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INTRODUCTION

Vegetable oil production from various sources in our 
country is fairly stagnant at 10 million tonnes for the 
lost 35 years. In spit© of the green revolution of the 
1960*o with the cereal crops wheat end rice and the further 
extension of the "high yielding variety concept” to oil 
seed crops, increase has not been registered. At present 
India importb 10 irfrh tonnes of vegetable oils annually in 
view of the stagnancy in production and to meet the 
enhanced demands due to a growing population. To off set 
this drain of foreign exchange resources considerable 
importance is currently being given to develop technologies 
for raising vegetable oil production. Aptly this has found 
a place as point number 2 of the Twenty Point programme 
of the Nation.

Several methods have been used lately in improving 
the vegetable oil production. Some of them are extension 
of area, introduction of exotic oil seed crops* introduction 
of annual oil seed crops as intercrops to enhance net area

t

i3Qvm in non—traditional areas* improvements in management 
techniques of individual oil seed crops etc.

Among the various oil seed crops, groundnut” offers 
greatest scope not only for varietal improvement* but also 
for improvement in management techniques in view of the
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widely varying agro-climatic situations in which it is 
grown as a field crop. In view of this attempts to Introduce 
the same in non-treditional areas and also as intercrop 
especially with cassava has met with some degree of success 
in Kerala mainly because of the cafeteria of varieties 
available • Further groundnut covers 40 per cent of the 
total oil seed area of the country and meets 60 per cent of 
the total oil production in the country*

In Kerala groundnut con be successfully grown as a  

monocrop in upland situations* as an under crop in old 
coconut plantations and as an inter crop along with cassava. 
These have been successfully experimented and is being 
demonstrated by the Kerala Agricultural University, Central 
Plantation Crops Research Institute end Central Tuber Crops 
Reeeerch Institute.

I'Jhile attempts are currently made to dovetail the 
cultivation of groundnut as an under crop in coconut gardens 
and ae an inter crop in cassava, there is a need to work 
out the requirements of amendments, especially of calcium 
and magnesium, for the soil end climatic situations of 
Kerala. Though considerable work has been conducted in 
other States, the soil situations in them often do not 
warrant or necessitate addition of calcium and or magnesium 
ao amendmentb to enhance the yield of pods and oil. In 
States such ae Gujarat and Tamil Nadu, the black and the
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red soils where groundnut Is often cultivated ere rich In 
calcium and/or magnesium* Contrary is the situation in 
Kerala where the red and laterite soils have a deplorably 
low content of both calcium and magnesium.

The divalent cations calcium- end magnesium and their 
importance in the gynaphoric nutrition of groundnut has 
been well brought out from the basic studies conducted by 
Molt and Maas (1979)* However under the soil situations 
of Kerala* the carrier of these elements have to be 
standardised both in relation to their nature and to the 
quantity of monovalent cation potassium added as potassio 
fertilisers*

In view of this* the present study has been projected 
with the following limited objectives initially s
1, To elucidate the role of calciums, magnesium* sulphur

ana boron in the nutrition of groundnut in relation
to yield and oil content*

2, To study the effect of carrier of calcium and
magnesium in the nutrition of groundnut*

5 . To study the effect of K/Oa+Mg ratios in the
nutrition of groundnut*

4. To bring out the role of calcium* magnesium and
calcium plus magnesium in relation to application
of boron*
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REVIEW OP LITERAITJRE

The importance of fJ, P, K together with calcium, 
magnesium* sulphur end boron in the.nutrition of groundnut 
with reference to yield, yield attribute©, oil content end 
other characters, was brought out by many experiments 
conducted in India end abroad. Some of the salient findingo 
relevant ere briefly reviewed hereunder.
1. Effect of nutrients on yield
a* Effect of nitrogen, phosphorus end potassium on yield 

and yield attributes.
Colwell et al. (1945) showed that poorly filled 

groundnut shells had higher nitrogen and potassium than 
the shello with well developed seeds.

Rogers (1948) reported that peanut possesses an 
ability for luxury consumption of potassium. Goldin and 
Ilar-Taook (1966) found that NEK fertilisation increased 
total plant weight, prolonged the period of flowering, 
increased shelling percentage end increased pod yields.

Sreedbaran and George (1968) observed that application 
of potassium along with calcium and magnesium increased 
the pod yield, yield of haulms and shelling percentage.

Chokhey Singh end Pathak (19&9) noted that the 
combined application of NKC gave significantly much higher 
yields tban K, P and K applied singly and when any two
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were applied together*
Telia et al* (1971) observed an increase in pod yield

by application of HFK fertilisera in soils of pH near 
neutrality*

Oforl (1972) reported that application of 50 kg 
ammonium sulphate per hectare with 50 kg ̂ O^/ha gave the
highest increase in yield*

Mpscomb et a!. (1966) observed that annual applica­
tions of 6* 10 and 20 kg P/ha to a well drained deep sandy 
loam soil increased groundnut yield*

Fageria (1974) reported that for groundnut plants 
grown in nutrient solution for 35 days* maximum yield was 
obtained at a potassium concentration of about 200 

and above this concentration there was no significant 
results*

Brcafield (1975) observed that phosphorus applied 
as ground rock phosphate — sulphur mixture outyielded 
ground rock phosphate and It was as effective as single 
super phosphate in increasing the yield* Hall (1975) 
reported that phosphorus together with calcium greatly 
increased the yield of groundnut but potassium chloride 
decreased the yield when applied together with phosphorus
and calcium*

Jayadovan end Sreedharsn (1976) reported that 
phosphorus application Increased the yield significantly * 
but nitrogen application significantly reduced the yield*
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Ewaida ot al« (1903) hod studied several aspects of 
SJPK fertiliser application together with calcium. 100 pod 
weight was Increased by calcium only. Nitrogen, phosphorus 
or calcium alone decreased 100 seed weight* Phosphorus or 
calcium alone increased shelling percentage while nitrogen 
alone decreased pod yield per pleat whereas potassium 
increased it. Pod yield was greatest with nitrogen and 
calcium in variety Gisa-1 and greatest with phosphorus, 
potassium end calcium in another variety GIsa-4.

Bathos and Chahal (1977) observed that in soils of 
low, medium and high Pg05 and sulphur contents, application 
of phosphorus and sulphur significantly increased the plant 
nitrogen content, dry matter and pod yield and shelling 
percentage •

There are contradictory reports also about the
effect of BSK in groundnut nutrition.

Davis (1951) observed that the use of large smounts
of potash decreased the yield.

Ctemeti and Qyenuga (1970) reported results of field 
experiments where groundnut was fertilised with NBK. They 
found that application of phosphorus fertilisers did not 
significantly affectr the yield of groundnut.
b, Effect of calcium on yield and yield attributes

Burkhart and Collins (1942) pointed out the 
importance of calcium in relation to the yield of groundnut.
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Caloiisa was found to be very beneficial and necessary in the 
soil medium for the production of good pods# They also 
showed that calcium might be further absorbed by the develop­
ing pods* .

Colwell et al • (1945) reported that the most serious 
ill effect of calcium deficiency was its adverse influence 
on the filling' end quality of pods in groundnut.

Mehlich and Colwell (1946) indicated that Increased 
yield and better quality of groundnut could be obtained 
by the application of calcium.

Brody et al* (1948) reported that application of 
calcium consistently increased pod filling when supplied to 
the pegging soneo.' Strauss and Griasard (1948) pointed out 
that percentage calcium saturation of the exchange complex 
was correlated with average weight of nut produced by a

t
plant.

Harris (1949) reasoned that poor pod development 
was observed when calcium was withheld from the pegging sons. 
An increase in shelling percentage of nuts in groundnut due 
to gypsum application was observed by Hye (1952).

York and Reed (1953) observed a reduction in number 
of flowers and hence the number of pegs, due to a deficiency 
of calcium*

Dolhuio and Stubbs (1955) found that caloium woe the 
only element that hod a favourable influence on pod filling 
and felt its presence was absolutely essential.
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Piggot <1360) observed an increase in yield Of ground­
nut due to application of superphosphate* He reported that 
the beneficial effect was due to its oaloiua content rather
than to the phosphorus supplied*

Misu&o (1961) found © significant depression in top 
growth, flowering, peg and pod formation in groundnut when 
calcium was withheld for a period following early growth.

Miauno (1965) observed that deficiency of calcium in
the pegging sone induced ‘pops*.

According to Harris and Byoloann (1966), calcium, 
deficiency lowered the quality end yield of groundnut*

Robertson et al. (1966) found that application of 
gyusnam at flowering stage increased the yield and reduced
the number of empty pods* .

Vesrsra^nvan and fctodhavan Hair (1966) reported an
increase in pod yield by sis end twelve per cent with the
application of lime at the rate of 750 and 1500 kg/ba
respectively • ,

Harris (1968) observed a reduction in seedling
growth due to calcium deficiency (5 ppm Ca in the nutrient
solution) * During the last half of the growing season
there was also a marked decrease in the product ion of foliage,
flowers, roots and kernels*

Mpp.l and Eosamoorthy (1969) observed that lack of
calcium caused a reduction in toe number of mature pods*
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Slack and Morrill (1972) found in green house experi­
ments that groundnut crop depends on calcium supply in the 
fruit zone for proper fruit development*

IsGgenatban and Krishnanioorthy (1977) observed on 
increase in pod yield up to a level of 150 kg Co/ho. • The peak 
period of calcium uptake was found to be between flowering 
and pegging for certain varieties tout it was between pegging 
and maturity for certain other varieties* This was noted by
Bathis et el* (197S)«

Xnsnega et al. (1979) observed in pot trials that when 
the soil in which pods developed, was low in calcium, seed 
end pod development were retarded and the proportion of 
unfilled pods increased markedly*

Mams and Kartsog ('1979) found that even 560 kg lime/hs 
was inadequate for maximum yield of groundnut in calcium 
deficient soil* -

Woit and Adams (1979) studied the effect of calclua 
on vegetative growth as well as on fruit development* At 
low levels of rooting-sone calcium both vegetative end fruit 
growth were influenced by rooting and fruiting aone calcium 
acting iii concert. As root sane calcium was increased above 
the, critical level for maximum vegetative growth, the plant 
changed from being almost fruitless to a ueak-fruited plant* 

Ferreira et al, (1979) found an increase in yield
due to gypsum application but there was no significant 
effect due to different rates and time of application on

i



seed yield.
Walker and Csinos (1980) found that by gypsum appli­

cation there was increase in yield end. quality of kerns la •
A reduced incidence of pod rot was also observed under such
conditions* ,

. Brar sfc-al. (1980) found that critical level of 
calcium in peanut leaves at pre-flowering stage is 1.25
per cent. -

In field trials at 43 sites on different soils in 
Virginia, Heliosis end Allison (1981) obtained yield responses 
to calcium averaging 0*49 t/ha with © maximum of 1.27 t/Im. 
The proportion of ground mature seeds was increased upto
23 per cent.

Keisling et al. (1982) obtained a linear relation­
ship between the total calcium content end seed weight* 

Contradicting the above views, there ©re a few
results.

Greenwood (1951) observed that gypsum alone .hod no 
significant effect either on kernel yields or haulms weight 
of groundnut but with phosphate, substantial increase was
seen in both* ■

Be "chatter:} oq (1976) foiled to get any effect forA
1 .8  ton of lime in yield.

' Walker et a!. (1976) obtained no effect for gypsum 
on yield or sound mature kernels of Vlorunner when they 
applied gypsum in a split— plot design using different
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peanut eve* .
Satyamarayem et el. (1975) observed that beyond 

3 t/ha of gypsua or 1 t/ha of lies, the yield of groundnut 
was reduced*
c. Effect of magnesium on yield end yield attributes

Brody et si* (1946) observed that magnesium sulphate 
was beneficial in improving fruit characteristics not only 
in toms of percentage of cavities filled but also in 
increasing the percentage of mature and two cavity else 
fruits in groundnut* Blair et ©1# (1949) found that 
magnesium sulphate commonly increased the crop yield in 
groundnut ♦

Hashimoto end Okaaoto (1953) observed that much 
magnesium was required for. forming the pods in peanuts*

Hallock and Garren (1968) noticed eu increase in pod 
breakdown in groundnut for a heavy dose of K^SO^ or MgSO^.

Hair et al« (1970) noted an increase in dry matter 
yield due to magnesium on groundnut* 'Shey have also observed 
that lack of magnesium affected modulation*

Sreedharon and George (1968) observed that oa^ieslum 
significantly increased the number of nodules per plant* 

Tejuddin (1971) in pot experiments cn groundnut 
observed that lime and magnesium increased the yield, the 
greatest response being obtained at the highest level of 
lime end magnesium.



12

Haniperumal (1972) observed an increase in the 
nusibcr of nodules, pod yield end protein content in ground* 
mat by the application of magnesium.

Suteraaaian et ol. (1975) noted an yield increase duo 
to magnesium alone. They also found that application of 
magnesium increased the availability of potassium end calcium 
to the crop from sowing to vegetative and reproductive 
stages* Xt Increased the availability of nitrogen from pro™
sowing to post harvest stage.

Dathla et g1 . (197Q) observed that magnesium accumu­
lation was greatest between grand growth end flowering for 
certain varieties while it was between flowering and pegging 
for certain other varieties and between pegging and maturity
for certain other varieties.

Chahal p-rd Sukhpal Singh (1979) found that calcium 
magnesium uptake was highest at 40 to 60 days of growth 

renfl the calcium and magnesium contents were in the orders 
loaves 7 stem 7 shell 7 seeds.
d. Bffect of sulphur on yield and yield attributes

Harris (1949) observed an increase in yield when 
sulphate Ion was used in the fruiting medium* Greenwood 
(1954) suggested that the beneficial effects of gypsum in 
the soils of Tligeria was not duo to its calcium but due to 
the sulphur content o Oram (1958) had shown that sulphur 
could increase the else of plant, encourage modulation,



13

Improve colour g M  prevent premature leaf-fall# Sulphur
also helped in the development of more pods which ore more 
strongly attached to the plants'. r

Panikksr (1961) observed that application of sulphur 
along with HSK has increased the yield In groundnut.

Shmio? (1965) obtained a higher yield ranging from 
13 -15 per cent by the application of sulphur as gypsum.

■. Kaphad© (1953) found that sulphur applied os gypaus 
increased the pod yield in groundnut by 20-27 per cent and 
when it was applied in combination with nitrogen maximum
dry matter yield was produced.

Allaway f31*1̂  Thompson (1956) worked out the sulphur 
metabolic pathway in groundnut as followst

Protein ̂— Methioninev
Biotin 

- Co ansymefr 
Glutathione

Sadenooyl methionine
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Chopra and Eaawar (1966) fixed a level of 10 ppo 
soluble sulphur -os the critical limit of available sulphur 
for groundnut . Sonjeevaioh (1969) stated that sulphur 
application increased the yield in groundnut. Palaaiappsn 
(1970) observed that pod yield was increased by phosphorus 
and sulphur application at higher doses. Subbiah et al.
(1970) noted an increase in the yield of groundnut in sandy 
soil but not in loamy soil.

Ofori (1972) found that application of 50 kg ammonium 
sulphate per hectare with 50 kg PgO^/ha gave the highest 
increase In yield.

Chshal end Virmanl (1973) found that gynopkoras 
absorbed 25 per cent of the total sulphur end 10 per cent 
of the total calcium present in the plant. Pods contained 
52 per cent of sulphur end 45 per cent of calcium absorbed 
by the fruiting organs*

Viraoni (1975) reported that critical limit of 
available sulphur for groundnut crop is 10 ppm.

Bromfield (1973) noted that sulphur uptake in
groundnut was maximum upto 1 1th week after sowing and
declined during the later periods. Application of sulphur
dust so fungicide in Malawi improved the kernel yield
(Laurence and G-ibbbn, 1976). ̂ r

When sulphur treated rock phosphate -was used* Bromfield 
(1975) obtained, a significant increase in the yield and 
total dry matter in groundnut.
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Dangelo and Zende (1976) noted that application of 
sulphur alone and in combination with B or FBI Increased NIJK 
■uptake by plants end reduced their excessive vegetative
growth* '

Bfl+.M and Chahal (1977) found that application of 
phosphorus pnfl sulphur significantly increased the plant ■ 
nitrogen content® dry matter end pcd yields and shelling 
percentage In soils of low and medium fertility* .

Misfcra (1960) observed that at concentrations below 
0*25 ppm of sulphur dioid.de* it appeared to have a slight 
beneficial effect on plant productivity.

Mariakulendai end Moracban (1965) found no beneficial 
effects for application of cattle manure* limej sulphur end 
gypsum under conditions at Peiur and Tindivanam.

Ashrif (1965) showed that there was no need to 
include sulphur in fertilisers for groundnut and so sulphur 
has no significant affect on gromdnut yield and shelling 
percentage •

Ofori (1975) in pot experiments# got no significant 
effect for sulphur or nitrogen on P uptake« Addition of 
54 leg sulphur b b rfegSÔ  significantly lowered the kernel 
yield at 5 per cent level.

Uadara^on (1981) observed that there was no response 
for both calcium and sulphur on yield# dry matter and oil 
content.



16

U?a2ker et el# (19S2) applied H£K end sulphur as 
combined foliar spray sod felled to get any significant 
affect mi yield bat at higher concentrations, caused severe 
foliar bams#
e# Effect of “boron on yield end yield attributes

Colwell end Bs&er (1939) observed that whenever 
boron deficiency was found, the application of boron to 
alfalfa and sunflower increased the quality of the produce# 

Qdhnoff (1957) noted that the primary influence of 
boron was exerted on the cell elongation stage of the cell
development • .

Hland et al. (1944) found that borax applied to 
the soil at the rate of 5 lb/acre improved the quality of 
groundnut#

Haynes and Robbins (1948) noted that roots growing 
with oil essential mineral nutrients except calcium perished# 
Vjhen root environment contained both calcium and boron 
roots maintained their functional integrity even when no 
other mineral nutrients were supplied to the medium#

Smith (1954) observed a complete inhibition of 
pegging due to boron deficiency#

Harris and Gilman (1957) had seen that boron improved 
the grade of groundnut but decreased the foliage yield# 

Rotini (1956) found that yield was increased by 
15 per cent by the application of 100-200 g of borax per
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200 sq. metres.
Leveque cud Beley (1960), when applied excess of 

boron it was found to be accumulated in the leaves leading 
to malformations and decrease in flowering and fruiting.

Harigopal end Rqo (196Q) observed on adverse effect 
of boron application on the chlorophyll content. V-fhen 
compared to control a decrease of 28 per cent, 40 per cent 
end even 55 per cent of total chlorophyll occurred due to the 
application of 1, 5 end 10 ppm of boron respectively. Toxic 
effects of boron were noted in plants by Stroller (1966) 
with a concentration of more than 100 ppm in the shoots.

Kotor (1964) noted that boron deficiency caused weak 
root end stem development and shedding of flowers*

Harris end Brolmcnn (1966) observed that plants 
given fertiliser plus boron had an early peak flower produc­
tion period and were free of abnormalities end produced 
maximum groundnut pods.

Harigopal and Hoc (1967) noted an adverse effect of 
boron on normal flowering, with higher boron doses.

Harigopal (1968) found that boron deficiency (10 Uyg 
in culture solution) reduced root and stem elongation when 
compared to control (0.5 ppm B). Plants received boron as 
boric acid or borax upto 6 kg per acre is found to Increase 
plant height by Asokan and Raj (1974). Beyond that it will 
decrease. It also increased yield end improved pod 
formation.
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• YedohollI at al. (1970) observed that application of 
450 kg gypsum and 7*5 kg borax per hectare along with 
nitrogen and' phosphorus to groundnut in red sandy soils gave 
significantly increased yields over nitrogen and phosphorus 
alone*

Pothiraj (1972) found that boron has significant 
effect on yield in combination with calcium but not inde­
pendently*

Hill and Morrill (1974) by applying boron in four 
carriers* upto Go days after planting* ocrold effectively 
control internal damage duo to boron deficiency*

Asokan and Raj (1974) found that on red loam and 
sandy loan soils* application of boron as 6 kg boric acid 
or boras per acre increased groundnut yield* and improved
pod formation*

Harigopal (1976) noted that in sand culture, when 
boron was applied at 10 ppm to groundnut cv. TMV—2f high 
amounts were accumulated in all plant parts*

Morrill et al. (1977) noted that detrimental effects 
(toxicity and reduced yield) of applied boron appeared at 
rates between 1*0 and 1*5 lb per acre end at the rate of 
0*5 lb, it consistently reduced the internal damage due to
boron deficiency*

Blaaey and Chapman (1979) noted a reduction in pod 
yield by 10 per cent due to higher doses of boron*
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Bror et el, (1980) found that the yield increased 
with the application of 2*5 kg Zn/ha end 1 kg B/ha, Uho 
proposed c r i t i c a l  levels of sine end boron in leaves for 
groundnuts grown in Punjab was 25 ppi for both* Maximum 
increase in yield, 120 per cent wee achieved with B+Zn+P 
fertilization*
2, Effect of nutrients on oil end protein

a. Effect of IT, P end K on oil end protein

York (1952) observed that peanuts usually responded 
little to direct application of potassium fertilizers except 
in soils extremely poor in the nutrients» Oil content in 
groundnut was increased by phosphorus and. potaeslm.
(Satyaaerayana cad Krishna&ao, 1962) *

i

. Horn (1964) noted that application of potassium
bisulphate increased the crude protein content of groundnut 
kernels*

Anderson (1970) found that application of potassium 
without phosphorus depressed the yield and oil content of 
Hat al~C omen and Pod one Bold groundnuts.

Verma et el, (1973) found that application of various 
sources of sulphur in combination with ITBK markedly 
increased the shelling percentage and the oil and protein

r

contents of the kernels*
Ehuiya and Chowdhury (1974) observed the followings
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In the wet season* groundnut on the Brahmaputra flood 
plain-soil* was given 0# 16 #8 or 33 .6 hg H/ha* 0 °r 67*2 
leg £/ka* 0 or 44.8 kg K/ha and 0 or 112 kg S/ha* Application 
of 16.0 sad. 33.6 leg I-l* 67.2 kg P or 112 kg S/ha increased 
the seed protein content. Potassium application did not 
increase the protein content. Phosphorus* potassium or 
sulphur application at 67.2* 44*8 and 112 kg/ha respectively 
increased seed oil content but there wss no response to 
applied II.

1 Basfca and Kao (1981) reported that P deficiency 
effects growth* total N* protein B* soluble II* starch* total 
sugar* phosphorus* magnesium, potassium and calcium contents 
of 30 day old peanut plants grown in sand culture.

Basha and Kao (1981) also reported th a t phosphorus 

and potassium d e fic ie n cy  resu lte d  in  accumulation o f a l l  the 

keto acids and amino acids i n  30 day o ld  and 20 day old 

groundnut leaves re s p e c tiv e ly . T h is  was due to s lu g g ish  

metabolism o f the tissu e  under phosphorus and potassium

d e fic ie n c y .

jayadevaa and Sreedharaa (1976) noted that protein 
content of “Aslriya Midtunda” was significantly increased 
iy nitrogen omd pliosphorus and a Easimum protein content of 
29.6 per cent was recorded by combined treatment with 30 kg 
17 and 100 kg 71/ha. The oil content of the crop was signi­
ficantly reduced by II application but significantly enhanced 
by phosphorus.



b. Effect of calcium on oil and protein contents

There is not much effect for. caloium on oil or 
protein content of peanuts. Calcium deficiency will 
definitely affect the quality of kernel and pod fill* cause 
to form poppy podo as reported by Mani and Remaaoorthy (1969). 
Harris end Erollman (1965) also reported that quality was 
affected by calcium deficiency#

Veeraragkavan and I-ladhavaa Nair (1966) observed that 
oil yield is greatly depressed fcy liming red loam soils of 
Kerala# .

Gain! et al. (1975) found in a three year experiment* 
that Ca, 2n, Hn, Mo, Cu, Fe or B increased the oil content 
of seeds from an average of 48.2 per cent to an average of 
49-51 par cent#

Blarney and Chapman (19&) found that lime application 
improved modulation* increased hay, pod and seed yields* 
shelling percentage, percentage of mature pods* 100 seed 
weight and seed protein concentration.

c. Effect of magnesium on oil and protein contents

Trepachev and Atrashkova (1965) observed that magnesium 
increased the protein content of groundnut kernel.

Hair et al. (1970) and Sreedharan and George (1968) 
observed that lack of magnesium affected nodulation and hence 
the nitrogen content.
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. ... perumal (1972) found that magnesium increased
the number of nodules and protein content in groundnut e

on et al* (1975) observed that oil content
was enhanced by magnesium*
d. Effect of sulphur on oil and protein contents .

Gilbert (1951) suggested the dominant role of sulphur
in protein synthesis*

• Jordan and Seisenauer (1957) observed that protein
synthesis was retertcd by sulphur deficiency *

Jacob end Yon Voxhull (1960) recommended sulphur 
containing fertilisers for oil producing crops especially • 
for groundnut* caster* linseed sad oil palms*

Veneraa (1962) noted that application of magnesium as 
mâ iesiua. sulphate enhanced the production of oil*

Naphade (1963) observed that sulphur fertilisation 
hpfl no effect on oil content in groundnut* But it increased 
protein content in groundnut in Nagpur eonditiono. Chopfde 
(1964) found that sulphur alone had no marked effect on oil 
content in groundnut but in combination uith phosphorus 
or uith nitrogen end phosphorus there was improvement in oil 
content*

Sussel (1966) suggested that sulphur is necessary 
for the synthesis of amino acids cystine* cysteine end 
melthionine and hence essential for protein elaboration*
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Stanford and Howard (1966) and Kanpfer and Zehler 
(1967) noted that oil crops have ki^er sulphur requirements 
because the oil storage organs are rich in protein.

Chopra and Kanwor (1966) contradicting the above 
findings* noted that application of sulphur alone decreased 
the oil content in legumes;protoin content also was decreased.

Ilenower end Brsozowska (1969) in pot experiments 
studied that sulphur deficient plants contained markedly 
less protein than those adequately supplied with sulphur.

Daftarder et al. (1969) found a decrease in oil content 
of groundnut seeds with an increase in sulphur application 
hut it increased protein content. .

Haaowor (1971) noted that sulphur deficiency affected 
the total and soluble protein.

Pathak end Pathak (1972) noted that sulphur favourably
affected nodulation and oil percentage.

Xaurenco end Gibbson (1976) observed the followings 
In improved sulphur status soil, the application of sulphur 
will contribute very little to the oil content of kernel.
In lower sulphur status* application of sulphur increases
the protein content. . ,

Reddy and Patll (1980) observed that application of 
elemental sulphur increased the oil content in groundnut 
kernel. Marajaa (1981) found that there was no response 
for both calcium and sulphur in oil synthesis.
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e. Effect of ‘boron on oil and protein contents
Purvis (1939) observed that boron deficiency caused 

accumulation of carbohydrates end decrease in protein content 
in plants*

Mohr (1942) noted that the tissues of plants inade­
quately supplied with boron contained in cost cases higher 
percentages of calcim, nitrogen, magnesium and iron*

Piland et al* (1944) observed that borax at the rata 
of 5 lb per acre improved the quality of groundnut*

Harris and Gilnann (1937) noticed that boron improved 
the grade of groundnut but mineral and oil content were not 
affected•

Rotini (1936) found that application of 100-200 g of 
borax per 200 eq .metres improved the content and quality of 
groundnut* It also increased the protein content.

Harigopal and Rao (1968) got the following observa­
tions: boron at 10 pish applied to five weeks old groundnut 
plants induced leaf chlorosis* In the chi orotic leaves 
total chlorophyll, chlorophyll V, chlorophyll 'b', protein 
and total nitrogen content decreased but boron end soluble 
H content increased* Boron applied as boric acid or boras 
upto 6 kg/ha was found to give significantly higher oil 
yield over control which received no boron, by Asokan and 
Ra3 (1974).

Harigopal (1976) observed that protein and total
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nitrogen contents were decreased by application of 10 pja 
boron.

Sankoran et al„ (1977) found an increase in oil 
content from 47.0 to 49 per cent with increasing boras 
applicaticn from 0 to 90 kg/ha.
3. Effect of sources of calcium. Da^nosluno sulphur and, 

boron In the nutrition of groundnut.
Rogers (1948) used 10 calcium sources of which* 

except calcium silicate and blast furnace Qloyo» all others 
were found equally effective in increasing groundnut yield
significantly.

Yenema (1962) noted that application of sulphate 
onion containing fertilisers caused ea increase in yield.

Ilaphode (1369) noted that application of sulphur as 
gypsum was more effective than elementol sulphur.

Lachover (1965) studied the effect of calcium 
carbonate and calcium sulphate on two soils in pot experi­
ments and found that both QaCO^ end CaSO^ at SOCK) kg/ha 
gave similar yields.

Asokea and Raj (1974) found that application of boron 
as boric acid or borax at 6 kg per acre is found to be 
equally effective.

Verma et el. (1973) when applied various sources of 
sulphur in- combination with UPK found that gypsum greatly 
improved the protein end oil content.
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Hall (1975) observed that phosphorus as serpentine 
auperphosphate cad calcium hydroxide together greatly 
increased the yield but either element supplied separately 
was ineffective.

Logenathon and Kriabnamoorthy (1977) found that pod 
yield increased with increasing CqGO^ or CaSO^ application 
up to 150 kg/ha, hut yield was higher with GqSO^. Nedara^aa 
(1981) noted that uptake of S and Ca from the added source 
was more from CaSO^ than from KgSO^ and CaGlg*
4. Interaction. effeots of calcium. ’ sagneeium. sulphur. boron and potassium. — — — —

Sal and Lahorayam (1967) found that calcium inhibited 
the rate of sodium absorption* but promoted the uptake of 
K+* S0“* Cl" and PO^ in ground crops.

Ofori (1972) failed to get any significant effect of 
sulphur and nitrogen applications on uptake by the 
groundnut crop.

■ Hsbeebullch (1973) observed that flower production 
decreased for increased doses of potassium in the absence 
of calcium and it increased for increased doses of potassium 
in presence of gypsum*

Hill and Morrill (1975) observed interactions for 
boron end calcium with yield* per cent sound mature kernels 
and external damage* Ho significant interactions were found 
for boron pr>fl calcium in the field but a boron—potassium
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interaction was found*
Siihpamanian et al. C1975) noted that magnesium 

application increased the availability of nitrogen from 
pre-sowing to post-harvest stage while phosphorus and 
magnesium availability decreased* Potassium and calcium 
availability increased from sowing to vegetative and. 
reproductive stages* Magnesium application greatly 
increased the uptake of nitrogen and phosphorus by groundnut* 

Singh at al* (1977) noted that in a second crop of 
groundnut after soybean* groundnut pod yield was reduced by 
increasing copper in the absence of sulphur* Sulphur uptake 
by groundnut was greatly reduced by Mo in the absence of 
applied sulphur but increased by Mo in the presence of 
applied, sulphur*

Warrington (1934) stated that calcium absorbed was 
approximately proportional to the calcium supplied irres­
pective of the, presence or absence of boron, although the 
total calc ilia token up was much reduced under the latter
condition *■

In a green house experiment,- Powers (1939) noted 
that boron was less effective in some eases where lime was 
used whereas availability of boron was somewhat improved 
when sulphur was added*

Fudge (1946) observed a depression in the uptake of 
potassium by the grape fruits due to the application of 
calcium and magnesium as dolomite*
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Bear end Toth (1948) concluded that the optimum 
conditions for cation nutrition of alfalfa was reached when 
65 per cent of exchange complex of the soil was ocoupied by 
calcim, 10 per cent by magnesium and 5 per cent by potassium* 

Powers end Jordan (1950) noted that lime tended to 
tie up part of the boron in unavailable form thereby reducing 
the available boron. Gypsum was more effective in reducing 
the availability of boron then sulphur alone.

Chopra and Kanwar (1966) observed that uptake of 
nitrogen, phosphorus and potassium in legumes increased 
.after sulphur application.

Lund (1970) found that ratios of Ca/Ca+Mg of 0*1 <
or less reduced growth*
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MATERIALS AH3) METHODS

The present investigation woe undertaken to study the 
effect of application of calcium* magnesium* sulphur and . 
boron on the yield end nutrition of groundnut under the 
agro-climatlc conditions of the southern region of Kerala#

Experimental site :
The experiment was carried out in the red loam soils 

of the Instructional Farm* College of Agriculture, Vellayani. 
The nutrient status of the soil is furnished in Table 1»

Season :
The experiment wag conducted from June to October*

1983# '
Seed materials :

The seeds of groundnut variety* TMY-2 obtained from 
Nagarcoil having a germination of 98 per cent were used in 
the experiment.
Details of experiment

The experiment was laid out in a 5 s 2 x 2 factorial 
RBD* replicated thrice and with five sources/levels of 
calcium, and/or magnesium, two levels of potassium and two 
levels of boron.
Treatments

The different treatment combinations ere given below s
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M , * 1 Bo

“ l K2 B0

M1 B1

* 1 K 2 B1

“ a K 1 %

Ma k 2 Bo

H2 K1 D 1

« 2 H 3<j

K i Bo
a . K2 %

« 5 h B1

“ 5 S2 B1

M4 K 1 Bo

k 4 E 2 Bo

k 4 K 1 Bjj

H4 K 2 B 1

K 1 Bo
IL5 V < >

H 3 1

” 5 K 2 B1

CaCO^ to give 560 kg CaO/ba 
MgCO^ to give 140 kg MgO/Iia
Dolomite to give 560 kg CaO/hG + 140 kg MgO/ha 
Gy puma to give 560 kg CaO/ba * 960 kg 50^/ha 
Gypeua + MgC0„ to give 560 kg CaO/ba +
960 kg SO^/ka + 140 kg %0/ha
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Kj - 40 kg K/ha
Eg - 60 kg K/ha
B0 - 0 kg B/ha

- 10 kg B/ha

Fertilizers; .
Urea (44#6$ ID, Mussorie rook phosphate (10.7# E2°g) 

and Muriate of potash (59 .6$ ) were used as fertiliser. A 
uniform dose of nitrogen and phosphorus at the rate of 10 kg 
per hectare and 75 kg per hectare respectively was given 
as basal dressing for all the treatments. Potassium, 
calcium, magnesium, sulphur end boron were given in 
accordance with the specified treatments.

The lay-out plan of the experiment is given in
Figure 1*
Size of plots

Gross plot sis© “ 5 3i 3 m
Net plot size * 2*5 35 2*5 ®

g
Uet area of the plot - 6.25 m
Spacing - 25 s 25 cm

Plant populations
dumber of plants per gross plot - 169
Humber of plants per net plot “ 121

Field preparation;
The experimental site was dug once. Tillage
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Tablo 1. Initial nutrient status of noil.

Replications
Nutrients R1 R2
Total nitrogen (Per cent) 0*041 0.041 0.068

Available phosphoras 
(lcg/ba) '

25*09 21.11 20.30

Exchangeable potassium 
(me/100 g)

0*115 0.113 0.110

Exchangeable calcium 
(me/100 g)

0.528 0.483
t

0.762

Exchangeable magnesium 
(me/100 g) 0.177 0.222 0.197
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operations were resumed after the receipt of sufflolent 
showers. Weeds and stubbles were amoved and the field was 
laid out into blocks and plots as per the experimental 
design* The plots were dug thoroughly to obtain a fine 
tilth and then levelled before the sowing of seeds.

■ q.y'sAThe seeds were sown on 28-6-1985 gap filling was done ■ ' A
on 7th day to ensure a perfect and uniform stand of the crop*

Manuring®
The entire quantity of manures and fertilisers, 

except the sources of calcium end magnesium were applied as 
basal dose* Calcium and magnesium were applied two weeks 
after sowing.
After cultivation ;

The first round of intercultivation was done two 
weeks after sowing when calcium end magnesium sources were 
applied. The second round of intercultivation was done at 
peg forming (45 days after sowing) stage for loosening the

i

top soil and controlling thevsfeeds.
Irrigation was given whenever found neceosaiy.
There were no serious attack of any pest or disease 

during the cropping period except the appearance of tikka 
leaf spots at the time of harvest.
Harvesting

The crop started yellowing after 100 days and was
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harvested on 15-10-1963*,
The hionotrlc observations end chemical analysis were 

carried out on five plants randomly selected from each plot*

Biometric observations

Height of the plant
The height of the selected plants was measured from 

the base of the plant to tho terminal bud* Mean height of 
the plant was recorded at the stages of flowering, pegging 
pod forming and harvest*

Humber of branches per plant
The number of branches was counted and average number 

of branches per plant was worked out end recorded at the 
above stages*

Yield of pods per plot
Fre3h weight of pods was recorded after their separa­

tion from the plant* The dry weight was also recorded 
after sun drying.
Yield of haulms per plot

The dry weight of haulms per plot was recorded after 
separation of pods*
Weight of 100 kernels

This was obtained by weighing randomly seleoted 
kernels from each plot*
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Shelling percentage
She dry weight of pods was recorded* The kernels 

from these pods were separated end weighed* From these 
weights» shelling percentage was calculated.

Chemical analysis

'Plant samples •
Sampling for chemical analysis at different etages 

vjoq done os follows* Five plants selected at random from 
the inside "border roue, were dug cut at a uniform depth 
of approximately 40 cm, after completely wetting the soil 
for one day*

The collected plant samples were washed to remove 
adhering soil particles, air dried and then dried in on 
oven at 70 *C and powdered* The powdered sample v/as used 
for chemical analysis*

Samples of plant materials such as haulms, kernel 
and shell were analysed by the following methods*

Nitrogens
The percentage nitrogen was estimated by micro- . 

k^eldahl method (Jackson, 1973) *
Phosphorus*

Phosphorus content was estimated by vanado-molybdate 
yellow colour method (Jackson, 1973) after digestion of 
the plant samples using nitric acid-perchloric acid mixture*
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Potassiums
She nitric acid-perchloric acid digest was used for 

estimation of potassium by f lemephotome t ry in on EEL flame 
photometer.
Calcium s

Calcim in the di-acid digest of plent samples was 
estimated in an Atomic Absorption Spectrophotometer.

Magnesiums
Magnesium content m s  estimated from the di-acid 

mixture in an Atomic Absorption Spectrophotometer.
Sulphurs 1

Sulphur content was estimated by turbidimetrlc method 
using BaClg.2HgO and gizm aoosia (Chopra and Kanwor, 1976).

Protein content of the kernel t '
From the nitrogen content of the kernel, the protein 

content was worked out by multiplying by 6.25.

Oil content of •toe kernels
Oil content of kernel samples wea estimated by cold 

percolation method (Kartha and Sethi, 1957)*
Soil sampless

Soil samples were collected before the starting of 
experiment as well as at the different stages such as 
flowering, peg forming, pod forming end harvest when the 
plant. samples were removed for analysis.
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The collected soil samples wore air-driede ground, 
sieved through 2 m  gIgvo and used for malyGio of the 
following* .
Total nitrogen*

Total nitrogen was estimated by micro-kjeldlial method 
(Jackson* 1973)•
Available phosphorus s

Available phosphorus was estimated by colorimetric 
method as detailed by Bray end Kurts (1954) •
Exchangeable potassium*

Available potassium extracted by using neutral 
normal ammcrnim acetate end was estimated by flame-photo- 
metry (Jackson, 1973)* ,
Exchangeable calcium;

Available calcium was extracted by neutral normal 
ammonium acetate and estimated in an Atomic Absorption 
3pe c trophotonet er•
Exchangeable magnesium:

Exchangeable magnesium was extracted with neutral 
normal ammonium acetate end was estimated by Atomic 
Absorption Spectrophotometry.
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Statiotlocl analysis*
Data relating to different observations were analysed 

statistically following the methods of Clgsfc© (1980) and 
Steel and Torrie (1981)*
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RESULTS

The data based on observations in the field and from 
chemical analysis in the laboratory were &iolysed statist!- 
colly. The mean values of various observations ora given 
in tables 2 to 21 * The analysis of variance tables arc 
given in Appendices I to XXI*

Height of the plant
Data on the mean height of plants at flowering, peg 

forming, pod forming and harvest stages were analysed and 
the following results were obtained*

She nain off Gets of sources of either calcium or 
magnesium and also that of potassium showed no significant 
effect in increasing plant height while a marked decrease 
in height was noted duo to application of boron at all the 
stages • Application of potassium also showed a negative 
tread in height though the difference was not significant. 
Hone of the interactions were found to be significant*

Humber of branches
Only the main effeot of boron was found to bo signi­

ficant* A marked decrease in number of branches was noted 
due to application of 10 kg 3/ha, Though the main effect 
of E was not significant, its interaction with boron was 
significant at flowering stage. At this stage with on 
increase of 20 kg K/ha, an increase in the number of
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Table 2(a) Height of the grouMnut plant at flowering and 
peg forming stages of growth (cm)

1 • Flowering 2. Peg forming

K2 B q B1 Mean K1 *2 B o B1 Mean

“l 5.19 4*92 5.02 5.99 5.06 13.76 13.21 15.36 11.61 13.48

M2 4*94 5.10 5.71 4.33 5.02 14.38 14.25 16.67 11.96 14.31

s 5.43 4.90 5.47 4.86 5.17 14.13 13.81 15.06 12.08 13.97

H4 5.81 4*90 5.56 5.15 5.36 11.31 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*86
B0 5.46 5.30 - - - 15.48 15.67 - -

B1 4.99 4.63 - - 12.27 12.17 - - -

Mean 5.23 4.96 5.38 4.81 - 13.88 13*92 15.58 12.22 -

S.E. per plot 
C.D. for B

a 0.490 
=> 0.443

S.E. per plot a 1.760

C.D. for B a 1*594
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rj)ablo 2(b) Height of the groundnut plant at pod forming and harvest stages of growth (om)

3. Pod forming 4. Harvest

K1 k2 B0 B1 Mean K1 k 2 B0 B1 Mean

M1 28.44 28,79 32,25 29.4Q 28 .62 50.11 48.79 52.26 46,65 49.45
m2 31.15 31.08 33.17 29.04 31 .10 51.13 51.08 53.16 49.04 51.10
M„

0
30.63 31.46 32.04 30.04 31 .04 31.04 50.63 51.46 52.04 51.04

H4 30.25 32.64 33.40 29.49 31 .45 51.92 52.64 53.39 51.16 52.28

M5 31.25 31.61 31.25 31.61 31 .43 51.25 51.61 51.25 51.61 51.43

B0 32.06 32.78 - - - 53.06 52.78 ■ - -

D1 28.62 29j45 — — 49.95 49.45 *■ _ ■*

Mean 30.34 31.12 32.42 29.03 51.01 51.12 52.42 49.70 -

S.E. par plot = 2.868 S.E. per plot = 2.976
C.D. for B o 2.597 C.D. for B » 2.701



Table 3. Number of branches in gronndnut at different stageo of growth

1. Flowering 2. Peg forming 3. Pod forming

K1 *2 B0 B1 Mean * K2 B0 Bi Mean S2 B0 Bl| Mean

M1Mo
4.7 4.8 4.6 4.8 4.7 6.4 6.9 6.6 5.6 6.2 6.9 6.8 7.0 6.6
4.9 4.7 5.4 4.2 4.8 6.9 6.9 6.4 6.4 6*9 7.6 7.5 8.2 6.9

C.

t'i.
4.8 4.8 . 5.5 4 o 4.8 6.3 6.3 6.7 5.9 6.3 6.9 6,9 7.1 6.7
5.2 4.8 5.2 4.7 4.9 7.3 6.3 6.8 6.6 6.7 7.9 6.6 7.5 7.0

4
“5
Bn

4.2 4.4 4.5 4.5 4.3 6.3 6.5 6*4 6.3 6.4 7.2 6.9 7.0 6.9
4.8 5.2 — - 6.9 6.7 - - 7.7 7.1

B1 4.7 4.2 - - - ■ - • 6.3 6.0 6.S 6.8

Mean 4.8 4.7 4.9 4.5 , - 6.6 6.4 6.8 6.2 ■ - 7.3 6.9 7.4 6.9 -

S.E* 
C *D»

per plot 
for B

a
C3

0.43
0.38

S.E.
C.D.

per plot 
for B

ct
at

0.64 ' 
0.58

S.E.
C.D.

per plot 
for B

= 0.56 
» 0.50

ro
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brandies was noted in the absence of boron while an inverse 
result was observed in the presence of boron* But this 
interaction wQa absent during peg and pod forming stages.

Dry weight of haulms
. The nnin effects of potassium* boron end the sources 

of calcium and magnesium were not significant t&ile M£ 
interaction was found to be significant * The interaction 
effects between different sources of calcium and levels of 
potassium were significant*

Humber of pods per plant .
Significant differences in the number of pods were 

noted due to application of various sources which supply 
either calcium or magnesium or both* Application of gypsum 
gave maximum number of pods (3D followed by application of 
the rptĥ  quantity of gypsum (1720 kg/ha) together with MgCO^ 
(300 kg/ha) (28). Ho significant difference was noted 
due to application of CoCO^ MgC0„ or dolomite. Application 
of potassltEi also gave a positive result* The number of 
pods increased from 25 to 29 with on increase of 20 kg 
K/ha. However no significant difference could be observed 
i&tder treatments with and without the application of boron 
(27). All the two-factor and three-factor interactions

twere found to be significant.
VJhen the dose of potassium was increased with en 

application of 1000 kg CaOO^/ha or 300 kg MgCO^/ha, a slight
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Sable 4(a) Dry weight of haulms sad number of pods per plant

Dry .weight of haulms (leg) No.of pode5 per plant

K1 *2 Bq B1 Mean K1 k 2 B0 B1 Mean

M1 4.26 3.45 4*16 3.55 3.85 27.23 25.40 26.53 26.10 26.52

“s 3.33 3.55 3*54 3.33 3.44 24.57 23.78 27.41 20.93 27.41

lS 3.66 4.07 3.58 4.15 3.86 23.27 27.87 20.77 30.37 20.77

M4 4.92 3.74 4.00 4.66 4.33 26.20 35.00 28.13 32.07 29.13
3.87 3.77 3.93 3.70 3.82 25.62 30.67 30.23 26.05 30.23

Bq 3.93 3.75 «*p - - 26.72 26.91 - - -
B-j 4.08 3.68 - - *• 24.03 30.17 “ *

Mean 4.01 3.72 3.84 3.88 - 25.38 28.54 26.82 27.10 -

S. 13. per plot a 0*4053 S.E. per plot « 1.7722
C.D. for MS a 0.8207 C.D. for M = 2.5376

C.D. for K * 1.6049
C.D. for MK & MB a 3.5867
C.D. for KB a 2.2697



45

non-eigni.fi cent reduction on the number of pods was 
observed, Bat when the seme increased dose of potasoium .
was applied together with gypoun9 dolomite end gypsum plus 
MgC05 (Treatment!^) on the contrast a significant increase 
in the number of pods was observed, 2he maximum increase 
(35) is noted with gypsum (1720 kg/ha) with higher level of
potassium (60 kg/ha),

MB interaction was, also significant though boron 
alone was not significant, A significant decrease in number 
of pods was noted due to interaction of boron with magnesium 
carbonate (21) or gypsum plus MgOO^ (26,03)« A remarkable 
increase was observed when boron was applied with dolomite 
(30) or gypsum (52). So it is revealed that a negative 
interaction was present when boron is combined with
magnesium carbonate.

Significant interaction between boron end potassium
was Qlso noted. In the absence of boronj the number of
pods were found to bo equal at both levels of potassium (27).
Doron alien applies, uitti 40 kg K/ba, geve only 24 poas wHlle-
with 60 kg K gave 30 pods per plant.

100-kesnel weight
An increase in the rate of potassium by 20 kg/ha 

decreased the 100-kerael weight significantly by 0,70 g.
The interactions of sources of calcium and/or magnesium
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Sable 4(b) 100 kernel weight and shelling percentage

100 kernel weight Shelling percentage

K1 Z2 B0 B1 Mean Ki “2 Bo B1 Mean

M1 41 *28 42.68 42.92 41.25 41.98 67.12 67.32 67.15 67.28 67.22
Mou 43 *B3 40.83 40.93 45.73 42.33 66.55 66.58 66.43 6b. 65 66.57

41.95 41.70 41*73 41.92 41.83 69.10 63.20 69.03 69,27 69.15
42.98 42.23 42.55 42,67 42.61 75.25 75,46 75.27 75,45 75.36

«5 43.43 42.55 42.63 43.35 42.99 75.53 75.62 75.53 75.62 75.58

Bo 42.35 41 *87 - - ~ 70.64 70.75 - - -

B1 43.04 42*13 — 70.78 80.93 *

Mean 42.70 42.00 42.11 42.58 - 70.71 70.84 70.69 70.05 -

S.E. per plot 
C.D. for M 
C.D. fpr IC 
C.D. for MK & MB

= 0,6001 

=* 0.8593 
= 0,5435 
a 1 <>2152

S.E. per plot 
C;D. for M 
C.D, for K & B

= 0.0509 

= 0.0730 

a 0.0462
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with potassium end aloo with boron wore found to ho sigii- 
ficant though the main effects of calcium ana/or magnesium
and boron ware not significant.

Application of MgCCLOOO kg/ha) with 40 kg potassium
was found to be the moot superior one though it was not
significantly different from application of lime with higher
rate of potassium (60 kg/ha) and application of gypsum with
lower rate of potassium. It was found that application of
gypsum plus magnesium carbonate was also ecvaally good.

Shelling percentage
The main effects of sources of calcium and/or 

magnesium end that of potassium and boron were significant.
Treatment Mg (Gypsun«MgP05) was found to be the best 

treatment in increasing the shelling percentage. The lowest 
□helling percentage was recorded under treatment Mg (MgCO^).

Application of higher level of potassium and appli­
cation of boron were also found to increase shelling 
percentage significantly«

Yield of pods
The effects of different sources of calcium

end magnesium end levels of potassium were found to be .
significant«

Application of gypsum or gypsum plus magnesium
carbonate increased yield gigaificaatly (3«0 kg end 2.5kg 
per plot respectively) than that produced by application
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of liras, raagzieoiizo. carbonate or dolomite.
An increase in the dose of potassium from 40 kg/bn 

to 60 kg/ha increased yield significantly from 2.30 to
2.51 kg per plot.

Big interaction between sources of calcium and 
magnesium end potassium was found to be significant. Gypsum 
plus magnesium carbonate together with higher dose of 
potassium (60 kg/ha) gave the highest yield (3*13 kg/plot) 
though it is not statistically different from gypsum plus 
HgC0? with lower dose of potassium (3*05 kg/plot) or from 
gypsum end higher dose of potassium (2.90 kg/ha) •
Magnesium carbonate with lower dose of potassium recorded
the lowest yield (1.99 kg per plot).

The interaction of potassium with boron was signi­
ficant though the main effect of boron was not significant.

Application of potassium with and without boron is 
equally good. However, a decrease in yield due to boron 
application at lower level of potassium (40 kg/ha) occurs.

Oil content of the kernel*
The main effects of sources of calcium and magnesium, 

and boron were found to be significant •
Application of dolomite Is found to increase the 

oil content significantly (48.71 per cent) than that of 
gypsum alone* But when gypsum plus 1%C0„ was applied there 
was a slight decrease (46.94 per cent) thou^a not signi­
ficantly different from dolomite application or from gypsum



Table 5. Yield of pods, oil content and protein content of kernels

Yield Oil content (per cent) Protein content (per cent)

S1 k 2 B0 B1 Mean Ki Kg B0 B1 Mean K 1 Kg B0 B 1 Mean

2 .28 2.09 2.32 2.06 2.19 40.00 35.83 38.50 37*33 37.92 22.98 26.19 25.48 24.69 24.58
i

1.99 2.13 2.19 1.93 2.06 35.33 40.80 32.00 43*33 37*67 24*69 21.19 21.90 23-98 22.94
d

IU 2.01 2.23 2.17 2.07 2.12 46*67 50.75 49*50 47-92 43.71 23.23 23.04 22.48 23.78 23.-14
5

M. 2.14 2.95 2.40 2.69 2.55 45.67 46.17 45*67 46.17 45.92 34.73 33.95 35.32 33.35 34.34
4

3.05 3.13 3.12 3*16 3.09 5 0.88 43-00 46.00 47.58 46.94 22.61 22.01 22.31 22.30 22.31
0

Bn 2.41 2.47 — - 42.80 41.87 - - - 25.63 25.38 —
u

B1 2 .18 2.54 - - — 44*62 44*43 *** *» 25.67 25.18

Meen 2.30 2.51 2.44 2.36 - 43.71 43.15 42.33 44.53 - 25.65 25.28 25.50 25.42

S.E. per plot 
C.D. for I-l 
C.D. for K 
C.D. for MS
C.D. for SB

0
52
s
Q
a

0.1442
0.2091
0.1505
0.2918
0.1846

S.E. per plot 
C.D. for M
C.D. for B 
C.D. for HE & MB

o 1.6800 
a 2.4056 
a 1.5214 
■ 3.4020

S.^. per plot *= 1.9259
C.D. for M » 2.7576

CD
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alone (45*92 per cent)* Application of MgG0„ alone 
significantly decreased oil content (57 *67 per cent), while 
increased the oil content when applied along with, other 
liming materials* Farther, application of lime alone, devoid 
of magnesium gave sn oil content qquqI to that obtained when 
magjacsium alone Is applied end considerably less than the . 
oil content obtained for calcium together with magnesias* 

Boron has increased the oil content significantly 
from 42*53 per coat to 44*53 par cent.

She interaction effects of sources of calcium and 
magnesium, both with potassium and boron were significant • 
Dolomite with higher dose of potassium and gypsum plus 
tigGÔ  with lower dose of potassium were superior to all 
other combinations. Between the two the former is slightly 
superior though not significant* With h lime a lower dose 
of potassium was found to give better oil content while 
with MgCG^f a hi^ier dose gave better oil content but these 
two were not significantly different* S’or gypsum, potassium 
at both the doses were not differing significantly from
one another, ,

Dolomite application with and without boron was not 
significantly different from the treatment gypsum plus 
MgCG„ with boron*

Protein content
Only the main effect of sources of calcium and



magnesium was found to be significant* Gypsum application 
is found to increase the protein content significantly 
(34*34 per cent). All other treatments did not hove a 
significant effect on protein content. Gypsum plus MgCO^ 
recorded the lowest percentage of protein.

Uutrient status of the soils 
Total nitrogen -

At flowering stage the total nitrogen content of 
the soil was very high (0.113 and 0.102 per cent) in plots 
where and gypsum had been added when compared to other 
treatments.

When line was added with lower or higher rates of 
potassium or magnesium carbonate was added with higher 
dose of potassium or gypsum was added with lower dose of 
potassium or gypsum plus MgCO^ was added with higher dose 
of potos3luaB the total nitrogen content of the soil was 
very high* At peg forming stage only in the case of lime 
treated plots, total nitrogen content was observed to be
high. * ’

At pod forming stage, highest N content was recorded 
in plots where I-5gC0„ was applied. This was followed by 
the treatment under gypsum. At harvest stage, total 
nitrogen status was generally lowcs? . though among the 
various treatments a higher content of nitrogen was 
observed in dolomite end gypcum applied plots. ’
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Table 6(a) Total nitrogen in the soil (per cent) at flowering 
and peg forming stages

1 • ^lowering. 2 , Peg forming

V S2 Bo B1 Mean K1 K2 Bq B1 Mean

"l '
0.107 0.110 0.110 0.115 0.113 0.096 0.132 0.110 0.110 0,114

®8
0.088 0.107 0.080 0.107 0.090 0.107 0.080 0.093 0.093 0.093

*3 0.093 0.080 0.093 0.080 0,067 0.102 0.080 0.083 0.098 0.091

« c
0.110 0.093 0,110 0.093 0.102 0.097 0,070 0.102 0.065 0.083

s
0.085 0,105 0.095 0.093 0.094 0.085 0.075 0.070 0.090 0.090

Bq 0.091 0.107 . - ■ - 0.095 0,008 - , -

B1 0.101 0.094 - - - 0.099 0.087 — *•

Mean 0.096 0.101 0.099 0*098 - 0.097 0.087 0.092 0.093 -

S.S, per plot a 0.0084 S.E# per plot a 0#0106
C.D# for M ° 0.0122 C.D. for M = 0.00152
C.D. for MK & 1© b- 0.0175 C.D. for K - *» 0.0096
C.D. £t>r KB O 0.0110 C.D. for MK & KB ■=» 0.0215
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Table 6(b) Total nitrogen in the soil (per cent) at pod forming end hardest stages

3. Pod forming 4* Hardest

, h B0 B1 ,Mean K1 K2 B0 Mean

M1 0,105 0.088 0.097 0,097 0.097 0.085 0.083 0*093 0.075 0.034

“s

CM.O 0.108 0 .113 0*118 0.116 0.070 0,083 0.065 0.088 0.077
M3 0.083 0.103 0.080 0.097 0.093 0.098 0,100 0.102 0.097 0.099

M4 0.008 0.110 0.103 0.105 0.104 0.097 0.08Q 0.080 0.105 0.093

% 0.098 0.097 0.097 0.098 0.098 0.060 0.060 0.050 0.070 0.060

Do 0.105 0.095 - - 0.074 0,082 - - -

B1 0.099 0.107 - - - 0.090 0.084 —

Mean 0.102 0.101 0.100 0.103 - 0,082 0.083 0,078 0.087

S.E* per plot <3 0*0114 S.E*. per plot a O.G98

C.D. for H ° 0.0163 C.D. for M ® 0.0241
' C.D. for B o 0.008Q

C.D. for MB a 0.0200
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At peg foaming stoge application of potassium at 
higher dose reduced the nitrogen content significantly 
while at harvest stage boron application increased the 
nitrogen content significantly.

Available phosphorus
At flowering stage the available P status in the 

soil decreases as followss '

Gypsum > Dolomite > Gypsum + MgC0- > CaCO^ > MgGO^
The some trend was observed at peg forming stage also. 
But at pod forming stage no significant difference was 
observed between treatments. At harvest stage a slight 
difference was noted as follows.

CaCO^ > Gypsum ♦ MgCO^ > Dolomite > Gypsum > MgCCL
At flowering and peg forming stege, application of 60 kg 
K/lrn increased the soil available phosphorus status while 
no significant difference was observed in the other two 
stages he Ween the treatments.
Exchangeable potassium

At flowering stage the exchangeable potassium 
status was affected as followss ■

Gypsum ♦ MgCO- > MgCO^ > Dolomite > CoCO^ > Gypsum
So the status of exchangeable potassim was hi^ier in 
Gypsum + MgCO^ treatments.
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Sable 7(a) Available pho epitome (kg/laa) at flowering and 
peg forming eteges

1 0 Flowering 2. Peg forming
K1 *8 B0 B1 Mean K1 K2 B0 13 Mean

1!1 41 *37 57.54 54*35 47.56 53.45 61.37 64.90 70.59 55.65 63.14
Mg 43*53 39.93 40.93 47.58 44*25 42.36 50.12 44.82 67.61 46.21

60.16 62.84 51.65 71.35 61 *50 62.42 69.05 56.ES 74.62 65.73

M4 67*56 68.80 75.12 61.23 68.13 70.25 67.44 78.98 56.71 68.84

% 35*09 61.54 38.96 55.67 47.32 44*35 53.12 46.21 51.26 48.74
48.92 57*49 - - - 54*09 64.88 - - -

S1 54*58 58.77 w - • 58.19 56.87 ' - —

Mean 51.75 58.15 53.20 56.68 - 56.14 60.93 59-49 57.58 -

S.E. per plot s 4.132 S.E. per plot £3 3.808
C.D. for M . ® 5.917 C #D» for M EJ 5.453
C.D. for K a 3.742 C.D. for K C3 3-448
C.D. for MK & MB a 8.367 C.D. for MB O 7.711
C.D. for KB ' a 5.292 C.D. for K3 =3 4.877
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Table 7(b) Available pho aphonia (hg/lia) at pod forming and harvest at ago a o t  growth

• 7*, Pod forming 4. Harvest

K1 K2 Bo B1 Mean. Ki K2 B0 B1 Mean

!51 60,74 54.08 57*60 57.22 57.41 61.49 60.11 60.46 61.15 60.80

M2 58.09 52.31 53.77 56.63 55.20 56.50 52.34 52.31 56.53 54.42
m . 59.60 61.93 57.51 64.12 60.76 60.78 59.15 60.41 59.51 59.96

* 56.08 58.42 56*22 59.28 57.25 56.60 56.55 50.92 54.22 56.57

M5 62.55 57-31 62.09 57.77 59.93 61.72 59.15 58.79 62.08 60.43
Bq 58.15 56.69 - a* - 58.32 58.04 - - -

B1 60,67 56.93 - - - 60.51 56.88 - tm -

Keen 54*41 56.81 57,42 58.80 - 59.42 57.46 58.18 58.70 -

S.E. per plot a 3.1611 ’ S.E* per plot a 8.1029
C.D, for M a 3.9660



57

At tbs next two stages, main offsets of calcium and 
magnesium were not significant. At harvest stage, the 
exchangeable potassium status in the decreasing order is 
given below* '

MgCCup> Domomite > Gypsum > Gypsum + KgCO^> fcJgCO„

Main effect of levels of potassium was significant 
in all the stages except in pod forming stage. An increase 
in application rate by 20 kg K/ha increased the exchangeable 
potassium status in flowering stage. But in peg forming 
stage exchangeable potassium status was higher for lower 
dose (40 kg K/lia). Again at the harvest stage, it was high 
for the higher rate of potassium application.

The main effect of boron was significant in all the 
stages. At flowering stage boron application decreased 
the exchangeable potassium, while at peg forming stage, 
it increased potassium status. The same decreasing and 
increasing trends were observed at pod forming and harvest 
stages respectively. .

The interaction effects of source of calcium and 
magnesium with potassium was found to be significant at 
all the four stages. The interaction effects of sources 
of calcium and magnesium with boron was also found to be 
significant except at harvest stage.

The interaction effects of potassium and boron were 
significant at flowering and pegging stage but not at
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Table 0(a) Exchangeable potassium in the soil (bg/1 00 g) at flowering and peg forming stages

1. Flowering 2. Peg forming

K1 Kg Bq B1 Mean S1 Kg B0 B1 Mean

M1 0.182 0.148 0.108 0.142 0.165 0.147 0.110 0.147 0.110 0.120

M2 0.140 0.210 0.207 0.143 0.175 0.130 0.125 0.142 0.113 0.128

%
0.173 0.163 0,172 0.165 0.168 0.147 0.133 0.130 0.150 0.140

M4 0.165 0.162 0.162 0.163 0.16? 0.135 0.135 0.138 0.132 0.135

“5 0.188 0.222 0.205 0.195 0.200 0.125 0.142 0.147 0,120 0.133

Bo 0.177 0.196 - " . - 0.140 0.141 - - -

B1 0.162 0.162 - “ 0.133 0.117 **

a$M 0.170 0.179 0.187 0.162 0.137 0.129 0.107 0.125

S.E, per plot 
C.D. for M 
C.D. for K & B 
C.D, for HK & MB ■ 
C.D. for KB

» 0.0080 
=» 0.0113 
a 0.0071 
a 0.0157
O 0.0101

S.E. per plot 
C.D. ibr K & B 
C.D* for MK & MB 
C.D. for KB

= 0.0073
a 0.0066
o 0.0147 
a 0.0093
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ToTjIg 6(b) Exchangeable potassium in the soil (me/100 g) at 
pod forming end harvest stages

3. Pod forming 4* Harvest

K1 K2 Bo o D1 Mean E1 K2 Bo B1 Mean

0.127 0.103 0.120 0,110 0.115 0.137 0.140 0.157 0.120 0.138

“a 0.122 0.113 0.132 0.103 0.110 0.143 0,167 0.167 0.143 0.155
M* 0.120 0.128 0.122 0.127 0.124 0.133 0.168 0.173 0.12Q 0.151

-u 0.108 0.122 0.115 0.115 0.115 0.152 0.130 0.147 0.135 0.141

•s 0.112 0.115 0.135 0.093 0.113 0.133 0.147 0.158 0.122 0.140

Bo 0.126 0.123 - - - 0.157 0.163 - - -

D1 0.109 0.110 - - - ■ 0.122 0.137 - - ■ “

Mean 0,118 0.116 0.124 0,110 - 0.140 0.150 0,160 0.130 -

S.S. per plot 
C.D* for K & B 
C.D. far m  Ot MB

a 0.0071 
a 0.0005 
o 0.0145

S.E. per plot 
c.D. for M 
C.D. for K & B 
C.D. for I®

= 0.00B2 
a 0.0118
o 0.0074 
a 0.0167
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other stages. Exchangeable potassium was found to bo 
high©}? with higher rate of potassium uithout boron applica­
tion at flowering stage while at peg forming stage exchange­
able potassium was lowest at higher dose of potassium with 
boron application.
Exchangeable calcium

The m.ĉr> effects of sources of calcium and magnesium
was significant in ell the stages.

At flowering stage, gypsum application increased 
the exchangeable calcium significantly followed by gypsum 
plus MgC0„, calcium carbonate and dolomite in,the descending 
order while exchangeable calcium was lowest in iigCÔ  treated 
plots•

■ At peg forming stage also the seme trend was observed. 
At pod forming stage dolomite application increased 

the exchangeable calcium significantly followed by lime, 
gypsnzn plus IlgCÔ , gypsum ©Ed I-lgGÔ .
. At harvest stage dolomite treated plots also showed 

reAjfirraim exchangeable calcium status followed by gypsum 
plus MgCOy IlgCCL, gypsum and lime. The main effect of 
potassium was significant at flowering and harvest stages . 
only. At both these stages, higher rate of potassium 
application increased calcium availability.

Application of boron significantly affected the 
exchangeable calcium at peg forming stage by increasing the 
availability. This effect of boron was not noted at any
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Table 9(a) Exchangeable calcium in the soil (me/100 g) at 
flowering and peg forming otages of growth

1I • Flowering 2,. Feg forming
K1 K2 bg B1 Mean E* K2 B0 31 Mean

M1 0.863 0.653 0.955 0.762 0.858 0.490 0.643 0.673 0.460 0.567
M2 0.495 0.468 0.495 0.470 0.482 0.0-507 0.313 0.320 0.305 0.313

% 0.630 0.553 0.460 0.700 0.504 0.473 0.407 0.358 0.522 O • •P
*

O

M4 1.028 1.525 1.455 1.120 1.277 0.893 0.975 1.037 0.832 0.934

M5 1.095 1.348 1.110 1.550 1.222 0.Q85 0.870 C>.912 0.843 0.698

B0 0.811 0.975 - - - 0.583 0.737 - - -
D1 0.834 0.920 . - - - 0.637 0.548 - - -

Mean 0.822 0.947 0.892 0.877 •» 0.610 0.643 0.660 0.923 -

S.E. per plot 
C.D. fbr M 
C.D. for K 
C.D. for MK & m

= 0.0440 
= 0.0630 
a 0 *0390
= 0.0891

s.E, per plot 
C.D, for 14 
c.D. for 3 
C.D. for r n  a M3 
C.D. for KD

« 0.0379 
= 0.0544 
= 0.0344 
a 0.0770 
a 0.0467
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Sable 9(b) BHohc2i£cablo eGlciun in the ooil (ne/100 g) at 
pod forming and harvest atsgos

1M

«2
%

«4
%  
B,
B
0
1

3« Dcd forming 4. Horveat
B, 3-j Mean K, IC 3, 3^ Mean

0.3B5 0,883 0.797 0.673 0.735 
0.465 0.312 0.363 0.413 0,338 
1,083 1.117 1.078 1.122 1.100 
0.593 0.603 0.627 0.570 0.598 
0.618 0.635 0.605 0.56© 0.627 
0.626 0.794 - - -
0.712 0.627 - - -

0.573 0.400.0.653 0.320 0.467 
0.527 0.607 0.486 0.645 0,567 
0.618 1,053 0.863 0.807 0.636 
0.345 0,670 0.433 0.582 0.508 
0.813 0.713 0.767 0.760 0.763 
0,646 0.637 - - -
0.505 0.741 - - -

Mean 0.669 0.710 0.710 O .669 - 0.575 0.6B9 0.641 0.623 -

S.S. per plot 
c.D. for a 
C.D. for t-SK & 
o.i). for 103

« 0.0490 
° 0.0703 
*3 0.0994 
e 0.0629

per plot
C.D, for M 
c.D. for x 
c.D. fbr KK & MB 
C.D. for KB

« 0.0424
C 0.0632
<= 0.0400 
a 0.0894 
e 0.0565
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other stage* . ■
The interactions of sources of calcium and

magneoiimi both with potassium and boron wore significant 
in all the stages.
Exchangeable magnesltEi

The vy-ln effects of sources of calcium end magnesium
were significant at all the four stages.

The exchangeable magnesium content was maximum 
(0-353 me/100 g) in treatment alone followed by
treatment dolomite. Application of gypsum plus MgC03 end 
line were on par while the lowest exchangeable magnesium 
content was noted in gypsum treated plots. This was the
observation at the flowering stage.

At peg forming stage the maximum aval lability was
for MgSO^ treatment and the minicreir for gypsum applied 
plots. But the plots treated with gypsum plus magnesium 
carbonate recorded a significant decrease in exchangeable 
magnesium when compared with lime application.

At pod forming stage similar results as in flowering
stage were observed.
. At harvest stage similar trends were observed for
exchangeable magnesium in all treatmentd except gypsum ^
MgC0„ which recorded oh M^ior exchangeable megaesium 

0 *

content than lime alone.
The main effect of potassium was significant at
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Table 10(a) Exchangeable magnesium in the soil at flowering end peg forming stages (me/100 g)

1 • Plow ©ring 2« Peg forming
K2 B0 B1 Mean h . k2 B0 B1 Mem

Mi 0.235 0.227 0.282 0.180 0.231 0*232 0.310 0.260 0.282 0.271
M2 0*383 0*317 0.310 0.395 0.353 0.433 0*383 0*437 0380 0.408
K,3 0*263 0*£?2 0.275 0.265 0.270 0*362 0*289 0*277 0.365 0.321
M4 0.117 0.137 0.120 0.133 0*127 0.090 0.103 0.105 0,088 0,097
M5 0.233 0,217 0.233 0.217 0*225 0.202 0,167 0.207 0.192 0.199
B0 0*253 0.235 •» «• mm 0.243 0.271 - - -
B1 0.244 0.232 • * - 0.284 0.239 - - -

Mean 0*248 Cl.o 0.244 0.23S 00 0*264 0*255 0.251 0*261 -

S.E. per plot o 0*0103 S.E. per plot a 0*0265
C.D, for M a 0*0262 C.D. for M a 0*0377
C.D, for MK & MB = 0,0371 C.D. for MK & MB a 0*0534

C.D.fbrKB a 0.0338
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Table 10(b) Exchangeable niagaeeiina in the coil at pod forming 
end harvest stages (me/100 g)

3. Pod foming 4. Harvest

Ei E2 B0 B1 Mean K1 *2 B0 B1 Mean

K1 0.170 0.183 0.202 0.152 0.177 0.201 0.213 0.230 0,183 0,20?
H2 0.548 0*339 0,423 0.455 0,430 0.402 0.443 0.353 0.452 0,423
1% 0.397 0.322 0,320 0.39S 0.359 0.305 0.443 0.367 0.382 0.374
\

0.088 0.117 0.103 0.087 0.095 0.102 0.117 0.110 0.108 0.109
K5 0.188 0.173 0.195 0,167 0.181 0.260 0.32S 0.297 0.292 0.294
B0 0.260 0.217 - - - 0.262 0.297 - ■ - -
B1 0.277 0.227 — - 0.245 0.381 « * -

Mean 0.278 0.222 0.24S 0,252 «q» 0.254 0.309 0.279 0.283 -

S.E, per plot 
C.D* for M 
C.D. for K  

C.D. for MK £: MB

« 0.0151
a 0.0216
a 0.0137 
ra 0 *0306

S.E. per plot 
C.D* for K 
C.D. for K 
C.D. for MK & MB 
C.D.fer KB

a 0.01^1 

« 0.0268 

a 0.0170
a 0.0379 
a 0.0240
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pod forming and harvest stages. At pod forming stage 
inereasS In dose of potassium decreased exchangeable 
ma^ieslna while the reverse result was observed at harvest 
stage.

T-he intoraotion effects of sources of 
calcium (2nd magnesium both with potassium and boron were 
significant at all the four stages whereas potaselum-boron ■ 
interaction effects were observed in peg forming and harvest 
stage•
nutrient content in haulms . 

nitrogen
The miTi effect of sources of calcium end magnesium 

was significant only at peg forming end pod forming stages. 
Application of lima increased the nitrogen content signi­
ficantly at peg forming stage. At pod forming stage# the 
treatment with gypsum alone decreased the nitrogen content
significantly.

• The renin affect of potassium and boron were not,
significant at any stage. .

The interaction effects of sources of calcium and 
magnesium with potassium was significant at flowering and 
harvest stages while that with boron was significant only 
at peg forming stage.
Phosphorus content of the haulms

The renin effect of calcium and magnesium was
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Table 11(a) Nitrogen content of liaulms (Per cent) at 
flowering and peg forming stagea

1. Flowering 2. Peg forming

.. ■" K0 E1 B0 B<l Mean *0 K1 B0 B1 Mean

3.465 3.650 3.604 3*511 3.557 3.419 3.465 3.373 3.511 3*442
M2 3.663 3.937 3.863 3.937 3.900 3.412 3.234 3.049 3.326 3.100

“3 3.616 3.557 3.788 3.586 3.687 3.234 3.818 3.911 3.142 3.026

M4 3-355 3.973 3.511 3.816 3.664 3.003 3.003 3.373 3.633 3.003
* , 3.614 3.511 3*585 3.533 3.562 2.818 2.018 2.772 2.665 2.818
B0 3.567 3.753 - - 3.114 3.077 - - -

D1 3.658 3.979 - «• - 3.132 3.050 - - —

Mean 3.662 3.726 3.670 3.670 - 3.123 3.06S 3.096 3.095 “

S.E, per plot 
C.D. f or MK

S.E. per plot = 0.16 55
o 0.1835 . .. _l.r: ~ C.-;o
» 0,3715 C.D. for M « 0.2370

C.D• f or MB B 0.3516
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Table 11(b) Nitrogen content of hnulns (per cent) s$ pal forming end harvest stages

3* Pod forming 5. Harvest

K1 * 2 B0 B1 Mean K1 *2 B0 B1 Mean

H1 3*327 3.234 3.372 3.188 3.280 2.680 2.726 2.726 2.680 2*703
“a 3.465 3.465 3.373 3.537 5.465 2.810 2.865 2.818 2*865 2.841

•s 3.465 3.234 3.234 3.465 3.350 3.188 2.816 2.864 3.142 3.003

* 2.234 3.665 3.003 3.085 3.049 2*485 3.049 2.772 2.762 2.767
Mg 3.260 3.373 3.326 3.327 3.327 2.772 2.633 2.726 2.680 2.703
B0 3.317 3.206 ** - - 2.800 2.763 - - -

S1 3.391 3.262 av * 2.777 2.874 «*

Mean 3.354 3.234 3*262 3.326 - 2.7 89 2.816 2*781 2.826

S.8* per plot = 0*1746 5.E. per plot » 0*1942
C.D. for M a 0*2503 C,D.'forMK c 0*3935
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Sable 12(a) Phosphorus content of haulms (Per cent) at 
flowering end peg forming stages

1. Flowering 2. Peg forming
K1 .*2 B0 B1 Mean K1 Kg B0 B1 Mean

K, 0.622 0.568 0.026 0.362 0.595 0.778 0.627 0.795 0.610 0.703
H2 0*767 0.573 0.450 0.890 0.670 0.909 0.693 0.597 1.005 0.808
Mj 0.588 0.472 0.605 0.405 0.505 0*537 0.618 0.850 0.305 0.578

M4 0.443 0.700 0.387 0.757 0.572 0.323 0.545 0.473 0.395 0.434
“5 0.800 0.393 0.555 0.638 0.597 0.372 0.230 0.367 0.235 0.301
D0 0.635 0.495 - - - 0.58B 0.645 - - -
B1 0.653 0.567 « • - 0.579 0.441 - - -

Mean 0.644 0.531 0.565 0.610 - 0.5Q4 0.543 0.616 0.510 -

S.B. per plot =a 0*0757 S.E. per plot « 0*0611
C.D. for K a 0*0686 C.D. f or M a 0.0875
C.D. for HE fib HB a 0.1555 C.D. £br HK & MB e 0*1237

C.D. for KB o 0.0782
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Table 12(b) Phosphorus content of haulms (Per cent) at 
pod forming and harvest stages

Pod forming Harvest

K1 E2 B0 B1 Mean K1 K2 B0 B1 Mean

M1 0.430 0,350 0.350 0,430 0,300 0,640 0.673 0,450 0.863 0.657
M2 0.368 0.838 0,795 0,412 0.603 0,590 0.348 0,493 0.445 0.469

•s 0.378 0,355 0.393 0,340 0.367 0.420 0.527 0.455 0.492 0.473

M4- 0.762 0.518 0.720 0,560 0,640 0,585 0,505 0,568 0*572 0.545

“5 0.275 0.348 0.267 0.357 0.312 0.345 0,423 0.457 0.312 0.384

B0 0.428 0.582 - - - 0.499 0.471 - - -

B1 0,457 0.382 - - 0.533 0.520 - - -

Mean 0.443 0.482 0,505 0.420 - 0.516 0.495 0.485 0.527 -
S.E. per plot « 0.0542 S.E* per plot = 0.0539
C.D. for M a 0.0770 C.D. fbr M a 0.0771
C.D. for B = 0.0492 C.D. for MK & MB a 0.1090
C.D. for KB = 0.0696



Significant at all the three stages except at flowering*
At peg forming stags maximum phosphorus content was 

noted in MgCO^ treatment which was significantly different 
from others. The lowest phosphorus content was recorded in 
gypsum plus MgC03 treated plots.

At pod forming stage also maximum phosphorus content 
w  « »  HBPO, m f t  « a  * * * »  » »  u *  a w u « * * ® .
At harvest stage the maximum phosphorus content was observed 
in plants from plots under lime treated and the least from
plots •under gypsum plus tlgCÔ *

The Tnnin effect of potassium was significant only 
at flowering time* An increase in potassium reduced the 
plant phosphorus content conoid era1' '  j  • She main effect of 
boron was significant at peg forming and pod forming stages, 
la.both the cases application of boroa reduced the pkosphoru
content of haulms* 1

The interactions of calcium and magnesium with 
potassium and also with boron were significant at all the 
stages* The interaction of potassium with boron was 
significant at peg and pod1 forming stages only* Without 
boron, higher rate of potassium increased the phosphorus 
content while with boron the roverse was true at both 
stages* .
Potassium content of haulms

The effect of sources of calcium, and magnesium
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liable 13(a) Potassium content of haulms (Per coat) at flowering end peg forming stages

1 • Flowering 2* £eg forming

K1 Sg B0 3<j Mem Kt S2 B0 S 1 Mean

M1 2*693 2.293 2*360 2.627 2,493 2.727 2*173 2.507 2*383 2.450

H2 2.273 2.QS0 2.820 2.313 2.56? 2.847 2,700 2*907 2.640 2.773

2.667 2.693 2.967 2,393 2.660 2.693 2.367 2,6^7 2.373 2.530

S 2.713 2,767 2.807 2,673 2.740 2.667 2.047 3.000 2.713 2,857

%
2.380 2.553 2,547 2*387 2.467 2.513 2.940 3*333 2.320 2.727

B0 2,632 2,768 - - 2,861 2,832 - - -

B1 2.458 2,499 * — • 2.509 2,467 ** **

Mean 2.543 2,633 2*700 2.479 2*685 2.649 2.847 2.488 -

S.S. per plot 
C.D. f or B 
Gb1). for r n  & MB

a 0,1838 
= 0,1683 

O 0,3764

S,E, per plot 
C.D. far M 
C»D» for MK 
C*D. for B

a 0.1962 

= 0,2839 

o 0.402 

a 0*1796
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Sable 13(b) Potassium content of haulms (Per cent) at 
pod forming and harvest stages

"45. Pod forming 4.. Harvest
K1 E2 B0 B1 Mean K1 K2 B0 B1 Mean

M1 2.040 2.080 2.153 1.967 2.060 1.653 1.513 1.607 1.560 1.503
“2 2.127 1.847 2.000 1.973 1.987 1.907 0.536 1.753 1.800 1.777

1*947 2.167 1.947 2.167 2.057 1.993 1.507 2.000 1.500 1.750

M4 2.127 2.060 2.16? 2.020 2.093 1.627 1.647 1.393 1.880 1.637

M5 1.893 ro • 0 0 0 1.987 1.907 1.947 1.607 2.097 1.730 1.973 1.852
B0 2.077 2.024 - - *e» 1.752 1.641 - - -
B1 1.976 2.037 - 1.763 1.723 - -

Mean 2.037 o- 
I 

0. 
1

OJ 
t 2.051 2.007 - 1.757 1.682 1.697 1.743 -

S.E, per plot = 0.2128 S.E* per plot e* 0 * 1 9 6 3

C.D* £33? MK & MB « 0*3975
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was significant only at peg fozralmg 'stage. Application of 
gypsum# tlgCO^ and gypsum plus MgCO„ Increased potassium 
content sigolficautly when compared to lime sad dolomite*

The main effect of potassium was not slgoificent»
The main effect of boron was significant at flowering 

ond x>eg forming stages* At both these stages application 
of boron reduced potassium content of haulms significantly*
. The interaction effects of sources of calcium and 

magaeaiiea with potassium was significant at all the stages 
except at pod filling while that with boron was. sigaifleant 
at flowering and harvest stages* She maximum potassium 
content was noted when lower doss (40 kg/ha) was applied 
with hg00„, with the exception of gypsum and gypsum plus 
HgCQ~# in all other oases higher dose of potassium (60 kg/ha) 
reduced the potassium content of haulms* This was the 
observation at peg forming stage*. But at peg forming stage 
Piny* ranra content of potosBium was obtained when higher doss 
of potassium was applied with MgCO^*

Calcium content
The main effect of calcium and magnesium was signi­

ficant at all the stages except at peg forming stage* The 
result in the first stage Is as followss

Lime IlgCÔ  Dolomite Gypsum + MgCO^ Gypsum
But at peg forming stage# a significantly higher 

calcium content was obtained with lime application*
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r Sable 14(a) Calcium content of haulms (Per cent) at flowering 
' and peg forming stages

1, Flowering 2. Peg forming

K1 K2 B0 B1 Moan K2 B0 B1 Mean

*1 1,872 2,160 1.870 2,617 2.016 1.657 1.910 1.663 2.703 1.783
M2 1*818 1.568 1,670 1.713 1*693 1.745 1.798 1 *738 1.005 1.772
m 3 1*722 1.672 1.730 1,663 1.697 1,682 1,860 1,455 1.087 1.771

“4 1,913 1.798 1.952 1.760 1.756 ■ 1.590 1.735 1*598 1.726 1.663

M5 1*705 1,752 1.663 1.820 1.729 1.730 1,806 1.685 1.913 1.749
Bo 1.847 1.698 - - 1.523 1.787 - -
B1 1.765 1.002 4UN V » • 1.027 1.857 49 — - ■

Mean 1.806 1.790 1*772 1 .824 - 1.680 1.022 1*656 1.047 -

8*S. per plot a 0*1208 S.E. per plot =* 0,1082
C.D. forM = 0,1842 C.D. for K & B . «# 0,0900
C.D. for E3 a 0,1647 C.D, for m  = 0,2193
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Table 14(b) Calcim content of hstalma (Per cent) at poel 
, forming ami harvest stages

■ J "
3 . Pod forming A• , Harvest

Kg B0 : B1 Mean K1 K2 B0 B1 Mean

2,152 2.118 2,213 2,057 2.135 2.765 2,327 2.505 2.587 2,546

1,777 1.600 1,703 1.753 1.728 2.307 2,495 2.215 2.587 2.401

*% 1,703 1.687 1,908 1.482 1.695. 2.805 3,010 2,698 3.117 2,900

ma 1.877 1.939 1.935 1,880 1.908 3,412 3,327 3.418 3.320 2.369

"5
2.003 1,778 1,627 2.155 1.891 *2.893 2,845 2,560 3.178 2.869

Bo 1,920 1 o835 ** - - 2.772 2.587 - -

Dv
1,083 1 *846 ~ « • - 2,901 3.015 “ *** mt

SSeea 1.902 1.840 1.877 1,865 - 2,836 2.801 2.679 2,956 a t *

S.E. per plot » 0,1229 8,2* pas* plot - 0,3666
C.D, forif » 0,1759 to g M « 0,5269
C,S), f or MB «* 0*2469
C.Do for F3 « 0,1574
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At harvest otago a slightly higher content of 
coleim was in gypsum treated plots though it was not signi­
ficantly different from that of dolomite or gypsum plus 
MgC03»

The main effects of potassium and boron were signi­
ficant only at peg forming stage* Higher potassium dosage 
increased calcium content significantly but the reverse 
was the result with boron application*

fhe potash-borcm interaction was significant at 
flowering as well as pod filling stages while that of calcium 
and magnesium with boron was significant at peg and pod 
forming stages* The potaeih.-(Ca+Mg) interaction was not 
significant at any stages*

■ When boron was applied with gypsum^MgCO^ or with 
dolomite or with MgCG^ alone, calcium content was increased 
but with gypsum alone or lime alone, calcium was slightly 
or si@aifican.t2y reduced*

Magnesium content
The main effects of sources of calcium and magnesium 

were significant at all the stages©
The magnesium content in plants was significantly 

reduced only in lime applied plots at flowering stage while 
it was low in plants under gypsum treatment at peg forming 
stage, end in plants under dolomite treatment at pod forma­
tion and again in plents under gypsum treatment at harvest*

mailto:si@aifican.t2y
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Table 15(a) Magnesium content of haulms (Per cent) at 
flowering and peg forming stages

1. Flowering 2. Feg forming

Ei *2 Bo B1 Mean V *2 B0 B1 Meen

M1 0.393 0.607 0.468 0.537 0.503 0.588 0.577 0.570 0.595 0.585
m 2 0.568 0.600 0.570 0.619 0.594 0.610 0,657 0.635 0.612 0.625

0.620 0.583 0.582 0.622 0.602 0.575 0.605 0.585 0.595 0.590

«4 0.585 0.658 0.642 0.582 0.612 0.483 0.560 0.518 0.535 0.527

M5 0.588 0,657 0.623 0.622 0.623 0.600 0.622 0.571 0.650 0.611

B0 0.539 0.615 «* - - 0.559 0.593 - - -

B1 0.573 0.619 — • • 0.587 0.607 ■* *

t3ean 0.556 0.617 0.577 oCP>
in.o - 0.573 0.600 0.576 0.598 -

S.Eo per plot => 0*0505 S.E. per plot ° 0.0521
C.D.&rM a 0.0722 C.B. for M a 0.0461
C.D. for K a 0*0457
C.D. for MK a 0.1022
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Table 15(b) Magnesium, content of haulms (Per cent) at 
pod forming and harvest stages

3 . Pod forming 4 .  Harvest

S1 *2 B0 Bi| Mean K j K2 B0 B 1 Mean

M, 0.448 0.430 0.442 0.437 0.439 0.552 0.560 0.516 0.593 0.556

Mg 0.602 0.595 0.643 0.553 0.598 0.602 0.592 0.520 0.693 0.397

•s 0.252 0.452 0.455 0.248 0.352 0.620 0.585 0.535 0.670 0.603

V 0.473 O .46O 0*470 0.464 0.467 0.493 0.503 0.420 0.577 0.498

0.505 0.503 0.492 0.517 0.504 0.672 0.66? 0.748 0.590 0.664

B0 0.502 0.499 - -
’  - 0.589 0.498 - - -

B1 0.410 0.477 - - - 0.577 0.565 — • *■ .

Mean 0.456 0.43S 0.500 0.444 0.588 0.581 0.548 0.621 -  ■

S.E* per plot 
C.D. for M 
C.D. for 
C.D; for MK & MB 
c ,d , for K

a 0*0224 
o 0*0521 

n 0.0205 
s 0.0453 
« 0.0287

S.Ei per plot 
C.D. for M 
C.D. for B 
C.D. for MB 
C.D. for KB

= 0.0746 
a 0.1067 
a 0.0675 
p 0.1509 
= 0*0954
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At all stages magnesium content was high im plants from 
llgCO„ applied plots except at harvest stage where It was
higher for gypsum+MgGO^ treatment#

She main effect of potassium was significant at 
flowering and pod forming stage and that of boron woe signi­
ficant at pod forming and harvest stage#

Duo to increase in the rate of potassium, magnesium
content in plants was increased*

By application of boron-magneslum content was reduced
at pod forming stage* but increased at harvest stage. Dhe 
interaction of calcium or magnesium with potassium was 
significant at flowering and pod forming stages whereas 
that with boron was significant at pod forming and harvest 
stage* Iho potosslum-boron interaction was also significant 
at pod fowling end harvest stages.

At flowering* the application of 60 kg K/ha with 
gypsim plus MgG0„ increased magnesium content while it 
was considerably reduced when 40 kg K/ha was applied with 
lime# At pod forming stage* considerable reduction in 
magnesium content was noted when a lower rote of potassium
was applied along with dolomite*

When boron was applied with dolomite* magnesium 
content was significantly reduced at pod forming stage 
while a considerable increase in magnesim content was noted 
when gypsum * MgCO^ was applied without boron* at harvest
stage* .



Sulphur content
The main effect of sources of calcium end magnesium 

was significant at all stages* The sulphur content was 
significantly higher for dolomite treated plants end lowest 
for gypsum plus MgOO^ treated plants at flowering stage.
At peg forming stage It was hi$ier fbr plants from gypsum 
treated plots followed by gypsum plus MgCO^* At pod forming 
stage sulphur content was significantly reduced for dolomite 
applied plants. At harvest stage It was maximum for plants 
under gypsum plus MgCCL treatment*

The main effect of potassium was not significant at 
any stage. The main effect of boron was significant at peg 
forming and harvest stages* By boron application (10 kg/ha) 
sulphur content was significantly increased at both theB i
stages*
Nutrient content of the kernel

Nitrogen :
Only the main effect of sources of calcium, end 

magnesim was found to be significant* The nitrogen content 
of the kernel was significantly high in the case of gypsum 
treatment.
Phosphorus

The main effect of sources of calcium and magnesite 
was significant* The phosphorus content was significant3y
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Table 16(a) Sulptaw content of honlias (Per cent) at flowering 
‘ gM  peg forming at ages .

1. Flowering 2, Peg forming

,E1 K2 B0 ,B1 Mean K1 S2 Bo B1 Mean

M1 0.138 0.173 0.127 0*190 0.158 0.128 0.147 © 
i 
e*\ .«■ •

I 
o 0,145 0.138

“s 0.155 0.110 0.162 0*103 0.133 0,190 0.157 0,158 0,188 0.173

s 0.160 0,128 0.160 0,128 0.331 0.158 0.165 0,147 0.177 0.162

“4 0.210 0.208 0.167 O
J

toO
J.o 0,209 0.233 0.193 0.210 0,217 0.213

M5 0.207 0,192 0.210 0,188 0.199 0,210 0.215 0,217 0,213 0,213

B0 0,188 0.150 - - - 0,187 0.155 - - -

B1 0.160 0.177 - — 0,181 0.195 m “

Me on 0.174 0.163 0.169 0.168 0.184 0.175 0.171 0.183 «*■

S.E. per plot » 0,*0120 S.S. per plot a 0*0152
C.D, for H a 0,0172 C.D, for M n 0. 183
C.D. for m  & MB a 0.0245 C.D. for B « 0.0119
C.D. for K3 a 0.0154 C.D. for KB a 0.0168
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16(b) Snlplinr content of haulms (Per cent) at po& 
. forming end harvest stages

3. Pod, forming 4. Harvest

Kt E2 B0 B1 Mean El &2 B0 Mean

M, 0.167 0.127 0.182 0 .112 0.147 0.130 0.145 0.103 0.192 0.148

M? 0.160 0.175 0.150 0*165 0.168 0.132 0.133 0.113 0.152 0.133

SI5 0.133 0.117 0.145 0*105 0.125 0.125 0.118 0.120 0.123 0.122

“4 0.146 0.205 0.147 £r0CVI•0 0.166 0.127 0.142 0.128 0.140 0.134

H5 0.150 0.183 0.185 0*170 0.168 0.162 0.200 0.192 0.190 0.191

B0 0.163 0.151 c* «m - 0.123 0.139 - - ■-

B1 0.139 0.183 - •» 0.163 0.156 “ ' ok «*»

Mean 0.152 0.162 0.158 0*156 - 0.143 0.148 0.131 0.139 -

S.S* per plot 
C.S. for M 
C.S* for MR & MB 
C.D, for KB

a 0*0132 
a 0.0180
a 0.0266 

e 0.0168

3.B. per plot 
C.D, for *1 
C.D* for B 
C.D* for MB

a 0.0129 
a 0.0165
a 0*0116 
O 0*0261
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low in lime treatment while ill was highest under gypsum
treatment though not significantly different from gyp Siam +
1-IgCÔ  treatment.

By application of boron, phosphorus content of kernel
was significantly raised.

All the Interactions except potassium-boron were
oi^iif leant* .

Potassium
Only the effect of potassium was significant. An 

increased rate of potassium application from 40 to 60 kg/ha 
reduced potassium content in kernel *

Calcium
She pv*!" effects of sources of caleiimi end or 

magnesite patassitsa and boron were significant. All the 
interaction effects were also significant.

Applied lime caused significant increase in calcium 
content. Higher rate of potassium decreased the calcium 
content of kernels while the reverse happened by the
application of boron. ■

When lime was applied with lower dose of potassium, 
calcium content was significantly high, similarly boron 
application with lime also caused on Increase in calcium 
content.
M a g n e s i u m  -

All the mein effects and interact ion effects were



Table 17(a) Nutrient content of kernels of groundnut (Per cent)

K1 K2 B0 B1 Meon K1 K 2 B0 B1 Meaa K1 K2 B0 B1 Me8a
M«l 3.675 4.189 4.075 3.789 3-932 0.295 0.417 0.500 0.412 0.356 0.813 0.827 0.867 0.773 0.620
Mg 3.951 3.389 3.503 3.837 3.670 0.447 0.330 0.392 0.385 0.383 0.873 0.393 0.867 0.900 0.833

3.717 3.669 3*5© 3.808 3*703 0.412 0.413 0.453 0.372 0.413 0.880 0.747 0.813 0.813 0.813
5.555 5.432 5.651 5.356 0.493 0.427 0.432 0.375 0.483 0.429 0.393 0.807 0.340 0.860 0.350

Mg 3.618 3*522 3.571 3.570 3*570 0.410 0.433 0.412 0.432 0.422 0.333 0.710 0.800 0.743 0.772
Bq 4.009 4.060 - - - 0.384 0.389 - - - 0.36? 0.303 - - -

4.107 4.029 - - - 0.412 0.421 - - - 0.851 0.785 - - -

Mean 4.103 4.044 4.079 4.068 - 0.398 0.405 0.386 0.417 - 0.859.0.797 0.837 0.818 -

S.E. per plot « 0.3081 S.E. per plot = 0.0088 S.E. per plot « 0.0675

C.D. for MK & MB 0.0178

CDon



Table 17(b) Hutrient content of kernels (Per cent)
1 ,► Calcium 2<» Magnesium 3', Sulphur

E1 E2 Bo B1 Mean
K 2 ' B0 B1 Mean K2 B0 Mean

M1 0.792 0.515 0.520 0.798 0.653 0.612 0.447 0.458 0*600 0*528 0*140 0*110 0*128 0.122 0.125
Mp 0.555 0.502 0.597 0.460 0.528 0*417 0.383 0.420 0.380 0*400 0*128 0*107 0.123 0*117 0.118

0.370 0.388 0.392 O .367 0.379 0.407 0.323 0.360 0*370 0*365 0*125 0*115 0.103 0*137 0.120

M4 0.358 0*250 0.230 0.370 0.304 0.353 0.268 0*307 0*335 0*321 0^188 0.203 0*167 0.205 0*196
0.307 0.362 0.353 0.335 0.344 O .302 0.267 0.315 0*253 0.284 0*207 0*203 0.208 0.202 0.205

Bo 0.501 0.340 *D - - 0*431 0*313 - - - 0*159 0.141 - . - -
B1 0.452 0.475 " • 0.405 0.371 * 0*157 0.154 * •

Mean 0.476 0.407 0*420 0*464 0*418 0.542 0.372 0.383 - 0*158 0.148 0.150 0*155 -
S.E. per plot 
C.D. for M 
C.D. for K & B 
C J). for ME & MB 
C.D. for KB

a 0.0361 
* O.O5I3 
a 0.0324 
» 0.0726  
« 0.0459

S.E. per plot 
C.D. for M 
C.D. for K & B 
C.D. for ME & MB 
C.D. for KB

a 0*0169
=3 0.0242 
a 0.0153 
» 0.0342 
a 0.0217

S.E. per plot 
C.D. for M 
C.D. for MB

a 0.0115
a 0.0161 
a 0.0228

0 0
CD
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significant • When MgCO^' m o  applied with gypsum, magnesium 
content was significantly reduced & As in tliQ cdqg of 
calcium, higher dose of potassium decreased, msgaesiisn 
content while lower rate increased it. But when boron was 
applied magnesium content was increased. When gypsisa ♦
HgOO^ was applied with 60 leg K/ha as against 40 kg K, 
magaesiuoi content decreased significantly • A similar result 
was observed when gypsum plus LIgC0„ was applied with boron.

Sulphur
The main, effect of sources of calcium and/ 

magaeslum was significant, highest sulphur content was- 
recorded in gypsum + HgC50« followed by gypsum ©lone.. Both 
of these are not significantly different.

The interaction effects of boron with sources of , 
calcium and magnesium were also significant where appli­
cation of boron reduced sulphur content in gypsum ♦ ISgCÔ  
treatment while boron application increased sulphur ' 
content in gypsum clone.

Hutrlent contents' of the shell .

Kitrogen
The main effects of sources of calcium and 

magnesium, end boron were found to be significant. Lime 
application increased the nitrogen content significantly 
followed by MgC0„ application. Boron application reduced
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the nitrogen content* The interaction effects of sources - 
of caleiun. both with potassium and boron were also significant*

Phosphorus
All effects a M  interaction effects were signi­

ficant • Application of magnesium carbonate increased the 
phosphorus content Glgniflcently* However it was cm par 
with line application though there was a alight increase for 
MgCO^ treatment«, Gypsum application reduced the phosphorus 
content to a considerable level (320 ppm)*

An increase in potassium application by SO fcg/ba 
increased phosphorus content of the shell significantly* 
Similar was the result with boron application*

Potassium
Here also all the main effects and interactions were 

significant* Gypsum caused a considerable increase in 
potassium content when compared to other sources* Potassium 
at higher dose (60 kg/ha) as well as application of boron 
increased the potassium content*
Calcium

The main effects of sources of calcium and magnesium 
os well as that of boron were el gnifleant while the effect 
of potassium was not significant* ,

Shell calcium content was considerably high for 
CaCCL treatment while the least was recorded for gypsum*p



Table 18(g) Nutrient, content of the shell (H* 1? and K)
1 ,, Nitrogen (Per cent) 2. Phosphorus (ppm) 3 . PotoBoim (p©r cent)

K1 k2 B0 B11
Mean . K1 K2 B0 Mean Ki S2 Bq B1 Mean

ll1 2.523 2.237 2.571 2.190 2 .360 393*3 953.3 735*0 611.7 673.3 0.860 1.150 0.983 1.027 1.005
Mr, 1.761 1.190 1.856 1.095 1 .475 705.0 686.7 605.0 786.7 695.8 0.900 1.160 1.060 1.000 1.030
- dM„ 1.047 1.142 1.190 1.000 1 .095 441.7 365.0 443*3 363.3 403.3 1.020 0.980 0.820 1.180 1.000
3M, 1.285 1.330 1.142 1.476 1 .309 385.0 155.0 483*3 156.7 820.0 1.197 1.093 1.227 1.063 1.145

Mr 1.190 1.285 1.142 1.333 1 .237 266.7 638.3 138.3 966.7 552.5 1.027 1.020 1.040 1.007 1,023
P
B0 1,635 1.475 - » - 454.0 508.0 - «u tf» 0.965 1.067 — * *“

B1 1.437 1.399 - - - 462.7 691.3
1 . \

■ ~ * “ 1.036 1.075

Mean 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.E* per plot »■ 0.1562 . - S.E. per plot 0 45.36 S.E. per plot •3 0.0277
0 .D. for M 0 0.2337 C.D. for M =* 64.95 C.D. fbr M ES 0.0400

c.d . for B zx 0.1415 C.D. for K & B n 41.07 C.D. for K & B £S 0,0253
C.D. for MK & MB D 0.3164 C.D. for MK & I*®' 0 91*85 C.D. ;for MK & MB EJ 0.0566

C.D. for KB a 58.09 C.D. for KB B 0.0358

CDCD



Sable 18(b) Nutrient content of sliell (CaloiuQ, magnesium ami colplmr)
Calcium (per cent) MagFiQQiuo. (per cent) Sulphur (per cent)

K1 K2 Bo Mean K1 Kg BQ B1 Mean K,j Eg Bq Mean

M1 5*710 2,950 5*090 5.570 5*350 0.393 0.428 0.405 0.417 0.411 0.083 0.078 0.073 0.088 0.081
M2 2.633 3*260 3*408 2.485 2.467 0.425 0.215 0.317 0.322 0.319 0.067 0.060 0.070 0.057 0.063
M* 1.158 1.032 CDLT\0<4T»* 1,132 1*095 0.377 0.455 0.373 0.458 0.416 0.072 0.050 0.065 0.057 0.061

1.162 0.833 0.902 1.093 0*998 0.528 0.54Q 0.483 0.503 0.493 0.103 0.095 0.097 0.102 0*099
*5 1.165 1.613 2.0Q8 0.902 1.499 0.522 0.598 0.537 0.563 O.56O 0.088 0.097 0.102 0.083 0.093
B0 2.195 2.019 - - - 0.429 0.417 - - - 0.089 0.073 - - -
B1 1.736 1.937 “ “ ■“ 0.469 0.445 - - - 0.076 0.079 - - -

Mean 1.966 1.978 2.107 1.836 - 0.449 0.431 0.423 0.451 - 0.083 0.076 0.081 0.077 -
S.E. pep plot a 0.1450 S. S. per plot e* 0.0238 S.e. per plot =3 0.0097
C.D. for M a 0.2077 G,.X). for M a 0.0340 C.D. for M *3 0.0139
C.D. for B a 0.1314 C.D. for B . a 0.0215 C.D. for KB a 0.0124
C.D. for MK & MB a 0.2937 C.D. for MK n 0.0481
C«D« for KB a 0.1858

CDO



Application of boron increased the shell calcium 
content* All the interaction effects wore also significant.

Magnesium
The t8***" effects of sources of calcium and magnesium 

as well as that of boron were sigaifleant* She highest 
magaesitm content was for gypsum plus MgOO^ treatment* 
Application of boron reduced the magnesium content.

The interaction effect of sources of calcium end 
magnesium with potassium was significant though the main 
effect of potassium was not significant* '

Sulphur .

The main effect of caleim and magnesium was signi­
ficant. Highest sulphur content was recorded for gypsum 
treatment followed by gypsum plus HgCCu. The interaction 
of potassium with boron was also significant.
Monovalent CK) to Divalent (Ca*Mg).. ratio, in .soil

The effect of calcium and magnesium was signi­
ficant at all. the stages of flowering, peg forming, pod 
forming and hardest. The ratio was highest CO*21) for
MgCO„ tresifoient followed by dolomite (0.20) (110 significant3 ‘ ,
difference) and least (0*13) for gypsum at flowering stage. 
But at peg forming, a significantly higher ratio (0.20) 
for dolomite than that of 1%C05 (0.18) was observed. At 
pod forming stage it woo very low for dolomite (0.09) eud



Table 19(a) Monovalent (K) to divalent (Ca«Mg) ratio in soil at flowering and peg forming 
stages

i. . hi
1. Flowering 2 • Peg forming

^2 Bo B1 Mean E2 B0 B1 M e m

M1 0.17 0.15 0,16 0,16 0.16 0.21 0.13 0.19 0.15 0,17
4 0.16. 0.27 0.25 0.17 0.21 0,18 0.19 0.19 0.17 0.18
vu 0.21 0.20 0,24 0.17 0.20 0.20 0.20 0.21 0.18 0.20
M4 0.15 0.10 0.10 0.15 0,13 0.14 0.13 0.12 0.15 0.13
% 0.14 0.14 0,15 0,13 0,14 0.12 0,14 0.13 0.12 0.13
bq . 0.18, 0.18 - - - 0.19 0.15 - —
S1 . 0.15, 0.16 - = - 0.15 0. 16 . **

Mean 0.17' 0.17 0.18 0.15 - 0.17 0.15 0.17 0.1$

S.E* per plot 
C.D. for M 
C.D. for B 
C.D. for UK & MB

a 0.012 
3 0 .018 
« 0.011 
3 0.025

S.E* per plot 
C.D. for M 
C.D. for K & B 
C.D. for MK & MB 
C.D. for KB

3 "

0.011
0.016
0.100
0.022

0.014
CDro
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Table 19(b) Monovalent (K) to divalent (Ca«Mg) ratio in 
soil at pod forming and harvest stages

3. pod forming 4. Harvest
K1 K2 B0 B1 Mean K1 S2 B0 Mean

M1 0.17 0.10 0.13 0.14 0.14 0,19 0.23 0.18 0.24 0.21
k 2 0.12 0.18 0.18 0.12 0.15 0.16 0.18 0.20 0.14 0.17

% 0.09 0.10 0.09 0.09 0.09 0.14 6.11 0.15 0.11 0.13

M4 0.16 0.17 0.16 0.18 0.17 0.34 0,17 0.29 0.22 0.26

*5 0.14 0.14 0.15 0.13 0.14 0.12 0.14 0.15 0.12 0.13
Bq 0.14 0.14 «• - - 0.20 0.19 - - -
Dij 0*13 0.13 - - 0.16 0.15 «* -

Mean 0.13 0,14 0.14 0.13 0.19 0.17 0.19 0.17

SiB# per plot » 0.011 S.E. per plot *= 0.015
C.D, for M a 0.015 C.D. for M a 0.022
C.D. for B a 0.100 C.D. for K & E a 0.014
C.D. for MS & MB « 0.022 C.D. for UK & M3 0.051
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lakle 20(a) Monovalent (It) to divalent (Ca+1%) ratio in plant at flowering and peg forming stages

1. Flowering 2. Peg f oraing

K1 K2 Bq 3  ̂ •Meaii k<8 *2 B0 B1 Mean

H1 1.04 0.85 1.01 0.86 0.95 1.24 0*69 1.07 1.06 1.07

M2 0.96 1.52 1.47 1.01 1.24 1.24 1.11 1.24 1.11 1.18

*s 1.15 1.29 1.55 1.11 1 .22 1.26 1.00 1.38 0.89 1.13
1.10 1.15 1.09 1.16 1.15 1.29 1.35 1.43 1.21 1.32

% 1.07 1.08 1.14 1.01 1.08 1.15 1.28 1.47 0.94 1.21

B0 1.12 1.50 «D - - 1.40 1.23 -

B1 1.0 1 1.05 « 1.06 1.02 * *• •*

Moan 1*06 1.18 1.21 1.05 - 1.23 1.13 1.32 1.04 -

S.E* per plot = 0.175 S*E* PS? a 0.112
C.D. for B a 0.159, C.P. for M a 0.161

C.P.' for K & B n 0.102
C.D. for MK & MB a 0.227
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Sable 20(b) Monovalent (K) to divalent (Ca*Mg) ratio In plant at pod fording and harvest stages

3. Pod forming 4. Harvest-

K1 *2 B0 B1 .Moan K1 K2 B0 B1 Mean

M1 0.84 '0.79 0*60 0,63 0.81 0.51 0.52 0.54 0.50 0.52

1J2 0.91 0.83 0,87 0.87 0.87 0.68 0.56 -0.68. 0.56 0.62
iL, 0.91 1.05 0.86 1.10 0.90 0.61 0.48 0,69 .0.41 .0.55

‘*4 0.93 0,67 0.92 0.87 0.90 0.43 0.42 0.36 0.48 0,42

* *
0.77 0.08 0.95 0.69 0.82 0.46 0.63 0.57 0.54 0.55

S0 0.87 0.ES9 - - 0*56 0*58 «« -

B1 0.87 0.87 - - - 0.52 0.47 ~ . OB
^ *

Mean 0.87" 0.68 0,88 0.67 - 0.54 0.52 0.57 0.50 • -

S.E. par plot o 0.119 3 #13* per plot = 0,103
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the highest ratio at this stage was recorded for gypsum 
(0.17). At harvest stage the ratio for gypmsa was 0*26 
which was significantly higher and the lowest ratio (0.13)
for dolomite.

The ̂ pin effect of potassim was significant at peg
forming and harvest stages* VJith a higher rate of 
potassium (60 kg/ha) the ratio reduced (0*15) as compared to 
that with 40 kg K (0*17), at peg forming stage* She same 
trend was noted at harvest stage also (ratio reduced from
0.19 to 0.17). '

The main effect of boron was significant at all the 
four stages. At all Qtageo.the ratio woo decreased by
boron application.

The interaction effect of sources of calcium and 
magnesium with potassium was also significant at all stages.
Monovalent (K) to Divalent (Ca+Ife) ratio in plant

The w M ti effects of sources of calcium and/or 
magnesium was significant only at peg forming stage* At 
this stage, it was highest for gypsum treatment. (M^) end

1 i
lowest for lime treatment (M^).

The main effect of boron was significant at flowering 
end peg forming stages • At both the stages application of 
boron reduced the ratio. At other stages a definite pattern 
in the ratios could not be observed.
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DISCUSSION

. Groundnut Is being cultivated both as a pure crop 
pfi/j pa ea intercrop along with oasoava in South Kerala,
The red loam and lateritie soils and a well distributed 
rainfall with larger number of rainy days due to the south 
west and north east monsoons enables the crop to be grown 
successfully. Agronomists have recommended the crop to be 
grown as a pure crop in south west monsoon period or as an 
intercrop along with E-Soy/June planting of tapioca,

Though NPK recommendations are available for the 
crop in the Package of Practices, serious attention has not 
been paid so far on studies on the requirements of divalent 
cations such as calcium and magnesium especially in 
relation to gynophorlc nutrition, peg formation and subse­
quent nutrition of the pods. Further, adequate information 
io not available on potash nutrition in relation to appli­
cation of ouch amendments. Further the best carrier of 
divalent cations has also not been studied in detail.
Boron, though reported to significantly influence yields 
of groundnut In several situations, has not been studied 
under our conditions. The results of such a study with 
multifaceted objectives as enumerated above ere discussed 
in tbs following pages.
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Yield attributes 

Plant height
Table 2(a) and 2(b) present data on the height of 

the plant in centimeters at four different stages of growth 
namely flouericg, peg forming, pod forming and harvest 
stages. None of the carriers of divalent cations in treat­
ments to Mj. and combinations there of or the levels of 
potassium tried namely 40 leg of K/ha (K-j) end 60 kg K/ha 
(IC.) iiad any significant effect in increasing the height 
of the plant. Application of boron at 10 kg/ha signifi­
cantly decreased the height of the plant. Asoken and Eoj 
(1974) however hod noted significant increase in the plant 
height due to boron application* However levels of 
potassium though not having an effect on the height of the 
plants, significantly increased the yield (Table 5 and 
Pig.®%). Boron also had a significant interaction with K 
in increasing the yield of pods (Table 5 and 3?ig. 'q ) • In 
view of this it becomes apparent from the present study 
that the height of the plant is not significantly influenced 
by many of the nutritional factors nor height expresses 
itself in the yield.
Humber of branches

Table 3 presents. the data on number of branches at 
three stages of growth vis •, flowering* peg forming and 
pod forming stage. Except for the reduction in the



number of branches at all stages of growth by application 
of boron none of the other treatments have a significant 
effect in either increasing or decreasing the number of 
brcnches •

A similar result was obtained by Harris (1968) with 
respect to the effect of low boron levels in increasing 
the foliage*

Table 4(a) and 4(b) presents data on the dry weight 
of haulms in leg per plot, number of pods per plant under 
various treatments, 100 kernel weight and shelling porcen* 
tage t
Pry weight of haulms

Different sources of calcium end magnesium, levels 
of potassium and boron had no significant effect in 
increasing the dry weight of haulms. However, the inter­
action effects between different sources of calcium and 
magnesium and levels of potassium were significant. 
leguminous, crops usually have a sensitive balance with 
respect to the levels of nutrition of divalent ions such 
as calcium and magnesiimi in relation to monovalent ions 
such as potassium (Habeebullah, 1973) • This sensitive 
relationship requires simultaneous increase in the supply' 
of monovalent ions when that of either of the divalent 
ions calcium or magnesium is enhanced. These effects 
have also been brou^it out by working out the ratio of
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the concentration of monovalent ion potassium to the 
divalent ions calcium and magnesium in the plant ('Sable 20(a) 
end 20(h) )* It has to he noted that treatments where the 
interaction effects are highly significant decreased the 
ratio of monovalent to divalent ions* Blarney and Chapman 
(1982) have observed increased yield of haulms due to appli­
cation of lime and magnesium bearing amendments. Sreedhoran 
and George (1968) have reported increased yield of haulms 
due to application of potassium together with calcium end 
magnesium. In the present study however interaction effects 
alone were found to be significant •

Humber of pods per plant
Application of various sources of calcium or magnesium 

or both significantly influences the number of pods per plant. 
Thus application of gypsum gave the maximum number of pods. 
Application of gypsum at the asms level together with 1-lgCCU 
gave number of pods slightly lower but not significantly 
different. This evidently shows that the use of amendments 
on the red loam soils of ITellsyonl and similar red and 
laterite coils, possibly magnesium nutrition is not act. 
critical as calcium nutrition in increasing the number of 
pods. Application of amendments such as lime, magnesium 
carbonate and dolomite to give equivalent amounts of calcium 
as in the gypsum treatment did not significantly increase 
the number of pods per plant. This shows that the



associated enion, sulphate (SO^ ) has a significant effect 
in increasing the number of pods* It may also be duo to 
higher solubility of gypsum In soil moisture compared to 
the carbonate sources of oalciua and magnesium* The results 
of the present study thus are at variance from the findings 
of lachover (1965) who found that carbonate sources perform 
very nearly equal to gypsum sources of calcium* Further 
tabled of the present study on the yield of groundnut 
shows that application of gypsum has produced maximum 
effect on yield compared to non gypsum sources, and thus 
it supports the findings of Venecia (1962)*

Application of potassium at the rate of 60 kg/ha 
also significantly enhance the number of pods per plant 
from 25 to 29* But application of boron did not produce 
any significant effect* Both levels of potassium as well 
as application of boron produced a significant and positive 
interaction effect in enhancing the number of pods when 
combined with gypsum* A perusal of Appendix ('V ) for 
yield and table 5 will reveal that this interaction effect 
on the number of pods per plant has got reflected in the 
yield of pods* In fact the treatment combination 
gives the maximum yield. '

100 kernel weight
An increase in the rate of application of potassim 

by 20 kg/ha as in treatment Kg compared to K-j has decreased
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the 100 kernel weight while the interaction of sources of 
calcium and/or magnesium with potassium and boron has 
significantly enhanced the 100 kernel weight* Thus in. 
terms of 100 kernel weight application of MgCO^ with 40 kg 
K/ha was the best treatment* However this effect on 100 
kernel weight could not be reflected in yield since other 
yield attributes probably were more significantly affected 
by gypsum treatments which recorded the -highest yield*
Blemey and Chapoan (1902) had already pointed out that 
gypsum had very little effect in increasing 100 kernel 
weight when compared to line*

Shelling percentage
The results indicate significant effects on 

shelling percentage for treatments under gypsum compared 
to calcium carbonate or magnesium carbonate treatments*
Thus treatments end record the highest shelling 
percentages. Comparison of the shelling percentages under 
treatments with calcirsa carbonate and magnesium carbonate 
cm the one hand with gypsum containing treatments end 1-1̂

i

on the other indicate that addition of magnesium carbonate 
has a significant effect* especially in presence of calcium* 

Calcium carbonate os a source is not as effective 
as calcium sulphate in increasing the yield (Table 5) or 
the shelling percentage (Table 4(b) ) • This is mainly to be 
attributed to the slow solubilisation of calcium carbonate



103

which probably io insufficient to meet the demands of 
gynaphoric nutrition, She greater solubility of calcium 
sulphate end the effect of the accompanying anion 80“  on 
yield might be responsible for both the higher yield and 
the higher shelling percentage,

■ A higher dose of potassium end application of boron 
are also found to increase the shelling percentage* Similar 
increase in shelling percentage due to application of. 
gypsum has boon reported by Robertson et al* (1966), Higher 
levels of potassium has been observed to increase the 
shelling percentage (Eweida et a!., 1920)•

Table 5 presents data on the yield of groundnut, oil 
content of the kernels and protein content of the kernels.

Yield
In terms of yield of pods it any be seen that j 

application of gypsum (1720 kg/ha) together with MgCO^
(300 kg/ha) and potassium at 60 kg/ha gave the highest 
yield. However gypsum alone with higher level of potassium 
(M^) also produced an yield not significantly different 
from the highest yield produced when 300 kg of I4g00„ was 
incltded. These results thus indicate that among the two 
divalent cations (Ca** and Mg**), nutrition with respect 
to calcium appears to be more important in producing an
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yield increase. .Further when such an yield increase io - 
attempted* a concomitant increase in level of potassium 
nutrition has also to he ensured (Figile^aad §), Similar 
results have been obtained by loganathan end Krishnamoorthy 
<1977) in calcim deficient red soils of Tamil M u .

Oil content
Oil content of kernels from each treatment as against 

the composition of the amendments reveals that application 
of magnesium carbonate in combination with caloii® si@ii 
ficantly enhances the oil content* This is brought out by 
the low oil content in treatments which include calcium or 
magnesium alone <H1 and tig) and the significantly. higher 
oil content in treatment under dolomite (H^) and in treat­
ment M~ * However this effect due to magnesium in combina­
tion with calcium is variable and dependant upon the level 
of potassium end the nature of the amendment. Thus in 
presence of gypsum and a lower level of potassium with 
300 kg HgCO^/ha ( M ^ )  is able to achieve the same oil 
content (50 *88 per cent) as that of dolomite with hi^ier 
level of potassium (M^2 - 50.75 per cent) (Pig* S'). This 
shows that since 1% is the treatment which has increased 
the yield to the maximum extent, in terms of oil yield 
Blso this is likely to be the most effective treatment. 
Similar results delineating the effect of magnesium on oil 
content has been obtained by Subrsmmian (1973). M s  can
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farther he Illustrated by taking the oil yield per ha, of 
selected treatments and working out the economics. However 
the oil content for treatment in combination' with the 
higher level of potassium (46,17 percent) is not consider­
ably greater than that for the treatment Mg (46 per cent) 
as to moke treatment Mg economically inferior in terms of 
oil yield, Further, application of boron is found to have 
significant effect in increasing oil yield from 42 to 45 
per cent (Pig^ end Fig,§). 'Ehese results thus show that 
a lower dose of potassium ana magnesium containing amend­
ments or magnesium added amendments have an effect on oil 
content, Thus treatment MgK^ is found to be the best in 
terms of oil content. In terms of oil yield also this is 
a superior treatment,

Protein content
In terms of protein content, however it is 

interesting to note that a combination of calcium with 
magneoium significantly reduces the protein content 
compared to calcium alone (Compare treatments with Mg 
and M g),  In such a situation it is also important to note 
that calcium alone as gypsum has a significant role to 
increase the protein content, This may be attributed to 
the role of onion sulphate (S0~) in protein synthesis as 
noted by Haphedo (1965), In general the effect of 
iDOtassium is also to marginally decrease the protein content



106

In working out the economics end suitability of the 
treatment combinations on their effect on the two main 
economic produce of groundnut namely oil ond groundnut cake 
(qualitatively and quantitatively) addition of magnesium 
along with gypsum, while it enhances the oil content,
reduces protein content decreasing the value of the ground-

■' ( a
nut cake as on animal or human feed. This reduction in 
protein content no doubt will decrease the Basket value of 
the cake. This necessitates a compromise to be struck 
in terms of the costing of the produce on both quality and 
quantity basis. However, disregarding this effect on qua­
lity and computing the value of the marketable produce a 
comparison of the economics of selected treatments is 
presented in table 21. These results indicate that, 
treatment l^K^is the best in terms of oil and coke yield 
and thus in teams of benefit. So when magnesium carbonate 
is added with gypsum, a lower dose of potassium is found 
to be the most economic treatment.

Total nitrogen
A perusal of table 6(a) and 6(b) shows the general 

trends in total nitrogen content of the soil at different 
sampling stages, depicting different stages of growth of 
the crop. The data also bring out the effect of various 
treatments per se on the total nitrogen content of the 
soil which may partly be due to stimulation of non- 
symbiotic nitrogen fixing activity and partly due to



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

Treatmenta Pod y ie ld  
(kg/ha)

Kernel y ie ld  
(kg/ha)

Total input 
(Hs)

Total output 
fes)

Wet income 
(fis)

M1K1 2533.30 1700.35 5225.00 10202.10 4977.10

“A 2322.20 1563.31 5300.00 9379.80 4079.86

M2K1 2211.10 1471.49 4825.00 8830.74 4005.74

M2^2 2366.70 1575.80 4900.00 9454.80 4554.80

M3K1 2233.30 1543.21 7225.00 9259.38 2034.38

M3K2 2477.80 1714.57 7300.00 10287.42 2987.42

2377.80 1789.29 9385.00 10735.74 1350.74

M4K2 3277.80 2473.42 9410.00 10840.52 5430.52

3388.90 2559.64 9985.00 15357.84 " 5372.84

m5k2 3477.80 2629.91 10060.00 15779.46 5719.46

*Output is  computed @ Rs* 6/— per kg o f kernel as the primary 
producers p r ic e •
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enhanced' symbiotic nitrogen fixation by the associated 
rhisobial flora in the groundnut crop* In view of those 
direct end indireot effects on increasing the total 
nitrogen content of soil over the period of crop growth 
changed by differing patterns of uptake by the growing

t

crop* only salient end significant general effects can be 
meaningfully discussed*

In general, there is a decreasing trend for total 
nitrogen content due to increasing periods of sampling 
intervals corresponding to the growth of the crop* This 
has to be attributed to a greater demand on soil nitrogen 
mad© by the crop which cannot be fully met by the 
nitrogen fixing role of either the symbiotic association 
or by non-symbiotie organisms present in the soils*. 
However in treatment i-U a slight but steady increase is 
observed while an alternate deer easing end increasing 
trend in total nitrogen content could be observed for 
amendment treatments end M^# Such an effect has been 
produced in treatments under dolomite (M^) and gypsum (M̂ ) 
suggests an intensification of the symbiotic activity end 
consequently the decreased demand for soil nitrogen at 
least in some stages of crop growth# Such a stimulation 
of symbiotic nitrogen fixation activity by amendments 
containing divalent cations such as calcium end magnesium, 
has been recorded by Subremaolan et al* (1975)* In the
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case of treatment under boron on. Increased total nitrogen 
content at harvest has been recorded. Boron which is also 
known to stimulate nitrogen fixation in groundnut mi^it 
have contributed to enhanced nitrogen fixation resulting in
ea enhanced total nitrogen content in the soil after

*
harvest. Shis enhanced total nitrogen oi^it have arisen 
due to excretion of nitrogen from root nodules and incorpo­
ration of sloughed off root tissues into the soil medium.

Available phosphorus
Table 7(a) and 7(b) presents data on available 

phosphorus status of the soil at different stages 01 crop 
^outh. Though total phosphorus content of the soil has 
not been monitored the available phosphorus content studied 
is sufficient enough to reveal the net result of two types 
of effects operating via*? (1) the effect of the various 
treatments on the available phosphorus content» which 
may be felt both Immediately and also on a long term basis,
(ii) the stimulation of root growth especially by the 
amendment treatments by the divalent cations (Harris?
1968) and consequent enhancement in root biomass production 
contributing to a greater degree of root excretions 
capable of solubilising phosphorus. The effeet of these 
plant factors and their interaction with soil is likely 
to be reflected on both available phosphorus status as 
well as on plant growth. Superimposed on these effects
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are the removal of phosphorus during orop growth. Since 
this removal of phosphorus is gonorsl^ from the total 
available pool, the removal of phosphorus itself may 
stimulate the conversion of more unavailable to available
forms*

A generalised picture emerges from sa eissainaticn 
of the results from table 7(a) ®nd 7(b) in that all , 
amendment treatments from M.j to have resulted in an 

arollable phoephorus statue of the soil. this 
obviously indicates that to general, phosphorus solubili­
sing factors Sue to addition of amendments by themselves, 
by enhanced root growth to consequence ana the effect of 
the amendment through the pleat together far exceeds the 
enhances upbeke of phosphorus hy the orop under the 
various amendment treatments. That the growing of a 
leguminous crop enhanoee avallehle phosphorus status Is 
a goneralisea ohservatlan reported by many workers. 
Amendments such as lloe, gypsum, HgOOj, dolomite etc. 
to aoia enhance available phosphorus status is
a wall tested possibility (Soesnathsa sad Krlshnomoorthy,

1977).
Applioation of bigfcer levels of potassium has been 

found to tocreose available phosphorus status to the 
earlier two stages of orop growth. She initial effects. 
due to potassium ere to be mainly attributed to the
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neutral salt effect of oMed muriate of potash in 
Increasing phosphorus availability*
Exchangeable potassium

All the plots have received potassium - some at 
lower dose end others at higher dose. In general it eon 
be seen that# duo to the growing of a crop of groundnut# 
a continuous depletion of exchangeable potassium occurs 
which shows a tendency to inoreaoe at harvest stage as 
seen in^j^^bXllhis may be attributed to the decreased 
demand by the crop end greater sloughed off tissue from 
the root at harvest stage*
Exchangeable calcium

In general# all amendment treatments containing 
colcimi show an enhanced exchangeable calcium content in 
the soil. M s  effect is maximum in the cose of treatment 
under gypsum and minimum in the case of treatment with 
HgCO„ alone* However the exchangeable calcium content 
under gypsum treatment decrease at a faster rate than 
under CaCCL (lime treatment or dolomite treatment)

This may partly be duo to leaching of the
A '

more soluble CaSO^ under gypsum treatment end the greater 
release with time of calcium from carbonate in other 
treatments*
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Exchangeable Eagnesium
t

Exchangeable magnesium status of the soil steadily
and Mcj) and under 

dolomite (M̂ )(k&4j[p13), ■ In treatments which exclude 
EGgnQQiuni such as 11̂ end exchangeable magnesium 
steadily decreases. These results indicate that soil 
exchangeable magnesium levels in the experiment fields 
are below critical limits for crop grouth and have more 
than adequately been taken care of in treatments Mg* 
end
Plant nitrogen

Table 11(a) and 11(b) present data on the nitrogen 
content of plants at various stages of growth* In general* 
there is a decreasing trend in the nitrogen content of 
haulms which is to be attributed to the dilution effect 
due to increased crop growth* Comparing the nitrogen 
content of plants under different treatments it can be ' 
noticed that application of various amendments as well as 
different levels of potassium have a significant effect 
on nitrogen content at both peg and pod forming stages* .. 
A perusal of table 6(a) and 6(b) presenting data on total 
nitrogen content of soil* shows that a general trend of 
decrease of total nitrogen with increasing stages of 
growths However this appears to be less marked in plants 
receiving amendment treatments. This has already been

increases in treatments with I%CCU(I-22
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discussed in detail as largely due to eu enhanced 
excretion of symbioticeaiy fixed nitrogen from the growing 
roots ast-eXl os due to sloughed off root tissues into the 
surrounding soil medium, It has also been emphasised in 
this context that the greater demands on nitrogen for pod 
filling end peg formation stage are relied upon more on 
the symbiotic nitrogen fixation process which possibly 
takes place at an enhanced magnitude in view of the amend­
ment treatments. It appears that the plant relies to a 
lesser degree on the soil nitrogen pool* The results on 
nitrogen status of the plants obtained thus confirms the 
broad Inferences based on soil studies* In fact results 
support each other* The higher demand of nitrogen at

jaod,peg forming endaforming stages under amendment treatments 
is supported by the observed higher nitrogen content of 
kernels under such treatments (Table 17(a) ) *

, However, at peg and pod forming stages higher 
levels of potassium in the soil appear to decrease the 
nitrogen content* This may partly be attributed to the 
greater succulence and dilution effects in yiaw of the. 
higher uptake of potassium. That higher uptake of 
potassium takes place in plants receiving higher doses of 
potassium is evident from table 13(a) and 13(b)*
Plant phosphorus

Higher content of phosphorus was observed in the
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earlier StegOS Of gTOWfch in rOSpQCt Of both amendment
treatments and higher levels of potassium® These results 
indicate that uptMce pattern of phosphorus, in general, 
is higher in the earlier stages of growth than in later 
stages* These results are generally in agreement with 
earlier observations of many workers#

Table 7(a) and 7(b) on available phosphorus status 
at various stages of growth indicate a higher content of 
available phosphorus under treatments with amendments and 
hi^ier levels of potassium* This observed higher status 
of available phosphorus has already been explained as due 
to both the neutralising effects of soil acidity by 
amendments and the neutral salt effect of applied muriate 
of potash* This enhanced available phosphorus statue in 
the soil under ouch treatments has. possibly got reflected 
in the phosphorus status of plants growing therein#

Plant potaositen
Table 13(a) and 13(b) present data on the potassium 

status of plants. Higher levels of potassium end the use 
of amendments appear to hove increased the potassium 
content of plants in earlier stages# Divalent cations 
such as calcium and magnesium made available by the 
application of amendments might have exchanged part of 
the difficulty available potassium* IF-urther it might

A

have resulted in greater replacement of exchangeable
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potaoalma for uptake by the plant. Those results have been 
indicated in table 8(a) end 8(b) end disaassod in detail. 
This enhanced availability of potassium, has been reflected 
in the potassium content of plants in the earlier stages 
of growth, later the dilution effoots and the decreasing 
effects on soil available potassium due to amendments have 
possibly resulted in the tapering off of the initially 
registered higher potassium concentration. These results 
have been Illustrated in Fig.lo . Similar results have 
been obtained by Dal and laboroyam (1977).

Plant calcium
' At all the earlier stages as revealed by table 14(a) 

and 14(b) and Pig.11 the calcium content is observed to be 
higher under various amendments especially oaloiferic 
amendments. This is only to be expected and similar 
results have been recorded by other workers. However at 
peg forming stage the increased calclTsn demand for 
gymphoric nutrition Is possibly met by remobilization 
from the aerial parts of the plant which has a higher 
accumulated content of.calcium. This is possibly the 
reason for the lower concentration of calcium observed in 
the aerial ports at peg formation stage.

Plant magnesium , . .
Magnesium was found to be significantly higher as 

revealed by table 15(a) and 15(b) end Plg»'12o in
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amendment treatments receiving magnesium such as MgCO^# 
dolonit© and gypsum plus MgCO^ when compered to lime or 
gypsum alone#
Pleat sulphur

The sulphur content in plants was foraid to be 
higher for gypsum containing treatments such as and I3j- 
from peg formation stage onwards# This may be attributed 
to the increased end steady availability of sulphur from 
gypsum which is not observed for lime or MgCO„ treatment*

Monovalent (K) to Divalent (Ca*Mg) cationic ratios
Table 19(a), 19(b) and 20(a), 20(b) present the 

ratios of monovalent to divalent cations (K/Ca+Mg) 
expressed as me/100 g of soil/ plant material respectively, 
at various sampling intervals representing four different 
stages of growth of the crop. A perusal of the results 
immediately reveals that, only at the pod forming stage, 
a pattern of interpretable result is discussed*

At this stag© the ratio in the soil was minimum 
for dolomite application (treatment M-)* At the same time 
the ratio in the plant in the treatment was the highest 
revealing there by that during the period, immediately =
preceding the sampling of soil and plant material, 
considerable uptake of potassium has taken place as to 
increase the ratio in the plant and decrease the some in 
the soil* Dolomite application might have contributed to



117

an increase in. calcium end magnesium coat,out of the soil, 
causing a decreased K/Ca#5g ratio in the soil* This 
appears to be superimposed by an increased uptake of 
potassium which has caused a reduction in soil potassium* 
In other treatments and stages of the crop in the present 
study# significant trends in the ratio in plants and soil 
have not been, observed • It appears that more critical 
and controlled experiments under pot culture conditions 
sight he able to signify the differences to arrive at 
more meaningful conclusions*
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SUMMAHY AND CONCLUSIONS

A field experiment was conducted in the red loon 
lateritic soils of Vellayaai using different carriers of 
calcium and magnesium end the combinations thereof with 
two levels of potassium and boron* The different carriers 
used were magnesite CMgCO^) as a source of magnesium alone# 
lime (CaCO^) end gypsum (CaSO^) os two different sources 
of calcium# dolomite as a naturally combined source of 
calcium a^d magnesium and another treatment containing 
gypsum and magnesite* Care was taken to standardise the 
treatments with respect to the quantity of calcium and 
magnesium carried by each of them on an equivalent basis 
to enable comparisons end a critical analysis* Two levels 
of potassium namely 40 end 60 kg K/ha as well as two 
levels of boron namely zero end 10 kg B/ha as borax were
also included*

Yield data# oil content# yield components etc* were 
observed. Detailed chemical studies at different stages 
were conducted. The salient findings are enumerated 
below and the conclusions Mghlighted*
I. Yield attributes

(i) Height of tho plants* None of the main effects 
duo to sources of calcium end magnesium or levels of 
potassium were significant with respect to the height of



nlcnt. Boron however had a depressing effect on height*
(ii) Umber of breaches* None of the main effects 

due to the carriers of calcium and magaeoium end levels of 
potassium were significant. Boron had a depressing effect. 
The boron-potash interaction is however si^iificant at
flowering stage*

(iii) Dry weight of houlmos None of the main effects
of sources of calcium and magnesium or levels of potassium 
or boron were significant. However the interaction effects 
between amendment treatments and levels of potassium were
significant.

(lv) Number of pods per plant* The sources of
coldium and magnesium had a significant effect on the
number of pods. Maximum number of pods were observed
under gypsum treatment and M^) and minimum under
dolomite treatment - Bevels of potassium had also a oigni-*
fieant effect*

(v) 100 kernel weights Sources of calcium and
magnesium and boron had no effect on 100 kernel wei^it. 
Levels of potassium however had a significant influence, 
a higher rate in general increasing the 100 kernel weight*
II. Yield of uoas* shelling nercent&RQ. oil oont.en_t_eto»

(vi) Yield of podss Different souroeo of calcium 
and magnesium end levels of potassium had a significant 
effect on pod yield. Thus treatment gypsum (M̂ ) or gypsum
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plus magnesite ) produced significantly higher yields 
than other carrier amendments# Higher level of potassium 
had a significant influence in increasing the yield# The 
highest pod yield was produced by the treatment combination 

closely followed by
(vii) Shelling percentage* The highest shelling 

percentage was recorded by amendment treatment carrying 
gypsum (M^ and M^). Magnesium had a slight effect in 
increasing the shelling percentage* though not statistically 
significant# levels of potassium and boron had also some 
influence in increasing the shelling percentage#

(vlii) Oil contents The main effects of carriers 
of calcium and magnesium as well as boron were found to be 
significant in enhancing oil yield# Amendments carrying both 
magnesium and calcium had significant effect in enhancing the 
oil yield. The influence of potassium on enhancing the oil 
yield was found to be dependant on the nature of the amend­
ment# Thus the insoluble amendment dolomite carrying 
calcium end magnesium gave a higher oil content in presence 
of higfegp dose of potassium while the more soluble amendment 
gypsum together with magnesium carbonate gave a higher oil 
content with a lower dose of potassium# Boron application 
at the rate of 10 Zsg/ha significantly increased the oil 
content#

, r

(ix) Oil yield* Combining the yield of pods with 
shelling percentage and percentage oil content* It is seen
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that the highest oil yield is obtained under amendment 
treatment iy^ closely follov;ed by sytg and

(x) Economies of return* 'The aosltam net return 
is obtained for the treatment She higher net return
being due to an improvement in the number of pods per 
plant, a higher shelling percentage end a higher oil content. 
Shis being contributed by calcium of the gypsum, calcium 
end magnesium of the amendment combination and magnesium 
of amendment combination respectively* This brings out the 
importance of calcium and magnesium nutrition of groundnut,

III, Nutrient status in plant and soil at different stages

(si) Nitrogens In general with increasing age of 
the plant, there is a decrease in total nitrogen status of 
the plant* This decrease is less marked in plants receiving 
amendment treatments* Comparison of the total nitrogen 
status of the soil reveals a general trend of either a 
steady increase or an alternate increase and decrease in 
treatments M«, and M-* This has been explained as due 
to exalted levels of symbiotic nitrogen fixation to meet 
the demands of nitrogen at pod filling stage.

(sil) Phosphorus* Higher content of phosphorus is 
observed in plants especially under amendment treatments 
sid with higher dose of potassium. Soil studies also 
indicate a higher content of available phosphorus under
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L .such treatments. This has been, explained es duo to the 
neutralising effects of amendments on soil acidity and the 
neutral salt effect of muriate of potash.

(xiii) Monovalent (K) to Bivalent (Ca+Mg) cationic 
ratios! An interpretable result was obtained only at pod 
forming stage. Here in dolomite treatment, the ratio in 
the soil found to be minimum and it is maximum in the plant 
when compared to other treatments. This is mainly due to 
the higher rata of potassium absorption by the plant at 
this stage.

£he following important conclusions ore drawn from 
the above study. .
(i) Gypsum appears to be a better source of calcium 

than calcium carbonate in. increasing the number of
• pods per pleat, shelling percentage, higher yield

of pods and a high 100 kernel weight,
(ii) Mogneelup nutrition is essential for enhancing the 

oil content and there by the total oil yield per 
hectare of groundnut grown.

(iii) The less soluble carrier of both calcium and 
magnesium namely dolomite functions nearly as 
effectively as gypsum plus magnesium carbonate when 
a higher level of potassium is combined with it. 
Gypsum plus magnesium carbonate is able to do so
at a lower level of potassium possibly in view of
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the greater solubility of calcium in gypsum or the 
contribution of sulphate as a nutrient to the crop* 
These results illuotrate the need for maintaining 
the monovalent to divalent cationic ratios in the 
nutrition of the crop*

(Iv) The effect of boron on yield is only marginal and 
appears to become operative at higher levels of 
potassium when it enhances the oil content*
These studies conducted under the monocrop system 

of groundnut is replicable under southern Kerala situations. 
However it has to be further refined under intercrop 
situations of groundnut along with cassava which is being 
recommended and adopted in southern Koralaf to widen the 
scope of the technology now evolved*
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ABSTRACT OP MOVA 
Height at different stages

APPEHDXX I

Source df
Mean sqnares

Flowering Peg forming Pod forming Harvest

Replication 2 1.5652 12.1608 78.0575 58.8466
M 4 0.3811 1.0575 17.1346 12.6227
K 1 1.0218 0.0244 9.0870 0.1815
B 1 4.9594* 169.1088* 172.1443* 111.1937*
m 4 0.7008 4.1607 2.7133 2.2738
MB - 4 0.8109 10.5820 23.8895 15.4306
KB 1 0.1490 0.3039 0.0432 5.6059
MKB ' 4 0.3660 17.2562 26.9996 40.0592
Error 58 0.7205 9.2959 24.6788 26.6000

Ŝignificant at 5 per cent level



APPEI'IDXX IX
ABSTRACT QIP MOYA

Ember of branches at different stages
Mean squares

Source df 1st stage 2nd stager . 3rd. stage.

Replication 2 0.8935 • 2.6761 2.5579
M 4 0.7865 1.0440 1.1278
K 1 0.0427 0.9375 2.1206
B 1 3 .9732* 5.6059* 4.2770*
m 4 0.1387 0.6021 0.9075
MB 4 1.0418 0.6207 ' 0.6213
KB ' 1 ‘ 2 .3364* 0.0375 0.7526
MKB 4 0.6971 1*1519 0.8193
Error 38 0.5417 1.2247 0.9274

♦Significant at 5 per cent level



APPEKDIX III
ABSTRACT OP AMOVA

Source ' df

Mean squares
Pry weight of haulms

Mo.of pods per plant
100 kernel weight

Shellingpercentage

Replication 2 13.7873* 6.4823 0.0932 0.0152
m  . • 4 1.2056 74.3419* 2.6664 231.1800*
K 1 1.2615 150.2584* 7.2802* 0.2407*
B 1 0.0202 1 .2470 3.3135 0.3840*
m 4 1.3807* 58.5032* 7.4539* 0.0043
MB - . 4 1.9189 119.9718* 7.0855* 0.0094
KB 1 0.1927 132.7594* 0.7042 0.0059
MKB 4 0.4679 68.0196* 13.3970* 0.0140
Error 38 0.4927 9.4220 1.0804 0.0078

Ŝignificant at 5 per cent level



APPENDIX IV
ABSTRACT OP AISTOVA

Source df
tfean squares

Pod yield Oil content Proteincontent
Replication . 2 0.002375 11.6010 40.2791*

M 4 2.1998* 329.8792* 303.9048*

K 1 0.6615* 4.67^0 2*0572

B 1 0.08170 72.0510* , 0.0936

m 4 0.40761* 87.3895* ' 17.1728

m 4 0.15192 84-0458* 9 t 7927

KB 1 0.32267* 2.1094 , 0.2196

13KB 4 0.35060* 48.7396* 21 .1519

Error 38 0.06240 8.4673 11.1269

Ŝignificant at 5 por cent level



APPEHMX V
ABSTRACT OP AUOVA

Total nitrogen in soil at different stages

Source tff
Mean scraares

Pirst stage 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*
K 1 .0.00028 0.0015* 0.0000016 0.000015
B 1 0.000042 0.00002? 0.00014 0.001215*
KK 4 0.00098* 0.0020* 0.00078 0.000185
MB 4 0.00060* 0.0015* 0.00002? 0.001144*
KB 1 0.0020* 0.00011 0.0012 0.000735
MKB 4 0.0017* 0.00054 0.00019 0.000123'
Error 38 0.00022 .0.00034 0.00039 0.00029

♦Significant at 5 per cent level



APPENDIX VI
ABSTRACT OP ANOVA

Available phosphorus at different stages

Source df
1 Mean squares

First stag© Second stage Third stag© Fourth stag©
Replication. 2 271.15551* 385.9098* 383.1974* 150.8456*
M 4 ' 1178.1345® 1281.3871* 60.1403 94.5282
K 1 609.6094® 344.2094* 101.7382 57.3694
B 1 181.20391 54.6533 28.7180 4.0716
m . 4 567.2268*’ 65.7499 61.6319 7.0016
MB 4 737.1224® 723.0215* 49.6562 37.8646
KB 1 72.44601 542.1020* 19-3688 42.1849
MKB 4 398.8890® 790.9642* 130.3463* 196.9289 .
.Error . 38 51.2192 43.4996 29.9621 32,3$60

Ŝignificant at 5 per cent level



APPESTDIX VII
ABSTRACT OP AUOVA

Exchangeable potassium at different stages
Mean squares

Source d£ First stage Second stage Third stage Pourth stage
Replication 2 0*00035 0,00083* 0.00086* 0.00046 TT,
M 4 0.0027* 0.0032 0.00022 0.00066*
K 1 0.0013* 0.00083* 0.000027 0.0017*
B ' 1 0.0091* 0.0037* 0.00323* 0.0141*
ME 4 0.0047 0.0011* 0.00065* 0.00014*
MB 4 0,0025* 0.0016* 0.0011* 0.00052
KB 1 000013* 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

Ŝignificant at 5 per cent level



APPMDIX VIII
ABSTRACT OP AUOVA 

Exchangeable calcium at different stages

Source df
Mean squares

First stage Second stage Third stage Fourth stage

Replication 2 0.0639* 0.0065 0.0034 0.0044
M . 4 1.5619* 0.8838* 0.8206* 0.2991*
K ' 1 0.2319* 0.0163 0.0256 0.1927*
B 1 0.0034 0.0687* 0.0248 0.0052
me 4 0.1821* 0.0222* 0.0798* 0.2078*
m 4 0.1789* 0.0722* 0.0211* 0.1195*
KB 1 0.0220 0.2220* 0.2067* 0.2257*
M B 4 0.2347* 0.0924* 0.1183* 0.0094*
Error 38 0.0058 6.0043 0.0072 0.0054

Ŝignificant at 5 per cent level



APPEtJDXX IX 
ABSTRACT OP AllOVA 

Exchangeable iaagnGsiuiiL la soil at different stages

Source df
Mean squares

^irst atage Second stage Third stage Fourth stage

Replication 2 0,00098 0.00073* 0.00068 0.00041
M 4 0*0801* 0.1686* 0.2457* 0.1918*
K 1 0*0032 0.0012 0.0476* 0.0459*0
B 1 0.00054 .0.00028

Q

0.0014
A

.0.0024
A

m 4 0.0036* 0-0113* 0.0285* .0.00798*
MB 4 0.0135* 0.0089* 0.0080* 0.0043*
KB 1 0.00011 0.0198* 0.00060 0.00641*
MKB 4 0.00067 0.0036 0.0319* 0.9516*
Error 38 .0.0010 0.0021 0.00068 0.0011

* Significant at 5 per cent level



APPENDIX X
ABSTRACT OP ANOVA

Nitrogen content of haulms at different stages

Source df

& o B squares
Pirst stage Second stage Third stage ■ Pourth stage

Replication 2 0.0420 . 0.1549 0.7161* 0.1018
M ' 4 0.2319 . o.6562* 0.2805* 0.1888
K 1 0.1597 0.0610 0.2161 0.0132
B 1 0.000897 0.000000067 0.0625 0.0294
m 4 0.3346* 0.1262 0.1010 0.3556*
I© 4 0.1126 0.5283* 0.0819 0.0552
KB 1 0.0597 . 0.0051 0.0013 0.0666
MKB 4 0.1427 0.0722 0.1228 0.3438*
Error 38 0.1010 . 0.0822 0.0917 0.1131

•Significant at 5 per cent level



APPENDIX XI
ABSTRACT OF ANOVA

Phosphorus content of haulms at different stages

Source af
Mnetn £*qum?RS

First stage Second stage Third stage Fourth stage

Replication 2 0.0708* 0.0386* 0.0316* 0.0052

M 4 0.0420 0.4847* 0.2656* 0.1245*
K 1 0.1904* 0.0252 O .0232 0.0064
B 1 0.3083* 0.1698* 0.1092* 0.0265
ME 4 0.1768* 0.1025* 0.2135* 0.0610*
MB 4 0.4387* 0.3487* 0.1151* 0.1417*
KB 1 0.0107 0.1431* 0.1972* 0.0008
MKB 4 0 .06S6* 0.2008* 0.0464* 0.0156

Error 38 0.0172 0.0112 0.0088 0.0087

♦Significant at 5 per cent level



AFPEHDIX XII
ABSTRACT OP ANOVA

Pot as alma content of haulms at different stages

Source df
Mean squares

First stage Second stage Third stage Fourth stage

Replication 2 1.1834* 4.4107* 4*5007* 0.2147
M 4 ■ 0.1671 0.3501* 0.0433 0.1412

K 1 . .0.1162 0.0194 0.00024 0.0851
B 1 0.7348* 1.9296* 0.0280 0.0317
m 4 0.3429* 0.5898* 0.1081 0.4021*
mb 4 0.3412* 0.2120 0.0766 0.4049*
KB 1 0.0346 0.00067 0.3628 0.0167
M B 4 0.4356*. 0.1089 0.1406 0.3730*
Error 3B 0.1036 . 0.1179 0.1359 0.1156

*SIgnlficant at 5 per cent level



APPENDIX XIII
ABSTRACT OP AN OVA

Calcium e out out of hgnlms at different stages

Source df
Mean squares

Pirst stage Second stage Third stage Fourth stage

Replication 2 0.906R* 0.3366* 0.1061 0.1033

M 4 ,0.2293* 0.0301 . 0.36G3* . 1.8754*
K 1 0.003? 0.3010* 0*0577 0.0191

B . 1 0.0400 0.547?* 0.0022 . 1.1620

1® 4 • ' .0.120? 0.1923 0.0345 . 0.2046

MB 4 • 0.1122 0.2597* 0.3679* 0.2434
KB 1 0.2627* 0.2196 0.0082' . 0.8335

MKB 4 . 0.0551 0.0999 0.0137 ' 0.6067
Error 38 0.0493 0.0352, 0.0453 0.4031

•^Significant at 5 per cent level



APPENDIX XIV
ABSTRACT OF ANOVA

Magnesium content of haulms at different stages

Mean squares
Source df First stage Second stage Third stage Fourth stage
Replication 2 0.0218 0.0335* 0.0033 0.0524
M 4 0.0273* 0.0167* 0.0977* 0.0477*
K 1 0.0553s 0.0107 0.0154* 0.0060
B 1 0.0054 0.0068 0.0482* 0.0785*
KK 4 0.0253* 0.0023 0.0266* 0.00099
mb 4 0.0076 0.0041 0.0265* 0.0971*
KB 1 0 .0037 0.00067 0.0187* 0.1335*
MKB 4 0.0211s 0.0048 0.0132* 0.0146
Error 33 0.0076 0.0031 0.0015 0.0167

Ŝignificant at 5 per cent level



APPENDIX XV
ABSTRACT OF MOYA

Sulphur content of frmii ran at different stages

Source
Replication
M
E
B
ME
MB
KB
MKB
Error

' 4 
1 

1
4
4
1
4
38

Mean squares
First stage Second stage

0 . 0021*  
0.0138* 
0.0017 . 
0.00000067 
0 . 00320*  
0.0082* 
0 . 01120 *  
0 .0030* 

0.00043

0.000252 

0.0131* 
0.00113 
0.0042* 
0 .0021* 

0.00513 
0.0081 * 
0.00092 

0 .00052

Third stage
0.0048* 
0.0052* 
0.0015 

,0.00006 

0.0045* 
0.0085* 
0 .00861* 
0.00096 
0.00052

Fourth stage
0.00016 
0.0088* 
0.00032 

0 .01176* 

0.00039 
0.00413* 
0.0019 
0.0039* 
0.00050

•Significant at 5 per cent level



APPENDIX XVI
ABSTRACT OF AITOVA

N, Pf K eon.ten.ts of kernel

Mean, squares
Source df fl F K

Replication. 2 1.0505* 0.000485 0.0165
M 4 7.7700* 0.0107* 0.0210
K 1 0.0522 0.000735 0,0577*
B 1 0.2042 0.0138* 0.0056
MX 4 0.4406 0.0216* 0.0164
MB 4 0.2510 0.0200* 0.0087
KB 1 0,0055 0,000082 0.00017
MKB . 4 0,5847 0,0171* 0.0128
Error ' 53.. 0.2846 0.00023 0.0137

Ŝignificant at 5 per cent level



APPENDIX XVII
ABSTRACT OP ANOVA

Ca, Hg, S contents of-kernel

Soutcq flf
Mean squares

Ca Mg S
Replication 2 0.0012 0.00051 0.000087
M 4 0.2538* 0.1067* 0.0230*
K 1 0.0713*, 0.0874* 0.0015
B 1 0.0285^ 0.0037* 0.00043
m 4 0.0549* 0.0087* 0.00093
MB ' 4- 0.0709* 0.0189* 0.00114*
KB 1 0.1277* 0.0269* 0.00081
MKB 4 0.0319* 0.0024* 0.00014
Error 38 0.0039 0.00086 0.000396

Ŝignificant at 5 per cant level



APPENDIX XVIII
ABSTRACT OP AftOVA

ft, P, K contents of shell

Source df
Mean squares

. E P K

Replication 2 0.0776 4340.00 0.0027
M 4 3.1358* 326072.50* 0.0427*
K 1 0.2298 299626.67* 0.09tf*
B 1 0,3925* 138240.00* 0.0129*
m . 4 0,2640* 491730,83* 0.0990*
MB 4 0.5840* 601035.03* 0.4757*
KB 1 0.1102 114406.67* 0.0256*
MKB 4 0.5524* 704927.50* 0,0715*
Error 38 0.0732 6171.5789 0.0023

*SIgnificant at 5 par cent level



AEPMDIX XIX
ABSTRACT QP AITOVA

Ce # Mg and S content of shell

Source fif
Mean square

Ca Mg S
Replication 2 0,0011' 0.0046 0.00015
M - 4 14.2591* 0.0998 0.0035*
K 1 0.0022 0.0047 0.00067
B 1 1 .0969* 0.0170* 0.00024
ME 4 1.1553* 0.0450* 0.00034
MB 4 1.6045* 0.0032 0.00096
EB 1 0.5339* 0.00060 0.00131*
M B  ' 4 1.8125 0.0128* 0.00043
Error 3 & 0.0631 0.0017 0.00028

•Significant at 5 per cent level



APPENDIX XX
ABSTRACT OP AIIOVA ,

K/Ca+Mg ratio in soil at different stages

Source df
Mean squares

First stage Second stage Third stage Fourth stage

Replication 2 0.00080 , 0.00056 0.00075 0.00086
H • 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*
m 4 • 0.0108* 0.0052* 0.0067* 0.0234*
MB 4 0.0077* 0.00199* 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 0.00046 0.00035 0.00034 0.0007

Significant at 5 per cent level



' APPENDIX XXI
ABSTRACT OP ANOVA

K/Câ Mg ratio la plant at different stages

Source df
Mean squares

First stage Second stage Third stage Fourth stage

Replication 2 0.9340* 1.5419* 0.7933* 0.0572
M 4 0.1827 0.1103* 0.0548 0.0610
K ' 1 0.1882 0.1643* 0.0020 0.0060

B 1 0.4753* 1.1261* 0.00074 0.0807
m 4 0.2382 0.1360* 0.0312 0.0388
m 4 0.1081 0.1502* 0.0944 0.0622

KB 1 0.0836 0.0749 0.0016 0.0167
MKB 4 0.0703 0.0478 0.0143 0.0327
Error 38 0.0919 0.0378 0.0421 0.0316

Ŝignificant at 5 pel* cent level
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ABSTRACT

A field experiment was conducted ■using different 
carriers of calcium and magnesium, two levels of potassium 
end two levels of boron end the combinations thereof. The 
different carriers used were magnesite (MgCO„) as a 
source of magnesium alone, lime (CaCO^) and gypsum (Ca30^) 
as two different sources of calcium, dolomite as a naturally 
combined source of calcium and magnesium aid another 
treatment containing gypsum and magnesium carbonate * Care 
was taken to standardise the treatments with respect to the 
quantity of calcium end magnesium carried by each of them 
on an equivalent basis to enable comparisons end a critical 
analysis. Two levels of potassium (40 and 60 kg K/ha) as 
well as two levels of boron (0 and 10 kg/ha) as borax were 
included. Yield data, oil content, yield components etc. 
were observed. Detailed chemical studies at different 
stages of crop growth of both soil and plant samples were 
conducted. The salient findings are enumerated below and 
the conclusions highlighted. .

None of the main effects due to amendment treatments 
or levels of potassium were significant with respect to 
height of the plant, number of breaches and dry weight qf 
haulms. Boron has a depressing effect on height and 
number of branches but has no effect on dry weight of
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haulms. Gypsum treatment as well os higher level of 
potassium increased the numb or of pods per plant. Neither 
boron nor emonxiiaonts neve any effect on 100 kernel weight 
but pot os slum at higher level increased the 100 kernel 
weight .

Gypsum containing treatments as well as higher dooa 
of potassium increased the yield significantly • Shelling 
percentage was also increased by gypsum. Here boron /o©& 
levels of potassium bads awe effect. When mo^aesium end 
calcium were applied together* oil content was enhanced 
considerably. She rate of potassium to be applied was 
dependant on the amendment treatment. Oil yield was found 
to be highest for treatment • The maximm net return 
was obtained for the treatment

At pod filling stage* d ’ - exalted levels of '
symbiotic nitrogen fixation caused an alternate increasing 
Afiri decreasing trend of soil nitrogen and there was a 
decreasing trend in plant nitrogen. She neutralising 
effect of amendments and neutral salt effect of muriate 
of potash increased the available phosphorus content of 
soil. The monovalent to divalent cationic ratio was found 
to be minimum in soil and maximum in plant under dolomite 
treatment only at pod forming stage. This is explained 
as due to higher potassium, uptake by plant.

Thus, from the present study gypsum is found to be
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the batter source of calcium in increasing yield*
Elegnesiuni is found to have a role in increasing oil content* 
Boron also enhances oil yield* The batter effect of 
gypsum may be either due to greater solubility of calcium 
or due to the effect of anion sulphate as a nutrient*

These studies conducted under monocrop system of 
groundnut is replicable under southern Kerala situations* 
However it has to be further refined under intercrop 
situations of groundnut along with cassava which is being 
recommended and adopted in southern Kerala to widen the 
scope of the technology now evolved*

I.


