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INTRODUCTION



INTRODUCTION

Vegetable oll produstion from various sources in our
country is falrly stegnont at 10 mililon tonnee for the
last 35 years. In gpite of the green revolution of the
1960's with %he cereal erops whest end rice and the further
extensien of the "high yielding veriety concept” to oil
seed crops, incrcase hes not been registered. Ab preaent
India imports 10 iokh tonnes of v;egetable oilg ennually in
v.iew of the stegnency in production end to neset the
enhanced demands due to & growing populetion. To off getb
shie drein of foreign exchange resources considerazble
importance io currently belng glven to dovelop techmologlies
for raising vegetable oil produetion. Aptly this hog found
a place as point mumber 2 of the Twenty Foint programme
of the Tation.

Several nmethods have been ugsed lately in inproving
%he vegetable oll production, Some of them are extension
of arcm, introduction of oxotic oil seed crops, introduction
of annual oil se:aa crops as intercrops o enhanes net area
sown in non=treditionsl arees, improvements In mansgement
tecimiéués of ihéivldual 0il seed crops ctc.

Ainong the various oil seed crops, groundmt offers
greatest scope nob only for varietel improvement, bubt also

for improvement in mensgewant techmnigues in view of the



widely vorying egro-climatic situations in which it is

groun as o f£ield crop. In view of this attempts to introduce
the same in non=treditional areas and also as intercrop
espeéially with cassava hes met with some degree of success .
in Kerala mainly becouse of the cafeteria of verietice
availabie. PFurther groundnut covers 40 per cent of the
total oil secd erea of the country and meets 60 per cent of
the. t0tal oil production in the country. |

In Kerala growndnut can be guccessfully grovn as e
monoerop in uplend situstions, as an under crop in old
coccenut plenbotions end as en inter crop aloﬁg with cassava.
Theae heve been successfully experinented ond 1s being
demonstrated by the Kerale Agriculturel University, Centreal
Plentation Crops Research Institute and Central Tuber Crops
Resecerch Institute.

While attempts are ocurrently made t0 doveteil the
cultivation of groundmit eg an under crop in coconut gardcms
end a3 an inter crop in cogsave, there is @ need to work
out thé requircnente of amendmentso, eepeciallyl of calcium
end megnesium, for the o0il and climontie situations of
Kerels. Though considerable work hap been conducted in
other States, the s0il gituations in them often do not
wvarrent or necessitate addition of caleium and or magnesium
oo anendments 10 enhemee the yield of pods and o'il. In
States such ag Gujarat and Temll Nadu, the black and the



red solls where growndrmt is often culsivated are rich in
coleium and/or megnesium. Contravy is the gituation in
Kerale wvhere the red end leterite soils have a deplorably
1oy content of both celeium ond megnesium,

The divelent cotions celeium end magnesiun end thoir
importence in the gynaphoric nutrition of groundnut bhas
been well brought out from the basic atudies conducted by
Wolt ond Adems (1979). louwever undex the soll gltuations
of Xerala; the carrier of these elemenis have %0 be
gtenderdised both in relation to their nature and to tho
quantity of monovalent cation potassiva efded ob potagalc
fertilizern.

In view of thie, the present otudy hao been projected
with the following limited objectives initially:

1 7?0 eluecidate the role of calcliwml, negnesium, sulphur
end boron in the nutrition of groundnub in relation
to yield and oil content.

2, 7o study the effect of cer;r'ier of calecium and
negnesiun in the natrition of groundnut.

e 7o sbtudy the effect of K/Cevig retiog in the
pubtrition 0f grouwndnube.

e To bring out the role of calcium, mognesiun end
galeiwm pluo m@es&m in relabion to appllcation

of bom.
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REVIE OF LITERATURE

The importoence of N, P, K together with caleium,
magnesium,  culphur and boron in the matrition of grovndnub
with veference 3o yleld, yield attridbutes, oil content end
other cheracters, was brought out by meny experiments
conducted in India ond ebroed. Some of the sallent findinge

relevent are briefly reviewed hercunder.

1. Effect of nutrients on yleld

6. Bffect of nitrogen, yhosphorus and pobassiuvm on yleld
and yield atitributes. \

Colwell et al. (1945) showed thet poorly filled
groundnut shells hed higher nitrogen and pofasslum then
the shells vith well developed seede;

Rogers (1948) reported that peanut possesses en
ability for luxury consumption of potassium. Goldin ond
lHor-Tzook (1066) found that NFPK fertilization increased
totel plant welght, prolonged the period of flowering,
increased agelling percentage end increased pod yields.

Sreedharan and George (1968) obgerved that applicetion
of potassiun along with calclun and megneeium increased
the pod yield, yleld of keulus and chelling percentsage.

Chokhey Singh ond Pathak (1969) noted that the
combined ap@lication of WX gave significontly much higher
yields than N, P and K applicd singly and when any two



were spplied together.

Tella ob al. (1971) obaorved en increase in pod yleld
by application of WIK fertilizers in soils of pil near
neutfelity,

ofort (1972) reported that applicetion of 30 kg
emmonive sulphate per hectere with 50 kg 2205lha gave the
highagt increase in yield.

Tivocomb eb al. (1966) observed that ennual applica=
tions of 6, 10 end 20 kg B/he to & well droined deep sandy
1oam @oil increased growndnut yield.

Fegeria (1974) repax*ted +hat for groundnut planto
grown in nutvicot solution for 55 daya, peximm yicld wms
obteined ot a potassium concentration of ebout 200 /mn
and ebove this concentration there wag no slgnificent
results. |

promficld (1975) oboerved thet phosphorus epplied
as grouwnd rock phosphate ~ sulphur mixture outyieclded
ground rock phosphate end it was 8o effective as single
guper phosphote in increasing the yield, Hall (1975.):
veported that phosphorus together wizh celeciun greatly
increased the yield of groundnut but potessium chloride
decreased the yicld when opplied together with phosphorus
end calelium.

Jeyedeven and Sreedbaran (1976) reported that
thosphorus application increased the yield significently,
but nitrogen application significently reduced the yleld.



Fueida ot al. (1980) hed studled several aspects of
NER fertilizer application together with coleium. 100 pod
welght was increased by calelum only. WNitrogen, phosphorus
or ezleiun olone decreased 100 seced welghte Phopphoyus or
caleium olone inercased shelling percentege while nitrogen
aione dccreesed pod yield per plent vhereas potassim
jnoreaged 1%. FPod yield was greatest with nltrogen and
calctun in variety Gize-I end greatest with phbsaphorus.

. potessiun end celeium in enother variety Glzaw=i.

Rathee eénd Chahal (3977) observed that in solils of
low, medium and high ?205 end saiphur contents, application
of phosphorus end sulphuy significently incroesed the plant
nitrogen content, dry metter and pod yield and shelling
percentege.

There are conbredictory weports also about the
effeat of HFK in groundnut mutrition.

Davio (1951) observed that the use of lerge cmounto
of potash decressed the yield.

Omucti ond Oyenuge (1970) reported results of field
experiments where groundnub was fertilized with NEK. They
| Pound that application of ghosphorus fertilizers did not
significently affectir the yield of groundmut. |

b, BEffect of caleiun on yleld end yield abttributes

Burkhart and Coliins (1942) pointed out the
importence of caleium in relaticn %0 the yield of grouwndnutb.



Cpleiwm wes found $0 be very benefielal and necessary in the
' goil medlvm for tho productlon of good pods. They 8180
hoved that celeium pight be further absorbed by the develope
ing pods,

Coluell et ol. (1945) reported thet the most serious
111 offect of caleiunm deficicncy was its adverse influence
on the £1lling erd quality of pods in groundnut. |

" Mehlich end Colwell (1946) indicated that increased
yield end better guality of groundmb could be @b{?ained
by the applicaticn of caleium.

Brady ct al. (1948) reported thet epplication of
caleivm consistently increased pod- £illing vhen supplied o
the pegging zones. Strauss ond Grizeend (1948} polnted oub
that percentoge celclum soturetion of the exchonge complex
wap correlcted with averoge weight of nub produced by a
plent. ’ '

Herrss (1949) reaconed that poor pod development
was observed uhen caloium was withheld from the pegging zone.
M inecrease in chelling percentage of mute in grouwndnut due
%0 gypsum epplication was observed by Hye (1852) . |

York emd Reed (1953) observed o reduction in mmber
of flewers and hence the number of pegs, due 40 a deficlency
of caleivm. *

Dolhuis and Stubbs (1955) found that caleium was the
only element that hed a favoureble influence on pod £illing
and felt ite prescnce wes chboolutely ossemtlal.



Pigpot (1960) observed en increese in yield of ground-
. pub due o opplication of superphosphete. He veported thab
the beneficial offect was due to its cgleium content rather
shon te the phosphorus supplied.

Miauno (1961) found o significent depression in %op
grouth, flovering, peg and pod Zormaticn in groundnubt wvhen
celoivn weo withheld for o period following eavrldy growth.

Hizono (1965) obgerved that deficiemcy of caleium in
the pegeing zone induced ‘pops’ .

Accoxding to Horris end Brolmann (1966), caleium
deficicacy lowercd the quality end yield of groundnub.

nobertson eb el. (1966) found that applicetion of
gyesun at flovering stage incressed the yield end reduced
the number of empby pods. _

Veeveraghovan epd Madhavan Nelr (1966) reported en
' S.ncréaae in pod yield by siz emd tuclve por cant with the
application of lime ab the yate of 150 and 1500 kg/he
reapectively.

Harris (1068) obmerved a reduction in geedling
grouth due to celcium deflcienoy (5 ppm Ca in the nutrient
golution). DPuring the last half of the groulng acasen
there vas also @ marked decrease in the production of foliage,
Plovers, roots ard kernelao.

Yemi end Romomoorshy (1969) observed thab leck of

caleiwm ceuvsed a reduction in ths number of moture pods.



Slack end Moprill (972) found in grecn Lomse cxperi=
ments that groundnut crop depends on caleium supply in the
frult zone for proper frulit dovelopuent. |

Logenathon and Kelshnemoorthy (1977) observed an
Anorease in pod yicld upto a level of 150 kg Co/he. The peck
pericd of calcium uptoke wos found to be betueen flowering
 and pegelng for certain vericties but it wes betueen pegsing
and maturity for certein other verietles. This wos nobed by
Dathle et al. (1978).

Tnenege et al. (1979) observed in pot trials thet when
" the goil in which pods &éveleped. wvas lov in calelum, sced
and pod development were retaxded and the proportion of
wnfilled pods increased nerkedly. | |

Aems ond Hertzog (1979) found that oven 560 kg lime/hs
wes inndequate for moaximum yield of groundnut in celcim
deficicnt soil. .

Wolt cnd Adems (1979) studled the effect of caleiwn
on vegebabtive growth as well as on frult development. Ab
low levels of rootinge~zone celclum both vegetativé end fruit
' growth were infimenced by rooting and fruiting zone celeiun
acting in consert. As roob zene caleium wes increased above
the eriticel ievel for masimm vegetabive growth, the pland
chenged from being elmost frultless H0 a ueak-fruited plant.

Perveive et al, (1979) found en increase in yleld
due 0 gypown epplication but therc was no oignificant |

effcot due bo different rates and time of apylicailon on
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~ oeed yi.eld.

Walker ond Csinos (1960) found that by gyésvm eppli-
cation there was incresse in yield cnd quality ‘of kernels.
A reduced incldence of pod rot wes slso obgerved under such
eonditiong. ‘

. Bram b al. (1960) found that criticel level of
caleivn in peanut leaves abt pre-flowering shaze ig 1.25
per canbe.

In Sield triols at 43 sites on different soils in
Virginia, Hallosk end Allison {31981) obinined yield responees
40 opleivnm everaging 0.49 t/ha with e meximun of 1.27 t/ha.
The proporbtion of ground mature sceds wos increased upto
2% per cent.

Keigling et al. (1982) obteined e lineer relation=
chip betucen the total caleium conbent end geeld welghb.

Contredicting the ebove vieus, thore are a few
regullts. '

Groenwood (1551) obmerved thet gypsuu slone hed no
slecnificent offeot either on kermel yields or houlus welght
of groundmat bub with phosphatc, gubptantigl increase wag
geen in both.

Dgzé'haﬁtérjoe (1976) feiled $0 get any effect Zor
1‘,.8 ton of lime in yield,

© dalker ob al. (1970) obtained no effect for gypoul
on yield or sound metuze kernels of Plorunner when they

applied gypsem in o split= plot design ueing dlfferent



peanut ovs, _
Satyenerayena et a8l. (1975) obscrved that beyond
% %/ha of gypewm or 1 t/ba of lime, the yleld of groundnub

wap reduced.
c. Effect of mognesium on yleld and yield ettributes

Bredy et ol. (1948) observed that magnesiun sulpbate
wes beneficlal in impwoving fruit chorscteristics not only
in torms of porcentage of cavities £illed but aloo in
increaging the percentoge of mature and two cavity size
fruits In gromdmat. Bleir et ol. (1949) found that
negnesizn sulphate comuonly inorecsed the crop yield In
growmdnnt ¢

Hashimoto and Okamoto (1953) observed that much
magnesivn was required for forming the pods in peonuto.

Hallock aml Garren (1968) noticed an increase in pod
breskdown in groundnut for a heovy dose of I{QS% oy Mgso4.

Nair ot al. (1970) noted an increass in dry matber
yicld due t0 magnesiun on groundmut. They hove algo observed
that lack of mogneolun effected nodulobion.

Sreedboron ond George (1068) observed that magnesium
significently inercesed the number Of ncdules per plant.

Pajuddin (1971) in pot ozperiments o growmdnub
observed- that lime and magnesiwm increased the yleld, the
greebost responce being obtmined at the highest level of
lipe end m@esium.
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' Reniperumel (1972) obgerved en increase in tho
wmber of nodnles, pod yield end protein content in ground-
nub by the application of ma@aesim.'

subronanion et k. (1975) nobted en yleld inevezse Gue
40 nagnesiun slone. They also foumd that application of
negnesivm incrcased the aveilability of potessivm end celciun
to the crop from gowing %o vegetative and reproductive
gtoges. It increased the availability of nitrogen from pre=
souing t0 post horvest stoge.

Batble et al. (1978) observed that nagnesitm acouzu=
intion vas greetest between grand growth ond flovering for
_ certain veorieties vhile it was between flovering ond pegeEing
for certain other varietics end between pegging ard maturity
for certain other varleties.

Chehol end Suihpel Singh (1979) found that celeiwm
end megoesiun upteke wes higheet ot 40 to 60 days of growdh
and the celeivm and mognesium contents were in the orders

icaves 7 gtem 7 shell 7 seeds.
d. Bffect of sulpur on yleld ond ’yield! abtributes

‘ Hareris (1949) obgserved an inereage in yield when
gulphate ion wes used in the frulting medium. Greenuwood
(1954) suggeoted that the benoficicl effects of gypsum in
the coils of Wigeria was not due to its calcium but due %o
the sulyhur combtent, Crem (1958) hed shoun theb sulptme

aould increcse the size of plant, cneourege nodulstion,
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inprove 'colcmr end prevent premgture leaf-fpll, Sulphur
elzo helped in the development of more pods which are moxre
strongly attached to the plento.

Penilkloy (1961) obocrved that applieation of pulphur
along Uith NEE hos increataei the yield in groundnub.

Ewﬁuxu (?963) obtaine& e higher yilold ranging from
15=15 per e.em, by the epplication of sculphur as gypIul.

.. Haphade (1663) Poumd that culphur applied as gyposm
incroosed the pod yleld in érmz&ut by 20=27 per cent and
© when 4% wae Eipplied in combinsdion with nitrogen maximum
-Azy matter yield was produced. I
Alavay ond Thempson (1960) worked out the sulpbuy

metebolic pathuay in growdnut as followes
80 A
- Phogpho odenogyl phospho oulphate (PAES)

80°

l/'ﬁ
HES

\p
abeine

ystine \Gyétathi\qnine
N Frotein & Methionine
Biotin . . | L
Co engyneh
Glubathiono

Sedenosyl mothiorine
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Chopra and RKanwey (9965) fized a level of 10 ppn
goluble sulphur oz the criticel limit of availeble sulphur
for gromdnut. Sonjeevaich (1969) stated that sulpbmr
applicoticn increased the yield in groumdnut. FPalenleppen
(1970) observed that pod yield was inereased by phosphorus
end sulphur epplicetion et higher doseo. Subblsh et al,
(1970) noted an inereage in the yield of growmdmut in condy
soil bat not in loamy goil.

0fori (1972) formd that appliection of 30 kg ammonium
gulphate per heetere with 50 kg ?eosfna gave the highest
Increags in yield,

Chehel end Virmenl (1973) found that gynophores
sboorbed 23 per cent of the totel sulphmr end 10 per cent
of the total celcium present in tﬁe pleat. Pode contalned
32 per cent of sulphuy end 43 per cent of celeium ebaoxbed
by the frulting organs,

Virmneni (1973) reported +that criticel limit of
evailgble oulphur for grouwndmut crop is 10 ppa.

- Bronfield (1973) noted that culphur upheke in
growdput wos paximum upto 11th week after sowing and
deeclined during the leter periods. Applicetion of sulphur
dust ap fingleide in Melaowi improved the Irormel yield
(Tovrence and Gibbﬁ’cn, 1976) . - |

then sulplnir 3veated rock thogphate waes used,; Dromfield
(1975) obtained, o eignificant incrense im the yielri end
totel dry metter in groundrub.
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Dongele end Zende (1976) noted that epplication of
sulpiue alone and in combinetion with B or FYN incrcased NEK
uptake by plente end reduced their cxceopive vegetabive
grovthe '

Rathi and Chehel (1977) found that epplicstion of
phosphorug end oulphur significently incroased the plant -
nitrogen content, dry mabtter end ped yields and ‘shelling
percontege in soils of low and mediwm fertility.

Mishra (1980) obsexrved that ot concentrations below
0425 ppm of culplmr diaxide,‘it appeared %o bave 8 slight
beneficiel effect on plent productiviity.

| oridsulenasi end Horachen (1965) found no benoficial
offects for application of cattle menure, lime, gulphur end
gypsun wnder conditions et Pelur and Tindivanon.

’ Achipif (196%) ghoued thet thers was no need 10
jnclude gulplwr in fertilizers Lfor groundmut and so sulphnr
nes no significant effect on grovndnut yleld and shelling
percentogee

Ofors. (1973) in pot oxperiments, got no sigificant
effoct for sulgtmr or nitroger an P upbeie., Addltion of
34 kg sulphar as 332304 pignificantly lowered the kernsl
yield at 5 por cent level.

Tedarajan {1981) observed tnat there was no respounoe
£o» both caleivo end swlvhur on yield, dvy matier ond oil

conteinb.
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Wallter et el. (198é) epplied HFK end ulphur ag
combined folier gpray end feiled to get eny scignificent
effeot on yield but abt higher concenxratione; censed severe

folier burneg.
e. Effcch of boron on yield and yleld sttributcs

Coluell end Beker (1939) observed thaet whenever
boron deficiency was found, the application of boren %o
nifelfe end sumflover increased the quelity of the produce.

Cdbnogf (1957) noted thet the prinary influence of
horon wasm exerbed on the cell elongation stege of the cell
develornent, ,

Pilond et al. (1944) found that borax applied to
the soil et the rate of 5 1lb/oere iuproved the quality of
groumdrt .

Heynes and Robbins (1948) noted that roots growing
with o1l esomtiel pinersl nmutrients ezeept calciwn perished.
then roob cavironnent contained both caleiun and boron
roots maintained thelr functicnal integrity even when no
othor mineval nutriente were gupplled to the medium.

Smith (1954) observed a qomplete'inhibition of
pesgiag due t0 boron deficiency.

Harrig and CGilmen (1957) had seen that boron lmproved
the grode of groundnut but deorecasged the folioge yield.

~ Rotint (1950) fownd that yield was increaged by
15 per cent by the epplication of 100-200 g of borax per
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200 sq. netres.

Leveque cnd Beley (1960), when applied excess of
borcen 1% was found to be accumuleted in the leaves lecding
0 melformations and dcerease in flowering and fruiting.

fIarigopal gnd Reo (1968) observed an adverse effect
of boron application on the chlorophyll contenbt. When
compared 0 control o decrecase of 20 per cent, 40 per cent
end even 55 per ccabt of total ehlorophyll occurred due to the
application of 1, 5 emd 10 pm of boron respectively. Toxic
effects of boron were noted in plents by Strolier (1966)
wvith a concontration of more than 100 pm in the shoots.

Koter (19G4) poted that boron deficlency ocsused weok
root end oten development arvl ghedding of flowers.

Harris and Brolmern (1906) observed that piants
given fertilizer plus boron hed en carly peek flower produc-
tion period end were free of abnormalities and produced
naximun groundrut podo.

lerigopal and Reo (1967) noted an adverse effect of
boron on normal flowering, with higher horon doocs.

Herigopel (1968) found that boron deficiency (10 u g
in culture golution) reduced root and stem elongation vhen
compared $0 control (0.5 prm B). Flents recelved boroa asg
boric oeid or borax upto 6 kg per acre is found to inecrease
plens height by Asociten end Raj (1974). Beyond that it will
decrease. It aleo incrgesced yileld end improved pod

formaticn,.
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Yedohalli et al. (1970) observed that application of
450 kg gypoum ead 7.5 kg borex per hectave along wlth
nitrogen ond: phosphorus to groundnut in red sendy solle gove
olgnificantly increesed yields over nitrogen ond phosphorus
alone,

Pothiraj (1972) found thet boron has significent
offeot om yield in combination with calelun but not inde~
pendantly.

Hill and Morrill (1974) by epplying boron in four
carriers, upto 60 doys after plenting, oould effectively
control internal danmege due 0 boron deficlencys '

Asoken ond Raj (1974) found that on red loam end
gandy loan soils, applieat;ion of boron a3 6 kg boric acid
or borax per acre incrcased growndmut yield, end improved
pod formation.

Herigopal (1976) noted that in eemd culture, vhen
boron wes applicd et 10 pm to gromdnut cv. TiV-2, high
anowmte wvere accunulated in gll plant parte.

Morrill ct al., (1977) noted thot detrimental effects
(toxieity end reduced yleld) of applied boron appecred ob
rates betwean 1.0 end 1.5 1b por ecre end at the rate of
0.5 1b, it consistently reduced 'the internsl damoge due %0
boron deficlency.

| Dlemey end Chapran (1979) noted e reduction in pod
yield by 10 per cent dus to_ hi.gher doges of boron. |
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Brar et al, (1980) found that the yield increaged
vith the application of 2.5 kg Zn/ha and 1 kg B/ha, The
propoged criticel levelo of gine end boron in legveg fox
growndnuts groun in Punjab wac 25 ppa for both. Moxioun
incrcase in yield, 120 per cent wes echieved with B+In+?

Fertilizabion.

2, Effect of rutricntg on oil end nrotein

o. Effect of N, P end K on oil end protein

Yoz (1952) oboerved that pesnuts usually respanded
1i%%le o divect mpplicetion of r;otaésium Poartilizers exeept
in golls extremely poor in the nutrientos Oil content in
groundnut vas inereaged by thosphorus ond potessi
(Satyanerayons cnd Kelchnnfao, 1962).

Hava (’1964) noted thet application c;f potasoiwm
bioulphote incrcesed the crude protein content of grounduub
kemmels.

Arderoon (1970) found thob appllcation of potessiun
vithoud phosphorus depressed the yield and ‘011 content of
Tatel-Compon end Podona Bold groundnuto.

Verme ob al. (1973) found that application of verlous
gources of oulphur in combinetion with NEK narkedly
increaoced the ahrelli.ng perceatege and the oil and protein
contenta of the kernelg.

Dhuiye end Chowdbury (1974) observed the followings:



20

In tho wet oeocson, growdmut on the Brohmaputrae flood
ﬁ)lain .g0il, was given 0, 16,8 or 33.0 kg NW/ha, O or 67 »2
kg P/aa, O or 44.8 kg K/ha and 0 or 112 kg S/he. Application
0f 16.8 and 33.6 kg W, 67.2 kg P or 112 kg 5/ha inoreased
the sced protein content. Potassium spplication did not
increase the protein content. Fhosphoruss potageiva or
sulphur epplication et 67.2, 44.8 end 112 kg/ha reapectively
increased osed oil ecntent but there wes no reaponso 0
applied M.

Basha end Reo (1981) reported that P deficlency
affecto grouth, totel N, protein W, soluble M, gbarch, total
pugor, vhogphorug, magaesiud, potesoimn and oalcium contents
of 30 dey old peomut plants grown in sand culburac.

Bagho end Reo (19815. also reported that phosphorus
ond poteseivm deficiency resuvlted in ccoumletion of all the
keto acids ond cmino aeide in 30 day old and 20 day old
groundnnt leaves reppeetively. Thio wes due 0 sluggleh
nchobolisn of the tissue vmder phosphorus and potassiun
deficicncy. :

" Jayedevan cnd Sreedheren (1976) noted that protein
content of "Aslriye mitmdg * weg gignificontly increased
hy nitrogen and phogphorus end @ paximm protein combent of
20,8 pexr cent wes recomded by combined treatment with 30 kg
L and 100 kg i/hz2. The oil comteat of the crop wag signl-
ficmﬁly reduced by U application bub pilpificently enhanced

by phosphoruc.



b. - Effect of ealeium on oil and protein contents

There is not much effect for caloium on 04l or .
proteln‘ content of peanuts. Caleium deficlency will
definitely affect the quallty of kernel end pod £ill, ocauss
to form poppy pods os reported by Mani ond Remanoorthy (1969).
flerris end Drollman (1966) aleo reported thet quality wes
affected by onloium deficiency.

Veeraraghavan end Madhavan Nairx (1966) ohserved that
o0il yield is greatly depresssd by liming red loam sollis of
Kerala.

Seini ot al. (1975} found in a three year oxperiment,
that Ca, Zn, lh, Mo, Cu, Fe or B incveesed the o0il content
0f seeds from an overege of 48.2 per cent to en average of
49=31 per cente.

Blamey end Chapmen (1982) found thet lime application
improved nodulation, increased hay, pod and seed yielda,
shelling percentage, psrcentage of mature nods, 100 seed

velght and sced protein concentration.
¢e Lffect of mugnesium on 0il and protein conients

Trepachev end Atrashkova (1965) observed that memesium
increagsed the protein content of groundnut kernel.

Hair et el. (1970) end Sreedharan and George (1968)
observed that lack of magnesium effected nodulation and hence
the nitrogen content.
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Remi perumal (1972) found thot nngnesium increesed
the number of nodules ond protein content in groundnut.

Subramonien et al. (1975) observed thab oil content
was enhanced by nagnesium.

4. Effect of sulphur on 0il and protein contents

¢ilbert (1951) cuggested the dominent role of sulphur
in protein gynthesis.

* Jonden end Relecneuer (1957) observed that protein
oynthegls wen reterted by salphur deficianéy.

. Jecob entl Yo Vesltull (1960) recommended sulphbur
containing fertilizers for oil producing crops especially .
for growdnut, caster, lingeed and 0il peling,

VYencna (1962) noted that epplicetion of magnesiun as
nmagnesivn puighinte enhanced the yroduction of oil.

Napbede (1963) cbserved thet sulphuy fertilizetion
had no effeet on oil content in gromdmut. Bud 1t increesed
proteln cun‘aeﬁt in growvinud in Vagpor eonditiono. Chopgde
(1964) found that sulphur slone hed no merked effect on oil
content in grouwninut bub in combinagtion with phosphorus
or vith nitrogen end phosphorus there ves laprovencnt in oil
contenb,

Ragsel (1066) gugsested that gulpar is ﬁecessa.ry
for the gynthesis of amino ecids oystine, cysteine exnd
melthionine and hence easenticl for protein elaboration.
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Stenford and Howard (4966) ond Renpfer end Zehler
(1967) noted that oll crops have higher eulphur requirenents
beesuse the oil storege orgens are rich in protein.

Chopra end Kenuwey (1966) contradicting the above
£indings, noted that application of gulphur alone decreaned
the oil content in legumes;protein content elso was decresced.,

Henower end Brzozowska (1969) in pot experiments
studied thatb sul;omm doficient plente contained merkedly
lcos protein than those efdeguately supplied with cuiphur,

Dafterdar of al. (1969) found a deorease ln oll content
of groundmit ceeds with sn increasse in gulphur application
but it increeped protein content.l _

Begower (1971) noted that sulphur deficlency affected
$he totel and soluble protein.

Pathele ond Pethel (1972) noted thab sulpbur favoursbly
affected nodulation and olil percentoge.

Taurence end Gibbson (1970) observed the followings
In inproved sulphur statun goil, the application of sulphur
will contribube vexy lii;tle 0 the oll conteat of kexmel.
in lover sulphur sbatus, applicatiem of pulphur increases
the provein content. , <_

Reddy and Patil (1980) observed that application of
clemental sulphur inoveased the oil content in groundnub
kernel. Nedorajen (1981) found that there was no regponse
for both calecium end swiphur in oil gynthesls.
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e, Dffect of boron on 0il and protein contents

Parvis (1939) obgerved thot boron deficiency ceused
scounulation of carbohydrates i decreasge in protein contend
in planto.

Mohz (1942) noted that the tissues of plents inede-
quatoly supplied with boron conteined in nost cases higher
pareentoges of caleiwm, nitrogen, magnesium and iron.

Pilend et al. (1044) oboerved that borax at the rate
of 5 1b per ecre improved the quality of growmdnub.

Horric end Giloanm (1957) noticed that boron improved
the grede of groundnut but mineral end oil content were not
affected.

Rotini (1956) found that application of 100-200 g of
borax per 200 sq.netres improved the content end quality of
gromdnut. It olgo inoreased the protein content.

Harigopal ond Rao (1968) got the following observe=
ticms:boron at 10 prm opplied po five weeko old growmdnub
plents induced leaf ohlorosis. In the ohloroticﬁleavas
total chlorophyll, chlorophyll 'a', chlorophyll 'b°, protein
end total nisrogen content deoreaged but boron end soluble
N content increnped. Doron opplied as boric aeld or bhorox
upto 6 kg/he was found to give cignificently higher oll
yield over contyol which received no boron, by Asoken and
Raj (1974).

Herigopel (1976) obgerved that protein and toitel
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nitrogen contcnts were decreased by application of 10 pma
boron. |

Sankaren et al. (1977) found en increasse in oil
content Zrem 47.8 to 48 pep ceat with increselng borax
applicaticn from O to 30 kg/he.

Rogers (1948) used 10  celcium sources of which,

excepb calclum oilicate and blact furnace slogs, all others
vere found equally offective in increasing groundmut yield
gignificantly.

Venemz (1962) moted that application of oulphate
anion conbaining fertilizers caused en inecresse in yield.

Napkede (1963) noted that application of gulphur as
gypsun wag more cffective %&an'elemental gulphur.

Lachover (1965) atudied the effect of calcium
corbonate and caleium sulphéte on two soils in pot experli-
ments and found that both CeOy emd CaSO, at 2000 kgfuo
gave similoy yieclds.

Agoken end Raj (1974) founﬁ thet application of boron
a0 boric acid or borax at 6 kg per acre is found to be
eqﬂally effechive. '

Verma et 1. (1973) whon applied verious oources of
pulphur in combination with WFK found that gypsun greatly
improved the protein end oil content. |
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Hail (1975) observed that phosphorus ao Berpen‘bine"
guperphosphate ond caleima hydroxide together greatly
increoased tho yield btub either olement supplied separately
vas ineffectivo. |

TLogenathon end Keiohnamoorthy (1977) founmd that pod
yield increesed with increzelng 09,003 op CaSO4 application
upto 150 kg/ha, but yield was higher with Cas%. Nedayalen
(1981) noted thot. uptoke of S exd Cao from the added source

wan nore 'from 03304 then from K28€)4 [arelid cacla.

4., Interscticn effects of coleium, momesiun, gulpbur,
boron ord pobesolivm,

Dal end Daborayam {1907) found thet caleiun inhibited
the rote of sodiuvm absorption, but promoted the uptske of
K+, SOZ. C1” and POE in ground erops.

Ofori (1972) falled to got ony significaut effect of
sulphur end nitrogen eppllcobtions on 3205 uptake by the
groundrmt crop.

. Hobeebullsh (3973) obscrved that flower production
decrcased for incrensed doses of potoosium inm the abgence
of caleiun end it increassed for increagsed doses of potespium
in yresence of gypsun,

Mill erd Morrill (1975) obscrved interactions gor
boren end calcivm with -yield. per cent pomd mature kernelo
and externol damage. Yo significent interactions were found
for boron cnd celeium in the f£iecld but & boron~potassium
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interaction wes fownd.

Subramnanion et al. (1975) noted that magnesium
epplication increased the availability of nitrogen from
pre-gowing 0 post-harvest stege while phosphorus and
nognesium aveilability decreased. FPotessiun and caleium
evallability increased from sowing to vegetative and.
roproductive stages. lMagnesium applicetion greatly
incracged the upteke of nitrogen and phosphorus By groundnub «

Singh ot al. (1977) noted that in & second crop of
groundnut efter soybesn, grouwndmut pod yield wes reduced by
iﬁgreasing copper in the sbsence of sulphur, Sulpbur ﬁptake
by groundrnut wag greatly reduced by Mo in the absence of
applied sulphur Lut inereased by Mo im tho presence of
applied. sulphur,

Wwerrington (1934) stated that caleium absorbed wes
aprroximately proportiongl to the calcium supplied lrres—-
peotive of the presence or gbsence of boron, elthough the
total calciunm btoken up was mch reﬁuoéd under the latter
cenditione

In o green house experiment, Povers (1939) noted
that boron wos less effective in gome cases where lime wes
uged whereos avellabilisy of voron wes somewhat improved
vhen sulpmiy vas added.

Pudge (1946) observed s depression in the uptake of
potagoiua by the grape fruits dus to the applieation of
caleiun and megnesiun as dolomite,
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Bear ond Toth (1948) concluded that the optimim
conditions for cation nutrition of alfalfa was reached when
65 per cemt of exchenge complex of the soil was ocoupied by
caleium, 10 por cent by megnesiun end 5 per cent by potessium.

Powers end Jordan (1950) roted thet lime temded to
tie up part of the boron in unavailable form therchy reducing
the available boron. Gypsun wogs more effective in reducing
the availability of boron tken sulphur alonc.

Chopre end Kenwer (1966) obgerved thet upbeke of
nitrogen, phopphors end potansiun in legumes increased
after sulphur applicabion. '

Inmd (1970) found thet ratios of CafCa+g of 0,1

or less reduced growth.



MATERIALS AND METHODS



MATERTALS AND METTIODS

The present investigation woe undertaken to study the
effect of applicetion of calcium, mognesium, sulphur gnd
boron on the yield end nutrition of grounmdnut under tho
egro=clinatic condltions of the southern reglon of Keralo.

Experinental oite -

The experinent was carried out in tho red loam solls
of the Instructional Farm, College of Agriculturc, Vellayeni.
The nutrient status of the soil is furnished in Table .

Seagon

The experiment was conducted from Jwme to October,
1983, |

Seed materials :
The geeds of groundnub veriety, TMV-2 obtained from

Nagercoil having a germination of 98 per cent were used in
the experiment.

Detells of exveriment
Tho experivent was lpid out in 2 5 x 2 x 2 factorial
RBD, repliceted thrice cnd with flve sources/lovels of

calcivm and/or mognesium, two levels of potassium and two

levels of boron.

Trectmnents

The different treatuent combinations are glven below:
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K‘i - 40 kg K/ha
B'b - O kg B/ha
Bq - 10 kg B/ba
Fortilizers -

Urca (44.69 1), Mussorie rock phosphete (18.79 2205)
and Muciate of potash (59.6¢ ) were used as fertilizer. A
wnifora dose of nitrogen and phosphorus ab the rate of 10 kg
per hectove ond 75 kg per hectare reopectively wes glven
23 basal dressing for gll the treatments. ' Pobagalum,
caleiuvm, mognesium, sml*p'huz' enfl boron were given.in
aoeoxdence with the speeified treatmentSe

The lay~-out plen of the experinent le glven in
Pilgure 1.

B8izc of plots
| Gross plot size - 35%3n
et plot size - 2525 B
et erce of the plot = 6.25 e

Spacing - 25 x25 cn

Plont porulations
Number of plento per groés plot = 469
Number of plantg per net plob - 121

Pield preporation:
The experimental site wes dug once, Tillege
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Table 1. Initisl nutrient status of soil.
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Replioations
Hutrients R, R, Ry
Total nitrogen (Per cent) 0,041 0.041 0.068
Availasble ghoaphorus 25,09 21,11 204,30
(kg/h) '
Exchangeeblo potagsimm 0.113 0.113 0.118
(ne/100 g)
Exchengeable ccloimm 0.528 0.483 0.762
(re/100 g)
Exchangeable mognesivm 0977 0.222 0.197

(ne/100 )
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opsrationo were resumed after the recelpt of sufficient
showers. Yeeds end stubbles were removed amd the field was
inid out into blocka and plots gs per the experinental
design. The plotes werce dug thoroughly to obtein a fine
+ilth and then levelled before the sowing of sceds.

The seeds were soun on 23-6-1983“229 £illing was done
on Tih day o f_ansﬁra a perfect and mi/;?om stand of the crop.
Yenuring:

The entire quontity of menures end fertilicers,
exoept the gources of celcium end megnesivm were applicd es

bapsal dose. Calciun snd magmespium vere applied two weeks

cfbor sowing.
After cultivetion ;

The first round of iaterculbivebicn wos done two
wecks after sowing wvhen calciwm end mpognesivm sources were
applied. The second rouwnd of intercultivation was done at
peg forming (45 doys after sowing) :stage for loogening the
top soll end controlling the Weeﬁs;

Irrigation was glven whenever found necessary.

There wers no gerious atteck of any pest or digeage
during the cropping period except the appearsnce of tikke
leaf apots ot the time of harvest. -

lHorvesting -
The crop staried yellowing after 100 days and was
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harvested on 15=10=1985.
The bicmeotric observations pnd chenical anslysls were
carried out on five plento rondomly selected from ecch plot.

Biometxric ohszervetions

Height of the plant

The height of the selected plants wés neagured from
$he base of the plant to the termineol bud. Mean height of
the plant ﬁas rocorded abt the stegen of filowering, pegging
pod forming end hervest. ’

Number of branches per plent

The nunber of branches was counted and average number
of branches por plent was worked out snd recorded ai the
ebove atnges. |

Yield of peds per plotb

Presh welght of pods vao recorded after thelr separa=
sion from the plant. The dry weight wes eloo recoxded
efter sm drying.

Yield of haulms per plot

The dry welght of haulnms per plot wes recorded after
peperation of podo.

Welsht of 100 lkernels

Thie wos obtained by weighing randomly seleoted

kernels from each plot.
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Shelling percentage

@he dry weight of poﬂs.wus recorded, The kernels
from these pods werc seporated and welghed. From these
welghts, shelling percentege was calculoted.

Chendcal gnalyais

Flent somples -

Sempling for chemical enalysis at differcnt ectages
wes done oo follown. IMwe plente selected at zendom from
the inside border rowa, were dug cub abt a wniform depth
of approxiunately 40 cm, efiver completely wetting the soil
for one doy.

The collected plent saoples were woghed 40 renove
pdhering ooil pariticles, cir dried end then dried in an
oven at 70°C and powiered., The poudered sample wes used
for chemicel analysig.

Samples of plant metericls such as haulms, kernel
ond ohell were angiyased by the fellowing methods.

Hitrogens
The percentege nitroger wes estimabted by micro-
kjeldehl method (Jeckson, 1973).

Phogphorus:
Phosophorus conbent wes estimoted by venadc-molybdate
yellow colowr method (Jackseon, 1973) afler digestion of

the plent semples ueing nitric acid-perchloric acld mixture.
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Potesgiums

- The nitrie seid-porchloric acid digest was uged Ifop
estinetlon of potassium by flemephotometry in en BEL flonme
photometer, _

Caleinms _
Calciun in $he di-acld digest of plent sompleg wao
estinated in an Atomio Abesorption Spectrophotometer.

Hogeoium:
Mognegiun content wap estimated from the di~acld
nixture in an Abomic Absorpiion Spectrophotometer.

Sulphurs '

Sulphuy content was estimated by turbidimetric metheod
ueing BaCl,«2H,0 and gum acesia (Chopra and Kanwar, 1976).

Frotein combent of the kernels
"Fron the nitrogen content of the keymel, the protein
content was worked cub by multiplying by 6425,

0il content of the kernels
01l content of kernel samples wes estimated by cold
percolaticn method (Kartha ond Sethi, 1957).

Soll semples:

301l ganples were collected before the sterting of
experinent ag well as at the different otoges such as
flowering, peg forming, pod forming emd haorvest when the
plont cemples were removed for euelysis.
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The collected soll sanples were eire-dricd, ground,
sleved through 2mm sleve ond used for analysis of the
followings

Total nitrogens

Total nitrosen wvas estimated by micro-kjeldhal method
{(Jackaon, 1973).

Available phogphoruas
Availeble phosphorus was cstimated by colorimetric
netrod o9 detailed by Bray end Rurtz (1954).

Exchengeable potagsiums

Aveilable potassium oxtracted by using neutral
noroal ammonivn acetate ond was estinated by flane-=photo=
netry (Jackson, 1973).

Ezchangeablo calciums

MAvailable caleliun wag extracted by neutral normel
armoniun acetete and ostimated In e Atomic Absorpbion

Speotrophoihometer,
Exchangeable megnogivms

Exchangeable megnesiun was extracted with neutral
noroal eimonium acebebe end woo estimoted by Atomic

Abgorption Spectrophotonctry.
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Stasiotiocol onalysige

Data relating to ifferent obsorvations were analyoced
stetissicelly following the methods of Clazke (1980) end
Steel ond Torrie (1981).



RESULTS



RESULTS

The date bagsed on observations in the f£ileld eond from
chenioel enalysis in the leboratory were enalysed statisti-
colly. The mean values of verioue observations ere glven
in bobles 2 to0 21, The anplyeis of varionce tebles arc
glven .‘Ln‘ Appendices I to XXI,

Helght of the plant

Deta on the mean height of plants at flowering, peg
forning, pod fbmmg ond harvest steges were anslysed and
the following resulis were obtalned.

The nain effeccts of aources of either ealclum or
nogneoivm and also thaet of potasgsiun showed no pignificent
effect in incressing plant helight while o merked decrcase
in height wes noted duo t0 application of bhoron at ell the
steges, Application of potassium glso showed e negative
trepd in height though the difference was not significant.
None of the intersctiono were fomnd to be significont.

TWuober of branches

Onily the pain effeot of boron wag found to be si.gﬂ_—
ficent. A nevked decrease in number of branches was noted
due to applicotion of 10 kg B/ha. Though the mein effect
of K was not oignificans, ii;s interaction with boron was
sigificent at flovering stage. At this otage with en
increase of 20 kg K/ha, en increege in the number of



Table 2({a)

40

Height of the groundmut plant at flowering and
pog forming mtaeges of growth (cm)

1. Flowering 2. Peg forming
Kﬁ Ké Bo _B1 Mean K1 Ké Bo B1 | Mean
My 5.19 4492 5.02 5.99 5.06 13,76 13.21 15,36 11.61 13.48
Hy, 4.94 5.10 5.71 4.33 5.02 14.38 14.25 16.67 11.96 14,31
My  5.43 4.90 5.47 4,80 5.17 14.13 13.81 15.00 12,88 13.97
M4 5.8 4.90 5.56 5.15 5.36  12.31 13,42 14,25 13,48 13.87
M5 4.76 5.00 5.14 4.61 4.88 12.81 14,90 16,54 11.17 13.80
B, 5+46 5.30 - = = 15.48 1567 - = =
B1 4.99 4.63 - bt - 12.27 12.17 - - -
Meen 5,23 4.96 5,38 4.81 = 135,88 13.92 15.58 12,22 =

S.B. per plob

C.De fOr B

= 0,490
= 0.44%

S«E. per plot = 1,760
C.D. for B a . 1,594



Peble 2(b) Helght of the groundnut plent at pod forming end
harvest oteges of growth (om)

3. Pod forming

4. Hoxvest

K1 Eé Bo B1 Mean

K1 K2 BO B1 Heon

50.11 48479 52.26 46465 49.45
51413 51.08 53,16 49.04 5%1.10
31.04 50,63 51.46 52.04 51.04
51,92 52,64 53.39 51.16 52.28
5125 51.61 51425 51,01 5143
53.00 52,78 = . = -

4995 49.45 -~ = -

51 .01 51 .12 52042 49-70 -

M, 28.44 28,79 32.25 29.48 28.62
My 31.13 31,08 33.17 29.04 31.70
M. 30.63 31.40 32,04 30.04 31.04
M4 30.25 32,064 35.40 29,49 31.45
My 31.25 31 61 31.25 31.61 31.43
B0 30,06 32,78 = - -
By 28.62 29:45 = - -
Meen 30.34 31.12 32.42 29.03 =
S.E. per plot = 2,808

¢.D. for B a 2,597 |

S.5. pey plob e 2,978
C.De for B s 2,701



Tahle 3. WNumber of branches in groundmut at different steges of gravth

1. Flowering 2, Peg forming %+ Pod forming

K, K, Bo By Meon 'K1. K, BO B4 Mesn Xy K2 B, B'1 Meen
My 4.7 4.8 4.6 4.8 47T 6.4 6.9 6.8 5.6 6.2 69 6.8 7.0 6.6
M, 4.9 4.7 544 12 4.8 6.9 649 6.4 6.4 6.9 7.6 T&H5 B.2 6.9

48 4e8 . 5.3 43 448 - 63 6.3 6.7 549 643 6,9 6.9 T.1 6.7
144 5e2 48 52 4T 449 78 643 648 6.6 6.7 79 60 TS5 Te0
1*15 4.2 L4eb 43 43 443D 6e3 6.5 6.4 643 6.4 TeZz 6.9 7.0 649
BO 408 5 02 - - - 6 .9 6.7 - - - 7.7 7.1 - -
B1 4‘07 402 - - - 613 6.0 . ind - 6.09 698 - o
Mean 4.8 4.7 : 4.9 4.5 b 60& 6.4 ' 608 ' 6.2 - 703 6.9 7.4" 6.9 b
S.B. per plot a 0.43 S.E. per piot a 0.04 S.E. per plot = 0.56
C.De fOor B o 0038 CeDs for B = 0058 C.De for B = 0050

37
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branches wes noted in the absence of borcn while gn inverse
resuld wuas obgerved in the prescnce of boron. DBub thio

interaotion wad ebsent during peg and pod forming otaged.
Dry weight of haulns

The naln offects of potassium, boron end the sources
of caleiun ond megnesium were not signifilcsat while VK
interaction wes found to be oignificent. The interaction
offecto botween different sources of calelun aad ievels of

potassiun werc significent.
Number of pods per plont

Significent differences in the number of pofo were
noted due 40 application of verious scurces wiich gupply
cither caloiwn or megnesium or both. Applicetion of gypsun
gave meximum number of pods (31) followed by application of
the come quentity of gypsum (1720 kg/ha) together with Hgll,
(300 kg/ha) (28). Uo significont difference wis noted
due t0 application of 09,003. MgCO.:3 or dolomite. Application
of potagsium elso gove a positive result. The mumber of
pods increased from 25 to 29 with an increage of 20 kg
K/hn. However no significont differance could be observed
nder treatments with and without the application of boron
(27). ALl the tuo-factor end three-factor interactions
vers fornd %0 be significont. |

vhen the dose of potaspium was increased with en
aepplication of 1000 kg 03003/}3&1 or 300 kg I~ig003/ha. e Blight
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Pable 4(s) Dry weight of houlms end mumber of pode per plant

Dry welght of haulms (kg) No.of pods per plent

K1 KQ Bo B1 Mean K1 K2 BO B.l Hean

My $4.26 T45 4410 355 3.85 27.23 25.40 26.5% 26.10 26.32
M, 3,55 %455 3454 333 3444 24.57 23.78 27.41 20.93 27.41
}13 3406 4,07 3.58 4.15 3.80 23,27 27.87 20.77 30.37 20.77
144 4.92 3,74 4.00 4.66 4.33 26,20 35,00 28.13 32,07 29.13
}15 3.87 3TT 3493 3.70 3.62 25462 30,07 3023 26.05 30.23

By 393 3.5 - - - 26.72 26.91 = - -
B1 4.08 3068 - - - 24.03 30 .17 - - bad
Mean 4.01 3.72 3.84 3.88 = 25 .38 28.54 26.82 27.10 -
S.0. per plot s 0.4053 4.8, per plot a 1.7722
Ce.D. for MK a ,.,8207 CD., fork = 2.5376

CeDe for X = 1.6049

]

CD, for K & B 35887
C.D. for KB = 2.,2697
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non=gignificent reduction on tho nwmber of pods vas
obaorved. But when the seme increased A0gS of potagoium
was epplied together with gypouds dolonite and gypsum plus
1&5;003 (Treatmentm5) on the contraxy a significent increase
in the mmber of pods wag observed. ‘Tha naximm increase
(35) is notec’l' with gypoun (1720 kg/ho) with higher lovel of
potacoivn (60 kg/ha). '

UMD inbercchion was elgo significant though boron.
alone weo not significemt. A significent decrecoe in nunber
of ﬁaoﬁs was noted due to inberaction of beron with nagnesiun
carbonate (21) or gypsun plus Mgco,5 (26,05)« A remerkedle
increose was oboerved wken boron wes applied with dolomite
(30) or gypsum (32). So it is revesled that & negative
interaction was present vhen boron is combined with
nagnealun éarbona’oe.

Significent interaction betueen boron end pobassiun
wes Gloo noted. In the ebeenoe of boxon, the mziber of
pods were found t0 be equal ab voth levelo of potassimm (27).
Doron when applied, with 46 kg K/ha, gave only 24 peds while-
with 60 kg X gave 30 pods per plent.

100=-lceznel weight

An inoreace in the rate of potaseium by 20 kg/ho
decrcased the 100=kemmel weight significently by 0470 e

The interactions of sources of celeiun and/or megneoium
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Table 4{b) 100 kernel welght end sghelling percentagse

100 kernel weight
g % B

B1 Mean

2 0

Shelling percentage

X :
X Lo B B1 Hean

1 0

41,28 42.68 42,92 41,25 41,98
M, 43.83 40.83 40.93 45.73 42.33
Mg 4%.95 431.70 41,75 41,92 41.83
M, 42.98 42,23 42.55 42,67 42.61

5 4343 42455 42.63 43,35 42.99
By 42.35 41.87 - - ~
B, 43,04 42,135 =~ -

67.12 67.32 67.15 67.28 67.22
66,55 66.58 66.48 66,65 66.57
69.10 69.20 69,03 69,27 69.15
7525 T5.46 T5.27 75,45 T5.36
75.5% 75.62 75.53 T5.62 75 .58
T70.64 70.75 = - -

70.78 80,83 =~ - =

Mean 42.70 42.00 42.11 42.58 -

70-71 70.84' 70.69 70 085 -

C.D. for Y = 0.859%
0.D. for X = 0,5435

¢.D. for MK & MB = 142152

S.E. per plot = 00,0509
C.Dy Tor K & B = 0.0462
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with poteseium and also with boron waxd found to bo eignd-
fleont though the main offecis of coloivn and/or megnesiuva
and boron were not eignificant.

Application of MgCO (300 keg/ha) with 40 kg potasgiun
was found to be the most superior one though it weo not
significontly different from epplication of lime with hi.gaer
rate of potassium (60 kg/ha) ond application of gypeu with
lover rate of potassivm. it wag foumd thob gpplication of

gypean plus pagnesiun carbonate wes also caually good.

Shelllng percentage

The pein effects of sources of caleiun and/or
nogaesiun end that of potapsium end boron were sigaificant.

Trco.tmeﬂt. }15 (ﬁypmﬁﬂgﬁ%) waﬂl found t0 be the bezt
treatment in increasing, t+he shelling percen’sage. The lowest
shelling percentege was recozded wmder trentnent h (Mg’COB)'

Application of higher level of pobtassivm and appli-
catiocn of borpn were alse Lowmd to iricrease shelling
parcentage significontly.

Yiclad of pods

The main effects of diffevent sources of calciwm
end magnesimﬁ and lévels of pobtasalun i-:ere found to be
significont.

Application of gypoum Or gypsud plus megneciun
corbonate increased yleld significantly (5.0 kg gnd 25kg
per plot regpectively) thon that produced by epplication
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of lime, megnesiun cerbonate or dolomite.

' An inorecse in the dose of potessium from 40 kg/ba
‘ $0 60 kg/ha luoreesed yicld significantly fram 2.30 t0
2.51 kg pex plote. ‘

The intersoiion betucen gources of calcium and
megneniun end potesslum wos found to be oirmificant. Gypoum
plus megnesivm cerbonste together with higher dose of
notassimm (60 kg/ha) gave the highest yield (3.13 kg/plot)
thougk it io not statistleslly difforent from gypsum plus
Mge0, with louer doge of potessium (.05 ke/plot) or fron
gypoum end higher dose of potassium (2,90 kg/ha).
Mognesiun carboxnate with lower dose of potassium recorded
the lowest yield (1.99 kg per plot).

The intersction of potessium with boron ves signi-
ficant though the mein effect of boron was nob aigmificent.

Application of potessium with and without boron ias
equally good. However, a decreese in yield due +0 borcn

apnplication &t lower level of pobossium (40 kg/ha) occurs.
0il content of the keynel’

The main offects of gourcea of celeium and magnegium,
and boron weze found %0 be significent.

Applicetion of dolomite ig fownd to increese the
oil eonten’ significantly (:48.'?1 per cent) thoan that of
cypeum elone. BPat vhen gypsum pluo I-’ig;co,p, wap epplied there
wos e slight dcereese (40.94 per cen%) though not aigni~-

ficently diffevent from dclomite application or from gypaun



Teble 5., Yield of pods, 0il content and proteinm content of kernels

Yield 0il content (per cent) Protein content (per cent)

K1 K2 BO B1 Mean K.; K2 BO B1 Mean K1 K2 BO 13.l ‘Wl-iean
I~I1 2,28 2,03 2.32 2.06 2.19 40,00 '55.83 58,50 37433 37.92 22.98 26.19 25.48 24.69 24,58
My, 1,99 2.13 2.19 1.93 2.06  35.33 40.80 32.00 43.55 37.67 24.69 21.19 21.90 23.98 22.94
MS 2,01 2.23 2.7 2.07 2.12 A6 .57 50,75 49.50 47.92 48.71 23.23 23.04 22.48 23.78 23,14
144 2,14 2.95 2.40 2.69 2.55 45,67 46.17 45,07 46,17 45.92 3473 33.95 35.32 33495 34.34
M5 3,05 3,13 3.12 3.16 3.09 50.88 43.00 46.00 47.58 46.94 22,61 22,01 22.31 22,30 22.31
BO 2,417 247 = g - 42,80 41.87 = - - 25,03 25.38 = - -
B1 2.18 2.54 - - - 44.'62 44o¢3 - - - 25.67 25¢18 - - ’ -
Meen 2,30 2.51 2.44 2.36 = 43,71 43,15 42,33 4453 - 25,05 25.28 25,50 25.42 -
S<E. per plot a 0.,1442 S.B. per plot = 1.6800 S.Z. per plot = 1.9259
CeDe for M = 0.,2091 C.D. fOor M a 2,4056 C.D. for M a 2,7576
C.D. for X = 0.1305 CeDe for B = 1.5214
CoDe for K =z 0.,2918 C.D. for K & MB = 3,4020
CeDe for KB a 0.1846

6b



alone (45.92 per cent). Application of HglO; alone

- pignificently decreased oil comtent (37.67 per cent), while

incicesed the oll content when eprlicd elong with other
liming materiels. Further, application of lime elone, devoid
of ma@esitm gave on oil content equal t0 that cbtained when
nagnesiun alone is apnliaﬁ end -congiderably leas then the
0il content obitained fcr colelun dogether with nognesitm.

Boron has inecreased the oil cantent significently
from 42,33 per cenb t0 44453 per ceube

‘The intersction effects of sources of caleium and
megneaium, both with potaspium end boron were gigificeontb,.
Dolomite with higher dosé of potoseium and gypoum plus
Mg,cos with lower dose of potassium werc superior vo all
other combinetions. Between the two the former is slightly
guperlor though not olgnificant . With & lime a lousr dose
of pobtassium wep found to give better oil conbtent vhile
with MgCOB, e higher dose gave better o0lil content but these
two were not oignificantly different. TFor gypsum, potageium
ot both the doges were not differing significantly 'f:eom
one enother. . ,

Dolonite application with and wit}acmt. boron waes nob
pignificantly different from the trestment gypswm plus
Mgco.p. with borcn.

Protein content

' Only the pein effeet of sources of calciun end



negnesiva was found to be significent. Gypsum applicatlicn
i found to inoresse the protein content significantly
(34.34 per cent). All other treatments did not have &
pilgnificant effect on protein content. Gypoun plug Mg003
recorded the lowest percentage of protein,

Wutrient status of the solils
Total nitrogen

At flowering stoge the total nitrogen content of
the soil wes very high (0.113 and 0.102 per cent) in plots
where lime end gypsun had been added waen compared to other
trectreniS.

vhen lime wes added with lower or higher rates of
potasgiun or magnesium corbonate was cdded with higher
dose of potassium or gypsum was added with lower dose of
potoesgiun oy gypsunl plus 1«13003 ves cdded with higher dose
of potessiun, the totel nitrogen content of the goil wan
vezy high. At peg Zorming stage only in the cagse of lime
treated plots, total nitrogen cantent uas observed 40 bLe
nigh,

At 1pod forning stege, highest N content wag recorded
in plots uhere r-;gco3 wag applied. This wes followed by
the treztnent wnder gypoun. At horvest :stege, totel
nitrogen status was generelly ASwer though anong the
varions treotuents e higher content of nitrogen was

observed in dolomite ond gypoum aprlied plots,



Table 6(a) Totel nitrogen in the soil (per cent) at flowering
end peg Lorming steges
1. Flouering. 2, Peg foraing
K1 : Ke Bo B1 teon K1 Ke BO B1 Vean

g " 0,107 0.118 0,110

0.115 0,113

0.088 0,107 0,088 0,107 0.098

04093 0.080 0.003
0,110 04093 0.110
0,08% 0.,105 0,095

0.10% 0,094

0.080 0.087
0.093 0.102
0,093 0,094

0.096 0152 0.110 0,118 G.114
0,107 04080 0.093 0,095 0.093
0,102 0,020 0.083 0,098 0.091
0,097 0,070 0.102 0.065 0.083
0,055 04075 0.070 0,090 0.090
0.095 0,088 =
0.099 0.087 =

Mean 0,086 0,101 G.099 0,098

0.097 0,087 0.092 0,095 =

Sells
CeDe
C.D.

CeDe

per plod
for M

for MK & ¥B
~ for KB

= 0.0084
= 0,0122
=~ 0.0173
=) 000110

Sake

CeDe
CoDe
C.D.

per plob
for M

for X

fopr K & MB

0.0106
0.,00152
0.,0696
040215
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Table 6(b) Tobal nitrogen in the soil (per cent) at pea'
forming end harvesh otages

3. Pod forming 4, Havvest

0.105 0.0388 0.097 0,097 0.097
0,323 0,108 0.113 04118 0.116
0,085 0,103 0,080 0,097 0,093
0,098 0,110 0,103 0,105 0,104
0.098 ¢,097 0.097 0,098 0,098
0105 0,005 = - -

0,009 0,407 = = =

0085 04083 0,093 04075 0.084
0.070 0,083 0.065 0.083 0.077
0.038 0,100 0.102 04097 04099
0.097 04088 0.080 04105 04093
0,060 0,060 0.050 0+070 0,060
0.074 0,082 = = =

0,090 0,084 = = =

Heann 0,102 0,101 0.100 0,103 =

0,082 0,083 0,078 0.087 =

5.5, per plot
C.Des for H

s 0.0114
a 040103

S.E.. per plot 0,098
C.D. for M e 0.,0241
C.D. for B = 0.0089
C.D; for MB 2 0.0200
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At peg forming stoge application of potassium ab
higher dose reduced the nitrogen content slenificantly
while at harvest stege boron applicetion increased the
nitrogén content cignificently.

Availsable phosphorus

At flowering stege the aveiloble P status in the

soil decreases 63 £ollowss

Gypeun > Dolomite > Gypoum + ngce'a > CeCO; > Hglos

The oome trend was observed at peg forming stage aleo.
But ot pod forming stage no significent difference was
oboerved betueen treatments. At harvest stage e slight

difference was noted as Lollouws.
ca»:}03> Gypounm + E-igc:03> Dolonite > Gypsum > MgGOB

At flovering ond peg forming stoge, epplication of 60 kg
K/ha increesed the coil evalleblo phosphorus stetus vhile
no significent difference wes observed in the other two

stages between the treatuents.
Exchangeable potcsosium

At flouering stege the exchangeable potassiuvm

atatus wag affected as follouss
Gypoum + I-‘lgCO3 > Mg;t}()3 > Dolomite > Ca003 > Cypom

So the status of exchangeable potaoeium was higher in

Gypoum + Mgc!_o3 treatmento.
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fable 7(a) Aveilgble phosphorus (lkg/ha) at flowering and
. peg forming obeges

1. Flouering 2., Peg forming
1{1 KE BO B.| Hean K‘i K2 BO 131 laon

My, 41.57 57.54 54.35 47.56 53.45 61,37 64,90 70.59 55.65 63.14
M, 48.58 30.03 40,03 47.58 44.25 4236 50.12 44.82 67.61 46.21
M. 60416 62484 51,65 T1.35 61.50 62442 69.05 56.85 74462 65,75
M, 67.56 68.00 75,12 61.23 68.18  70.25 67.44 78.98 56,71 68.84
y 33400 61,54 38,96 55.67 47.32  44.35 53.12 46.21 51.26 48.74
B, 48.9257.49 =~ = = 54096488 - - =

B, 545858771 = = = 58195687 - ~ - =

Mean 51475 58.13 53420 56.68 = 56414 60493 59.49 57.58 =

Se.E., ver plot = 44132 3.5« ner plot = 35,808
C.De for ¥ o= 5917 C.D., for M B 5.45%
c.D. for K = 3.742 C.De for K = 3.448
C.D. Tor Ik & MB = B,307 C.D. for MD = T.711

C.De TOr KB

(H

5.292 CeDe for B = 40877



Teble 7(b) Avelleble phosphorus (kg/ha) at pod forming end
nexvest oteges of growbth '

3 Pod forming . | 4. llazvest

g 60,74 54408 57.60 57.22 57041 61,49 60.11 60.46 61.15 60.80
, 58409 52,31 53.77 56463 55.20 56450 52,34 52.31 56453 5442
M2 59460 61493 57.51 64.12 60,76 60478 59415 60.41 59.51 59.96
H, 56.08 50,42 56422 50428 57425 56460 56,55 5892 54.22 56.57
62,55 57.31 62.09 57.77 59.93 61,72 59415 58.79 62.08 60.43
‘B, 5845 56,69 ~ = = 58,3258,04 ~ - =

B, 60.6756.95 = -~ =  60.5156.88 - - =

Meor 5441 56.81 57,42 58,80 =  50.42 57.46 58418 58.70 =

‘ S.E. pexy plob = 3.1611 " Sl ney plot s 841029 )

C D for M a %0850
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A% the next two steges, mein effects of caleium erd
magnesimm were not significent. At horvest stege, the
exchengesble potassiun otetns in the decreesing oxder is

glven below,
2&@003.> Domomite > Gypsum > Gypsum + Mgcog> z:zgco.:,’

Moin effect of lovelns of potassium wap significaent
in gll the stoges except in pod forming stege. An increasse
in epplication rate by 20 kg K/ho inoreased the exchoangeeble
potogsivm etatus in flovering stege. But in peg forming
stoge exchangeeble potessium status was higher for lover
dose (40 kg K/ba). Agein at the havvest stege, 1t wes high
for the higher rate of potessium apyii.cation.

The main effect of boron was significent in all the
stages. A% flowering stoge boron application decreased
the exchangeable potassium, while ab peg forning stage,
it increased potagsium stotus. The same decreesing and
increasing trerds were obgerved abt pod forming end harvest
stages respectively.

The interection cffects of gource of ecaleium end
negnesiun with potassiuvn was found to be significent et
all the four stages. The interaction effects of sources
of enleiwn and nagnesiunm with boron wes also found to be
cignificant exoept ot harvest stago.

The intersotion effecto of potessium and boron were
significent et flowvering and pegging stage but not at
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feble 8(a) Exchangesble potessiun in the soil (ne/100 &)
at flowering and peg forming stages

1. Flovering

2, Pog forming

K1 E, By By

Meon

My 0.182 0,148 0,183 0,142 0.165
M, 0.140 04210 04207 0.143 0.173
M3 0,173 04163 0,172 0.165 0,168

144

o 0-177 0,196 = -
B, 0.162 0.162 = -

0,165 04162 04162 0,163 04163
Mﬁ 0,168 0,222 0,205 0.195 0.200
B

04147 0,110 0.147 0.110 0.128
04130 0.125 0.142 0.113 0.128
04147 0.133 0.130 0,150 0.140
04135 0,135 0.138 0,132 0,135
0.125 0.142 0,147 0,120 0,133
9,140 0.141 = - -

04133 0,117 = - -

00137 00129 0.107 00125 -

S.E. per plot = 0.0080
CeDs for K & B = 0,0071

CeDs for KK & MB - =2 000157
C.D, for KB = 0.,0101

S.E. per plot a 0,0073
CeDe Sor X & B = 0.,0066
C.D. for MK & MB = 04,0147
C.D. for KB s 0.0093
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Table 8(b) Txchangeoble potessium in the soil (me/100 g) at
pod forming and hervest atages :

9s Pod forming 4, lervest
K1 Ka BD -, 131 Yeon K1 K2 BO. B1 Yeen

0.127 0.103 04120 0,110 0.115
0.122 0.113 0,132 0.103 0.118

0.137 0.140 0,157 0.120 0.138
0.143 0,167 0.167 0,143 0.155

2

MB 0.120I0.128 0122 0,927 0,124 0.133 0.168 0,173 0.128 0.151
M4 0.108 0122 04115 0115 0,115 0,152 0,130 0,147 0.135 0.141
BD 0.126 0.123 = - - 0,157 0,163 = - -

B1 . 0.109 0.110 - - - 00122 0.13? - - , -
Mean 0.118 0.116 0.124_0¢110 - 0.140 0.150 0,160 0.130 =
S.Z. per plot = 0.,0071 Se.¥e per plob = 0.,0082
CoDe ZoP K & B = 0,0065 C.D. for M = 0.0118

, C.D, for K

= 0.0167
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other steges. Duxchangesble potassimm was fowd to be
nigher with higher rate of potassium wvithout boron ayplica?
sion ot flovering stege while at peg forming stage exchenge=
able potasoium was lovest abt higher dose of potassium with

boron epplication.
Exchangeable calclum

The main effects of gources of calcium and magnesivm
wao olgaificent in ell the steges.

At flovering stage, gypoum epplication ineressed
the exchangeeble calcium plgnificantly followed by gypoud
plus MgCOB, calelun carbonate and dolomite in the descending
order whileo exchangeable cglelusm was lowest in Mgco3 t:eated
ploto.

. At peg forming stage eloo the oeme trend weg observed .

At pod forming stege dolomite epplication incrgased
she exchangesble calelum significantly followed by lime,
cypowa plus ﬂgcos. Zypoum end Mgco

At bhervest pbege dolomite treated rlots also shaued
maximum exchangesble caloium status followed by gypsum
plug ngco3, MgC0zs ypoum @nd lime. Tho main effect of
potaosiv wes significent et flouering end hervest stoges
only. Ab both these steges, higher rate of poﬁassium
applicetion increased caleiwn aveilebility.

Application of boron slgnificently effeeted the
oxchangesble caleium at peg forming stege by increesing the
cvailability. Thio effect of boron was not noted at any



Teble 9(a) Exchangeable ealeium in the soil (me/100 g) atb
flouering and peg forming ohages of grouth
1. Flowcring 2. Peg forming
K1 K2 BO B1 Mean Ki Ké BO 31 Hean

0,863 0853 0.955 0,762 0.858 0490 0.643 0673 04460 0.567

M, 0.495 0.468 0.493 0.470 0,482 0.0.307 0.318 04320 0,305 0.313
My 04630 0.535 0.468 0,700 0.584 0,473 0,407 0,358 0,522 0,440
H,  1.028 1.525 1.433 1120 1.277  0.693 0.975 1.037 0.832 0.934
M 1;q95 14348 1110 1.330 14222  0.885 0.870 0,972 0.843 0.698
By, 0.8110973 = = = 0585075 = - =
B, 0.834 0,920, = = = 0,637 0.548 - - =
Meen 0.822 0.947 0,892 0.877 = 04610 0.643 0.660 0,923 =
B.E. per plod = 0.0440 J.Ee per plot = 0.0379
G.D. fo.'.’ M = 000‘630 C.Ds for i1 = 000544
CeDe for K a 00,0398 CeD. for B = 0.0344
8.D. for MK & B = 0.0691 CDe for MB & MB = 00770

C,D. for KB

= 10487
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Teble 9(b) Ezchangeablc eolefun in the ooll (ne/100 g) ot
pod forming and harvest utogos

3« Pod foyhing 4« Horyest

Hy  0.565 04855 0.797 04673 04735 0,573 0,400, 04653 0320 0.467
H, 04465 0,312 04363 0,413 0,358 0,527 04607 04483 04645 0,567
My 14083 1,117 1.078 1,922 1,100 0,618 1,053 0,665 0,807 0636
M, 04593 04603 0,627 0.570 0,598  0.345 0.670 0435 0,562 0.508
Uy 00018 04635 04085 0.5G8 04627 04613 0.713 04767 0.760 0,763
By 04626 0,794 = = = 0.686 0,63 - = =

By 071204627 = = = 0.5050.741 = - -

licon 04669 0,710 0790 0665 = 0575 04689 0,641 0,625 =

S.%. per plot 20,0490 5.E. per plot a 040424
%D For ¥ T @ 040703 CaD, for i = 0.0032
CeDe fOr M & U8 = 0.0994 GeDa for ¥ a 0.,0400
CeDe for KB = 0,0629 CoeDe for I & 1B o 0,0694

C.Ds for KB = (40565
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i

‘ othar sbege. _

| The intecractions of sources of calelum and
pagnesiwm both with potassiun and boron wore pignificont
in all the stages. |

‘Exchangeable magnenivm

The mein effects of sources of caleiun gnd mognesium
were aé.gnlﬂcant ab 81l the four sbareB.

The exchangeable negnesivm content was moxioum
(0.353 me/100 &) in treatment Mgf.‘,% elcne followed by
treatment dolonlte. Application of gypsum plus !-igCOB ond
1ime were on por whlle the lovest exchangesble negnesivi
content wao noted in gypewx treeted plots. This wos the
ohpervation ab the flowerlng stege.

At peg forming sbage the Baxlnum avallebility was
for t«!gu"% vrectment and the mintmz for gypsun epplied
plots. Bub the plots treated with gypsum plus megnesium
covbonate recoxded o eigaificent decrcese in exchongesble
megoesiun vhen compoved with lime epplicetion.

At pod forning stoege similor resulto as in flowering
stage were observed.

At bervest otege olniler tweads were observed for
exchangesble magnesium in all treatmentd gxcepb gypoum +
I‘!l‘g(':o3 which recoxded sh highep é:;ch:mg,eable negnesivm
content than lime elone.

The main effeot of potassium wes significant ab
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Tablc 10(a) Exchongeable magnesivm in the coil ab flowering
end peg forming cteges (me/100 g)

1« Flovering

2. Pcg foruing

K'I K2 BO By HMean

K1 - K2 BO 31 Mean

04235 0.227 0,282 0,180 0.231
04588 0,517 0.%10 04395 04353
04268 0.272 04275 04265 04270
0.117 0.137 0.120 0,133 0,127
04233 0,217 0.253 04217 04225
04255 04235 = = =

0244 0232 = = =

0232 0,310 0,260 0,282 0.271
04433 04383 0,437 0380 04408
04362 0,289 04277 0.365 0.321
0.090 0.103 0,105 0,088 0,097
0.202 0,167 0,207 0,192 0,199
00243 0,277 = = =

04284 0,239 = = =

Meanl 0.248 0.2%4 0,244 0,233 =

0.264 00255 0-251 09261 -

Sels per plO‘b v 0.,0183
CsD, for M = 0.0262
= 0-0371

C.D. for MK & MB

0.0265
0.,0377
G+0534
0.0338

S.E. por plot =)
C.Ls for M o
CeDs fOr MK & MB =
C.D. fby KB a
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Table 10(b) Exchangeable megnesiwm in the il at ped foruing
end harvest steges (me/i00 g)

S Pod forming _ 4. Harvest
Ky K, By By Heen ¥4 1{2 - By B, Hean

My 04170 0.163 0.202 0,152 0477  0.201 0.213 0.230 0.183 0,207
5 04548 04339 04423 04455 04430 0,402 0,443 0,355 04452 0,423
My 04307 04322 0,320 0,398 04359 04305 04443 0367 04382 0.374
M, 0,088 0.117 0,107 04087 0095 04102 0,117 04110 0,108 0.109
My 04183 04172 04195 0,167 04181  0.260 0.326 0.297 0,292 0,294
By 0280 0,217 = = = 0,262 0,207 = = =

By 0.277 04227 = = =  0,2450.381 = « =

Mean G.275 (4222 0,249 0.252 = - 04254 0,309 0.279 0,283 =

SeE. per plot s 00,0151 SE. per plot s Q.0191
CoDs Lor M - a 0,0216 CuD. for ¥ a 0.,0268
CsDs for K a  0,01357 CeDu for X a 0,0170
C.D. for MK & MB 00,0306 CoDe forMK&EMB o 0,0379

CeDs B KR = 0-0240
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pod forming end hervest stoges. Ab pod forming otege
increagd in dose of potosciuvm decreased exchangeable
nognesiva while the roverse recult vas observed ab hazrvest
atage.

The intoraction effects of courcen of
celoiwn ond nogaesiun both with potesclun ond boron were
plgnificont et all the four oteges wheread potagplun-boron -
interachion effects were observed in peg forming and harveah
otoga.

Lutrlient contmt in haning .

Hitrogen

The nain effect of acmrceé of ca;cilm end mognesiun
wag significent only ot peg forming end pod forming stages.
Application of lime increcged the nitrogen content signi-
flcantly ot peg forming stoge. At pod forming otage, the
trentuent with gypsum slone decreascd the nitrogen content
significantly.

The maln effect of potassium and boron wore nod.
pignificont abt any stoge.

The interection offects of sources of caleium and
megnegiun with potossium wes significant at flowvering and
hopvest otages while that with boron wes significant ‘only
et peg forming whago. |
Phosphorus conbent of the honlmg

The medn effect of caleiun arnd nagnesium was
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Tebié 11(a) Nitrogen content of houlms (Per cent) at
: flovering end peg forming atesce

1. Mouering

2, Pog forming

Eb K1 BO B1 Heen

1'11

My
M,
Mg
By

B4

34465 3.650 3,604 3:511 3.557
3,863 3,937 3.8063 3,937 3.900
3,816 3.557 5.768 3.586 3.667
3,355 3.973 3,511 3.816 3.664
3,614 351 3,565 3.559 3.562

3567 3,153 = = =

30658 %4979 - - _ -

34419 34465 3.373 5.511 3.442
3.412 3,234 3.049 3,326 3.188
34234 34818 3,911 3,142 3.026
34005 3,003 34373 3.633 3.003
2,818 2,618 2,772 2.865 2.818
3,414 3.077 = = =

3,132 3.0586 = = =

, Meen %4562 %.726 3,070 3.078 =

34123 3,068 3,036 3.085 =

SeEs per plot = 0-1835
.. Loy MK = 003715

S.E. per plot

]
Lo
.

il
O
)
- [
v O
o
U

coDo far M = 0!23?0
CJsDs for MB = 0.3516
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Teble 11(b) Nitrogen content of houlns (per cent) e
poll forming emd harvest otages

3. Pod formlng

5. Harveot

K.i Ké BO B1 Mean

K, B, B, B, MHeemm

My  3.327 3.234 3.372 3.188 3.280
My 34465 3.465 3.373 3.557 5.465
My 34465 34234 3.234 34465 34350
M,  2.234 34865 3.003 3.085 3.049
My 3.280 3.373 3.326 3.327 3,327
B, 3.317 3206 = = =

B, 3,39%1 5,262 = = =

2.680 2,726 2,726 2.680 2.703
2,818 2,865 2.818 2.865 2.841
3,168 2,818 2,864 3.142 3.003
2.4685 3,049 2,772 2.762 2.767
2,772 2.633 2.726 2.5680 2,703
2,800 2,763 - - =

2,777 2874 = = =

Hean 34354 5.234 3.262 5,520 =

2078’3 20818 2.781 2.826 had

S.84 per plod = 0,1748
G0 for i = 03,2503

SeBe per piot = G,1942
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Table 12(a) Phosphorus content of haulms (Per cent) at
Tlowering end peg forming sbages

1. Flowering 2+ Peg forming
K‘I ) K2 By B1 Mean K4 K2 By B, Mlean

/

1‘51 0.622 0.568 0.826 0.362 00595 00778 0.627 0.795 00610 00703
0,767 0573 04450 0,830 0,670 0.909 0.693 0.597 1.005 0,808

=

2
My 04588 04472 04605 04405 0,505 04537 0,618 0.650 0,305 0,578
M, 04443 0,700 0.387 0.757 0,572 0,323 0.545 0,473 0,395 0.434
My 0,800 0.393 0,555 0.638 0.597 0.372 0,230 04367 04235 04301
By 0:635 04,495 = - - 0.588 0,045 = - -

By 04053 0,567 = - - 0,579 04441 = - -

Mean 0.644 00531 0.565 0.610 - 0.584 00543 0.616 0.510 -

SeBe per Plot = 0.0757 SeBe pexr Plot ) 0;0611
Ce.De for K = 00,0086 CeDs for M a  0,0875
GeDs for MX & MB = 0,15%5 CeDe P MK & MB = 00,1257

C«de for KB = 0.0782
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Table 12(b) Phosphorus econbent of hawlms (Per cent) at
pod forming and harveat stoges

4. Pod forming

4. Harveat

K4 K, By By Meen K, X, ‘. By, By Mean
M,  0.430.0.350 0.350 0.430 0,300 0.640 0.673 0.450 0.863 0.657
M, 0.368 0,838 0,795 0,412 0,603 0,590 0,348 0,495 0.445 0.469
M; 0,378 0,355 04393 0.340 0,367 0.420 0.527 0.455 0.492 0.473
M, 0.762 0.518 0.720 0.560 0.640 0,585 0,505 0.568 0.572 0.545
My 0.275 0.348 0.267 0.357 0.312 0,345 0,423 0.457 0.312 0.384
B, 0.4280.582 = = = 0,499 0.4T1 = - =
By 0.457 0.382 = - - 0.,5%3 0.520 = - -
Moen 0.443 0.482 0.505 0,420 = 0.516 0,495 0.485 0.527 =
S.B. per plob = 0,0542 Se.E. per plot = 0,0539
C.D. for M = 0,0778 C.De for M a 0.,0771
C.D. for B 2 000492 C.D. for MK & MB = 0.1090
C.D- for KB = 0.0696



dignificent ot all the thi‘ee stagea except ab flowering.

Ab peg forming stoge maximum phosphorus contant wos
noted in !-1;5005 trectment which wes elgnificantly different
fron others. The louest phosphorus content wes recoxded in
gypsum plus }-13003 tregjbed Dl0tS.

At pod foraing stege also meximum phoophorus content
wao for l-igco3 sreatnent and minlom for lime apprlication.

At harvest stoge the moxinum phogphorus content was obaeyved
in plents from plots under lime treeted and the least from
plots under gypoum plus ugco |

The main effect of potesoiun wes significant only
ot flowering time. An increese in potessium reduced the
plent phosphorus content consideral. ’J. The nain effect of
boron wes significent ab peg forming and pod forming oteges.
In both the cascs epplication of bormm reduced the phosphoru
content of kaulmg,

FThe interactioms of calcium emd megnesiun with
potagsium and aloo with boron were pignificont at all the
otcgess The interaction of potessiun vith boron wao
gignificant ot peg cnd pod forming sbHages only. Hithoub
boron, higher rate of pobaseium increased the puogphorus
content while with boron the roverse waé true abt both

Btﬁg@ﬂ.
Potagsimm conbent of howlms

The main effect of sources of calelmn and magnesim
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Pable 13(2) Potassium content of heouwims (Per cent) ab
Filoworing end peg forming stoges

1. Plowering

2. Peg forming

K1 K2 BO 31 Hean

My 24603 24893 2.360 2,627 2.493
2'12 2,273 2,860 2.6820 2,313 24567
My 2667 2,593 24967 24393 24680
t, 2.713 2,767 2,807 2.673 2.740
MS 2,380 2,553 2,547 2,587 2.407
2,632 2,768 - - =~

B, 2.4382.499 - - =

2.T27 24173 2507 24363 24450
2.847 2,700 2,907 2,640 2.773
2,693 2.307 2,687 24375 2,530
2,667 2,047 3.000 2,713 2.857
2513 2,940 %4335 24320 2.727
2.867 2,852 = - -

2509 24407 = - -

Moo 2.545 2.6%3 2.700 2,479 =

2,685 2,040 2.847 2.488 =

S.5. per plot = 0.1638
C.D. £0r B 5 0.1683
C.D. for MK & MB = 0.3704

S.Be pex plot = 0.1062
c.:n.' for ¥ = 0,2839
C;D.' for MK = 0,402
C.D. for B a 041796
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Table 13(b) Potagsium content of haulms (Por cent) ab
pod forming and hervest stages

3 Pod‘fbrtdng

4, Horvest

K1 Kg BO B1 Meen

M, 24040 2.080 2,153 1.967 2,060
My, 24127 1847 2,000 1.973 1.967
My 1.947 2,167 1.947 24167 24057
2.127 2,060 2.167 2,020 2.093
My 14893 24000 1,987 1.907 1.947
By 2.077 2,024 = - -

By 1976 2,037 = = =

1,653 1.513 1.607 1.560 1.563
1,907 04536 1,753 1,800 1,777
14993 1,507 24000 1.500 1,750
1.627 1,647 1.395 1.880 1.637
14607 2,097 1,730 1.973 1.852
1752 1,641 = = =

1,763 1,723 = - =

Mean 2.037 2.031 20051 20007 -

L 14757 1,682 1,697 1.743 =

S.E. per plot = 0.2128

S.E. per plot a  0,1963
CODQ M L ME = 003975



74

" uweo olgnificant only et peg forming otege. Application of
sypsum, Hg0y ond gypsum plus Mgcos Increagsed pobagoium
conbeat eignificontly when compared to lime end dolonite.
. The nmein effect pf potasplun was not significent.

The main effect of boron was significent at flowering
erdl peg forming steges. Ab both these obages applicatlion
of boron‘ rodvuced potassivm conbent of heulms slgnificently.

The intcraction effocts of sources of caleium end
_magnesivm with potaselwm wes pignificont at all the steges
exeept at pod £illing while that with boron wes sigaificant
at flovering end horvest otages. The mazimum potassiun
content wes nobed when lower dose (40 kg/he) wes epplied
with Mgco,.? . With the exception of gypcum and gypsum plus
'MgGOB-, in all other cnses higher dose of potasoium (60 kg/ba)
reduced the potassium conbtent of houlns. Thisg was the
observation ot peg forming stege. Iub ot peg forming stege
moximm content of poteseium was obtalned when higher doss

of potassivm was eppiled with 2—’150%;
Caleium content

The main cifect of calecivm end nognesivm vep clgnle
Ticand =t all the steges except at peg forming stage. The
vegult in the firpt otege is eas followas

Dime ifigc{).j Dolomite  Gypswum + Mgc{)3 Gypaun

But ot peg forming obtege, a significantly higher
caloive eontent wao obtained with iime applicatione
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. Table 14(a) Calolun content of houlms (Per cent) ab flowering

end peg forming otages

1. Plovering 2. Peag foxrning
K‘i K

M, 1.872 2,160 1,870 2,617 2.016  1.657 1.910 1,663 2,703 1.783
o 1 818 1,568 1.670 1.713 1,695 1,745 1,798 1.738 1,805 1.772
15722 1,672 1.730 1,663 1,007 1.682 1.6800 1,455 1.087 1.771
My 1.913 1,798 1.952 1 o760 1,756 - 1.590 1.735 1,598 1.7206 1.6673
14705 1.752 1.663 1.820 1,729 1.730 1,808 1.685 1.913 1.749

5
By 1.847 1,698 - - = 1525 1,787 = = =
E1 1-765 1-882 bt - - 1.;3'57 1-857 - - -

Memn 1,806 1.790 1,772 1.824 =~  1.680 1.322 1,656 1.847 -

SeBe per I_)lot = 0.1283 B.E pey 1310% = 001083
G.Ds for M = 0.1842 CDe £or K &B .= 0.0900
C.D, for E3 - = 00,1047 C.D., foxr B = 0.2193
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Teble 14(b) Calcivm content of homlms (Per cent) ab pod
. foroing and harvest gtoges

3, Pod Lorming ' 4, Harvest

My 20152 2,418 2,213 2,057 24135 2.765 24327 24505 2,587 2.546
My 1,777 1,660 1.703-1,753 1,728 2,307 2.495 24215 2.587 2.401 -
M, 1,703 1,687 1.908 1,482 14695 2,805 3,010 2,698 3.117 2,908
M, .87 1.035 1,935 1,880 1,908 3,412 3.327 3,418 3,320 2.369
My 2.003 1,778 1,627 2,155 1,891 2,893 2,845 2,560 3,178 2,869
B, 1920 1,83 = = = 27722587 = - -

By, 1.865 1.846 - - . 29013015 = - =

Moom 1902 9.840 1.877 14855 = 2,956 2.801 2.67C 2,958 =

S.B. P plod a §,1229 5.2, por plot = 00,3665

CeDs LOr I = 0,1759 CsDo for M @ (,5209
C.0e Lor 1B = (0.2488

C.D; for RB = 0.'@574
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At hervest stage a ciightly higher content of
calaim was in gypoun treated plots though 1t was nod glonle
Pieantly Aifferent frzom that of dolomite oOr gypuum plus
MgC0s. '

The main effects of pobtecsium and boron were signi-
fieant only ab peg forming stege. Higher potassium dopage
inoreaged celeium content sigaificantly bubt the reverse
was the recult with boron applicaticn.

The pobesh=boron interaction wes signlficant ot
flovering as well as pod filling stoges while that of coleium
ond negnesivum with boron wae sigrlficent 8% pog and pod
forning atages. The potach-(Ca+ig) interacticn was not
slgnificont at any stoged.

When boron wags applied with gsrpsmnﬂ-igc% or with
dolomite or with Ivigc% plone, calcium content was increased
bub vith gypsun clone or line glone, caleium was plightly
or gignificantly reduced.

Magneolun ecntend

The main effects of sources of caolcium and megnesium
were significant abt all the stages.

The megnesiun conteat in plents wag significently
reduced only in lime appliecd plots at flowering ghage uhile
14 was low in pionts uwnder gypsun treatment ab peg forming
gtege, cnd in plents wnder dolomite breatment ot pod forma=
ticn end agein in plents mmder gypsun treatmont at harveghe.
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Pablae 15(e) Magnesiun content of hanlmn (Per cent) at
flowering and peg forming stages

1. Flovering 2+ Yog forming
K, X By By Mean K1' K, B, By Meen

2

M1 0.398 0.607 0.468 04537 04303 04588 0.577 04570 0.595 ©.583

M, 04568 0.600 04,570 04619 0,594 0,690 04637 04635 0,612 0,623
M3 0620 0,583 0.582 0,622 0,602 0,575 0.605 0,585 0595 04530
H4 05685 0,638 0.042 0,582 04612 04483 04560 0,518 0.535 0.527
MS 0,588 0,657 04623 04622 0,623 0,600 0.622 0,571 0,650 0.611

By 04539 0,615 = - - 0,559 0,593 = - -

Meon 0,556 0,697 0,577 0,590 = 04573 0,600 04576 0,598 =

S5.E. per plot = 0,0503 S«Es per plot o 0.0321
C.D. or M s 0.0722 C.De for M a  0,0461
c.D. for K = 0.0457

CeDe for MK = 01022
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Table 15(h) Megnesium content of haulms (Per cent) ab
pod forming end hervest otages

%o Pod forming 4. Harvest
K1 Kg BQ B1 Mean K.' K2 . BD 31 Mean

———

My, 0,448 0430 0,442 0,437 04439 0,552 04560 04518 04593 0.536
,  0.602 04595 0,643 0,553 0,598 0,602 0,592 04520 0,693 0.597
My 04252 0,452 04455 0,248 0.352 04620 0;585 0,535 04670 04603
M, 0.473 0,460 0,470 0,464 0,467 0493 0,503 0.420 0,577 0.498
My 04505 0,503 04492 0317 0,504 04672 04667 04748 0.590 0,664
By 0.5020.499 =~ = = 0,589 0.498 - = =

By 0,410 0,477 = = = 04577 o'.s{ss - - -

Mean 0.456 0.488 0,500 04444 = 0,588 0,581 04548 0.621 = .

S.E. per plot = 0.0224 S.B. per plob = 00,0746
CeDe for M = 0.0321 C.D, for M @ 0,1067
C.Ds for K & B = 0.0205  C.D. for B = 0.0675
C.Ds for IK & MB = 040453 C.D, for 5153 a 0,1509

¢.D. for KB = 0.,0287 - C.D, for KB = 0.0954
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At all shages magnesium content was high in plents from
Mgco applied plote e;xoep’o at hervest etage vhere it waes
hignex’ Loz gypsumﬂlgcﬂ trecatnent.

The mein effect of potossivm wes significent at
flowering ond pod forming gbage and thet of boron wao gigni-
ficent et pod forming end harvest stage.

Pus 4o increass in the rabte of potassivm, cegnesivm
content in plents was increased.

By epplicaticn of boron=-negnesivm content wae reduced
at pod forming sbtage, bub increaged abt harvest stege. The
intereotion of calcium or megnesium with potassiun wad
eignificant eb flowering cnd pod forming steges vherse2o
that with boron was significant at pod forning and harveoct
obege. The potesolum-boron interaction was aleso signiflcent
at pod forming end hmest stoges.

At fLlovering, the apx;lica.tim of 60 kg K/ha with
£ypswl plus 1-1500.5 incresced mognesium content while it
wag considerably reduced when 40 kg K/he wes applied with
lime. A% pod forming stege, conoiderable reduction in
negnesivn conteat was noted when & lcuer rate of potegsivm
was applied along with dolcmite.

Wher boron wes epplied with dolonlte, megnegitm
conbent wes oignificantly reduced at pod Zoralng otage
while a congiderable increasc in pegaesiuvd content was noted
vien gypsum * I-ig(305 wao applied without boron, st horvest
pbege.



Sulphur content

The main effect of sources of calcium cnd magmeaim
weg pignificent ab ell steges. The oulphur content wes
aimificantly higher for ﬂolomi*bé treated plants and lovest
Zor gypeuwm plus Mgco3 treated planss ab flowering stage.

At peg forming steoge it was higher for plents from gypsum
treatec; plots followed by gypsum plug Mgﬂ%. At pod forming
otoge gulphur content was significantly reduced for dolomite
applied plants. At hervest stege it was maximum for plents
mder Gypeun plug 143003 treattcnt.

The main effect of potassium was not cignificent at
any etage'_. The nain cffoct of boron wop significent at peg
forming and horvest shtegeo. By boron epplication (10 kg/bn)
pulplmyr conbent was significantly increasged at both the
steges. J

Hutrient content of the kernel

Nitrogen

Only the main effect of dources of calcium and
magnesiun wag found to be gignificont, The nitxogen content
of the kernol was significantly high in the case of gypsum

trea.menﬁ .
?hosphom

The pain efféct\ of pources of caleiun and pegnesiwm
ves significants The phosphorus content was significantly



Teble 16(a) Sulplmyr cont;ent of houlnms (Poz ccmt) et flowering
‘end peg forming otages

. Y+ Movering 2. Peg forming
,K1 K2 .BO ,31 Mean ._K‘i _KE Bo 131 Hean

M, 0.138 0,178 0,127 0,190 04158 0,128 0,147 04130 04145 0,138
M2 0155 0,110 0,162 C.103 0,133 0.190 0.157 0,158 0,188 0.173
M; 04160 0,128 0,160 0.128 0.331 04158 0,165 0,147 0.177 0,162
M, 0.270 0.208 0,187 0.232 0,209 04233 0.193 0,210 0,217 0,213
0.207 0,192 0,210 0,188 0,189 0,210 0.215 0,217 0,213 0,213
By 04188 0,150 = - - 0,187 0,155 = - -

By 0,160 0. 177 = = - 0,181 0,195 = - -

Meen 0,174 0,163 0.169 0.168 = 0.184 0,175 0,171 0,183 =~

S.E. per plob s 0,0120 Se.E. per plot = 0,0132
CeDe for pod a 0.0172 C.D, for M = Q. 1%
CoDe for MK & MB a 0.0243 C.De for B a 0.0119

CeDe for KB = 0.0154 C.D. for KB a 0.0168
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-Te,hle 16(13) Sulphur content of haulms (Per cent) at pod
forming end horvest stagee

3 Pod forming 4. Harveat

Ky . E, By DBy Hleen Kq K, By By Mean

My 04967 04127 0,182 0,112 0,147 04130 0.145 0.103 0,192 0,148

M, 04160 0,775 0.150 0,165 0,968 04132 0.135 0,113 0.152. 0,133

My 0.153 0.117 04145 04105 04125 Os 125 0,118 0.120 04123 0,122

M, O. 148 0,205 0.147 0,207 0,166 O, 127 0,142 0,128 0,140 0,134

My 04150 0,185 0,185 04170 0,168 0,162 04200 0,192 04190 0.191
o 04165 0.151 o - - 04123 0,939 = = -
04139 04183 = = = 04963 04156 = = =
Meon 0.152 0.162 G.158 0,156 = 0,143 0.146 0.131 0,159 =
8.5, per plod = 0.0132 S5.Be per pLob = 0.0%29
GCeDs IO M , = 000188 C.D. foxr # = 0.0185
GeDe fO?.' MK & MB = 0.0266 .. coD-o for B =2 0‘0116
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low in lime treetment while 1t wzg higheat wder gypsun
‘pyectnent thoush not sisnificontly dlfferent from gypeum +
chQB troatument.

By application of boron, phosphorus content of kernel
ves significently raisef. |

A1l dhe interactions except pohagsium=~boron Woro
oignificent.

Potageivn

_ Only the effect of potageimm wes significant. An
incrensed rete of pobassium application from 40 to 60 kg/ha

reduced potossium content in kernel‘,

Coleliun

~

The pain effects of sources of caleivm end or
'm@eaim pobaseltn and boron vwers eignificent. All the
interaction offects were elso sigalflcant.

Appited lime coused oignificent increase in aalcim
contex}fs. Highcy vate of potosoium decreeged the calciwam
content of kernels vhile the reverse happemed by the
aypiicaﬁian of borcie

vhen Lime was applied with lover dose of potassivm,
caleiun conbtent ves pignificently high, sinilexly bozon
opplication with lime algo coused an mczfease in caleiwm

contenb.

lMegnesivn

A11 the mein cffects and inbteracbion effccts wexe



Table 17(a) Hutrient content of kernels cf groundnut (Per cent)

Kernel nitrogsn

Kernel phosphorus

Kermnsl potaogsium

K1 X

K.; K2 BO B1 I-Ieax;

K1 K2 B

0 131_ Mean

3675 4188 4,075 3.7689 3.932
34951 3389 3.503 3837 3.670
3717 3.689 3,589 3.808 3.703
54555 54432 5.551 5.356 0,493
34618 5,522 3.571 3.570 3.570
4.009 4,060 = - -

4,107 4.029 = - -

04295 0.417 0.300 0.412 0.350
04447 0730 0.392 04385 0.383
00412 04413 0.453 04372 0.413
0.427 0.432 04575 0483 0.429
0ed10 0e833 04412 04432 0.422
04384 0.380 = - -

0.412 04421 = - -

04813 0327 0,867 0.773 0.820
0,373 0,393 0.867 0.900 0.333
0.880 0,747 0.813 0.813 0.813
0.303 0.807 0.340 0.860 0.350
04333 0.710 0.800 0.743 0.772
0.3657 0,308 =
0.851 0.785 =~ - -

Mean 4.103 4.044 4.079 4,068 =

0.398 0,405 0.365 0.417 -

0-859_,3.797 00837 00818 "‘

S.E. per plot
CeDe for M

= 003081
o 0.4412

S.5. per plot = 0.0088
C.D. for M = 0,0126
C.D. for B = 0.,0079
CD.fOr MK & MB = 0.0178

= 0.0675
a 0 00612

S.E. per plot
Co2. Por K
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Table 17(b) Uutriens content of kernels (Per cend)

1. Caleium ’ 2. Magneslium %+ Sulphup
K.' K2 IE!0 B‘I Mean K‘i K2_ BO E‘l Meen. ILi Kg- Bo B1 Mean.

M,
4,
M
M

My
Bo

By

£ \A

0792 0,515 0.528 0.798 0.653
0.555 0.502 0,597 0.460 0,528
0.370 0.388 0.392 0.367 04379
04358 0,250 0,230 0.378 0,304
04307 0+362 04353 04335 0,544

0.501 0340 =~
0.452 0,475 =

0.612 04447 0.458 0.600 0.528
0.417 04383 0.420 04380 0,400
0.407 0.323 0,360 04370 0,365
0.35% 0.268 0,307 0,335 0:321

0302 0,207 06315 0.253 0.284 -

0:43% 0.313 = - -

0405 0.371 = - -

0.740 0.110 0.128 0.122 0.125
0.128 0,107 0.123 0,117 0.118
0:125 0:115 0,103 0.137 0:120
04188 0.203 0,187 0.205 0.196
0:207 04203 0.208 0.202 0.205
0.159 0.,441 = . = -

0:157 0.154 = - -

Mean 0.470 0,407 04420 0.464 =

0.418 0.%42 0.372 0,388 =

- 0,158 0,148 0.150 0:155 =

S.E.
CoD.
¢.D.
c.D,
C.D.

per plot
for M

" for K & B
for MK & MB
for KB

= 0,0361
= 0.0513
= 0.0324
= 0.,0726
= 0,0459

S.E. per plot = 0.0169

C.D. for M = 040242
CDe fOr X & B = 0.0153
CeDoe for MK & VB = 0.0342
C.D. for KB = 0.0217

S.E. per plot = 0.0115
CeDe fOl‘ M 000161

98
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sigalﬂgam;, When Mgcog‘was eppliecd wi@h gypoun, Degaesivm
conbent weo sigalficently redueed. As in tho case of
caleium, higher dose of potasciun decreased, negnesiun
conbent while lower yote incrcesed it. But when boroz wes
applicd negneaimm content uaa inoveascd. When gypoua +
I*ig;::().3 yoes epplied with 60 kz K/ba e egainst 40 kg K,
negneaium content decreased aigniflicantly. A similey roguld

wag obgerved when gypsun plusg 1-1gco.5 was applled with boron.
Sulphur

The woln effeot of sourcep of caleivm cnd/
fbgncai ven signiflodty highest mulpinw content wes
pecorded in gypsun + Hg0O, folloved by eypoum elome. Doth
of theoe eve not oignificantly different.

The interaction effects of 'n;aron with gourcey of
celeiun end magnesiva were elso significent where appli=
cation of bnrgn redaced zmlr&x;x_r: content in gypoum + Mgc(}3
treatment, while boron application incresped sulphur

contend in gypsu cione.

Hutzlent contents of the ghell

Bitrogen

The main effects of sources of calcium epd
megnesium, end boroa were found to ke significent. Dinme
applicabion increacsed the nitrogen content significently
folloued b;r Bfig(.‘:()3 app'lioaﬁion, Boron application xeduced
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the nitrogen content. The inberection effects of sources .
-of caleiun both with potessium and borom wers aleo significent.

Fhesphoros

A1l maln effects end interaction effecto were signi-
ficant,. Agplica%ion of megnegium covbonote inereased the
phosphorus contend cignificently. However it was on por
with lime application though there wao a glight Increase for
M@gc()3 reatment. Gypoum application reduced the phosphorus
content to e considevable level {320 prm) .

An inercase in poheosiun applicgtion by 20 kg/ha
mcreaaéa phosphorus content of the shell signifieantly,
Similay was the res_ult with boron application,

Potapaimm

Here zlaoo all the ma&n effects end intersctions were
plenificent, Gypsum coused 3 congldepable incresse in
potagsivm contend when compered to other sources. Fobassiwm
at higher dese (60 kg/ba) ap vwell as application of boron
increeped the potcesium conbent.

Celeium

The nain effectn of sources of celciwe and mognesium
oo well ag thot of boron werce significent while the effect
of potacsivm was nobt slgnificent. _

Shell celeiun conbent was conaiderably hign for

ca003 treatment while the leagt was wecorded for gypsum.



Teble 18(a) Nutrlent content of  the shell (¥, P and K)

1., Nitrogen (Per cent)

2. Phbéphorus (ppm)

3, Potassium (Per cent)

K1 K2 BO 31 Mean .

1

K‘i K2 Bo B 1 i‘i caen

K1 KE BO B‘i JMeen

M, 2.52% 2,257 2.571 2,190 2.380 3933 95343 735.0 617.7 673.3 0.860 1.150 0.983 1.027 1.005
M, 1761 1990 5.856 1.095 1.475 T05.0 586.7 605.0 7856.7 695.8 0,900 1.160 7.060 1,000 1,030
Mg 1047 1.142 1190 1.000 1.095 .44%.7 365.0 443.3 363.3 403.3 1,020 0.980 0.820 1.180 1,000
M, 14265 10330 1142 1476 1.309  3565.0 155.0 483.3 156.7 820.0  1.197 1.093 1.227 1,063 1.145
Mg 1.190 1.265 1.142 1.333 1.237 266.7 B838,3 138,3 966.7 552.5 1.027 1.020 1.040 1.007 1,023
By 1,685 1,475 =~ - - 454.0 508.0 = - - 04965 1.087 = - -
B, 16437 16399 = - - 462.7 691.3 = - - 1.036 1.075 = - -
Monn 1.561 1.437 1.580 1.418 =« 458.3 599.7 481.0 577.0 = 1.001 1,081 1.026 1.055 =
S.B. per plot = 041562 S.E. per plob = 45,36 S.E. per plot = 0.0277
C.D. for M @ 0,2337 G.D. for M = 64,95 C.D. for M e 0.0400
C.D. for B a2 0,1415 C.D. for K & B = 41407 C.D. for K & B = 040253
C.D. for MK & MB = 00,3164 C.D. for ME & MB = 91.85 C.D. for MK & MB = 0.0500
C.D. for KB s 0,058

= 58.00

C.D. for KB _

o
o)



Table 18(b) MNutrleat content of shell (Caleium, magnesium and salphmy)

Caleiun (pexr cend)

Hoagnesiun (per cent)

Sulpbuy (per cemb)

K,‘ K2 BO B‘i' Mean

K‘i ' K2 BO B‘i Meen

K‘i K2 B

9 B1 Mean

3710 2,950 3.090 3.570 3.330

0.39% 0.428 0.405 0,417 0.411
0.425 0.215 0,317 0.322 0.319
04377 04455 0.373 0.458 0.416
0.528 0.548 0.483 0.503 0.493
0.522 0,598 0,537 0.583 0.560
04429 0,417 = = =

0.469 0.445 = = =

0,083 0.078 0.073 0.088 0.081
0.067 0.060 0.070 0.057 0.063
0,072 0,050 0.065 0.057 0.06%
0.103 0.095 0.097 0.102 0.039
0.088 0,097 0.102 0.083 0.093
0,089 0,073 = - -

0.076 0.072 =~ - -

0.449 0.431 0.423 0,451 =

0.083 0.076 0,081 0.077 =

M, 2,633 3.260 3.408 2.485 2,467
M; 14158 1,032 1.058 1,132 1.095
M,  1.162 0.833 0.902 1.093 0,998
My 1,165 1.613 2,088 0.902 1.499
By  2.195 2,013 =~ - -
B, 1736 1.937 = - -
Mean 1.966 1.978 2,107 1.836 =
5.E. per plot a 0.1450
C.D. for M a  0.2077
C.D. for B s 0,134
C.D. for MK & MB & 0,2937
C.D. Lor KB = 0.1858

S.5. per plob =  0.0238
CsDe for M a  0.0%40
C.D. fOr B . a 0.,0215
C.D. for IX a  0.0481

S.E. per plot = 0.0097
C.D. for M = 0.,0139
C.D. for KB = 0.0124

06



Application of boren increased the ghell caleium
sonbtent, A1l the intcroction effecte were algo oignificent.

Mamesivm

_ The main offeeto of souvces of caleium end pagnesium
ag well as\%.hat, of boron were slgnificent. The highest
nognesiun content wag for gypoum plus £=1g003 treatnent.
Application of boron veduced the magnesium contenb.

The interaction effect of sources of oaleium and
magnesium with potesoium was oignificant though the main

effect of potassium was nob slgnificant,
Sulphur

The medn offect of caleimm end magnesium weg slgpi-
fleant. Highest sulphur conbend wos recorded for gypowm

syoatment followed by gypsun plus !ﬂgco3. The intersction
of potassivm with boron was also gignificont.

Honovalent (K)_to Divalent (Castiz) ratio in soil

The main eff.‘ec_t of caleium ond megnesiun ves elgai-
ficant 8% ell the stages of flowering, pog forming, pod
forning e.nﬁ horvest. The ratio wes highest {0,21) for
Mgcog’c«@‘.:f‘ﬁéét followed by dolemite (0.20) (no significent
aifference) end leest (0.13) for gypsum ot flowering stago,
Bub at peg forming, & sigaificently higher ratio (0.20)
for dolomite than thet of Mgbls (0.98) uao obgerved. Ab
pod forming stege it wac very low for dolomite (0.09) and



Table 19(a) Monovalemt (X) to divalent (Ca#dg) ratio In zoil et flowering anf peg forming

stages
1. Flovering ‘ 2. Peg forming
K4 E, B, By Mean Kq K, By B, Meen
M, 0.7 0.15 D0.16 0,16 0.16 0,21 0.13 0.9 0.15 0,17
, 0416 0.27 0.85  0.17 0.21 0,18 0.19 0.19 0,17 0.18
My Ce21 04,20 0.24 0.17 020 0,20 0.20 0.21 0,18 0.20
M, 0.15 0410 0.10 0.15 0.13 0.14 0,13 0.12 0.5 0.3
My 0.14. 0414 0,15  0.13 0,124 0,12 0,14 0.13 0.12 0.7%
By, 0.8, 0.18 - - - 0,19 0.15 - - -
B, . 0,15, 0,16 - = - 0.15 0.16 -~ - -
Mean 047 0.17 0.18 0,15 - 0.17 0.15 0.17 0.18 -
SeB. per plot a 0,012 _ ' S.B. per plot = 0,011
CaDa 'for B = 00011 CaD. foz' & B = 00100
c.D. Por MK & MB = 0,025 o " GJ.D. for MK & MB = 0,022
’ = 0.014

CeDe for XB
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“geble 19(b) Monovalent (K) to divelent (Ca+g) ratio in
zoil at pod forming end harvest stoges

3. pod forming 4, Horvest

K, X, By B; DMeen K, X, B, B, Hem
My 0.7 0.10 0.15 0.14 0.14  0.19 0,23 0.18 0.24 0.21
¥y 0412 0.18 0.18 0.12 0.15 0,16 0.18 0.20 0.14 0,17
My 0,09 0.10 0.09 0,00 0,00 014 0.11 0.15 0411 0.13
M, 0.6 0,17 0.16 0.18 0.17  0.34 0.17 0.29 0.22 0.26
N, 0.14 0.14 0.15 0.13 044 0492 0414 0.15 0012 0.13
D, 0.14 0.14 = - - 0.20 0,19 = - -
By 0413 0,13 = - - 0,18 0,15 - -
Mean 0413 0,14 0.14 0.13 = 0.1 0417 0.19 0.17 =
8.8 per plot = 0,011 'S,B. per »liot z 0,015
0,0, for M @ 0,015 CeDe for ¥ a 0,022
COD. for B = 00100 C.D. fOE.' E&EDR =] 0w014

e 0,022 C.De forr X & M2 0,031

CeDe four MK & ¥B
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Table 20{a) Monoveient (X) to divalent (Ca+ig) ratio in-

plent ab flowering and peg forming stages

1. Flovering 2. Pog forming

M, 1.04 0.83 1.01 0.86 0.9 1.24 0489 1.07 1.06 1.07
Mp 0496 1.52 1.47 1,01 1.24 124 1,11 1,24 111 1.18
My 1.5 1,20 1435 141 1422 1426 1,00 1,38 0,89 1.13
i, 1.30 1.95 1.00 1.16 1.13  1.20 1,35 143 1.21 1.32
My  1.07 1.08 1,14 1.01 1,08  1.13 1.26 1.47 0.94 1.21
By 1.12 1,30 = - - 1640 1423 = = -
131 1-01 1 .05 it el o 1 006 1 002 - - -
Moan 1,06 1.18 1.21 1.03 = 1,25 1,13 132 1.04 =
S«E. per plot = 0,175 S.E. per plob v 0.112
¢.D, for B @ 0,159 ¢.D. for M a 0,161

CDe fFOP K &B . = 0102

G.D. for VK & MB

s 0,227
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Table 20(b) Monovalent (K) to divelent (Caodlg) wratio in
" pient at pod forming apd harvest sbages

3. Pod forning 4 « Hoxrvest-

KK By By :Mesm | L | X, B, By HMeen
; 0.8 0.79 0,60 0483 0,81 - 0451 0,52 . 0,54 . 0,50 0452
My 04917 0483 0487 0.87 0487 068 0,56 . 0.68. 0,56 0,62
My 0,91 1.05 0.85° 1.10 0,98 - 0.61. 0448 0469 . 0,47, 0.55
M4 0,03 0.87 0492 0457 0,90 - 0.4%. 042 0,30 0,48 0.42
Mg 077 0.88 0.95 0.69 0.82 0,48 0463 0457 0454 0.55
By 0.87 0,62 = - = Ov56 0958 = - -
1 0-87 0.87 - - - 0.52 0.47 - - -
Meon 0.67~ 0.88 0,88 0.87 = 054 0.52 0.57 0450 - =
S.B. per plot = 0,119 5.8, per plot = 0,103
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the highest ratio et this stege was racorded for gypsun
(0.17). A% harvest stage the ratio for gypoun was 0;26
uhlch was oignificontly higher end the louest ratio (0.13)
for dolonlie.

The mein effect of potosoium wes eigaificant ab peg
forming end bharvest steges. 1ith a higher rate of
potassium (60 kg/ha) the ratio reduced (0.15) es compered %0
that with 40 kg K (0.17), &b peé forning ptage. The seme
tremd wss noted ot harveot otage also (rabtio reduvced from
0419 10 0417)

The mein effect of boron was eignificent at all the
four obtoges. At ell steges the ratio was decrensed by
boron application.

The intepaction effect of sources of ceﬂcium and

magnesium with potaseivwn wes eleo significent ab all stoges.

Monovelent (K) to Divelent (Ca+lig) ratio in planb

 The noin effects of gources of calcium and/or
magnesim wes sigificont cnly et peg forming otoge. AL
this stage, it was highest fér gypeun treatment, (M4) end
lovests for lime treatmend (H4). '

The main effect of boron uwas pignificant at flouerlng
and peg forming steges. _At. both the otages application of
boron Teduced the ratioc. At other stoges e definite pattoern
in the ratioo could not be obgerved. | |



DISCUSSION



DISCUSSION

. Groundnut is being cultivated both as & pure crop
end es ea intererop elong with cessava in South Kerole.
The red lcen end lateritic soils end o well distributed
rainfall with lavger number of zainy doys due to the pouth
west ond north essh monsoons enebles the crop 0 be rown
guccesofully. Agronomisite have recommended the crop to be
grovm 88 a pure crop in south west mensgoon pericd or eo en
intercrop along with Moy/June plenting of tapioca.

Though NPK recommendetions are avelleble for the
crop in the I;aelaage of Practices, serious attention has not
been pald so for on studies on the requiremente of ds.valenﬁ .
catiopne such as calclum emd megpegiun especially in
relation t0 gynophoric mubrition, pog formation and subge-
quent nutrition of the pods. Further, edequate informoticn
" ip not aveilable on potash nutrition in relation to applie-
cotion of cuch gmendmentg. Further the best carrier of
divalent cations has elso not been studied in detail.
Boron, though reported o significantly influence ylelds
of grominub in severel situations, has not been sﬁuﬁiéd
under our conditiona. The resulteo of such a stuly with
maltifaceted objectives sy enwmerabed above a.ré diccugsed
in the following peges.
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Yicld attributen
FPlent helght

Pable 2(a) and 2(b) present date on the height of
the plant in cenmtimeters et four different stegen of crouth
nenely flowvering, ‘peg forming, pod forming end bervest
stoges. None of the cerriers of divalent cations in treat-
nents M, 0 M’5 end combinations there of or the levels of
potessiun tricd nomely 40 kg of X/he () end 60 kg X/ha
(1{2) hed any olgnificent effect in inoreasing the helght
of the plant. Application of boron et 10 kg/ha signlfi-
cently decreased the height of the plent. Ascken and Raj
(1974) houwever hcd nobed signifiéant 1ncz'éase in the plont
height due to boroa applicatioh. However levels of
ﬁotassi_.m though not having en effect on the helght of the
ﬁlonté, signiticantly increesed the yicld (Teble 5 end
Piza%¢ ). Bormm also hed o significant intereotion with K
in increacing the yield of pods (Table 5 end Pig. 5 )e In
vioy of this it becomes opporent from the present stuly
thot the helght of the plent is not eignificently influenced
by many of the nutritional factors nor height expresses
1teclf in the yield. |

Mumber of brancheo

Teble 3 presents.the data on number of brenches at
three steges of grovwth viz., flovering, peg forning and
pod forming ctege. Bxcept for the reduction in the
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mmber of brenches et oll stages of growth by application
of boron none of the other treatments have a sigaificout
offeot in oither increesing or decreesing the number of
branches.

A sipiler result wao obtained by Herris (1968) with
reopect to the effect of low boron lewvels in. increapling
the foliege. |

Table 4(z) and 4(‘6,), rresents daba on the dry welghts
of heulms in kg per plot, mumber of pods per plent under
verious troatments, 100 kernel weight and chelling percen=
tage.

Dry welght of haulms

Different sources of caleiwn and nmognesiun, levels
of potassium and boron hed no sigaificent eflect in
 inereasing the dry weight of boulms. However, the inter—
" eotion effects betueen different sources of calcium end
nagnesium end levels of poteseiva were cignificant.
Teguminous, cyops usually heve & sensitive balence with
reopect 0 the levels of nutrition of divalent lons such
as calcdun cnd megneciuva in relation to monovalent ions
guch as potassiun (Hiebeebullah, 1973). Thio sensitive
relationship requives simultaneous increage in the supply’
of monovelent iono when that of either of the divelent
ione caloiﬁn cr magnesiun ip enhanced. These effects
have elso becn broushs out by working 61:1:. the ratio of
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the concentration of monovelent fon potegoium 40 the
divalent idns caleiun and magnesiunm in the plent (Teble 20(e)
end 20(b) ). It hes to be noted that treatments where the
interaetion effecte are highly significent decreased the
ratio of monovolent to divelent ions., Blemecy and Chopamen
(1982) have oboerved increaged yi.elél of haulng due 4o appid~
cotion of lime ond megnesiun bearing amendments. Sreedberon
and George (1968) heve reported increased yleld of haulmp
due o aepplication of potassium together with celeium ond
mognenium. In tho present study however interaction effects
alone were fowmd to be si.@ificanp.

Bumber of pods per plend

Application of various ocurces of calciun or megneslum
oy both si@iﬂcantly influcnces the number of pods per plant.
Thus epplication of gypoun geve the maxinun numbey of pods.
Application of gypsum et the sgme level together with 24{;803 .
gave number of pods slightly lower but not significently
different. This evidently shows that the use of amendments
on the red loam soils of Vellaoyeni and similer red end
laterite soils, posoibly magnesivam nutrition ie #ot ag.,
critical as caleiun nutrition in increesing the number of
pods. Application of smendmente such ag lime, megnesium
carbonate and dolomite to give equivalent amounts of caleivm
as in the gypsun treatment did not elgniflcantly increase
the numboer of pods per plemt., This ghous that the
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aspociated enion, sulphete (30'4"') hes o significant effect
in inorceging the pumber of pods. It may aelso be due %0
higher solubility of gypsum in soll moisture comparcd 10
the carbonate sources of calcium and magnesiuvii. The regultg
of the present ptudy thus are at vavience from the findings
of DLachover (1965) who found that cerbonate scurces perform
very nearly equel to gypsunm gources of oalci.umf Further
tebled] of the present study on the yield of groundnut
shovs that application of gypsum hes profuced meximum
effect on yield compared t0 non gypsum sources, ond thus
it supports the findings of Vemema (1962).

Applicetion of potassium at the rate of 60 kg/ha
elso significontly enhence the aumber of pods per plant
from 25 40 29, Dut application of boron did not produce
eny oclgnifictat offect. Both levels of potessium es well
as application of boron produced & significent and pooitive
interection effect in enhancing the number of pods when
combined with gypsum. A perusal of Appemdix (W ) for
yicld end teble 5 uill veveal that this intersction effect
on the number of pods per plombt hap got rxeflected in the
yield of pode. In fmet the treatment combination M4K2E\1
gives the maximm yleld. -

100 kemmel weight

Ao increage in the rate of epplication of potassiun
by 20 kg/bo as in treatment K, compored to K4 has decreased
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~ the 100 kernel weigbt vhile the interaction of sources of
cnleivm end/or momesivm with potessium and boron hao
cignificontly cuhaneced the 100 lkernel weight. Thus in
torms of 100 kernel velght epplication of x-igcd,5 with 40 kg
K/ha was the best treatoent. However this effoct on 100
kernel weight could not be reflected in yield since other
yield attﬂbutee probebly were more significantly af'fected
by gypsm treatments which recorded the highest yield.
Blemey and Chapmen (1982) had already pointed gut that
gypeun hed véry little effoct in incressing 100 Irernol
welght when comparéd to lime.

' Shelling percentase

The resulte indicate significant effectso on
shelling percentege for treatments under gypoun coupared
40 calciun cerbonate oz; oagnepiun carvonate tréatments.
Thuo treatments? M L and I=15 record the highest chelling
percénteges. Comparison of the shelling percenteges wder
treatnents with caleivm carbonate end mag_xeeim'carbonate
on the onc hond with gypoun containing treatnents M 4 end 1-15
on the other indicate that sddition of magnesium cerbonate
Lo @ significant effect, especielly in presence of caleiwm.

Coloiun corbonate as a source is not as effectlive
ao caleium sulphate in increasing the yj.eia (Table 5) or
the chelling péroentage (Teble 4(b) ). Thig is mainly %o be

attribused to the olow solubilisation of caleium carbonate
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which probebly io insufficlent to mect the deneondes of
gynephorie putrition. The greater golubility of caleiunm
gulphate end the effect of the accompanying enlon so'; on
yield might be responoible for both the higher yield end
the higrer shelling percentage.

A higher dose of notussiun end applicabion of bom
exc aleo formd 50 ineveese the ghelling porcemtage. Similer
incresse in shelling peeentege dus to appllicetien of.
gypaum hag been reported by Robertson et al. (1966)« Higher
levels of potassiﬁa kag becn observed to increase the
shelling percentoge (Fweida ot al., 19€0).

Table 5 presants data on the yield of groundnut, oil
content of the kexnels end protein content of the kernels.

Yield

In %crms of yicld of pods it moy be secn that
opplication of gypsum (1720 kg/na) together with Mgll;
(300 kz/ba) and potegsiwm ot 60 kg/bo gave the highest
yield, However gypsum slanc with higher level of potassiun
(144) 2lso produced on yield not significantly different
from the highest yileld produced when 300 kg of Mgc% vag
inclided. Those results thus indicate thet among the two
divelent cations (Ca“'anﬂ Mg"). autrition with respect
£0 celelum eppears to be more importent im producing ea
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'yiem incrogge. Furthex when ouch an yield increese is
-attempteﬁ, concomitent increasse in level of pobossium
satrition hes also to be engured (Figdeh ond §), Similew
resultc have been obtained by Logenathen end Kpichnemoorthy
(1977) in colciun Qeficlent red goils of Tamil Nedu.

01l conbent

0il conbend of koxnela £rom cach trentnent os agelnst
the compoeition of tho emendnents reveals thet epplication
of mogneelur carbonsbe in combination with ealeivm signi=
Picantly enhences the oil conbenbe. Thio is brought out by
the low oil content in treatments which include calclum or
pegnesiur alone (M end M,) end the pignificantly higher
oll contens in treatment uwnlor dolomlte (E&L) end in treab=
nead ti,.. Houerer this effect dus t0 magnesivrn in conbinge
sion wi.th calciun ia vericble and devendeont upon the level
of potaseiws end the nature of the emendmend, Thus in
PreSEenac of gypsun ond e lower ievel of potessium with
300 kg Mg,ﬂ%/he (b15i€1) ig cble to achieve the sene oil
eontent (50.88 per cent) a5 vhat of dolomite with higher
ievel of potagsium (M31€2 - 50.75 per cent) (Pig. &)« This
chows that since lj i bthe treatment which has incrcesed
the yield to the neximum exbent, in termg of oil yield
elzo thio i likely to be the most effective treatment.
gimlior resulbs delincabing the effect of magnesium on oil
aontent hes been ocbteined by Subremeaien (1975)« This cen
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further be illustrated by telking the oil yield per ha. of
gelected trectmente and working out the economics., However
the oil contend for treatment M 2 in corbination with the
nigher level of poteseium (46.17 percent) is not consider-
ably géeater then that for the treatment M,;}- (46 per cecut)
ap Ho npoke treabtnent M,J. coononicelly inferior in terms of
oil yield, TFurther, applicetion of boron is found %o have
significant cffect in inereasing oil yield from 42 to 45
por ecnt (Pigi% and Fig.§). Those reeults $hus show thab
a lover dose of potassium end megnesivm conteining emend-
monts or mognesiun added cmendments have on cffeet on oid
content. Thus btreatment k-151{1 is found to be the best in
perus of ol content. Im terme of oil yield algo thisg is

a puperior treatmenb.
Protein content

in texms of protein content, however it is
interesting to note thet a combination of calolum with
negnecivm significently reduces the protein content
compered to calcium elone (Comparve treatments M4 with M3
end 245). In such a gai.tuation 1% is gleo importent to note
$hot calcium alone es gypoum hao a significant role to
increase the protein content. This may ﬁe attributed %o
the role of enion sulphate (SOE") in protein gynthesio es
noted by Waphede (1963). In general the effect of

potessiunm 18 also o marginally decrease the protein content.
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In working out the economice end suitability of the
treatnent combinations on thelyr effect on the t.wofmain
ccononmic produce of groundnut nemely oi;; and groundnut 6ake
(qualitatively and quentitatively) addition of magnesium
along with gypowm, while 1t enhances the oll content,
reduces protein conjomt decrensing the value of the gromd-
nut cake ac on enimal or humen feed. This reduction in
protein conte:gt. no doubp w_lll decrepse the market velue of
the celke. Thio necessitates a compromise to be struck
in termo of the costing of the produce on both quality aend
quentity basis. Houever, disregarding thic effect on qua=-
lity emd compubing \tpe velue of the mexlzé‘oable produce a
conperison of the economics of ‘golected treatments s
presented in table 21. These regsulits indicate thet,
treatnent HSK’L 1o the best in terme of oll and cake yleld
apd thus In terms of benefit. So vhen magnesiuvm carbenate
is z2dded with gypoum, a lower dose of potagssium is found

to be tl;e mnost scocnomd.c treatment.
Tobal nitrogen

A perusal of table 6(a) and 6(b) shows the general
trends in total nitrogen contant of the goil ot different
sanpling stéges, depicting different stages of growth of
the crope. The data alqo bring out the effect of various
trectments per pe on the totel nitrogen content of the
soil vhich moy partly be due Ho stimulation of non-
symbiotic nitrogen fixing activity end partly due %o



Table 21, *A comparison of MK treatment combinations on the basis of net returns

Treatments Pod yield Kernel yield Total input Total cutput Net inccme
(kg/ha) (kg/ha) (Bs) (rs) ' (&s)
MK, 2533,30 1700.35 5225,00 10202,10 4977.10
M, Ky 2322,20 1563.31 ' §300.00 9379.80 4079.86
MK, 2211,10 1471,49 4825.00 8830.74 4005.74
M K, 2366.70 1575,80 4900.00 9454,80 4554,80
MjK, 2233,30 1543,21 7225,00 9259,38 2034,38
MK, 2477.80 1714,57 7300,00 10287.42 2987.42
MK, 2377.80 1789.29 9385,00 10735,74 1350, 74
M K, 3277.80 2473,42 9410,00 10840,52 5430,52
M K, 3388, 90 2559,64 9985,00 15357,84 5372.84
M:xz 3477.80 2629,51 10060,00 15779.46 5719.46

*Qutput is computed @ ks, 6/= per kg of kernel as the primary

producers price.
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cnhanged gymblotic nitrogen fixzstion by the essocianted
rhizobiol flopra in the gromlnut crop. In view of these
direct ond indireot effecto on inoressing the total
nitrogen content of 204l over tho period of crop growth
changed by differing pattorns of upteke by the growving
Crop, only salien't and slgnificant gereral effects can be
meaningfully discuseed. ‘

In genecral, there is e decreasing trend for total
nitrogen content due to incroesing pericds of sampling
mtervalé ocorremsponding to the growth of the crop. This
has %0 be gttributed 40 a greator demend on soil nitrogen
nade by the crop vhich cemnot be fully med by the
nitrogen fixing role of either the symbiotic assoeiation
or by non-pymbiotic orgeniems present in the soils.,
However in treatneat 243 a slight but steady Increesge is
obgerved while en alternate decreasing end inecreaging
trend in total nitrogen content could be obgserved for
coendment treatnente M, and M5 + Such on effect hap been
produced in treatuents under dolomite (Mg) andl gypean (1&4)
suggests en Intensification of the gymbiotic ectivity and
consequently the decrecased demand for scil nitrogen ab
leent in gome otoages of crop growbthe. Such e stimulation
of symblotic nitrogen fixation activity by encndmente
conteining divelent cetions such a3 caiciunm end mognesium
has been recorded by Subramenian et el. (1975). In the
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cose of trostment wnder boron an increased tosol nitrogen
content ob hervest hos been recorded., Boron which is also
kmown to stimulate nitrogen fixabicon in groundmub might
heve contribubed to enhanced nitrogen fixzaetion reguiting in
en enhenced totel nitrozen content in the soil after
ﬁaxvest. Phio enhenced btotel nitrogen might have erigen
due 10 excretion of nitrogen f£rom root nodules end incorpo=
vation of sloughed off root tissues into the s0il meaiuﬁ.

Avoileble vhoaphozrus

Table T(a) and T(b) presents dato on evailable
phoophorus obatus of the soil at different stages of crop
grouth. Though total ghosyhorus conben® of'the g0il hag
not becm momitored tho available phosphorug content studied
15 suffloient enough 4o revesl the net result of two types
of e:fecﬁs operabing viz., (1) the effect of the verious
yreatments on the avellable phosphorus éonﬁenﬁ. which
noy be felb both immedictely end elgo on @& long tom basidg.
(31) the otimulation of roob growth especially by the
emendment treatments by the divelent cstions (Harris,

1963) and congeguent enneoncenent in root biomess production
contributing to a greater degree of roob exoretions
"capeble of solubilising phosphorus. The effect of these
plent fectors end vhelr lndteraction with soil is likely

40 be reflected on both svaileble phosghorus status ed

well es on plent growth. Superimposed o these effceto
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aro the venoval of phosphorus during orop growth. Sinece
shig vemoval of phosphorus lg genorelly f£yom the tohal
evailsble pool, the removel of phosphorus itoelf may
shimmlate the conversion of more meveileble to avelleble
foxmde

A penorelised picturc cRErged fron mn examinabicn
of tho recults from dablo T(e) end 7(b) in thet all
emendnent treatments from My 80 H5 have resulted in an
ephanced gvellable phoaphorud otatug of the coil. This
obviously ixdicabes that in genevel, phonphoxrud solubili~
ging fectore Gua 10 addition of amenamezms by themselves,
by euhonced TOOb geowth in consequenco end the effect of
the cmindment through the plent together Zar excaeds the
enkenced upbeke of phosphorus by the crop under the
vorious amonduent treatmente. Phat the groving of a
leguninous orep enhances eveiloble phogphorus stabus is
o generaliged obsezvabion reported by Dany worikers.
Ancndmanss cuch ap llue, SypSil, lfzgc03, dolomite etc.
in aold soils enhence available phosphorus sbatus ig
a woll beoted pogoibility (Dogensthen ond Krishnomoorthys
19773

Application of bigher levels of potasgium hos been
Pound bo increose available phosphorug gtatus in the
serliey buc stages of crop growthe The initial effects
due 0 pobtencium ere Lo be painly ettributed to the
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noutral salt effect of edded nuriete of potash in

Increasing vhoaphorus avallability.
Exchengeable potassiua

All the plots have received potessiunm - some ab
lower doge and c;thers ot higher dose. In generol it can
be seen that, due to the growing of a crop of groundnub,
a eontinnous depletion of exchengeable potasoium occurs
which shown ¢ tendency o inoresge ab harvest otage as
geen in‘éwb[eg[b).'rhie ray be attvibuted o the decreased
demend by %he orop and greater sloughed off tlssue L{rom
the root at harvest otogC.

Exchengeable caleium

In general, ell amendment treatments containing
eoloim chow on enhenced exchongesble calcium content in
tho goll. Thig effect ip moximum in the cage of treatmend
under gypoun end nindwam in the cape of treatment with
1-«15003 elone. Houvever the exchongesble celeium content
wder gypsum treatment decrease at a fester rate then
under 03003 (iime treatment or dolomite treatment)
(ﬁw@kg@fﬁ” This mey partly be due to leaching of the
more soluble 03804 uwnder gypowm trentment end the greater
relenge with time of caleium from carbonete in other |

Sreatmento.
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Exchongeable mognegium

Excbhangeogble még,uesi.um status of the soil steadily
inoreases in trestmento with 14@;803(%-12 and Mg) epd unier
dolomite (M)(hEb1D), - In tresthents which exolude
eegnesiun such 3 x-11 end M 4 exchengeable magnesiun
pboadlly decrecses. These regulds indicate that coil
exchongeable nognesium levels iIn  the szperiment ficldc.
are below critical limits for crop grouth and hove mors
then sdoquately been token cave of in trcatments M, M,
el M-

Pleat nitrogen

Table 11(a) and 11(b) present data on the nitrogen
content of plento at various steges of growth. In general,
there s a decreasing trend in the nisrogen content of
hewlms which 18 %0 be attributed to the dilution effect
due 40 incrcesed crop growth. Comporing the nitrogen
oontent of plents under different treatments it can fxa
noticed that application of various amendments as well as
different lovels of potassiunr have a significent effect
' on nitrogen content ot both peg ond pod forming sbeges.
A perusal of table 6(a) amd 6(b) presenting dota on totel
nitrogen content of eoll, shows that & general trend of
decrease of total nitrogen with increasing stages of
growthy lIowever thig appears to be lesd nmarked in plents
recelving omendment trestments. This has elreedy been
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aiscusced in detall ao largely due to an enhionced
oxeretion of symbioticelly fixed nitrogen from the grouing
roots eswell oo due o sloughed off root tissues into the
gurrowding eoil mediwa, It hes also beca emphosised in
snis context that the greeter demends on nitrogen for pod
£1114ng cnd peg formation etage ave relied upon more on
the sywbiotic nitrogen fizetion process which pogsibly
sekes place ot en enhenced magnitude in view of the amend-
ment, hrectments. Lt appeers thet the plant roliea $0 @
lcpeer degree on the soil nitvogen pool. The resulbte on
nitvogen status of the plents cbteined thue confirms the
broed inferences bagsed on goil studies. In fact regults
gupport eech ot\ﬁir, The higher denend of nltrogen ab

peg forming ananfoming gtoges under cumendment trestments
ic supported by the observed higher nitrogen content of
kernols wnder guch treatments (Teble 17(a) ).

. However; at peg end poﬁl forming steges hlgher
levelo of potessiun in the soil appear Lo decrease the
nitrogen content. This mey parily be attribubed to the
greater succulence end dilution effects in view of the.
nigher upteke of potesoium. That hlgher upbake of
pobassiun bekes place in plants receiving higher doses of
potasoiwm i evident from table 1%(a) and 13(b).

Plan®t phogphorus

Higher cconbend of phosghorus was observed in the
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egrlier sbeges of growth in rospect of both aménﬁment
treatuents and higher levels of pobasoium, Theee regults
 §nAlcate that upthke pettern of phosphorus, i.n general,
is higher in the earlier stages of growth than in later
otemes. Thece resulgs ave genorelly in egreement with
eariiocr obgervations of meny workera..

Peble 7(a) and 7(b) on avellsble phosphorus status
at verious stoges of grouth indicete e higher content of
avoilable phosphorus vnder trestments with emendments ond
higher levels of potasoium, This obssrved higher status
of availnble phoophorus hes elready been expleined os due
+0 both the neutrelising offects of soll acldity by
anendments end the neutral salt effcoet of epplied muriate
of poﬁesh‘ Thip cnhonced gwalleble phogphorus stebue in
the so0il uvnder such treatmento has poseibly got reflected
in the phoophorus sbatus of plents growing thereln.

Plant potassium

Pable 13(a) end 15(b) present date on the potassium
status of plents., Higher levels of pobassivm end the use
of pmendnents appear t0 have inoreased the potagsium
content of plents in earlier stoges. Divalent cations
guch as calcoium end megnesium mede aveileble by the
application of cmenduments might have exchenged pa.rt of
the a;z.fficu{u;v avelloble potegsium. Further it might
have resulted in grester replscenent of exchangesble



PERNTK sonnm{?] a

o o
B \ "
Kl - N
o )
B . ]

Ve @ LINE |
. .——-—'.. - NQS'OJ'-:
OO DOLOMITT °
B————g. -~ GYPSUM
Wy

| SYPSUM 4 MpCOs

P B

i4 L .
. PLOWERING

PEG FORMING POD FOXMING HMWNI'.

LT STAGES OF BLANT GROWTH '
'EIG). 10 POTASSIUM ;CONTENT OF _QRL'ANT.:z '
L AT OrFERENT STAGES OF .-, '¥.



<

v LIME

© Mycoz

o DOLOMITE .

O GYPSUM -

v GYPSUM+HPCO3

v
L
<

v

€

580 b x 3
16 - y
e
.'_.:-;d sa b
2.2 "y B
RO ¥ o 9\5
18 ¢ g 4]
[ S ——
P .,;r-'w'wsmme o2 ho HARVEST
If,: ; " STAGES OF PLANT GROWTH .‘
{77 Flgddi . CALCIUM CONTENT OF PLANT At
DIFFERENT STAGES OF GRONTH .




115

pobkagoium for upteke by the plont. These results have been
indicated in teble 8(a) end 8(b) end discussed in deteil.
This enbenced aveilability of pohessiun has.been re/fl—ecé.ed
in the potessium content of plonte in the carlier stages
of grouth. Dater the dilution cffects end the decreasing
effects on ooll evailsble potassium due to enendments heve
possibly regulted in the tapering off of tho initially
reglstered higher pﬁtesalum congcentration. Thege rosulis
have been $llustrated in Fig.10 . Siniler results have
been obtalned by Dal and Iaaiaom;yam (1977)

Plant cslecium

| ‘At 21l the cerlier stages 28 revealed by table 14(2)
end 14(1) and Fig.11l the celeium content ia oboerved 0 ve
higher under verious cmendments especially caleciferic
ameéﬁments, thio ig only to be expected end sin;ilaz'
pesulis hove been recorded by other workers. However at
peg forming stoge the jnerecsged coleiunr denepd for
gynephoric nutritiom is poosibly web by remobilizm;ion
fron the serial pﬁms of the plant ubich hes a hi’éher
eccumulated contenb qf.calci.um. This io possibly the
reagon for the lower concentration of celeium observed in

the aerial perts 8% peg formatlon shages
Plont megnesium

Hopnesivn wes foumd to be significantly higher as
reveoled by table 15(a) and 15(b) ond Tig.1d in
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cpendment treatments recelving mognesium guch as Mgco3,
dolonite end gypsuo piug I-’Igco3 wvhen compoered 0 lime or
gypsu aelong.

Plent sﬁlpmm

’i‘hé pulphor content in plan%a was foumd to be
higher for gypsun containing trestments such as M4 end 1-15
fron peg formation obege onuaxds., This mey be attributed
to the increased and steady ovailebility of oulpbur from

gypoun which is not cbserved for lime or Mg003 $reatoent.

Monovalent (K) to Divalent (Cosliz) cationic ratios

Tahle 19(a), 19(b) and 20(a), 20(b) present the
retios of monovelent to divalent cations (X/Casiz)
expreseed as me/i00 g of soil/ plent raterial rcespectively,
et various sampling intervels representing four different
steges of growth of the crop. A perusal of the regults
irmediotely veveals that, only at the pod Lorming stoge,

o pattemm of interpreteble result io disounosed.

At this stage the retio in the soil was minimun
for dolomite application (treatment M3 Yo At the saome bime
the ratio in the plant in the treatment M.j wes the highest
vevealing there by that during the period, inmediately
preceding the sampling of scll end plent material,
conslderable uptdke of potessium has teken plece as to
increage the ratio in the plent and decresse the same in

the soil. Dolomite application might have contributed o
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en increase in celcium and magmesivm content of the goll,
mousing & decreased K/Caslg ratio in the soil. This
appears 0 be guperimposed by en increesed uptake of
pobassivn which has caused e reduction in coil potossium.
In other trectments and steges of the crop in the present
study, cigaificant trends in the ratio in plants end soil
heve not been observed, It appears that more critical
and contéolleﬂ experinents wader pot culture conditions
night be able t0 signify the differences %0 ai'rive ab

nore meeningful conclusions.
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A f£icld experinent wes conducted in the red loam
lateritic soils of Vellayeni using different carriers of
caloiun and magnesium end the combinations thereof with
t0 1evels of potasaium ond boron. The different carriers
used wore magnebite (chos) ag a source of magnesium alone,
lime (ca003) end gypeusl ((33804) as two different sources
of caleium, dolomite as @ naturelly combined souvce of
coleiun end maénesium and another treatment containing
gypounl end magnesites Care was teken to gtandexrdise the
sreetnents with respect to  the quontity of calcium and
pegnesiun carried by each of thom on en eguivalent basls
to cnable comperisons end a critical enalysis., Two levels
of potesoiwm nemely 40 end 60 kg K/he as well aa w0
levels of boron nzmely zero end 10 kg B/ha as borox wers
2loo inoluded.

Yield data, oil content, yield componants etc. were
observed, Detailed chemicel studies at different steges
vere conducted. The oalient findings are emumerated
below end the conclusions highlighted,

I. Yield attribules

(1) Helight of the plants: UNone of the main effects
duc 10 sources of caleium snd megnesium or levels of
potassiun were oignificent with respect to the height of
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plenb. Boron however bed a deprossing effect on height.

(i) Number of bremehess None of the mein offects
due to the carriers of caloium and megnesiun end lovcls of
potessiun vere significant. Boron hod o depressing effect.
The boron-potash interaction is however significant et
flovering otage.

(1ii) Dry welght of houlms: Neone of the meln offects
of sources of celcium end megnesium or lovols of potansivm
or boron were significent, However the interachion cffects
between ameniment trestnente and levels of pokhasalum were
significont.

(iv) Tumber of pods per plantt The sources of
apldiun ond megnesium hed a significant effect on the
nuzber of pods. Hazimum nunber of pods were obsexrved
under gypeun treatment,(m4 end MS) erd minimem vnder
aolomite treatment = Lovels of potessium hed glso o gigali=
ficant effect.

(v) 100 kernol weights Bources of caleium and
‘megnesiva end boron hod no effect on 100 kernel weighb.
Tevels of potassium however hed a pignificent influence,

o higher rate in general inereesing the 100 kernel weight.

11. Yield of pods, shelline DOV CEILLaNC, oi;-content ebCe

(vi) Yield of podas Different sources of calcium
and magnesiun end levels of potassium hed o significent

effect on pod yield., Thus treatnent gypoun (1,) or gypsum
4
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plus magneoite (If;) produced significently nigher yieldo
than other cerrier emendnento. Higher level of potessium
hod a significant influecnce in ineresging the yleid. Ths
highest pod yield was produced by the trestzont combination
MSKQ closely followed by 14531 o

(vii) Shelling percentoges The highent shelling
percentage was recorded by emendment treatment carrying
. gypean (Mé and :ﬁs). Magnesivn hed a ollght effect in
inoreesing the shelling percentage, though not shatisticelly
significent. Devels of potessium end boron had also some
influcnece in ineveasing the shelling percentoge.

(viii) 0il contemtt The main effects of cerriers
of celeimm end magnesiva o8 well e8 bovon were found to bhe
olgnificant in cnhoneing oll yield. Amendments cerrying both
magneoiwn ond caleiun hod significant effect in eubhancing vhe
oil yield. The influence of posasoiwm cn enbeneing the oil
yield was found 0 be dependent on the nature of the anend=
ment. Thus the insoluble emendment dolomite cerrying
caloiun and megnesivm gave a higher oll content in presence
of higher dose of potassivm while the more soluble smendment
gypounm together with megnesium cerbonate geve a higher oil
content with e lower dose of pobessiuvm. Boron application
at the yate of 10 kao/ke significently increased the oil
content .

i(ix) 0il yield: Comblning the yield of podo w!.’c.h.
shelling percentege end percenbtage oil content, it is seen
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that the higheot oil yield is obtaoined under smendment
treatment MSK‘! clogely folloyed by ¥ 41{2 and rfib.Ka .

(%) TFconomies of veturn: The mexiumum net retura
ig cbirined for the treatment MSKQ_‘ The higher net return
being due %0 an inproveoment in the nutber of pods per
pilant, & higher shelling percentege end a higher oll content.
This being contributed by cnlcium of the gypsum, calciwm
end nognesium of the spendment combination and mogposium
of emendment combinaticn ras;;ecﬁvely. This brings out the
importence of coleivm end mognesimm nutrition of groundnub,

IiT, ?&’u’bﬁgnt ghotup in vlent ond goil st difforent obtoges
oY grovii.

(xl) Nitrogen: In general with incressing ege of
the plent, there ig & decrease in total nitrogen status of
the plent. Thig decrease is lees marked in plents recei.vlﬁg
smendment treotmento. Gom}garison of the total nitrogen
status of the g0il reyeelae o gemral trend of either o
phoedy increase or en alternabe incroase and decrease in
treatients 1«53. :%_ end Mg-c Thio hos been explained ag due
" %0 exelted levels of gymbiotic nitrogen fixation to meet
the demandeo of nitrogen ob pod £illing cotage.

(=x13i) Fhosphorup: Higher content of phogphorus is
observed in plante especially uvnder onendment treatments
end with higher dose of potagsium. Soil siudies also
indicate o higher content of available phosphorus under
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such treatmento. Thio hos been explained es due o the
necutralising effecto of cmendments on soil acidity end the
neutral selt effect of ruriste of potash,

(x111) Monovalent (X) to Divelemt (Casiz) cationic
gatioé: An interpretable result wes obtalned only at pod
forming stage. Here in dclomite treatment, the ratio in
the soil foumd to be minirus end it is maximum in the plant
vhon comparced %0 other treatmants. This ie mainly due to
the higher rato of potassium ebsorption by the plent at
this shoge. o

‘ The following important conclusions are drawn from
%he.aﬁove otudy. .

(L) Gypsum appeers t0 be a better scurce of calcium
theon caleium carbonate in. inereasing the number of
pods per pleat, ohielling percentoge, higher yield
of‘poﬂs end a high 100 kernel weilght,

(i) Homeslun nutrition is essentlal for cnhancing the
0il content end there by the totel oil yicld per
hectere of growmdnut groun.

(111)_ Tho leecs soluble cexzier of both ecleium ond

-magnesium nanely dolomlte functibns neayrly as
effectively oo gypsum plus magnesium corbonete when
a higher lovel of potassium is combined with it.
Gypsum plus megnesium carbongte is able to do so
at o lower level of potessiur possibly in view of
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the greater golubility of celcium in gypsun or the
contribution of sulphote as o nutrient t0 the oxop.
Thege yesults illustrate the need for maintaining
the monovelent $o divalent cetionic zratios in the

matrition of the crop.

(iv) The effect of boron on yield is only marginegl and
appears to become operative at higher levels of
potesciun when it enhonces the oil content,

Thope ptudles conducted under the monocrop systen
of groundmut is repliceble urder southern Kerala situations.
Hlowaver it has to be further refined under intercrop
altuetions of groundnub along with capoave which 1s being
recommended and alopted in southern Kerala, %o widen the

scoye of the technology now evolved.
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APPENDIX I

ABSTRACT O ANOVA
Helght at different steges

Hean sguores

Scurce af Tlowering Peg forming Pod forming Hervest
Replication 2 1.5652 12.1608 . 78.0575 58,8466
M 4 0.3811 | 1.0575 17.9346 12.6227
X 1 1.0218 0.0244 9.0870 0.1815

B 1 4 .9594% 169 .1088# 172.1443% 1111937 "
MK 4 0.7008 4,1607 2.7133 2.,2738
B 4 0.5109 10.5820 23,6805 15 .4306
KB 1 0.1490 0.3039 0.0432 5.6059
MKB 4 0.3660 17.2562 26.9996 40,0592
Error 38 0.7205 9.2959 24.6788 . 26,6000

*Significant at 5 per cent level



APFENDIX 1T
ABSTRACT OF ANOVA

Tumbey of broenches at diffevent stoges

Mesn sgunres

Source at

19t stege 2nd stege 5Td. Stage.

Replication 2 '0.89%5 ‘ 2;6763- : ' 2.5579
1 4 047865 ©1.0440 - 1.1278
g 1 10.0427 0.9375 : 2.1206

1 5.9752% 5.6059% 4.2770%
i 40,1387 0.6021 049075
B 4 ‘4.0418 0.6207 - 0.6213
KB 1 2.3364% © 0.0375 ' 0.7526
MKB 4 08971 © 11,1519 ' 0.8193

Eyror . 38 0.5417 1.2247 0.9274

#Signiflcant at 5 per cent level



APPENDIX II1
ABSTRACT OF ANOVA

Mean sguares

3 : Dry weight Ho.0of pods 100 kernel Shelling

Source ag of haulms per plent welght ‘ percentage
Replicetion 2 13,7873* 6.4823 0.0932 0.0152

1 | 4 1.2056 74.3419% 2.6664 231.1600%
X 1 1.2615 150.2584* 7 .2802% 0.2407*
B 1 0.0202 1.2470 3.3135 0.3840%
MK 4 1 -3807" 58.5032* T «4530% 0.0043
MB 4 1.9189 119.9716* 7 .0855% 0.0094
XB 1 041927 132.7594* 0.7042 0.0059
YEB 4 0.4679 68.0196% 13.3070% 0.0140
Error 38 0.4927 9.4220 1.0804 0.0078

*Si@ifiean;b et 5 per cent lsvel



APPENDIX IV
ABSTRACT OF ANGVA

Yeon sguares

Source af ??a yield 0Ll conbent §§§§§§§
Replication 2 0.002375 11.6010 40.2791%
B 4  2.1998¢ 520 .6792% 303 ,0046%
X i 0.6615% 4.6760 249572
B 1 0.08170 72.0510% 0.0936
MK 4 0.40761* 87.3805% 17,1728
MB 4 0.15192 84 .0458% 947927
KB 1 0.32267* 2.1094 0.2196
MKB 4 0,35060% 48.7396% 21.1519
Error 38 0,06240 8.4673 11.1269

#3ignificent et

5 per cent level ‘



AYPENDIX V
ABSTIRACT OF AWOVA

Total nltrogen in soll gb different atages

Mean squares

Source af FPirat otage Second stage, Third stage Fourth stage
Replication 2 0.000045 0.00062 0.00008 0.001995*

M 4 0.0011% | 0.0021% 0.0036* 0.002762%

X 1 .0,00028 0.0015% 0.0000016 0.000015

B 1 0.000042 0.000027 0.00014 0.001215%
MK 4 0,00008% 0.0020% 0.00078 0.000185

MB 4 0.00060* o._.00‘ls*'t 0.000023 0.001144*
X3 ' 1 0.0020% 0.000%1 0.0012 0.000735
MKB 4 0.0017* 0.00054 0.00019 0.000125
Error 38 0.00022 :0.00034 0.00039 0.00029

#Fignificant at 5 per cent level



APPENDIX VI
ABSTRACT OF ANOVA

Availeble phosphorus et different stages

lean squarca

Souree ag First otnge - Second stage Thimd atage Fourth stags
Replication 2 271..1551% %85 ,5008% 363 . 1974% 150 .8456%
M 4 1178,4345%  1281.3871% 60.1403 94.5282

9 609 .6094* 344 (2004% 101.7582 57 .3594
B 1 1812039t 54.8553 26,7180 4.0716
MK 4 567.2268* 65 7499 61.6519 7.0016
1B 4 757.1224% 723.0215% 45 6562 37.8646
XB 1 7244601 542.1020% 19.3688 - 42,1849
MES ) 398 ,8890* 790.9642%  138.3463% 196.9289
Error 51 ;2192 43 ;4.996 | 29 .9621 32 ;,3860

T
@

#Signiflcont at 5 per cent level



APPENDIX VII

ABSTRACT OF ANOVA
Exchangeable potassium et different stages

Meonr squeres

Source ag Pirst stege Second stage Third siage Fourth stege
Replication 2 0.000%5 G .00083* 0.00086% 0.00046 T,
M 4 0.0027% 0.0032 0.00022 0.00066*
X 1 0.,0013* 0.00083* 0.000027 . 0.0017%
B 1 0.0091* 0.0037* 0.00325* 0.0141%
ME 4 0.0047 0.0011% 0.00065* 0.00014*
B 4 0.0025% 0.0016% 0.0011% 0.00052
KB ( 0G0013* 0.0012% 0.000060 0.00033
MKB 4 0.0056% 0.0030% 0.00065% 0.0024%
Error 38 0.00019 0.00016 0.00015 0.00020

.....



APPENDIX VIXI
ABSTRACT OF ANOVA

Exchangeable caleclunm at different stages

Mean squeres

Source af Firgt stage Second stage Third stage Fourth stage
Replication 2 0.063g# 0.0065 0.0034 0.0044

i 4 1.5619* 0.8838% 0.8206% 0.2991%

X 1 0.2319% 0.0163 0.0256 0.1927*

B 1 0.0034 0.0687* 0.0248 0.0052

MK 4 0.1821% 0.0222*% 0.0798% 0.2078*
MB 4 0.1780% 0.0722# 0.0211% 0.1195%
KB 1 0.0220 0.2220* 0.2067* 0.2257*
MKB 4 0.2347* 0.0924* 0.1183* 0.0094*
Frror 38 0.0058 0.,0043 0.0072 0.0054

¥5ignificant ab

5 per cent level



APPENDIX IX
ABSTRACT OF ANOVA

Exchengesble megnesiunm in soil et different  steges

Mean sgunres

Source ag Pirst otage Second stege Third stege Fourth stage
Replication 2 0.00098 0.00073* 0.00068 .0.00041
M 4 - 0.0801*% 0.1686% . 0.245T* 0.1918*
K 1 0,0032 0.0012 0.0476% 0.0459*
B 1 0.00054 . 0.00028 0.0534 .0.04%4
MK 4 0.0036* 0.0113* 0,0285% .0.00798*
MB 4 0.0135% 0.0089% 0.0080% 0.0043"
KB 1 0,0001% 0.0198* 0.00060 0.00641%
| MEB 4 0.,00067 0.0036 0.0319*% 0.9516%
Error 38 0.0010 0.0021 0.00068 0.0011

- #8ignificant at 5 per cent level



APPENDIX X
ABSTRACT OF ANOVA
Nitrogen content of heulms at different stoges

Mean sguares

Source ag First stage Second steze Third stege Pourth stege
Replication 2 0.0420 . 0.1549 0.7161* 0.9018
I 4 0.2319 , 0.6562% 0.2805% 0.1888

1. 0.1597 .  0.0610 = 0.2161 0.0132
B 1. 0.000807 0.000000067 0.0625 0.0204
MK 4 0.3340% 0.1262 0.1010 0.3556%
MB 4 0.1126 0.5283# 0.0819 0.0552
KB 1. 0.0597 _ 0.0051 0.0013 0.0666
MER 4 . 0.1427 0.0722 0.1228 0.3438%
Error 36 0.1010 . 0.0822 0.09177 0.1131

#*5iegnificant ab 5 per cent level



APPENDIX XI
ABSTRACT OF ANOVA
Phogphorus content of heulms at different stages

Mesn squaves

Source af First stege  Second stege Third stege Pourth stage
Replication 2 © 0.0708* 0.0386% 0.0316% ~ 0.0052

M 4 0.0420 0.484T* 0,2656* 0.1245%

X 1 0.1904% 0.0252 0.0232  0.0064

B 1 0.3083% 0.1698* 0.1092% 00,0265

ME 4 0.1768+ 0.1025% 0.2135%  0.0610*
MB 4 0,.4587% 0.3487* . 0,1151% 0.1417%

KB 1 0.0107 0.1431% 0.1972% ' 0.0008
MKB 4 0.0686% 0.2008* 0.0464% 0.0156
Error %8 0.0172 0.01%2 0.0088 0.0087

#Siznificant at 5 per cent level



APPENDIX XII
ABSTRACT OF ANOVA
Pobagsiun content of heulms at different stages

Mean squares

Source ag First stage Second stage Third stage Fourth stage
Reflieatiaﬂ 2 1.1834*% 4 .4107* 4 5007% 0.2147
M 4 0.9671  0.3501% 0.0433 0.1412

1 . 0.1162 0.0194 0.00024 0.0851
B 1 0.7348* 1.9296%* 0.0280 0.0317
MK 4 0.3420% 0.5898* 0.1081 0.4027%
MB 4 0.3412% 0.2120 0.0766 0.4049%
KB . 0.0346 0.00067 0.3628 0.0187
MEB 4 0.4356% . 0.1089 0.1400 | 0.3730*
Eyror . 38 0.1036 . 0.1179 0.1359 0.1150

#33enificant ab 5 per cent level



APPENDIX XIII
ABSTRACT OF ANOVA
Caleium content of heulus ab different stages

Mean sguares

Source arg First stoge Second stage Third stage Fourth stege
Replication 2 0.9066* 0.3366*  0.106% 0.1038

M 4 0.2293* 0.0%01 . 0.3683* . 1.8754*

i 1 0.0037 | 0,3010% 040577 . 0.0191

B 1 0.0400 0.5472% ~0.0022 S 1.1620

MK 4 . 10,1205 ©0.1923 . 0.0345 . 0.2046

1B 4 . 0.1122 © 0,2597* - 0.3679% 0.2434

XB 1 0.2627* 0.2196  0.0082% . 0.833
KD 4 040551 0.0999 10,0137 0.6067
Error 38 0.0498 0.0352. 0.0453 10.4031

#51gnificant at 5 pexr cend level



APPENDIX X1V
ABSTRACT OF ANOVA
Mognesium content of himulnms at different stages

Meen squeres

Source arf First osage Seeond stoge Thirxd sbage FPourth shage
Replication 2 0.0218 0.0%35% 0.0033 0.0524
M 4 0.02775* 0.0167* 0.0977* 0.0477*
K 1 0.0558# 0.0107 0.0154* 0.0060
B R 0.0054 0.0068 0.0482% 0.0785*
MK 4 0.025%* 0.0025 0.0266* 000099
MB 4 0.0078 0.0041 0.0265% 0.0971%
KB y 0.0037 0.00067 0.0187* 0.1335%
KB 4 0.0211% 0.0048 0.0132% 0.0146
Eryor %8 0.0107

0.0076 0.0031 0.0015

#F3ignif¥cent at 5 per cent level



APPENDIX XV
ABSTRACT OF ANOVA
Sulphur content of hemlms gt different stages

Mean squores

Source ag First stage Second otage Third stage Fourth stage
Replication 2 0.0021% 0.000252 0.0048*% 0.00016

M | e 0.0138% 0.0131% 0.0052% 0.0088*

K 1 0.0017 | 0.00113 0.0015 0.00032

B 1 0.00000067  0.0042% .0.00006 " 0.01176

MK 4 0.00320% 0.0021* 0.0045% 0400032

B 4 0.0082% 0.0051% 0.0085* 0.00413*

KB ] 0.01120* 0.0081 * 0.00861% 0.0019

MKB 4 0.0030* 0.00092 0.00096 0.0039*
Error 38 0.00043 0.00052 0.00052 0.00050

#5ignificant at 5 per cenbt level



APPENDIX XVI
ABSTRACT OF ANOVA

Ny P, K contents of kermel

Mean sguares

K

Source af ¢l _ ¥
Replicetion 2 1.0305% 0.000485 0.0165
M 4 7TT00% 0.0107# 0.0210
1 0.0522 0.000735 0.0577*
B 1 0.2042 0.0138% 0.0056
MK 4 - 0.4406  D.0216% 0.0164
MB 4 0.2510 0 .0200% 0.0087
KB 1 0 .0055 0.000082 0.00017
MEB 4 0.5847 0.0171% 0.0128
Error 58..'. 0.2848 0.00023 0.0%57

#gignificent at 5 per cent lovel



ATPENDIX XVIX
ABSTRACT OF ANOVA

Ca, Mg, S contents of. kernel

Mean squares .

Source ag Ca Mg S
Replication 2 0.0012 0.00051 0.000087
M 4 0.253%8% 0.1067* 0.0230%
K 1 0.0713% 0.0874+% 0.0015
B 1 0.0265* 0.0037* . 0.00043
MK 4 0.0549*% 0.0087* 0.00093
MB 4 0.0709* 0.0189# 0.00114%
KB 1 0.1277* 0.0269% 0.00081
MXB 4 0.0319*% 0.0024* 0.00014
Lrror 38 0.003%9 0.00086 0..000396

#Significant at 5 per cent level



APPENDIX XVIII
ABSTRACT OF ANOVA

Ny, P, X contents of shell
Mean squares
‘Source df N P X
Replicetion 2 0.0776  4340.00 0.0027
M 4 3.,1358* 326072..50% 0.0427*
1 0.2298 299626 .67 0.09%*

1 0.3925% 136240..00% 0.0129*
MK 4 0.2640* 491730 .83* 0.0990%
B 4 0.5840% 601035 .83* 0.4757*
XB 1 0.1102 114406 .67* 0.0256
MKD 4 0,5524% 704927 .50% " 0.0715*

* Frror 38 0.0023

0.0732 6171.57€9

Significant at 5 per cent level



APPENDIX XIX
ABSTRACT OF ANOVA
Ca, Mg and S content of ahell

Mean scinare

Source ag Ca Mg S
Replication 2 0.0011° 0.0046 0400015
Mo 4 14.2381* 0.0998 0.0035%
X 1 0.0022 0.0047 0.00067
B 1 1.0080% 0.,0170% 0.00024
MK 4 1.1353% 0,0450% 0.00034
MB 4 1.6045% 0.0032 0.00096
93] 1 0.5339% 0.00060 0.00131%
MICB 4 1.8125 0.0128% 0.00043
Error 38 0.06%1 0.0017 0.00028

#8ignificent ot 5 per

aent lsvel



APPENDIX XX
ABSTRACT O ANOVA
K/Cag rabtio in soil abt different abtages

Mean squares

Sourge ag Pirst stage Second stage Third stage Fourth stage
Replication 2 0.00080 . 0.00056 0.00075 0.000€6

5 4 0.0182% 0.110% 0.0093* 0.0354*

K 1 0.00006 0.0042% 0.00024 0.0089*

B 1 0.0101* 0.0035* 0.0022% 0.115*

MK 4 0.0108* 0.0052% 0.0067% 0.0234%

MB 4 0.0077* 0.007199* 0.0024# 0.0075%

KB 1 0 .4027" 0.0123% 0.00034 0.0028

MKB 4 0,.00796% 0.0164% 0.0042% 0.0062%
Error 38 080046 0.00035 000034 0.0007

#Simificant at 5 per cent level



APPENDIX XXTI
ABSTRACT OF ANOVA
K/Ce+Mg ratio in plent ab different stages

Mecan sgqueres

Source af Pirst otage Second stege Third stage Fourth stege
Replication 2 0.9340*  1.5419% 0.79353% 0.0572
M 4 0.1827 0.1103% 0.0548 0.0610
1 0.1882  0.1643% 0.0020 0.0060
1 0.4753* 1.1261% 0.00074 0.0807
MK 4 0.2362 0,1360%*  0.0312 0.0368
B 4 0.108% 0.1502% 0.0944 0.0622
KB 1 0.0836 0.0749 0.0018 0.0167
MED 4 0.0703 0.0478 0.0143 0.0327
Frror 38 0.0919 0.0378 0.0421 0.0316

#Sigmificent at 5 per ceat level
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ABSTRACT

A £icld cxperimendt wes conducted using dlfferent
caxriers of calciuc and magnesium, two levels of potepoium
end tuwo levels of boven end the' combinations thereof. The
4ifforent carriers used were negnesgite (cho ) asa
souree of megneesivm alona, linme (Gaco ) end gypsum (09.5 )
29 tuo dlfferent sources of calelum, dolomite as a naturally
aombined pouree of caleium and mognesiun end another |
treatnent conteining gypsum end maahﬁ carbenate, Cere
was taken to stondexdise the treatments with respect to the
quantity of caleium and megaesium carried by each of then
o on equivelent basio to eanable compaxrieons and a critical
enalysis, Two lovels of potessium (40 and 60 kg K/ba) as

well gs two levels of boron (0 ond 0 lkg/ha) as borax were
incluled. Yield date, 0il contanit, yield componcnte etcs
were observed. Detniled chemicel stuldies at different
ghoges of c¢rop growth of both moil emd plant gemples were
conducted. The selient £indings ave emumeratoed below end
the copelugionsg highlighted. _

lone of the moin effecto due to apendment treetments
or levels of potassium were significent with vespeot to
holght of the plent, number of brenches and dry welght of
neulns. Boron hes e depresoing effect on height and
number of branches bubt has po cffeet on dry'wel.ght of



2

hovlms. Gypounm treatment s well es highey lecvel of .
potessiva inoreased the number of pods pey plant. Telther
boron noy emendments have any effect on 100 kernel welght
but potasoium at higher level increased the 100 kernel
weighto

Gypoun containing treatments as well as highey dona
of potagsium increased the yield significontly. Shelling
pereentege ves eleo ineréased by gypsum. Here boron ondy
lovelo of pobasnium hadspoeoffect, When megnesiun ond
celeiwm vere applied together, oll content was enhanecaed
conocidershly. The rate of potassium o be epplled wes
dependent on the emcndment treatment. 0il yleld was found
%0 be highest for treatient E..5 The peximm net return
was obtained for the tresbtment MSK:‘L‘

At pod £illing stage, ¢ < 7. exalbted levels of
symbiotic nitrogen fixabtion caused an pliernate inorcesing
and decreesing trend of soil nitrogen end there vas a
decrcesing tzend in plent nitrogen. The neutralising
effeot of omendments and noutrel selt offect of muriate
of potash increased the available phosphorus content of
poil. The manovelent to divalent catlonic ratio wan found
$0 be miniomm in goil end maximm in plent wnder dolomite
treatment only at pod forming svege. This is ezplained
‘as dus 0 higher potaseium uptelie by plent.

Timag, fron the precent study gypsum is found to be
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the baetter source of caleium in increasing yiem.

Hegneslun is foumd to have a role in Increasing oil content,.
Boron also eMces 0il yield, The better efi'ec;t of

gypsun nay be clthor due to greater colubility -o‘f calciwmn
or due to the effect of anion gulphate as a nutricat.

- Thesge stuaieé conducted under monocrop gystem of
gromdnut io éeplicable under scuthern Kerela situntions.
However it has t0 be further reofined ﬁnder mtercro;p .
sltvations of groundnut along with casoave which is bel:ng
recormended and edopted in éouthem Kerala 0 widen the

scope of the t.éolmology nov evolved.



