempt to maintain specific
-~boron levels in the‘yqupg‘leeves, ~Since the-deslred results we:e not
’ébfained”ipftﬁéafifst:try, this'e#pefiment wassrepeaﬁed, The second
vaetempt:difﬁered-ohly'infthet.the~seil was‘steangreated;in an auto-
clavelbeferevplanting. 3deh:experiments were replieated.feur'times.

‘Afterslzofdayss peanuts were harvested and graded for internal damage.

‘Critical Time of Boron Supply

Both;steam‘tfeated.and qonrtfeetediYahola very;fineisand was used
for fhis study, Ipsone.group.epplicaﬁions‘of lOOO ug’beron were made
to- the soil (4000-?) at varied times. Another'group;df_soils received
500 ug-boron.at emergenee,v At varied times pots were leached with

- 500 ml. of water dally for a two week perlod The flrst group was

upevenly replicated from 2 to 4 replications, The latter group was
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replicated twice. Leaf samples for boron analysis were collected every
15 days. After 120 days, the peahuts were harvested and graded for

internal damage.
Field Experiments

Field studies were conducted at three-loéations; MéAlester, Durant,
and Ft. Towson, Oklahoma, Each experiment was arranged.in‘a randomiéed
complete blockldesign, withithree réplications.'

The plots at McAlester wére on a Yahola 1oamy very fine sand. ‘The
s0il contained 0.10 ppm hot water soluble boron. -Starr Varietvapaﬁish
peanuts were planted on Juné.S;.1969. The»fertilizer ép}liéatidns were
made on June 23, applied as a band 3 to 4 inches from the row. The
fertilizgr treatments includéd O-OQO, 20-80-40, 20-80-40 plus 0.5 pound
of boron pef acre and 20-80-40 plus 1 pound of boron per acre. The
plots were established in 1967, and had received the same Freatments
each year thereafter. The plot size was 15 feet (six~-30 inch rows) by
60 feet,

The plonsvwere located on a Norfolk loamy-fiﬁe sand at Ft, Towsoﬁ.
The soil contained 0.04 ppm hot water soluble boron. .Starr peanuts
were planted on June 6 in plots 17 feet (six-34 .inch rows) by 60 feet,
The nitrogen, phosphorus, and potaséium fertili;ers were applied as a
band at planting. The béwon applications were made on July 31. The
Boron»was applied as a spray directed toward the base‘of the plants,
The treaﬁments included 0-040; 20-80-40, and 20-80-40 plus 1 pound of
boron.

The plots at Durant were iocated on a Durant loam, which contained

0.48 ppm hot ﬁater soluble boron. - Starr peanuts wére planted on Juné 3.
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The treatments were the same as for Ft. Towson.

.Leaf and petiole samples were collected every 2 weeks at McAlester
and every 4 weeks at Ft.‘Towson and Durant. The collections were made
from‘Jﬁly L6vthrough October 4, Thrée_stages of growth were sampled

on each sampling date. Each sample consisted of six leaves including

pefidlesﬁcollectédUaﬁﬁréndbm from the 2.center fows-of .the pletss "Fach
leaf was ‘dipped in distilled water .at-the-time’ of sampling to remove
ény'dustiz,The?leéfléts‘and*petioleswwerelséparatedj:theﬁHStdredgiﬁ
folded waxed paperAL‘Soilgﬁoisture;sémpleshweré%aisoﬁtakep'Onfeach"Sam—’
pling-date, and the:soil moisture  datd.are:showiéin Table“VI,fqppendix.:'
The mature peanuts were dug with a peanut digger and thrgshed with
a peanUtvcombine. A one pound subsample was collected frqm each plot.

From this subsample, 100 kernels were split and graded for internal

damage.
Boron Analysis

All plant samples were oven dtied at 85 degrees C. The boron
determinations were made by the éimplified curcumin procedure as : =
described by Dible et al, (1954); with one change. The evaporated
sample was taken up in technical grade acetone instead of 9537 ethyl
alcohol. |

Hot Water;soluble boron in the soil samples was determined by the

modified curcumin procedure as described by Baker (1964),
Statistical Analysis

An analysis of variance was made on each field location. .An

analysis of variance was performed for eaéh-leaf.separately fof the



greenhouse data, Cortelation coefficients were calculated where

warranted.
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CHAPTER IV
RESULTS AND DISCUSSION
Uptake and Distribution of Boron in Peanuts

Thé boron content of the peanut plant reflected the boron avail?
ability in the soil. In the greenhouse studies, plants grown in the
soil with the highest boron treatment contained the most boron. #Plants
grown in the soii with the lowest boron treatment containedxthe least
boron. The results are illustrated in Figures 1 and 2. As boron was
remQVed from the soil by the plants, less remained available, - Thisvwas
indicatéd by the decreased boron content of the leaves at later sampling

dates compéred to the earlier sampling dates,

BorqnvContent of Leaves

Two assumptions wefe made in an attempt to establish boron concen-
tration trends in individual leaves: 1) the boron content of each
leaflet is the same as every other leaflet on the same leaf, 2) the
remaining leaflets of each leaf will continue to function in a "normal
manner after the removal of a leaflet, A subsequent analysis was made
to determine the validity of the first éssumption.  At the conclusion
of the experiment on the critical boron levels,‘older leaves were col-
lected for boron ana;ysis, Each leaflet was analyzed and treated as a

subsample. An anélysis of variance, shown in Table I, indicated the

14.
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experimental»erfor was about four times higher than subsampiing error,

TABLE I

AN ANALYSIS OF VARIANCE OF BORON CONTENT OF PEANUTS AS
INFLUENCED BY BORON APPLICATIONS TO THE SOIL.

Source df ;.. 88 ‘ ms F

Total 63 2,282.11

Treatment a 3 1,738.14 579,38 12.78
Experimental error 12 543.97 45,33 4.20
Subsampling error 48 518.11 10.79

Every leaf on the main stem and one lateral branch were numbered.
Leaf 1 was the first leaf to develop on the peanut seedling. The
leaves were .numbered consecutively as they developed. The leaves on
the lateral branch were also numbered consecutively, starting at the
base of the plant. Several leaves, including the most recently
developed from the main stem, were collected at each sampling date.

The oldest leaves collected from 20 and 30 day old plants contained
the most boron (Figure la and 1b). Leaves 6 and 7 accumulated boron in
this ten day period. Boron accumulation in the older leaves suggeéfs
that passive uptake and distribution may take place in the peanut plant.'
However, exceptions were found. There was no boron accumulation in the

leaves from treatment 1 (no boron added to the soil)., All leaves, old
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énd yoﬁng, collected from treatment 1 contained about 50 ppm of boron
in the 20 and 30 day old blants; Fifty ppm of boron in peanut leaves
was notvconsidered ta be a deficient level of boron. Absence of boron
accumulation or unequal distribution suggests the peanut plant may
exhibit an active transport of boron, dirgcting it to‘the actively
growing areas. Paésive accumulation may occur only after-"luxury con-
sumption” conditions exist.

Boron will accumulate in the peanut leaves to the point of toxiéity;.
Tﬁeasixth leaf at:the:30.day stage was rated for evidence .of boron
toxicity. The leaves were separated into groups shoWing: 1) necrosis,
2) chlorosis, or 3) no toxicity signs. The»resu1t§ are shown in
Table II, The normal. leaves contained 54 to 635 ppm boron. The ¢hlo=:li:
rotic 1eavesiranged from 316 to 651 ppm boron. The necrotic leaves

were the highest. in boron content with 953 to 1754 ppm boron.

TABLE IT1

BORON CONCENTRATIONS OF PEANUT LEAVES SHOWING
VARYING SYMPTOMS OF BORON TOXICITY

Boron concentrations (ppm)

Necrosis Chlorosis Normal
1366 . 651 ‘ 54
1754 316 63
1331 ' 318 57

953 387 65
1283 : _ 63
1008

1481
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The first indication that boron is translocated out of peanut
leaves was observed in the 40 day plants (Figure. lc). The. boron con-
tent of the sixth leaf decreased during the 30 and 40 day period (Fig-
ﬁre 3a), During this same period leaf 9 accumulated boron in_thtee of
the four treatments (Figure 3c). Ten days later the boron content ofv
leaf 9 was also greatly reduced. An inconsistency was found in leaf 7
as shown in Figure 3b. It accumulated boron from the 20 to 30 day
period as did leaf number 6, However, the boron content remained at
the same level thrdugh the 60 day sambling date. |

Evidence was found that the boron accumulation is influenced by
environmental factors, The boron éontent of leaf 9 (Figure 3c) was
observed to increase, then decrease from the 30 to 50 day period, andv
inureasea@éﬁ1onthe1astsamplingdate(70days), The greenhouse had a
vvéter c,oqle;'.{i.ns talled on the’ 64th day, Thé boron increase at the 70 day
étage was attributed to the direct or indirect effect of cooler
temperatures,

The borom contentsof the two youngest leaves were found ndt to
differ greatly in the 50 to 70 day stages (Figure 2), The exact stage
of leaf development would, therefore; appear not to be too critical
during the earlier growth period of the respective leaves.

The boron contentsof older leaves on the lateral branches were
noted to vary some from those on the main stem. A comparison of two
1eaves‘at the same growth stage. is shown in Figure 4. At a’youﬁg
stage (40 days) the two leaves had fhe same boron content. Ten days
later (50 days) leaf 8L from the lateral branch accumulatea as much as
315 ppm boron compared to only 158 ppm in leaf 11 on the main branch.

The boron contents of the young leaves are compared in Figure 5.
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The leaves are those that had completely unfolded but had not completely
expanded. The plants‘that received the 1arges£ boron applications to
the soil had the highest boron content in their leaves. There was a
" decrease of boron in the leaves in successive sampling dates, which
could indicate a decreased availability of boron in the soil. -

The leaf weights were found fo vary with the treatment (Figure 6).
The differences in weight were significant on the last two sampling
dates, The piants receiving the higher boron treatmenfs had smaller

leaves (mature leaves compared),

Boron Content of Petioles

Boron contents of peanut petiocles were also found to vary with the
boron availability of the soil. The. boron contenﬁ30f;petiolés for: the. €0
day samples. .are shown in Figure 7. :The older petiolés contained higﬁer
concentrations of boron than the younger petioles, The borenscontent of
the leaves and petioles are compared in Figure»S. The. Ieaves from 60. day
old plants c0ntgined caonsiderably.more boron than :did the correspgonding
petioles,  :The .differences 'in boron contents :0f ‘a leaf and its petiole
were greater in.the high boron treatment :than the :low boron treatment,
This :difference was greater for thenolder;leaves and. petioles than .for
the younger ones. The comparisbnsof boron content béﬁween the petioles
and leaves collected from 70 day old plants are shown in Figure 9. The

!
two younger leaves and petioles showed no difference in boron contents.

Boraon Content of the Gynophore

The gynophores varied in boron content according to the treatment

imposed on them. The boron contents of gynophores which had not
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penetrated into the soil; those which had entered the soil, but! had not
developed nuts larger than 1 millimeter in length; and whole developing
nuts that were larger than 1.5 millimeters are shown in Figure 10, The
gynophores which had not entered the soil had the greatest differenceé
in boron contents. The gynophores which éntered the soil contained
less boron than the gynophores above the soil in the high boron treat-
ments, In the soils with no added boron, the gynophores which entered
the soil contained‘more boron than those above the soil. This differ~
ence sﬁggesté boron uptake by the gynophores. Even with the bias of
time and>greater boron availability during early growth, the developing
nuts had nearly the same boron content as did the gynophores that»had
entered the soil.

Correlation values (r) comparing boron conténts of leaves and
petioles and the gynophores and”nutsffromvplaﬁtsf70Edaystéﬁtérsﬁhaﬁﬁﬁﬁg
are shown in Table III. A sigﬁificant correlation was found to exist
between the boron content of petioles and young leaves, and gynophéres
and developing nuts, The correlation values for the older leaves
(leaves: 9 and l2)*and‘nutsfwerg-nof significant,

The boron content of gynophores above the soil was more highly
correlated with boron content of the leaves and petioles than was the
bovon content of the gynophores that had entered the soil. This dif-
ference in correlation would be expected if the gynophores were able to

obtain boron directly from the soil.
Critical Boron Levels

Two attempts were made to détermine the critical levels of boron,

a value above which no internal damage occurs in the fruit of Spanish
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TABLE III

CORRELATION COEFFICIENT VALUES (r) COMPARING THE BORON CONTENT
OF LEAVES AND PETIOLES WITH "THE BORON CONTENT OF
GYNOPHORES AND DEVELOPING NUTS

Gynophores Gynophores .
above in Developing
soil v soil " nuts

Leaf 17 .943 .657 C . 749
Leaf 17L * 862 o 688 ' ‘ .678
Leaf 16 .932 .510 741
Leaf ‘12 775 749 .599
Leaf 9 .793 .846 473
Petiole 17L .820 , .790 - .629
Petiole 16 .961 .707 727
Petiole 12 770 , .685 .715

Significant (.05) r value = ,602

%
L indjcates lateral branch
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peanuts,‘ The- immature leaves that were almost fglly expanded weré sam-
. pled, The values obtéined_in.the first atteﬁpt-are~ehown'in Figure 11.
Boron levels wete significantiy different due‘te~treatmeetS’for all
sampling deteé‘after day 45. The peanuts grown under low boron levels
contained 12 ppm or 1ess boron throughout the growlng perlod résulting
‘in .83.5 percent of the nuts: being damaged The peanuts- grown  under
higher boron levels contained 25xppm or more bqron‘after day,59. Only
ﬂ:two damgéed peanuts; bdtﬁ in theﬂsaMe:shéll; were'found invthese pots.
"Tﬁey accounted f@r the,1;4fpereent aamagemfor'thetmedium.1ow,boron |
level (treatment 2). K | |

S;nce the range of- the estlmated critical level was rather broad,
a secpnd attempt was made to determine the critical boron level. The
.values for thls second attempt are- shown in Flgure 12 'Differences.in
boron uptake and accumulatlon were observed In the first attempt
(Figuré 1) the boron content-at 384a;ys-ranged ftom<5 to 15 pph. In
'the-secpndvattempt the’bofOn‘cbntent;at thisvsame«greﬁth~stage_ranged~
from.32 to 42 ppm, The only difference,between the two studies, other
thaﬁ,time,lwas that the soil was autocleved-before-thevsecond series‘of
‘tests, The»heat'treatmeet appeared~to have' made the boron contained in
thelsoillmOre-available for‘uptake by theepeanqt_plants; |

The borop 1eveisvin the-peanut'leaves were»féirly~we1L~maiﬁtained
bbetweenblo tov25_ppm, except for. the 1eaves-samp1ed en“the 87th'day.’
The  boron 1eVelsﬁ hqwaver; were not sigeificantly different due to
treatments on most samPling_dates; Thevamqunt,of‘internal,damage
ebSQrved was eignificantly,different and was 82.1 percent for the low v
‘beron-level, 45.8 percent forlthevmediuh, and 6.7 percent for the high

boron.level. One plant had peanuts entirely free of internal damage.
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Iﬁe boron contentsof the leaves from.this plant (pét 2) and.from the
plaﬁt from treatment 2 of the first series with 2 damaged nuts (pot 11)
are compared in Figure 13. The boron content of the young leaves from
the plant with no internal damage (pot 2) was-: 18 ppm or higher for all
sampling days except day 87. The young leaves from the plant with 2
damaged nuts (pot 11) céntained 16 ppm boron between day 80 and 94..

The data from the two sefiesvof studies suggests the critical
level of boron to be 18 to 20 ppm. Peanut plants do not appear to
suffer if the boron 1evelnis somewhét below the 18 to 20 ppm "eritical®
level for shoirt periods of time. The length of time and the émount of
differénces that can be tolerated is apparently dependent upon the
previous boron history and stage of growth.

Peanuts were shown to translocate borQn, but  the details of this
translocatioq are not .known. Therefore,‘thé effectsvof.borbn,transloe
cation upon prevention of internal damége of the peanut and the critical
levels of boron in peanut leaves are-at present Speeulatory. It is
apparent that internal damage will nof oceur if conditions of boron
deficiency are corrected before the nuts Have' started to.develop, if'. -

they occur after the.nuts'have'matured,'

The beoron content of the nuts from fhe second test series was

"determined and found to be significantly different depending upon treat-
ment. The boron content was 5.0 ppm for the low boron level, 9.2 ppm

for the medium level, and 10.2 pbm for the high boron level.
Critical Time of Boron Supply

Both steam'treated and non-treated soil were used in this experi-

ment, resulting in different boron levels in the plant at the early
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onithenzeeponsa“ﬁbﬁbgﬁonfapb¢ication§;utreatmehe,meanéywere hot‘ealcu;gw
latedu7ﬂInsteadgﬁthéibononcconeentratidﬁwleﬁeléioftthé;ydhngfmeaVeéoﬁ—
tfrom ‘each.. plant .aral Presentedugraphlcally@ n~:H',‘u¢; g nanan el

. The boron concentrations of the immature leaves and percent 1nter-
nally‘damaged peanuts from plants which received no boron,are shown in
Figufe 14, 1In three of the olants, 94‘to‘100 percent of the nuts were
damaged.' The boron levels in the»1eaves>deereasedft0'20 ppm or less on
noﬁ before'thegSSth day.' Peanut plant number-29~diffeIEd in having'13.5
percent damageg its boron eontent‘renained ahove‘zb ppm tovabout 75 to
80 days after plantlng a |

The nut productlon was‘also greatly affected by boron levels, The
plants with»low boron levels during the early stages~of'growth"produeed
7 to 16 nuts:per plant.d Plant;29, which had a high_boronslevel in the
leaves prlor to day 82, yielded 37 nuts.

Supplylng boron to the peanut plants 108 days after emergence had
no effect on nut quality, Even though‘the boron content’of the peanutv
leaves increaSed to well above 50 ppm.at this time,-SO to 100 percent
of the nuts were damaged (Figure 15). Again‘the nut productidn_was low

(12 and 5 nuts per piant), | | |
.Two'plantsvfhat reeeiyed:boron applications- 90 days after planting
had 100‘pereent damaged‘nnts. :These plants had. low. levels ofbboron‘
_during the early growth beriod (Fignre-lﬁ), They produced_few,nnts,
2 and 11 per plant}, Plant number 21 was:aleo supplied with boron at
96 daye'hut contained'mofe than 20 ppm of boron through the:first 71
days. ‘This plant produced 28 nuts,‘and_46 percent of them were damaged.

Peanut quality Was'greatiydimproved when boron was applied to the
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peanut planfs 76 days after planting (Figufe 17,) One peanut plant
(number 32), which contained less than 20 ppm of bofon prior ﬁo day 76,
had 11 percent of its peanuts damaged. The plant that had 20 ppm or
more boron prior to day 71 (number 27) produced nuts with no internal
damage.' Plént number 13‘had less than 20 ppﬁ boron on:one:sampling:date,
day 71, and had 1 damaged nut (3.3% damage).

The nut production of plant number 32.(28 peanuts) apparéntly was
not decreased, even though it ‘conta-i'.fled."i‘lévsvs. ‘than -20' ppm boron:'through
the first 75 days. Plants 27 and 13 proid,uce'd.~27;....aﬁdﬂ=-30e»nu't':-'é réspectivelyq

Boron apblications were also made 65vénd 49 days after planting.

The results aré shown in figures 18 and 19 resﬁectively. Alllof the nuts; -
were free»of.internal damage, exéept for plant number 35 (Figure 19),
\ﬁhich had one nut that showed evidence of slight damage due to a boron
deficiency. |

The boron contentsof the nuts from this experiment are shown in
Table IV. .The plants tﬁat received no boroﬁ applications had the lbwest.
boron‘levels in the nuts, 2.6 ppm. The highest bordn level; 25,1 ppm;
was found in the nuts from plants thaﬁ'received borqn appliqations
at 90 days. This treatment had over 801percent internal damage. The
émount of internal damagé found in the peanuts is not necessarily
related to the boron content of the harvested nuts. Boron can appar-
enflyvbe accumulated after the time internal damage can-bé prevented,

kThe effects of a decreased boron supply at advanced growth stages
were also studied, The peanuts were supplied with édequate levels of
baoron at the beginning, then leached at various dates to make less bo-
ron available; A decrease of boron in the young 1eavés was observed

(Figure 20). The boron levels became deficient and resulted in internal
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damage . in two treatﬁeqts;-treatment 1 (leached at emergence) and treat-
ment 2 (leached at 41 days).’ The‘boron‘levelé were below 20 ppm on day
66 in treatment 1 and between day 66 and 100 in treatment2. Reading from the
graph (Figuxe 20), boron levels decreased below 20 ppm on day 75 in treatment
2. - This apprdximation was necessary:because the data for day 82 was lost and
made the results incomplete. Boron1evelsbeloWZO;nmlqtdaleOandafter‘

were not detrimental to peanut quality in this experiment.

TABLE IV

THE RELATIONSHIP BETWEEN BORON CONTENT
OF PEANUTS AND INTERNAI, DAMAGE

Treatment : Internal Boron

Applied Boron ‘ damage content
(day) ‘(percent) (ppm)
65 0.0 19.5
76 4.7 21.7
90 82.0 25.1
108 90.0 13.9
none 98.0 2.6

Field Experiments

{The.Yahola.loamy very fine sand at McAlester, and Norfolk loamy fine
sand.ét Ft. Towson are low in.boron. Peanuts grown on these soils fre-~
quently show internal damage due to their low boron supplying capacity.
Responses to boron treatments are expected on these soils. The Durant
loam at Durant had a high bofon supplying capacity. No response to bo-

ron applications is expected for peanuts on this soil.



42

The 1969 growing,seaspn was eXceédingly dry -at Ft. Towson ahd
Durant.,-The‘soii was dry through Augustwlz at McAlester, then recei&ed
sufficient‘moisture for the remainder of‘the season,

Comparisons df boron content ip peanuts were- made gmong these.three
conditions: 1) a low bdron soil under adeQuate moisture conditions,

2) a high.bgron soil under a maisture stress, and 3) a low. boron soil
under a‘moisture stress.,

- Three growth stages of 1eave$'and'petioles ﬁere»sampled on each
'Sampling date. The stages were identified at T, II, and III. Leaf I |
was an-immature leaf with the leafleta.partially»ta-fully folded. .Leaf
‘II was ah immature 1eaf that was completely'unfolded,'but not fully

expanded, ‘Leaf ITI was the youngest fully mature leaf,

Uptake and Distribution of Boron

The moisture conditiona,influenaed boron uptake by'the'Peaauts.
The boron édntent of peanuts not raceiving any.boron>fertilizer’applieal
cations either decreased or remained constant as: the seasda pfogfessed,
At McAlester,'the:boron aontent of peanuts faceiving boron applications

decreased from July 16 to August 12, then increased through October 4.

Boron Content of Leaves

The boron contents of the leaves were‘increased'by the application
of boron fertilizers at ali locatioﬁs except Durant (Figures 21, 22, aqd
23).~Adding a 20-80-40 fertilizer at‘thé‘McAlester and. Ft, Towson lqca-
tions resulted in a decreasefin the boron contents of the peahuc leaves,

The treatments recéiving no boren applications at McAlester and

Ft, Towson produced internally damaged nuts. Thevmosc internal damage
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(10%) and:the lowest boron content of tﬁe young leaves occﬁrred in the
20-80-40 treatment at McAléster. Thé 6—0-0 tfeatment had 7 percent
internal damage.r The internal damage found in the 0-0-0 treatment at’
Ft. Towson was 7.5 perceﬁt. The young leaves from the plots with no
added boron contained less than. 20 ppm boron af McAlestef and at

Ft. Towson (Figures 21 and 22). The leaves from the plots that had
'Boron treatments contained more than 20-ppm.bbron at these two locar
tions, and the resulting nuts had low amounts of”internal damagé (less
than 2%). The peanut leaves from Durant did nét dontain less than

20 ppm boron (Figure 23).

Thé boron contents of the three stages of_leavés colleéected at
McAlester, Ft. Towson, and Durant are shown in figures 24, 25, and 26
respectively. The youngest leaf (stage I) contained the highest boron
concentration and the oldest leaf (stage III) contained the lowest
conceﬁtration éf béron in treaﬁment 20-80-40 at McAlester and Ft..Towsoﬁ.
(Figures 24b and 25b). The plants from the 20-80-40 tfeatment contained
the lowest boron levels, indicating the lowest boron supply, This
suggests that under low boron condiéions the peanut plant actively
transports boron to the new growth. The opposite was true under a high
boron supply. The oldest leaf (stage III) contained the highest boron,
concentration while the youngest leaf (stage I) contained the lowest
concéntration of boron for the 20-80-40 plus 1 pound Of béron per acre
treaﬁment at McAlester. A passive accumulation of bbron is thereby
indicated under conditions of high boron, These results are conéistant

with observations made in the greenhouse.
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Boron‘CQntent‘of Petioleg .

The boron concentrations of petiples from McAlester, Ft. Towson,
and Durant are shown in Figures 27, 28, and 29 respectively, The boron
concentrations of the petioles remained relatively constant throughout
the season in thé treatments with no boron, ' The youngesn petiole
(stage 1) at‘McAlester was an exception; its boron content increased
from August 12 to September 5. The boronicontentn of petioles were
ingreased by boron applications at McAlesner and Ft. Towson (Figures 27

.and 28). 'No response to bornn was observed at Durant.

Differenceé wére found'in the boron content at tne three stages of
development'of petioles at McAlester and Ft. Towson (Figures 30 and 31).
The youngest'petioles collected (stage 1) contained the highest boron
concentrations and the oldest petioles collected (stage_III)_contained
the loﬁest concentrations, Thé differencés between stages II and TTT
were small.b No trend was observed at Durant (Figure 32).

In a routinebanalysis, stages IT and 11T would be the preferred
sample; The petioles are larger;than stage I, making them easier to
collect and handle., Differences in boron content between stages II and

ITTI were small, The exact stage, therefore, would not be too critical.

Boron Content Qf Peanuts

The boron cnncentrations of the peanuts at McAlester and i -
Ft., Towson are,shown in Figure 33, The concentrations of the shells
and nufs increased with an increase in the boron supply to the soil.
The nut nearer to the peg (nut 1) contained a lower boron level thany

the nut farther from the peg (nut 2). The shellsvcontained less boron
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than the nuts at McAlester. Peanut shells grown under low boron condi-
tions at Ft, Towson contained more boron than nut 1 and as much as nut 2
(Figure 33b). The shells from plots fertilized with boron contained

less boron. than the nuts.

‘Foliar Analysis for Boron

The boron levels of peanﬁt leaves from the three sites studied are
compared in Figure 34. The boron:levels of the leaves, in most cases,
decreased from July 16th to the August 12th sampling date. All treat-
ments‘thét had boron concentrations below 20 ppm on.August 12 had less
than 30 ppm .boron at the July 16 sampiing date. On the other hand, ne
plot with more than 30 ppm boron in the young leaves at the July 16
sampling date had boron levels decrease below 20 ppm during the growing.
seasan, |

Boron levels in petioles are compared in Figure 35.  Boron concen-
trations in the petioles appear to be relatively consistent throughqut
the growing season. Significant amounts of internal damage were found
in the plots with boron levels below specific Valqes, These values
differed with the petiole stages, They were 20 ppm boron for stage I,
17.5 ppm for stage Ii, and 15 ppm for stage IIT.

The boron contents of the leaves and petioles were significantly
correlgted»with the internal damage of peanuts. The correla;iOn‘
coefficient values fdr the field data are shownlin Table V. Correla-
tion values for the leaves were higher on the earlier sampling dates
than the later dates. Correlation values were higher’ for the petioles -

than for leaves,
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TABLE V

CORRELATION COEFFICIENT VALUES (r) COMPARING THE BORON CONTENT
OF "LEAVES AND PETIOLES WITH THE INTERNAL DAMAGE QF THE
NUTS AT THREE EXPERIMENTAL LOCATIONS IN OKLAHOMA

Sample Leaf Petiole
Date. . .. . i1 02 3 1 2 3
7-16 -,609 -,654 -.643 -.697 -.586 -.667
8-12 -.703  -.690 -.591 -.716 -.763  -,738
9-5 -.611  -.524 . -.472 -,723 ~.745 -.692
10-4 : -.410 -.829

Significant (.05) r value .497
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CHAPTER V
SUMMARY- AND CONCLUSIONS

Spanish peanuts were grown in the greenhouse and in field plots
to determine the feasibility of the use of foliar analysis for evalua-
" tion of the boron status of peanuts, Leaf and petiole samples were
collected and analyzed for boron, and reléted to the internal damage of
pPeanuts. |

Boron uptake-and distrjibution patterpS"were observed in the green~

-house, After this preliminary work, attempts were made to establish
critical boron levels, and the critical time of boron supply for
Spanish peanuts, The boron concentration-internal damage relationships
were then studied under field conditions in three Oklahoma soils,

- The boron contents of peaﬁut plants were foundvto be related to
~the boron availability in the soil. A significant correlation was
found between the boron content of 70 day old peanut plants grown in
the greenhouse and their gynophores and developing nuts, The boron
content of the nuts at harveét time was not necessarily related to the
amount of internal damage present, but more closely related to the
availébility of boron in the soil at harvest time,

" Peanuts exhibited both passive and active transport of boron.
. Peanut leaves accumulated boron under conditions of high boron avail-
ability. Peanut élants translocated boron from older leaves to. other

‘parts of the plant under conditions of decreasing boron availabil&ty.
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The boron content of the gynophores grown in soils withllow levels of
available boron increased after entering the soil,

Corrections of boron deficiencies by 65 days after planting elimin-
ated internal damage in the nuts under greenhouse conditions. Correcs
tions of boron deficiéncies 82 days after planting increased the boron
content of the plant and nuts, but had no beneficial effect on the
quality of the nuts. The nuts from plants in whiéh boron :levels
decreased below the critical level on day 100 showed no evidence of
internal damage on the 120 day harvest date,

Foliar analysés can be a useful guide in determining the boron
status of a peanut crop, but interpretations from both foliar analysis
and soil testing are>subject toberror caused by the unpredictable
changes in soil moisture conditions during the growing season, The
criticalblevel of boron in the:young.leaves of SpaniSh“peanutsuwaswset
at 18 to 20 ppm, Under field conditions, 30 ppm was considered criti-
cal for the first 45 days after planting to allow_for a seasonal
decrease in boron content. .The critical level of boron in petioles
of Spanish peanuts under field conditions was set at 20 ppm for stage I,
17.5 ppm for'étage 11, andl15 ppm for stage III for the first 45 days

after planting.
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TABLE VI

THE WATER CONTENT OF THE SOIL AT THREE PEANUT
EXPERIMENTAL SITES, 1969

69

Soil ' Date of Sample
Depth — : — , —
(Inches) 7-16 7-29 8-12 8-26 9-5 9-23 10-4
_ Percent Moisture
McAlester 0-6 3,5 200 0.8 6,5 3.4 43 1.1
6-12 5.8 4.0 1.3 5.8 4.0 2.9 1.4
Ft. Towson 0-6 1.0 0.9 0,8 2.5
6-12 3.3 1.2 1.0 3.0
Durant 0-6 14 .4 1402 14,6 17.2
6-12 24,5 25,1 20.7




TABLE VII

BORON CONCENTRATIONS AND CALCULATED F VALUES OF LEAFLETS
PETIOLES, AND GYNOPHORES FROM SPANISH PEANUTS GROWN =
IN THE .GREENHOUSE UNDER FOUR BORON
LEVELS IN.THE SOIL

’

70

Treatment
Check  0.25,8°B ‘OJSMg B 1.0 B
: per g soil per g sq}l‘ per g soil
Plant ' Calculated
Sample = v ppm F
at 20 days
' Leaf 1 50.4  332.4 518.3 1373.6 136.09
6 51,6 -158.4 -330.7 587.7 24.74
7 48 .4 118.4 203.0 332.9 26,16
at 30 days.
Leaf .6 60,8 340.8 986 .4 1464.0 56.70
7 49,9 264.5 638.3 1152,0 62.96
9 50,1 85,3 167.0 329.5 68.84
10 57.4 71.4 83.8 124.3 9.76
at 40 days
Leaf 6 .29.1 74.2 203.0 602,2 6,58
9 43,1 430,5 931.6 1305,0 7.26
11 23.8 40,6 45,4 1.58.5 14.00
8L* 23,0 . 40,9 39.5 82.0 13.80
12 22.8 41.2 »48.1 82.4 38.40
at 50 days
Leaf 9 19.4 34.7 70.8 129.4 .18.27
11 17.2 - 35.6 "71.1 158.1 16.57
8L 23,7 . . %4.8 307.5 315.2 4,47
13 10.4 27.7 35.9 60.1 16,07
14 12,5 24,2 30.4 53.6 26,43
at 60 days
Leaf 7 31.6 .231.8 583.1 1258.2 52,26
10 .27 .4 44.8 112.3 2448 16.85
13 12.2 31.1 38.5 93,5 13.14
15 12.0 19,9 © 28,5 36.2 3.01



TABLE VIT (Continued)
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Tabulated F(.05) Value

3,49

Treatment
Check 0.25,8 B 0.5,8 B 1.0,g B
. per g soil per g soil per g soil
Plant ' ' ' ‘ ' Calculated
Sample. . ppm F
Petiole 7 18.3 18.7 23.4 22.0 2.14
10 15.5 19.0 20,8 .23.0 23,10
- 13 8.8 16,2 19.1 22.2 84,57
.......... 15 8.3 11.4 18,0 19,1 48.68
'hét'7bldéyé" ..................
Leaf 9 25.5 50.1 195.7 299.8 6.46
12 11,1 15,4 29,2 '58.1 9.76
16 4.7 6.5 13.0 24,6 67.14
17 6.5 7,0 10.2 22,8 .39.12
Petiole 12 9,7 16,8 19.1 22,1 11.38
16 5.6 5.8 9.8 16.7 31.19
17 6.2 8.2 12.9 16.8 47.78
Gynophore
above soil 4.5 . 8.5 15,1 22.3 17.66
Gynophore
in soil 6.6 12,4 14.9 18.7 3.78
Nuts in soil 6.3 12.8 -13.2 18,2 5.07

*L indjicates lateral branch

pro——



TABLE VIII
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LEAF WEIGHTS AND CALCULATED F VALUES OF LEAFLETS FROM SPANISH
PEANUTS GROWN 'IN ‘THE GREENHOUSE UNDER FOUR
BORON LEVELS IN THE SOIL

o Treatment
Check 0,25, B 0.5,6'B 1.0, B
Mo ue L
per g soil per‘g-3011 per g soil
Leaf ‘ ‘ " Calculated
Number. . Grams F.oo
at .30 days
Leaf 6 ,037 041 .038 .038 1,05
7 .051 ,049 .052 .042 2.72
at 40 days
Leaf 6 .051 054 052 045 1.59
9 044 .051 .044 .040 2,11
at 50 days
Leaf 9 .046 .047 . 041 . 045 1.24
11 .053 .047 .050 .043 3.41
8L* .040 .039 .035 .033 2,24
at 60 days
Leaf 91 .072 .075 .069 .059 1.62
' 13 .073 .064 .062 .050 3.79
11L .049 .072 .062 .047 2.94
10 .059 .056 053 .044 4,62
7 .052 .054 ,048 ,041 4,51
“at 70 days
Leaf 9 .055 .052 ,050 .045 4.87
12 .049 .048 .042 ..037 3.88
16 , 040 .055 .049 .038 5,95

Tabulated F(.05) Value 3.49

*L indicates lateral branch



73

TABLE IX

BORON CONCENTRATIONS OF YOUNG LEAVES:, .INTERNAL -DAMAGE OF PEANUTS,
AND CALCULATED F VALUES OF SPANISH PEANUTS GROWN IN THE
GREENHOUSE FOR CRITICAL-BORON LEVEL ~
DETERMINATIONS (PART I)

Days Treatment

after . "Boron level in young leaves

planting ~ Low —  'Medium  Medium ~  High
: ' low _high Calculated

ppm » F

38 8.1 8.8 8.3 7.9 0.05
45 5.2 11,2 14,4 10.9 2.28
52 5.3 .11.8 12.2 36.1 53.65

- 59 8.5 40,1 -38.7 40.0 17.93
66 1153 39.6 38.6 36.6 19,94
73 11.6 - 34,0 33.9 37.5 -35.15
80 6.2 24,5 30.7 33.1 20,13
87 6.5 25.8 30.2 36.4 24,84
101 11.8 27.3 42,2 43.5 11.45
115 11.2 27.9 . 27.6 -32.3 -18.92
122 : 10.7 . 31.6 37.5 -31.6 8.32
Internal

damage 83.5% 1.4% 0.0% - 0.0%

Tabulated F(.OS) value - 3.49
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TABLE X

BORON: CONCENTRATIONS OF YOUNG LEAVES AND NUTS, INTERNAL DAMAGE OF
PEANUTS, AND -CALCULATED F VALUES OF ‘SPANISH PEANUTS GROWN
IN THE GREENHOUSE FOR CRITICAL BORON LEVEL
‘ DETERMINATIONS (PART II)

Days ‘ B Treatment
after " Boron level in young leaves
planting . Low . ~Medium . - High
o " Calculated =~
......... ppm . F
30 41,7 38.9 39.9 ’ - 1,66
38 36.7 - 34.5 39.1 - 2.17
45 : : 30.2 31.4 32.9 0.25
52 : 30.2 30,3 39.0 3.56
59 - 22,0 17.5 25.3 3.75
66 ' 22.7 23,2 30.4 6.24
73 ‘ 22.4 22.6 29.7 2.45
80 © 12,0 13.1 - 16.6 0.94
87 v 6,0 5.1 - 6.8 0.30
%4 13.9 18.0 21.5 - 0.74
~101 17.1 20.7 24,7 1,55
108 . .. 9.4 17.0 19.0 11,44
115 . 13.4 17.2 17.8 1,05
Nuts - 5.0 9.3 10.2 .18.81
» percent
Internal ' ' B
damage ‘ 84.1 45,8 6.8
Tabulated F:, Value :4.26

(.05)




TABLE X1

BORON CONCENTRATIONS OF LEAVES, PETIOLES AND NUTS OF SPANISH
PEANUTS, STARR VARIETY, McALESTER, OKLAHOMA, 1969

il

Treatmepts }
0-0-0  20-80-40 70-80-40 50-80-40
R S . plus plus
0.51b. B  1.01b B
‘Plant v . - ’ ) '
" Sample .. .. ‘ o ppm -
July 16 .°
Leaf 1 273 18.9 39.1 41.4
- 2 27.6 154 45,5 46.6
3 28.9 10,0 | 43.6 - 56.6
Petiole 1 17.8 13,2 21,7 21.3
2. 16.2 12,4 19.7 . 19.7
3 13.2. 9.9 17.1 19.2 -
' July 29
Leaf 1 18,5 12.0 31.6 .31.8
2 18.5 9.4 35.2 29.8
3 22,2 8.8 31.3 35.2
Petiole 1 17.8 11.0 265 26.5
2 14.0 9.2 21.6 : 18.2
3 14.0 716 4.9 ~16.3
August 13
Leaf 1 18,9 ~ 10.1 23.6 27,9
2 16,9 7.0 36.2 34.0
3 17.4 6.6 29.8 42.5
Petiole 1 18.1 10,4 21,1 26.7
2 12.8 6.2 17.4 19.0
3 11,6 6,4 16.9 19.2
August 26
Leaf 1 18.6 16.2 32,1 36,4
\ 2 14.2 10.1 29.1 33.1
3 15.2 9.5 3.4 57.0
Petiole 1 2.1 21,5 - 31,3 34.6
2 19.4 13.8 23.9 ‘ 31.1
3 16,5 12.4 23.3 29.1



TABLE XI (Continued)
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Treatments.

- 5-0-0 20-80-40 . 20-80-40 . 20-40-80
T plus plus
0.5 1b, B 1,0 1b. B
Plant '
Sample .. PpPm
September 5
Leaf 1 20,2 11,3 37.2 44,8
2 19.5 10.7 38.1 63.0
3 19.4 104 54,2 91.0
Petiole 1 '18.2 12.2 28,8 137.1
2 13.8 9,9 29.6 29.6
3 13.2 8.8 25.5 27,9
September 23
Leaf 3 37.3 16,8 61.2 75,7
Petiole '3 L mm—— R -=s- e
October 4
Leaf 3 28.2° 9.8 75.6 141.6 -
Petiole 3 134 7.4 19.6 20.6
October 25
Shell 12,7 8,1 15.0 13.1
Nut 1 15.5 10.9 19.7 17.6
2 19.3 13,0 . 23.6 22.0
Pe;cent
. Internal
_ damage 7.0 . 10.0 0.3 1.3




- TABLE XII
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CALCULATED AND TABULATED F VALUES OF THE BORON CONCENTRATIONS

OF LEAVES FROM THE FIELD EXPERIMENT

AT McALESTER, OKLAHOMA, 1969

Source Calculated ‘Tabulated
: F F(.05)
‘ Replications 6.76 3.07
Treatments. 100.97 2,68
Leaf stage - 4,46 3.07
Sample date 11.42 2,45
Treatment X leaf stage 4.49 2.17
Leaf stage X sample date’ 1.31 2,08
Sample date X treatment 3.44 1.83
Tfeatment'x saniple date el S
X leaf stage - 0.57 1.61°

TABLE XIII

CALCULATED AND TABULATED F VALUES OF THE BORDN CONCENTRATIONS

OF PETIOLES FROM THE FIELD EXPERIMENT

AT McALESTER, OKILAHOMA, 1969

X petiole stage

Source Calculated Tabulated’
F F(.03)
Replications 5.32 3.07
. Treatments 87.16 2.68
Petiole stage 24,76 3.07
Sample date 19,71 2.45
Treatment X petiole stage 0.39 2»17
Petiole Stage X sample date 0,62 2.08
.Sample date X treatment 3,11 1.83
Treatment X sample date o
0,36 1.61
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TABLE XTIV

BORON CONCENTRATIONS OF LEAVES, PETIOLES, AND NUTS OF SPANISH
PEANUTS, STARR VARIETY, FT. TOWSON, OKLAHOMA, 1969

Treatment

Plant A 0-0-0 T30-80-40 20-80-40
Sample . plus
o " 1.0 1b. B
ppm '
July 16
Leaf 1 11.7 11.2 o 16.8
2 11.3 12.4 13.5
3 13,7 12.5 , 18,1
Petiole 1 11.6 12,6 16,9
, 2 10,1 ‘ 11.0 o 11.8
3. 10,7 10.4 13.0
August 13
Leaf 1 16.1 16.0 22.0
2 9.1 8.8 15.9
3 9.6 8.4 19.7
Petiole 1 18,9 15,7 20.7
3 8,5 9.0 9.3
‘September 5
Leaf 1 5.7 16,3 4.6
2 11,2 10.8 - 33.7
3 10,0 8.5 29,1
.Petiole 1 12.5 15,5 30.0
2 9.9 9.2 19.3
3 9,5 7.6 12.7
October &
Leaf - 3 - 12.8 . 10.1 29.8

Petiole 3 7.1 7.7 13,5



TABLE XIV..(Continued)

Treatment

Plant  0-0-0 . 20-80-40 20-80-40 -
Sample oo : plus
' ' : . _ _1.01b. 3B
ppm
December 11

Shell S 13.5
Nut . 1 9,0 . ~16.5

2 11.4 22.0

, » Pergent

Internal

damage B ’ 7.5 | ' 1.8




TABLE XV

CALCULATED AND TABULATED F VALUES OF THE. BORON CONCENTRATIONS‘

OF : LEAVES FROM THE FIELD EXPERIMENT
AT FT. TOWSON, OKLAHOMA 1969

80

CALCULATED AND TABULATED F VALUES oF THE BORON ' CONCENTRATIONS
~OF PETTOLES FROM THE FIELD EXPERIMENT -
AT FT. TOWSON, OKLAHOMA, 1969

Source Calculated. Tabulated
‘ F F(.053)
Replicationsv - 6,78 3.19
Treatments: 79,60 3.19
‘Leaf stage 7.84 3,19
Sample date 13.97 3.19
Treatment X leaf stage - 1,03 2,57
Leaf stage X sample date --3.05 2,57
Sample date X treatment 12,13 2.57
Treatment X sample date ' ' .
X leaf stage : 0,38 2.14
TABLE XVI

Tabulated

X petiole stage

1.64

Source -Calculated
F F(.05)
Replications 5,07 3.19
Treatments 93.24 3.19
Petiole stage .97.99 3.19
Sample date . 6.65 3.19
Treatment'X'petiole'stage' 10.35 2.57
"Petiole stage X sample date 11.63 2,57
. Sample date X treatment 8,70 - 2.57
Treatment X sample date _
2.14




TABLE XVII

BORON CONCENTRATIONS OF LEAVES: AND PETIOLES OF SPANISH

PEANUTS , STARR VARIETY, DURANT, OKLAHOMA, 1969
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Treatment

Petiole

Plant 0-0-0 20-80-40 20-80-40
Sample s ' - plus
i 1,0 1b. B
ppm
July 16

Leaf 1 33.6 39,1 31.0
2 36.7 43,9 YA
3 35,1 32.1 45.7
“Petiole 1 23.4 26,5 24.0
: 2 19.2 20.4 24,1
3 21.2 22.6 26 .4

August 13,
Leaf ] 25,6 27.7 274
2 27,1 26.6 +29.5
3 26.9 29,6 32,1
Petiole 1 21.9 21,2 19.7
2 18.4 18,5 20.1
3 22.1 21,2 18,2

September 5
Leaf 1 24.7 - 24,9 29.8
2 24.1 19.3 20.9
3 31.9 23,9 23.6
Petiole 1 22.5 24.0 27.2
2 23,6 24,3 23.5
3 22.0 18.2 20.1

October 4
Leaf 3 23.6 25,0 26.9
3 17.1 16.7 18,3




CALCULATED AND TABULATED F VALUES OF THE BORON CONCENTRATIONS
OF LEAVES - FROM THE FIELD EXPERIMENT

TABLE XVIII.

AT DURANT, OKLAHOMA, 1969
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CALCULATED AND TABULATED F VALUES OF THE BORON CONCENTRATIONS
OF PETIOLES FROM' THE FIELD EXPERIMENT .

AT DURANT, OKLAHOMA, 1969

Source Calculated Tabulated
' ¥ F(¢.05)
Replications 5.43 3.19
Treatmehts - 0.83° 3.19
Leaf stage 0.54 3.19
Sample date 30.75 3.19
Treatment.x'leaf stage 0,69.» 2,57
Leaf stage X sample date 2.09 2.57
Sample date X treatment.‘ 1.08 2.57
Treatment X sample date _ '
X leaf stage 1.35 2.14
TABLE XIX

Tabulated

Source Calculated

F F(.03)
Replicationsg- 2,00 3.19
Treatments 0.60 3.19
Petiole stage 3.09 " 3.19
Sample date 6.01 3,19
Treatment X petiole stage . 0.47 2.57
Petiole stage X sample date 2.06 2.57
Sample date X treatment 1.28 2.57
Treatment X sample date
X petiole stage 0.98 2,14
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