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1 INTRODUCTION

Oilseeds and pulses have the dubious distinction of 
being the sick segments of Indian agriculture Till 1965, 
India was an exporter of oilseeds and oils, when the annual 
oilseed production far exceeded the domestic demand 
Gradually the production of oilseeds slipped and imports of 
oilseeds became necessary to meet the surging demand 
Imports kept rising year by year to reach a high of nearly 
two million tonnes in the leave year 1988-89 (Achaya, 1989)

In India, the daily availability of 13 g of oil is 
far below the minimum nutritional level of 18 g. The con­
sumption has been limited by the inability to meet the demand 
and hence there is an urgent need for increasing production 
of oilseeds in India

Among the seven edible annual oilseed crops cultivated 
in India, groundnut is the most important and is well known 
as the 'King of oilseeds as it constitutes about 60 percent 
of the total oilseed production m  the country. Besides 
being a rich source of vegetable protein, it is the main 
source of vegetable oil both for human consumption and 
industrial purposes. Moreover, groundnut cake is an excellent 
animal and poultry feed

In India, groundnut is cultivated m  an area of 
7.7 million ha with an annual production of 6 .6 million



tonnes In Kerala, the area under groundnut is very limited, 
only 12665 ha, with an annual production of 13,288 tonnes 
The importance of the crop can be judged from the fact that 
India stands first among groundnut growing countries both 
m  area and production. However, with regard to productivity 
India stands 11th out of the 13 major groundnut producing 
countries of the world

In order to boost up the productivity, attempts have 
been directed towards the use of high yielding varieties, 
which are highly fertilizer responsive. TG—3, a mutant of 
Spanish Improved has been recommended for cultivation by 
KAU. in the uplands and coconut gardens in the red loam 
soils of Kerala. Since TG-3 is a high yielding and exhaustive 
crop, it naturally requires high amount of nutrients Nowadays, 
farmers have started using nitrogenous and phosphatic 
fertilizers in near optimum quantity to oilseed crops.
However, the nutrient 'sulphur' which plays multi-role m  
plant nutrition and is found to increase oil yields is still 
neglected Along with nitrogen and phosphorus sulphur plays 
an important role in the formation of proteins and is involved 
in the metabolic and enzymic processes of all living cells. 
Since the key role of sulphur is m  increasing the oil content 
of oilseeds, it can play a very important role m  augmenting 
the production and productivity of oilseeds. Woefully, the 
present usage of sulphur in oilseed crop is much lower



Compared to its uptake.

The increase in the consumption of fertilizers along 
vith intensive cropping has enormously increased the import­
ance of micronutrients in oilseeds. It is quite evident 
that the full benefit of application of major nutrients 
cannot be obtained in the absence of available micronutrients 
in the soil In Kerala boron deficiency may be one of the 
cau es for low yields in groundnut, as it plays a vital role 
in the physiological processes of the plant such as cell 
naturation, tissue hydration, pollen germination, formation 
of ceproductive organs etc.

Significant response of ground nut to the application 
of sulphur and boron have been reported from red sandy loams 
in larnataka, Tamilnadu and Gujarat Such responses to the 
a plication of sulphur and boron in gro mdnut could be obt­
ained in Kerala also and hence the present study was under­
taken with the following objectives

1 To determine suitable doses of sulphur and boron, for 
the groundnut variety TG-3 in the red loam soils of 
Kerala

2 To find out the best time of application of sulphur and 
boron to the crop.

3 To study the effect of sulphur and boron application on 
crop quality and nutrient uptake.

4 To ork out the economics of cultivation.
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2. REVIEW OF LITERATURE

The results of the experiments conducted in India 
and elsewhere, on the growth, yield and quality of groundnut 
and related crops as influenced by sulphur and boron fertili­
zation are reviewed here

2 . 1  SULPHUR

2.1.1 Effect of sulphur on growth of groundnut and related
crops

In pot culture studies with groundnut, Yadav and 
Singh (1970) found that the drymatter production was 
increasing when sulphur was applied at the rate of 56 to 
112 kg S. ha-'*' as gypsum. A similar finding was recorded 
by Pasncha and Randhawa (1973) in mustard, wherein the 
drymatter production showed a progressive and significant 
increase upto 50 ppm sulphur, after which it declined 
slightly.

Nankumba and Edji (1974) reported that dusting of 
sulphur @ 39 kg S. ha-*1 at 2 and 4 weeks after seedling 
emergence in groundnut plants, increased the height and 
width of canopy, leaf area index and drymatter accumulation.

In a pot culture study by Karle and Ghonsikar (1980) 
good interaction effects were noticed between phosphorus and 
sulphur in increasing the biomass of groundnut at various
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stages of growth. A significant P x S interaction in 
increasing the biomass production in groundnut was also 
reported by Karle (1982).

In trials by Balasubramaniyan and Yayock (1981) it 
was observed that 46 kg Ca. ha“* as gypsum had no significant 
effect on vegetative growth or yield of groundnut cv. Spanish 
205. Similar finding has been reported by Aipe (1981) 
wherein applied sulphur @ 30 kg ha-1 failed to influence the 
growth of sesamum at any of the stages of growth.

In sunflower cv. Kernel, Hocking et al. (1987) 
reported that sulphur deficiency (6 ppm in soil) reduced the 
plant height and leaf area.

Singh and Saran (1987) reported that application of 
sulphur @ 30 or 60 kg S. ha”* along with 30 kg ha”* of 
nitrogen, increased the height of plants in Indian rape.

in an alluvial sandy loam soil given 0, 25, 50 or 
75 kg S. ha”*, increasing levels of sulohur increased the 
plant height, number of leaves and drymatter production in 
soybean cv. Gaurav (Pazal and Sisodia, 1989).

In groundnut cv. J-ll, soil application of sulphur 
@ 20 kg S. ha”*, increased the plant height and haulm yield 
significantly (Singh et al., 1991).

Available literature on the effect of sulphur on 
growth characters of groundnut show that the studies are
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limited with respect to this nutrient element. In most of 
the investigations application of sulphur, has resulted in 
increased plant height and drymatter production. In certain 
studies applied sulphur showed no significant influence on 
the growth of the crops.

2.1.2 Effect of sulphur on yield and yield attributes of 
groundnut and related crops

Several studies have been reported on the significant 
influence of sulphur on pod yield of groundnut.

Dalai et al. (1963) observed that the yield of 
groundnut increased by 41 percent by the application of 
gypsum at 25 kg S. ha~̂ .

Chopra and Kanwar (1966) reported that application 
of NPK and S @ 224 kg ha-  ̂resulted in 50 per cent increase 
in groundnut yields, similarly sandy soils given nutrient 
solutions and 22.4-44.8 kg S. ha-  ̂as ammonium sulphate,
significantly increased the yield of unshelled nuts of

s.

groundnut (Singh et al., 1970).

Increase in shelling percentage of groundnut was 
reported by Verma et al. (1973) by the application of sulphur 
as ammonium sulphate, elemental sulphur or gypsum in combi­
nation with NPK. With 20 kg S. ha-1 the shelling percentage 
was 70.22 percent as against 66.58 percent in the control.
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Dungarwal et al. (1974) obtained 0.62 t ha-1 of 
unshelled nuts in plots given no sulphur, while yield with 
500 kg elemental sulphur applied 21 DBS was 1.75 t ha-*’.
The yield obtained with 2 sprays of 0.1 percent sulphuric 
acid (at 4-5 leaf stage and 20 days later) was 1.47 t ha-*.

Dusting 39 kg S. ha-* at 2 and 4 weeks after seedling 
emergence in groundnut increased the shelled nut yields to 
1.90 t ha-*, while it was 1.61 t ha-* in the untreated plots 
(Nankumba and Edji, 1974).

Satyarajan et al. (1975) reported reduction in 
groundnut yield with gypsum levels beyond 3 t ha-*.

Laurence et al. (1976) observed that application of 
30 kg S. ha-* as soil treatment increased groundnut kernel 
yields in sulphur deficient soils.

The average yield of dry pods by sulphur application 
@ 62 kg ha-* using elemental sulphur reported a 7 percent 
increase over the control in another trial conducted by 
Dongale and Zende (1976).

In an alluvial soil testing 14 ppm available sulphur 
and 57 ppm magnesium, the highest yield of mustard was 
obtained with 50 kg S. ha-* applied along with 40 kg Mg. ha-* 
(Singh and Singh, 1978).

Gaur (1980) reported that application of 100 kg 
S. ha-* along with recommended dose of NPK, increased the



seed yield of sesamum from 1.4 q ha-* to 5.1 q ha-*.

Application of 20 kg S. ha-* increased the seed yield 
of sunflower by 30 percent in Karnataka (Channel and Rao, 
1981).

Natarajan (1981) observed no response for either 
calcium or sulphur on yield, drymatter and oil content of 
groundnut.

In a pot culture study Talukder and Islam (1982) 
obtained maximum pod yield of 127.7 g pot-* with 15 kg S. + 
10 kg Zn. ha-* for the groundnut cv. Dacca-1. In a similar 
trial by Ramanathan and Ramanathan (1982) in red sandy loam 
soil maximum shelling percentage was recorded with the 
application of 100 kg Ca and 40-80 kg S. ha-*.

In another trial with groundnut on a sandy loam soil, 
Badiger et al. (1982) observed significant effects for the 
application of 5 ppm potassium and 10 ppm sulphur on pod 
(18 percent increase) and haulm yields and shelling percen­
tage of groundnut.

Arikineedu et al. (1983) reported 42 percent increase 
in groundnut yields by the application of 22 kg S. ha-* as 
gypsum in a red soil in Tamilnadu.

Optimum level of sulphur for obtaining maximum yield 
(2.69 t ha-*) from groundnut cv. M-13, was worked out to be 
16.28 kg ha-* by Singh and Kalra (1983).



Walker et al (1983) could not obtain any significant 
effect on yield with combined foliar <_ ollcation of NPK and 
S, while higher concentrations caused severe foliar burns.

Girl and Saran (1985) reported that application of 
sulphur at 0, 30 or 60 kg S. ha-* at sowing recorded yields 
of 0.88, 1.05 and 1.41 t ha-* respectively.

Application of sulphur @ 50 ppm improved the pod 
yield and drymatter yield of groundnut (Patel and Patel,
1985).

Sulphur application had significant role in increasing 
pod and kernel yields as reported by Karle and Babula (1985). 
The pod and kernel yields of groundnut variety JL-24. 
increased fran 870.1 kg ha-* to 1797.3 kg ha-* and 584.3 kg 
ha-* to 1190 kg ha-* as the level of applied sulphur increased

c —nfrom 0 to 120 kg ha of elemental sulphur. The haulm yield 
was also increased with increase in levels of sulphur.

Thirumalaisamy et al. (1986) reported that basal 
application of sulphur © 22 kg/ha in the form of sulphur 
dust Increased the pod yield and drymatter yield significantly 
in groundnut cv. TMV-2. The pod yield recorded 14.7 percent 
Increase over control. The total drymatter production plant-* 
was increased from 46.3 to 51.2 g plant-*, harvest index 
from 20.8 to 30.6, shelling percentage from 65 to 74.2 and 
100 kernel weight from 38 to 41.5 g.



Chawdhary and Sharma (1986) reported significant 
increase in the seed yields of sesame with the application 
of 40 kg S. ha * Nitsure and Ramteke (1987) found that 
application of 0, 15 and 30 kg S. ha-* to 3 groundnut 
cultivars M-13, Kopergaon No. 1 and TG-1 gave average kernel 
yields of 0.69, 0.83 and 0.97 t ha-1 respectively.

In trials with groundnuts grown on soil containing 
17 kg available S. ha-*, application of 0-60 kg S. ha-* as 
CaS04 increased pod yields from 0.75 to 1 t ha-*. Sulphur 
at 90 kg ha-* gave no further increase in yield (Naphade 
and Wankhade, 1988).

Nitsure et al. (1988) studied the effect of applica­
tion of sulphur at sowing on the yield of groundnut cultivars 
Kopergaon No. 1, TG-1 and M-13 and observed that the number 
of effective pegs, pod number and weight, shelling percentage 
and 100 seed weight increased with increase in sulphur 
levels upto 30 kg S ha-*.

In a trial, to study the effect of phosphorus with 
and without sulphur and magnesium, application of P as 
single superphosphate, and S as ammonium sulphate gave 
significantly higher (32 percent) groundnut pod yields 
(Maliwal and Tank, 1988).

Aulakh and Pasricha (1988) reviewed the work on 
response of sulphur to groundnut in India, and noted that



increase in groundnut yield with applied sulphur ranged from 
0.75 - 5 q ha-1.

Results of an experiment conducted by Sistani and 
Morrill (1989) showed that gypsum application © 672 kg ha-*
(124 kg S. ha-*) significantly increased the yield, total 
kernel content (TKC) and percent sound mature kernel in 
Spanish peanut. However increasing the gypsum rate to 
1009 kg ha-* (187 kg S ha-*) decreased the yield and total 
kernel content. A similar finding has been reported by 
Alva et al. (1989) in experiments conducted on Lakeland sand, 
where application of gypsum @ 500 kg ha-* (92.5 kg S. ha-*) 
resulted m  significantly higher percent sound mature kernels, 
compared to the control treatment.

In another experiment, Singh et al. (1989) observed 
that groundnut crop given NPK plus 42 kg S ha-* recorded 
pod yields of 2.12 t ha-* compared to 1.76 t ha-* without 
sulphur.

Mandal and Chatterjee (1990) obtained 31.6 percent 
increase in groundnut yield by the application of 20 kg S ha-* 
as gypsum in an alluvial soil testing 6-17 ppm available 
sulphur. While Misra et al. (1990) reported 53.5 percent 
increase in yield by the application of gypsum © 30 kg S. ha-*.

In a kharif trial on groundnut with 16 ppm available 
sulphur in soil, Sahu (1991) reported 43 percent increase



in pod yield and 18.9 percent increase in shelling percentage, 
over the control by the application of 30 kg sulphur as 
gypsum at sowing. It was also observed that the response 
yardstick of groundnut to sulphur is 6.8 kg ha-1 at which 
maximum benefit cost ratio is obtained.

Singh et al (1991) reported that application of 
20 kg S. ha~* gave 18 percent and 12.8 percent more pod 
yield in JL-24 and JL-11 groundnut varieties respectively.

The kernel yield of groundnut significantly increased 
with increasing levels of sulphur upto 50 kg ha-*, and 
beyond 50 kg level there was no significant change m  kernel 
yield (Mashi and Sharma, 1991).

Polaria and Patel (1991) reported 29.6 percent increase 
m  groundnut yields by the application of 38 kg S ha“* as 
single superphosphate.

The results of the experiment done by Singh and 
Tiwari (1991) showed yield increase in sesamum upto 20 kg 
S ha-* but at 40 kg S ha-* there was reduction in yield.
But Patel et al. (1991) reported that irrespective of methods 
and levels, gypsum application produced significant effect 
on pod and haulm yield as well as on shelling percentage of 
groundnut.

The review of the works on the effect of sulphur on 
the yield and yield attributes of groundnut show that sulphur



I S

application has a favourable influence in increasing the 
yield of groundnut and related crops. In majority of the 
studies reviewed application of 20 to 30 kg S. ha-1 was 
found to be economical. Gypsum as source of sulphur, 
appeared to be the most economical one.

2.1.3 Effect of sulphur on quality of groundnut and related
crops

The effect of sulphur on the quality of groundnut 
seeds is mainly in respect to its oil and protein contents.

Chopra and Kanwar (1966) reported significant increase 
in protein and oil contents of groundnut kernels by sulphur 
application. At 0, 50 and 100 ppm S the protein contents 
recorded were 29.7, 30.3 and 30.6 percent respectively, and 
the oil contents recorded were 46.2, 48.8 and 49.6 percent 
respectively. Moreover, a significant increase in the 
contents of cysteine and methionine by sulphur application 
was also reported by them.

Yadav and Singh (1970) obtained increase in oil 
content of groundnut when the sulphur level was increased 
from 56 to 112 kg S. ha~^ as gypsum Application of NK 
without S and P decreased the oil content.

Singh et al. (1970) reported that the oil content 
of groundnut kernels increased by 1 percent at 10 ppm S, and



when the dose of sulphur was doubled, the oil content 
increased by 3.73 percent. At 20 ppm sulphur as gypsum, 
the protein content of groundnut kernels increased by
8.4 percent.

Barhanpure (1976) studied the effect of sulphur 
bearing compounds on groundnut and found that the quality 
of groundnut with respect to protein and oil content was 
improved as a result of sulphur application. Addition of 
CaSO^ @ 30 kg S. ha * increased the crude and true protein 
contents by 3.19 and 3.11 percent respectively.

Walker and Keisling (1978) found that gypsum applica­
tion @> 22 kg S. ha-*, increased the seed oil content by 
4 percent, but decreased the seed nitrogen contents. A 
similar result was reported by Laurence et al. (1976) where 
sulphur application @ 30 kg S. ha-* had little effect on 
seed protein content, but increased seed oil content.

Studies conducted by Reddy and Patel (1980) revealed 
that in groundnut var. Spanish Improved percentage of oil 
was increased by 3 percent, by gypsum application ® 20 ppm 
S. But Aipe (1981) found that applied sulphur @ 30 kg ha-* 
decreased the oil content in sesamum, but had no effect on 
protein content. A similar result had been reported by 
Ramanathan and Ramanathan (1982) in P0L-2 groundnut, where 
the oil content and composition were unaffected by sulphur
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The oil content in the seeds of mustard was increased 
significantly with increasing levels of sulphur upto 40 ppm 
(Verma and Ram, 1986).

Application of 60 kg ha-'*' of sulphur as CaS04 increased 
the seed protein content of groundnut from 22.31 to 
28.96 percent and oil content from 48.82 to 51.97 percent 
(Naphade and Wankhade, 1988).

Nitsure et al. (1988) observed that oil yields by 
sulphur application at 30 kg S. ha * ranged from 0.30 t ha-1 
in variety TG-1 to 0.49 t ha-* in variety M-13 and protein 
yields from 0.15 t ha-1 in TG-1 to 0.27 t ha-'*- in M-13.

In trials at Dharwad, seed oil content of groundnuts 
given 0-45 kg S. ha-1 ranged from 47.6 percent without 
sulphur to 50.6 percent with 45 kg sulphur applied at peg 
initiation (Koti et al., 1989).

Singh et al. (1991) reported that the total oil 
production in groundnut increased significantly by the 
application of sulphur f> 20 kg ha-1.

In another study soil application of sulphur at 
50 kg ha-*, increased the nitrogen and protein content of 
groundnut kernels (Mashi and Sharma, 1991). The oil and 
protein contents in sesamum was also found to increase 
significantly by the application of sulphur @ 20 kg S. ha-* 
(Singh and Tiwari, 1991).
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The review of the studies conducted to find out the 
effect of sulphur application on crop quality of groundnut 
showed that oil content in groundnut kernels was increased 
inevitably by sulphur fertilization, whereas in some cases 
the protein content of the kernels showed a decreasing 
trend.

2.1.4 Effect of sulphur on bacterial nodulation in the
roots of groundnut and related crops

Nelson and Bear (1949) reported that poor nodule 
development and a low rate of nitrogen fixation is associated 
with sulphur deficiency in legumes.

Chopde (1964) reported that combined application of 
nitrogen, phosphorus and sulphur, was effective in increasing 
nodulation in groundnut roots

Bharadwaj and Pathak (1968) conducted studies on 
root nodulation of groundnut cv. T-32, by the application 
of sulphur and reported that the number of nodules plant”* 
increased from 1.8 to 23.7 at 40 days, as the sulphur 
concentration in the nutrient solution was increased from 
0 to 9 ppm, and further increase adversely affected nodula­
tion.

Rai et al. (1977) reported that when soils treated 
with 5 t pyrites ha“* (105 kg S. ha”*) was incubated for 4 
months, the population of nitrogen fixing and sulphur



reducing bacteria increased over control.

In a trial with groundnut grown on a clayey soil, 
application of 25 kg sulphur along with 50 kg p2°5 ba-*, 
significantly increased the number, dry weight and nitrogen 
content of nodules (Sagare et al., 1986).

Application of sulphur has been found to influence 
the nodulation in all the studies reviewed above though the 
number of studies on this aspect is very limited.

2.1.5 Effect of sulphur on nutrient uptake by groundnut
and related crops

Daftardar et al. (1969) studied the effect of soil 
application of 0-224 kg S. ha-* on chemical composition of 
groundnut, and found that N and Ca content of the haulm 
showed an increase, while P content decreased with increasing 
dose of sulphur application.

Naphade et al. (1969) reported that sulphur fertili­
zation at 112 kg ha-* increased the uptake of N, P and S 
by pods and hay m  general. The uptake of N, P and S was 
further increased by combining its application with phosphorus 
or nitrogen.

Yadav and Singh (1970) noticed significant changes in 
the chemical composition in groundnut plants and seeds by 
the application of 56 to 112 kg S. ha-* as gypsum. Contents



Brar and Singh (1982) reported that application of 
0-20 ppm S. and/or 0-24 ppm increased the sulphur and
nitrogen uptake by groundnut. Applied sulphur slightly 
decreased F uptake.

A synergistic influence of the combined addition of 
K and S on yield and nutrient uptake of groundnut was 
reported by Badiger et al. (1988) from the results of an 
experiment with groundnut cv. TMV-2 supplied with 0 to 
20 kg S. ha"1 and 0 to 11.2 kg KjO ha-1.

Mallwal and Tank (1988) reported that the contents of 
P and S in pods and haulms of groundnut cv. GAUG-10 was 
higher when SSP + NH4S04 was applied, rather than SSP + urea. 
Similarly Naphade and Wankhade (1988) reported increased 
seed and haulm contents of N, P and S with the application 
of 60 kg S. ha-1.

Increased plant P content and uptake was noted with 
increasing sulphur levels upto 40 kg S ha-1 by Mishra and 
Singh (1989).

Uptake studies conducted by Mashi and Sharma (1991) 
showed that uptake of nitrogen and phosphorus increased 
upto 100 kg ha-1 by the application of sulphur while uptake 
of sulphur Increased upto 150 kg ha-1 due to sulphur appli­
cation.
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The concentration and uptake of N, P, K and S by 
sesamum was significantly higher in plants treated with 
20-40 kg S. ha-1. But Patel et al (1991) reported non 
significant effect of application of 500 kg gypsum (92.5 kg 
S. ha**1) on nutrient contents of pods and haulm, except N 
content in the haulm.

The review of the works on the effect of sulphur 
application on nutrient uptake by the groundnut and related 
crops show that sulphur fertilization resulted in increased 
uptake of NPK and S by the plant (Increased macronutrient 
uptake).

2.1.6 Effect of time of application of sulphur on growth,
yield and quality of groundnut

In order to get increased yieldsof unshelled nuts 
in groundnut, Omar et al. (1970) suggested application of 
gypsum @ 133.2 kg S. ha”1 in the fruiting zone of the plant 
at early flowering stage.

Chahal and Virmani (1973) reported highest yield in 
groundnut when 75 percent of the total dose of sulphur was 
applied at sowing and 25 percent at flowering.

Ferreria et al. (1979) showed that highest seed yield 
of groundnut cv. Tatu V-53 (1.4 t ha-1) was obtained when 
500 kg gypsum (92 5 kg S. ha-1) was applied at flowering



stage, although application 30 days later produced similar 
yields.

In a greenhouse experiment with groundnut cv. Tatu, 
Sichmann et al. (1982) reported that application of 10 g 
gypsum pot-1 (1.85 g S pot-1) at flowering or 12 g lime 
pot-1 at sowing + 10 g gypsum (1.85 g S. pot™1) at flowering 
increased the pod yield significantly.

Dwivedi (1981) suggested that 25 percent of the total 
dose of sulphur may be applied as basal, 25 percent at 
flowering and 50 percent at peg initiation stage, to get 
high yields. Whereas Ankineedu et al (1983) advocated to 
band place the sulphur containing fertilizer near the pegging 
zone at the early flowering stage.

In a sandy loam soil, top dressing of 500 kg ha™1 of 
gypsum (92.5 kg S. ha™1) 30 DAS over a basal dressing of 
the recommended dose of NP, significantly increased the test 
weight of pods and kernels, shelling outturn and pod yield 
of Spanish groundnut cultivars JL-24 and TCG-1704. The 
response of JL-24 and TCG-1704 per unit of gypsum was 6.95 
and 6.53 kg of pods respectively. The highest additional 
net returns was with NP and 92.5 kg S. ha”1 topdressed at 
flower appearance (Sndhar et al., 1985).

In experiments carried out for 2 consecutive seasons, 
Hago and Salama (1987) reported that flower number plant™1.



total and mature pod number plant”1 and seed weight were 
significantly increased by the application of sulphur upto 
50 kg S. ha”1 at the time of sowing. Sulphur applied at 
flowering had no effect on these attributes.

In trials, conducted at Dharwad with kharif season 
groundnuts, pod yield was not significantly affected by 
time or rate of sulphur applied <a 0-45 kg S. ha”1 (Koti et al. 
1989).

In an experiment by Singh et al. (1991) application 
of 46.25 kg S. ha”1 in the soil at the tome of pegging 
produced 20.5 percent more pod and 15.1 percent more fodder 
yields in Ginar-1 groundnut variety.

A study by Patel et al. (1991) indicated that the 
higher demand of sulphur and calcium by groundnut, can be 
met by the application of gypsum @ 500 kg ha-1 (92 5 kg 
S ha”1) either by broadcasting over the soil surface just 
before sowing or dusting over the fruiting zone at 40 and 
60 DAS.

The studies on the effect of time of application of 
sulphur on the growth and yield of groundnut reveal that 
the fertilizer responsive stages of groundnut crop are 
sowing, flowering and peg initiation
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Blarney (1976) opined that boron plays a major role 
during the reproductive phase rather than in vegetative 
phase. Application of boron at 0-3 kg B. ha-  ̂had no bene­
ficial effect on the vegetative growth of the crop.
(Blarney et al., 1981).

Sureshkumar (1985) in a trial in the red loam lateritic 
soils of Vellayam, using different carriers of Ca and Mg 
with K and B (0 and 10 kg ha~* as borax) showed that boron 
had a depressing effect on height and number of branches, 
but had no effect on the dry weight of haulms.

Foliar application of 10 ppm boron at the mid or late 
flowering stage in rapeseed favoured the plant dry weight 
(Zajonc et al., 1985). But in sunflower Kadar and Shalaby 
(1985) reported that application of 20 ppm B reduced the 
shoot yield by 89 percent. In another trial by Aboushoba 
et al. (1985) in sunflower, a decrease in plant height from 
154 cm to 96 cm was noticed due to the application of 0 to 
1 percent boric acid.

Kulkarni et al. (1989) reported that soil application 
of 10 kg ha-  ̂of boron as borax, improved the plant growth 
in groundnut. Similar result had been reported in rapeseed, 
where application of boron promoted growth and drymatter 
accumulation in rapeseed (Yang et al., 1989).



of pods plant- ,̂ pod weight and seed weight. Similar result 
was reported by Asokan and Raj (1974) m  a pot culture 
experiment, wherein application of 0.3-0.8 ppm B as boric 
acid or borax slightly increased the yield of unshelled nuts

Sahkaran et al. (1977) found that the shelling 
percentage of groundnut was slightly reduced by boron 
application at 10 kg ha-'*'.

According to Saxena and Mehrotra (1984) groundnut 
showed significant yield response to 11.2 kg borax ha-*"
(1.3 kg B. ha ■*") on a medium loam soil at Kanpur and to 
only 5.6 kg borax ha~* (0.64 kg B. ha-1) on a sandy loam 
soil at Mainpuri. The treatments showed no effect on 
shelling percentage or 100 seed weight.

Groundnut cv. Kopergaon, SB. XI and Spanish Improved 
when supplied with 0.1 ppm B solution at 35 and 50 DAS, 
increased the pod yields by 1.3-24.1 percent (Deore and 
Kadam, 1984).

Data from 20 trials on cultivators field in Dhule 
district of Maharashtra showed that yield responses to 5 kg 
borax ha-'*' (0.57 kg B. ha-^) averaged 13.25 percent (Shinde 
and Kale, 1985).

In a trial conducted by Karle and Babula (1985) the 
pod yield of groundnut var. JL-24 was found to increase 
from 870.1 kg ha-'*' to 1032.1 kg ha-1 as the level of boron



applied was increased from 0 to 15 kg borax ha“  ̂(0 to 
1.73 kg B. ha-1).

Mahale et al. (1985) observed that increased pod 
yields of groundnut cv. SB XI could be obtained by foliar 
application of 0.1 ppm B at 35 and 55 DAS. In another study 
conducted by Patel and Golakiya (1986) boron at 2 ppm gave 
the highest pod yield in cv. GAUG-10.

Zhang et al. (1986) concluded that basal application 
of 0.5 kg borax mu“  ̂ (0.86 kg B. ha“̂ ) had the highest 
effect with respect to yield in groundnut. They calculated 
that 9 g boron was needed to produce 100 kg seeds.

In trials with groundnuts grown on a boron deficient 
soil, Patel et al. (1987) reported that application of 
50 kg P2°5 as sin9^e superphosphate + 0.57 kg boron ha-1 
as borax or 50 kg P2°s + as boronated super­
phosphate recorded dry pod yields of 2.14 and 1.91 t ha-1, 
shelling percentage of 65 and 62.25 and 1000 seed weight 
of 306.25 g and 300 g.

Nagaraj (1987) obtained no effect on pod yields of 
groundnut, by application of two foliar sprays of boron.

The application of boron enriched superphosphate to 
groundnut gave average pod yield of 1.92 t ha“* compared to 
1.76 t ha“* when the crop was supplied with superphosphate 
@ 100 kg ha-1 of P2°5 Ŵani Si 1988)*



In trials with groundnuts grown on a shallow vertisol 
containing 0.16 ppm B, application of NPK + 0.57 kg B. ha"1 

at sowing and 2 foliar sprays of 0 .1 percent borax, gave 
average pod yields of 0.95 t ha" 1 compared with 0.85 t with 
NPK + 1.15 kg B. ha-1 and 0.80 t ha" 1 with NPK alone 
(Jadhao et al., 1989).

The majority of the studies reviewed here, show that 
application of small doses of boron, either in soil or as 
foliar spray in crops grown in boron deficient soil, helps 
in obtaining high yields from the crop.

2.2.3 Effect of boron on quality of groundnut seeds and
related crops

Jayachandran (1966) reported that application of 
20 kg B. ha" 1 has been found to increase the oil content 
in groundnut cv. TMV-2.

Prom pot culture experiments, Asokan and Raj (1974) 
observed that boron i> 0.3-0.8 ppm improved the quality of 
seed oil by decreasing its acid value.

Hill and Morrill (1975) observed that application of 
high levels of calcium (176 ppm) in the absence of applied 
boron resulted in increased yields, but lower seed quality 
and very severe internal damage due to boron deficiency.



Karle and Babula (1985) reported that the exude 
protein and true protein contents in groundnut kernels 
ranged from 28.67 to 29.25 percent and 20.97 to 21.49 percent 
respectively, when boron level was increased from 0-15 kg 
borax ha (0-1.7 kg B. ha ). They further reported a 
significant increase in oil content of groundnut kernels 
(48.15 to 51.50 percent) with progressive levels of boron 
application.

Application of 50 kg P205 as s^n9^e superphosphate + 
0.57 kg B. ha- 1 as borax or 50 kg p2° 5 + as
boronated superphosphate gave seed protein content of 
25.86 percent and 26.87 percent, and oil content of
49.50 percent and 50.83 percent, compared with respective 
values of 22.02 and 44.38 percent in the control (Patel et al.. 
1987).

In trials with groundnut on a medium black soil with 
low available boron, Wani et al. (1988) found that applica­
tion of P as boron enriched superphosphate gave a protein 
content of 28.81 percent and oil content of 48.67 percent 
compared to 25.32 percent and 45.37 percent in the control.

Results of the above studies show that boron has an 
important role in the protein and oil synthesis of groundnut 
crop.



2.2.4 Effect of boron on nodulation in roots of groundnut
and related crops

The synfoiosis between the nodule of a legume and 
bacteria would be complete only if was adequately supplied 
with boron (Brenchley and Thornton, 1926).

Jayachandran (1966) reported that in groundnut 
var. TMV-2, the mean number of nodules plant-* was increased 
by the application of 20 kg ha-* of boron.

Dobrey and Roy (1967) reported that boron has a 
positive correlation with nitrogen fixation by Azotobacter

In groundnut, fertilization with Zn, Co, Mo, and B 
at 10 kg B. ha-*, in a medium calcareous soil, with and 
without rhizobium inoculation increased the nodule number, 
percent pink coloured nodule and dry weight significantly 
(Joshi et al.. 1987).

Soil application of 10 kg B. ha-* as borax increased 
the nodule number in the roots of groundnut but the dry 
weight of the nodules did not differ significantly 
(Kulkarni et al., 1989).

Significant response of applied boron on nodulation 
in groundnut roots is evident from the above cited literature. 
But the studies conducted on this aspect is very limited.
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2.2.5 Effect of boron on nutrient content and uptake by
groundnut and related crops

Sankaran et al. (1977) reported that in groundnut 
cv. TMVS-7, grown in red loam soil supplied with 0, 10. 20 
and 30 kg ha- 1  of boron, N uptake and boron content of the 
haulms increased with increasing boron application.

In a pot culture experiment with black calcareous 
soils, boron at 2 ppm increased the uptake of N, P, K, Fe,
Cu and B, but decreased that of Ca, Mn and Zn (Patel and 
Golakiya, 1986).

In a trial with groundnuts grown on a sandy loam soil 
and supplied with 50 kg P2°s + ^9 B/^a as boron enriched
superphosphate, significantly increased N, P and K contents 
in seeds, N and P contents in haulm and N, P and K uptake 
by both seeds and haulm (Patel et al., 1986).

2.3 COMBINED APPLICATION OF SULPHUR AND BORON

2.3.1 Effect of combined application of sulphur and boron
on growth characters of groundnut

Application of sulphur in combination with boron, 
has been found to reduce the excessive vegetative growth in 
groundnut (Dongale and Zende, 1976).

Hie interaction effects of magnesite, lime and gypsum 
with boron was found to be significant with respect to height
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of plant, number of branches and dry weight of haulms in 
groundnut in a field study in red loam soil, using different 
sources of Ca and Mg with K and B at 0-10 kg ha-'*' 
(Sureshkumar, 1985).

The combined application of sulphur and boron ® 120 kg 
elemental sulphur and 15 kg borax ha-*- increased the haulm 
yield of groundnut var. JL-24 (Karle and Babula, 1985).

2.3.2 Effect of combined application of sulphur and boron
on yield and yield attributes of groundnut

Sanjeevaiaih (1969) reported an increase of 
10-28.3 percent in the yields of groundnut cv. HG-8 with 
the application of S, B, Mg, Ca, Fe or Mn over a basal 
dressing of farmyard manure and NPK.

In trials with groundnut grown in medium black 
calcareous soil, 5.65 kg boric acid and/or 62 kg S. ha-* 
with or without 5.5 t FYM ha-*' applied to the soil or 2 
foliar sprays of 0.1 ppm B, increased average yields of 
unshelled nuts in groundnut. Application of B + S + FYM 
was the most effective (Patel et al , 1981).

Karle and Babula (1985) reported that interaction 
of boron and sulphur contributed to enhanced pod and kernel 
yields in groundnut cv. JL-24. Application of boron ® 15 kg 
borax ha-1 and sulphur ® 120 kg 5. ha”* recorded highest 
pod yield of 2184.4 kg ha-*.



In field trials conducted by Survase et al (1986) 
with groundnut cv. M-13, application of 60 kg Ca or S,
0.92 kg B and 5.5 t FYM ha~^ alone or in various combina­
tions increased the dry pod yield by 13 to 86 percent of 
that without added nutrients

2.3.3 Effect of combined application of sulphur and boron 
on quality

In trials with groundnut grown m  medium black 
calcareous soils supplied with sulphur and boron (30 kg S,
10 kg B), Patel et al. (1981) reported an increase in seed
011 and protein contents.

There was a significant and positive effect of 
boron x sulphur on oil yield of groundnut cv, JL-24 (Karle 
and Babula, 1985) Boron @ 15 kg ha-  ̂as borax and sulphur 
@ 120 kg S ha- 1  recorded the highest oil yield. But the 
interaction effect of B and S on protein content was not 
significant.

2.3.4 Effect of combined application of sulphur and boron 
on nodulation

Patel et al. (1982) and Bulbule (1983) found a 
positive interaction of B and S for increase in nodulation 
in calcareous soils. Karle et al. (1991) reported that 
relative response of 15 kg ha- 1  of borax and 120 kg S. ha“  ̂
to nodule count was maximum at mid flowering.
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2.3.5 Effect on nutrient uptake by the crop

Dongale and zende (1976) reported that application 
of sulphur in combination with boron, increased N, P and K 
uptake by plants.

Survase et al. (1986) reported a synergistic effect 
of application of Ca, S and B on macronutrient uptake by 
groundnut crop.

Studies conducted on the interaction effects between 
sulphur and boron in groundnut is very little. Available 
literature showed that the interactions were significant 
with respect to yield, quality and nutrient uptake by the 
crop.



MATERIALS AND METHODS



3b

3. MATERIALS AND METHODS

The present investigation was undertaken with the 
objectives of studying the effect of different levels and 
time of application of sulphur and boron for groundnut 
cv. TG-3 in the red loam soil of Kerala. The investigation 
comprised of an initial pot culture study, followed by a 
field experiment. The materials used and the methods adopted 
for the study are briefly described below*

A. Pot culture
The pot culture study was conducted with the objective 

of finding out suitable levels of sulphur and boron for the 
groundnut cv. TG-3, in the red sandy clay loam of Kerala

3.1 Materials
3.1.1 Expe rimental site

The pot culture study was carried out in the crop 
museum, attached to the department of agronomy.

3.1.2 Soil
The soil used for the study was red sandy clay loam. 

The data on the physico-chemical properties of the soil used 
in the pot culture study are given below:
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A. Mechanical composition
Constituent

Coarse sand 
Fine sand 
Silt 
Clay
Textural class

Content in soil 
(percent)
14.50 
32.40 
29.00 
24.10 

Sandy clay loam

Method used

Bouyoucos 
Hydrometer method 
(Bouyoucos 1962)

B. Chemical composition 

Constituent Content in soil
organic 0.72 percent
carbon

Available 225 kg ha 
nitrogen

Available
P2°5

Available
sulphur

Water
soluble
boron

-1

38 kg ha-1

Available 138 kg ha 
K2 °

-1

21.5 kg ha'-1

0.34 kg ha'-1

Rating Method used
High Walkey and Black 

Rapid Titration 
method
(Jackson, 1973)

Low Alkaline potassium
permanganate 
method (Subbiah 
and Asija, 1956)

Medium Bray colorimetric 
method (Jackson, 
1973)

Medium Ammonium acetate 
method (Jackson, 
1973)

Low Turbidimetric
method
(Chesnin and Yien, 
1951)

Low Curcumin method
(Jackson, 1973)

5.2 Acidic 1 2 soil solution 
using pH meter
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3.1.3 Season

The study was conducted during the period from 21st 
April to 29th July 1990.

3.1.4 Weather data

The meteorological data during the cropping period 
were collected from the meteorological observatory attached 
to the department of agronomy, College of Agriculture, 
Vellayani and are presented as standard week averages in 
Appendix 1 and Fig. 1.

3.1.5 Crop and variety

The groundnut variety used for the study was TG-3. 
This was developed through mutation of Spanish Improved 
variety at Bhabha Atomic Research Centre, Trombay and is 
recommended for cultivation m  the red loam soils of Kerala. 
It is a high yielding, bunch variety of about 100-110 days 
duration and produces medium sized pods with <16-50 percent 
oil and 26-27 percent protein.

3.1.6 Source of the seed material

The seeds were obtained from the Nuclear Agriculture 
Division, BARC, Trombay, Bombay

3.2 Methods
3.2.1 Design

The pot culture study was carried out m  CRD fiesion
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T1 = Slbl T16 as S4bl
T2

= Slb2 T17 = S4b2
T3 = Slb3 T18 = S4b3
T4 = Slb4 T19 = S4b4
T5 = Slb5 T20 = S4b5
T6

= S2bl T21 = S5bl
T7 = 32b 2 T22

= S5b2
T8 S2b3 T23 = S5b3
To = S2b4 T24 = S5b4
T10 = S2b5 T25 = S5b5
T11

= S3bl T26 = S6bl
T12

33 S3b2 T27 = S6b2
T13 = S3b3 T28 = S6b3
T14 = S3b4 T29 = S6b4
T15 = S3b5 T30 = S6b5

3.2.4 Seeds and sowing

The soil from the proposed experimental site was 
collected and mixed with farmyard manure. 90 mud pots of 
uniform size (30 x 30 cm) were selected and filled with the 
soil. From the weight of the empty pot and weight of 
pot + soil, the weight of soil in each pot was computed.
All the fertilizers on weight basis were applied as basal 
dose and thoroughly mixed with soil in the pots. Two bold, 
disease free kernels were dibbled in each pot. Sowing was 
done on 22-4-'90.



with 3 replications The treatments comprised of 6 levels 
of sulphur and 5 levels of boron as shown below

Levels of sulphur Levels of boron

S1
= 5 kg ha" bl = 2 kg ha"

S2
= 10 kg ha""1

b2 = 4 kg ha"

S3 = 15 kg ha- 1 b3 ** 6 kg ha"

s4 = 20 kg ha" 1 b4 = 8 kg ha"

S5 = 25 kg ha" 1 b5 = 10 kg ha"

*6 = 30 kg ha" 1

N, P2Os and K20 @ 10 75 75 kg ha- 1  and lime 
@1.5 t ha- 1  were applied uniformly to all the treatments.

3.2.2 Fertilizers

Fertilizers with the following analysis were used 
for the study.

Urea
Mussoriephos

= 46 percent nitrogen 
= 22 percent P2°5 (Cltrate soluble)

Muriate of potash = 60 percent K20
Gypsum
Borax

= 18.5 percent sulphur
- 11.5 percent boron

3.2.3 Treatme nt combinations

The treatment combinations were as follows



41

3.2.5 After cultivation

Seven days after sowing (29-4-'90) gap filling and 
thinning were done so that one healthy plant was retained 
in each pot. All the weeds were removed by handweeding and 
the pots were kept completely weed free. At flowering,
(26-5-'90) along with lime application raking of the soil 
was done to facilitate easy penetration of pegs at the base 
of the plant.

3.2.6 Plant protection

After pegging rat poisons were applied periodically 
to protect the plants from rodents and squirrels.

3 2.7 Harvesting

The crop was harvested on 29-7-'90 by pulling out the 
individual plants when the leaves showed signs of yellowing 
and shedding.

3.3 Observations recorded
3.3.1 Plant height

The height of the plant in each pot was measured 
in cm. and tie mean value of the 3 replications were computed 
at 20, 40, 60, 80 DAS and at harvest.

3.3.2 Number of branches plant- 1

The number of branches plant- 1  in each pot was counted, 
and the mean value of the 3 replications were computed at



20, 40, 60, 80 DAS and at harvest.

3.3.3 Number of pods plant- 1

The number of pods plant- 1  in each pot was counted at 
the tame of harvest, and the mean value was computed.

3.3.4 Weight of pods plant- 1

The weight of pods plant-'*' in each pot was taken at 
the time of harvest and the mean value was computed.

3.3.5 Weight of bold kernels plant- 1

The weight of bold kernels plant- 1  in each pot was 
taken and the mean value was computed.

3.3.6 Shelling percentage

The pods from each pot were de-shelled and the weight 
of the kernel was expressed as percentage. Then the mean 
value was computed.

The statistical analysis of the data on the above 
mentioned biometric observations and yield attributes was 
done and based on the results, three levels of sulphur 
(15, 20, and 25 kg ha-1) and two levels of boron (4 and 
6 kg ha-1) were selected for the field experiment.

B. Field experiment
The field experiment was conducted for finding out 

the optimum doses and time of application of sulphur and
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boron for the groundnut cv. TG—3 in the red loam soils of 
Kerala. The materials and methods used for the study are 
briefly described below

3.4 Materials

3.4.1 Experimental site

The experiment was conducted at the Instructional 
Farm attached to the College of Agriculture, Vellayani. The 
site selected was an open terraced land with good sunlight. 
The land was lying fallow during the preceding eleven months 
of the present investigation.

3.4.2 Soil

The data on the physico-chemical properties of the 
soil are the same as that of the soil used for pot culture 
study and presented m  para 3.1.2 A & B

3.4.3 Season

The experiment was conducted during the period from 
16th August to 29th November 1990

3.4.4 Weather conditions

The weather data during the entire crop season were 
collected from the meteorological observatory, attached to 
the department of agronomy. College of Agriculture, Vellayani 
and are presented as standard week averages in Appendix 1 and 
Fig. 1.



WEATHER CONDITIONS DURING THE CROPPING PERIOD

FIGURE-1

(21 4 90 TO 24 11 90)

RELATIVE HUMIDITY {%)
 1 MAXIMUM TEMPERATURE(°c)
^ ^ 1  MINIMUM TEMPERATURE(°c) 

RAINFALL (mm)

17 18 9 20 21 22 2^ 2 4 2 5  2627 28 29 30 31 32 3 3 3 4  3 5 3 6 37 3 8 3 9 4 0 4142 43 4 4 4S46 47 
 ------------------- STANDARD WEEK --------------------



3.4.5 Crop and variety

Groundnut variety TG-3 was used for the study. The 
seed material was supplied by the Nuclear Agriculture 
Division, Bhabha Atomic Research Centre, Trombay.

3.4.6 Fertilizers

Fertilizers with the following analysis were used 
for the study

Urea = 46 percent nitrogen
Mussoriephos = 22 percent P2°5 (citrate soluble)
Muriate of potash - 60 percent KjO
Gypsum = 18 5 percent sulphur
Borax = 11.5 percent boron

3 5 Methods

3.5.1 Land preparation

The experimental site was tilled with a power tiller 
The weeds and stubbles were removed and the soil was mixed 
with cowdung.

3.5.2 Seeds and sowing

Bold kernels were selected and dibbled into the soil 
at a spacing of 15 x 15 cm.
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3.5.3 Fertilizer application

Urea, mussoriephos and muriate of potash were applied 
@ 10*75*75 kg N, ^2° Pl°ts» as
basal dose on the day of planting Organic matter as cowdung 
was applied @ 2 t ha""'*’. Lime @1.5 t ha-*' was applied to all 
the plots at the time of flowering of the crop Sulphur in 
the form of gypsum and boron m  the form of borax were 
applied in stipulated doses and time, as per the treatment 
except in the control plots.

3.5.4 After cultivation

Gap filling was done seven days after sowing. Two 
weeding operations were carried out to keep the plots weed 
free upto flowering. Thirty days after sowing, ten plants 
were selected randomly from the net plot area and tagged 
as observational plants. At the time of flowering, along 
with lime application, earthing up was done to facilitate 
easy penetration of pegs into the soil. The experimental 
fields were protected from crow menace with a twine pandal.

3.5.5 Plant protection

Rat poisons were applied periodically after pegging 
to protect the crop from rodents. A prophylactic spray of 
Metacid at 0.5 percent concentration was given to check the 
attack of leaf eating caterpillars. One spraying of
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Dithin° m-45 Q 2 kg ha^1 at 0.2 percent concentration was 
given on the foliage to protect the crop from tikka disease
3 5 6  Harvesting

Tho crop was harvested, by pulling out the plants at 
105 DV> when the plants showed symptom*- of yellowing and 
1 e ding of leaves A day prior to harvest, the observational
plants were pulled out and necessary observations were recorded.
On the day of harvest (29 11.'90) the border plants were harvested 
fir t and then the net plot area

3 5 7  Layout and analysis

The experiment was laid out in randamised block 
design The po sible combinations of sulphur and boron along 
vith thr^e times of application were the treatments which are 
listed below -

Time of application 
ti full dose of S and B as basal application 
t? two equal split doses at sowing and flowering

t^ - half at sowing, *jth 20 DAS, %th at flowering.
Combinations of S and B.

L e v e l s  o f  S u l p h u r

3^ 15 fcg ha-1

5 2  =  2 0  k g  h a - 1

53 = 25 kg ha" 1
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L v p Is of boron

b i 4 kg ha 1

} 2 6 kq ha“l

Tr at ment combinations

l b l t 2

l b l b 3

° l b 2 t l

lb 2t2

CV ?<-3

O 1 ̂  ̂
-2bit2

° 2 b 2 t l  

Number o£ replications

Gro s plot size 
Net plot size 
^pacing
Net area of one

plot

s2b 2t2
s2b2t3

S3b ltl
s3bit2

s3b lt3
s3b 2t l
s3b2t2
53b 2t3
Absolute control

- 3

= 3 75x3 75m
- 2 85x3 15m 

15x15cm

- 8.97 Sq m

Note Tvo rows around each plot were left as border rows One 
ro on one ^lde was left for destructive sampling. The next 
rotj is also left as border.
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U ly is w is cion as follows

ANALYSIS Or VARIANCE

source df
implication 2

Tneatnmnts IQ

Sulphur 2
Boron 1

Time of application 2
Interactions
sulphur x boron 2

Sulphur x Time of application 4
Boron x Time of application 2
oulphur x Boron x Time of

application 4

Treatment /s Control 1

rrror (Pooled) 36

TOTAL



3 .6 Observations 

A . Growth characters

3.6.1 Height of the plant

The mean value of the height of 10 sample plants 
were computed at periodical intervals of 30, 60, 90 das 
and at harvest and recorded The height was taken from the 
base of the plant to the terminal node and expressed in 
centimetres

3.6.2 Number of branches plant” 1

The mean value for the number of branches plant”1 

were computed from ten observational plants at 30, 60, 90 DAS 
and at harvest and was recorded

3 6.3 Number of leaves plant” 1

The mean value for the number of leaves plant” 1 in 
10 sample plants were computed at 30, 60, 90 DAS and at 
harvest and was recorded

3.6.4 Leaf area index (LAI)

The leaf area of 10 observational plants in each 
plot was measured with the help of a Leaf areameter, at 
30, 60, 90 DAS and at harvest. The LAI was worked out from 
the data on leaf area and corresponding ground area as 
follows.

IjAI = Lea^ areaGround area



5 1

3.6.5 Number and weight of root nodules plant'”'*'

This was recorded at flowering stage Three plants 
were dug at uniform depth of approximately 40 cm from the 
rows set apart for this observation The roots of the 
plants were washed free of soil particles. The nodules 
were removed from the roots and counted and the average 
number of nodules plant-*- was recorded. The nodules were 
then ovendried to a constant weight and the weight of the 
nodules plant-*" was recorded.

3.7 Yield and yield attributes
3.7.1 Number of pods plant-*-

The pods from the observational plants were collected 
and the number was recorded Then the average number plant-'* 
was found out.

3.7.2 weight of pods plant-'*

The pods collected from the observational plants 
were sundried and the dry weight was recorded. Then the 
average weight plant-*- was found out.

3.7.3 Weight of kernels plant-*-

The dried pods obtained from 10 observational plants 
were de-shelled and bold kernels separated. The kernel 
weight was recorded and the average plant-*- was found out.
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3.7.4 Shelling percentage

100 grams of pods were taken randomly from each plot 
and were de-shelled and the weight of kernels were expressed 
as percentage

3.7 5 100 kernel weight

100 randomly selected bold kernels from each plot 
were weighed and recorded

3.7.6 Pod yield

The dry weight of pods obtained from each plot was 
recorded separately and expressed in kg ha-1.

3.7.7 Haulm yield

The dry weight of haulm of each plot was taken 
separately and expressed in kg ha .

3.7.8 Harvest index (HI)

Harvest index was worked out from the data on 
drymatter production by the pods and haulms as follows

Economic yieldHI =- *------  x 100Biological yield

3.8 Chemical analysis
3.8.1 Plant analysis

The pods and haulms were analysed separately. The 
sun-dried plant samples were chopped and dried in an air oven



at 80°C till constant weight was obtained. The samples 
were then ground to 0.5 mm size. The required quantity of 
samples were then weighed out and analysed for nitrogen, 
phosphorus, potassium, sulphur and boron contents at harvest.

3.8.1.1 Nitrogen

Total nitrogen content of the plant sample was 
estimated by the modified microkjeldahl method (Jackson, 1973)

3.8.1.2 Phosphorus

The phosphorus content of the plant samples were 
estimated oolorimetrically, after wet digestion of the sample 
and developing colour by vanadomolybdo phosphoric yellow 
colour method and the colour intensity was read in a 
Klett Summerson photoelectric colorimeter (Jackson, 1973).

3.8.1.3 Potassium

Total potassium content in plant sample was estimated 
by the Flame Photometric method in the Perkm-Elmer 3030 
Atomic Absorption Spectrophotometer, after wet digestion of 
the sample using di-acid mixture (Cooksey and Barnett, 1979).

3 8 1.4 Sulphur
Total sulphur content in plant samples were deter­

mined as per the procedure outlined by AOAC (I960) and the 
turbidity developed was read in a Klett Summerson photo­
electric colorimeter using a blue filter.
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3.S 1.5 Boron
The boron content in plant samples were determined 

color imetncally by the Curcumin method (Jackson, 1973) and 
the colour intensity was read in a Klett Summerson photo­
electric colorimeter using a blue filter.

3.8.1.6 Protein content of kernel
The percentage of protein in the kernel was calculated 

by multiplying the nitrogen content of the kernel by the 
factor 6.25 (Simpson et al , 1965).

3.8.1.7 Sulphur content of kernel
The percentage of sulphur in the kernel was determined 

turbidimetrically (AOAC, 1960).

3.8.1.8 Boron content of kernel
The percentage of boron in the kernel was determined 

colorimetrically by the Curcumin method (Jackson, 1973).

3.3.1.9 Oil content of kernel
The content of oil in the kernel samples was determined 

by the Soxhlet extraction procedure using petroleum ether 
as the extractant (Chopra and Kanwar, 1976).

3.8.1.10 Uptake of nutrients by the crop
The total uptake of N, P, K, S and B by the plant 

was calculated from the nutrient contents and dry weight of



the plant at harvest and expressed as kg ha-*.

3.0.2 Soil analysis

Soil samples were taken from the experimental area 
before and after the experiment. The air dried soil samples 
were analysed for available nitrogen by the alkaline potassium 
permanganate method (Subbiah and Asija, 1956), available 
by Bray colorimetric method (Jackson, 1973), available K^O 
by the ammonium acetate method (Jackson, 1973), available 
sulphur by the turbidimetric method (Chesnin and Yien, 1951) 
and water soluble boron by the Curcumin method (Jackson, 1973).
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^ A. POT CULTURE
T h e  r e s u l t s  o f  t h e  p o t  c u l t u r e  e x p e r i m e n t ,  t o  f i n d  

o u t  t h e  b e s t  c o m b in a t io n  o f  s u lp h u r  a n d  b o r o n  f o r  g r o u n d n u t  

v a r .  T G -3  a r e  p r e s e n t e d  b e lo w

4 . 1  G ro w th  c h a r a c t e r s

T h e  e f f e c t  o f  s u lp h u r  a n d  b o r o n  t r e a t m e n t  o n  g r o w th  

c h a r a c t e r s  v i z  p l a n t  h e i g h t  a n d  n u m b er o f  b r a n c h e s  p l a n t - '*' 

o f  g r o u n d n u t  v a r  T G -3  a r e  p r e s e n t e d  i n  T a b le  1 .

R e s u l t s  sh o w ed  n o  s i g n i f i c a n t  i n c r e a s e  i n  p l a n t  

h e i g h t  o r  n u m b er o f  b r a n c h e s  p l a n t - '*' b y  s u l p h u r  a n d  b o r o n  

t r e a t m e n t  a t  a n y  o f  t h e  g r o w th  s t a g e s .

4 . 2  Y i e l d  a t t r i b u t e s

T h e  i n f l u e n c e  o f  s u l p h u r  a n d  b o r o n  o n  v a r i o u s  y i e l d  

a t t r i b u t e s  v i z .  n u m ber o f  p o d s  p l a n t - 1 ,  w e ig h t  o f  p o d s  

p l a n t - 1 ,  w e i g h t  o f  k e r n e l s  p l a n t - 1 ,  h a u lm  y i e l d  p l a n t - 1  a n d  

t o t a l  d r y m a t t e r  p r o d u c t i o n  p l a n t - 1  a r e  p r e s e n t e d  i n  T a b le  2

T h e  n u m b er o f  p o d s  p l a n t - 1  w as s i g n i f i c a n t l y  i n f l u e n c e d  

b y  a p p l i c a t i o n  o f  s u lp h u r  a n d  b o r o n  H i g h e s t  n u m ber o f  p o d s  

p l a n t - 1  ( 2 8 )  w as r e c o r d e d  b y  a n d  s ^ b ^  H o w ev e r, t h e s e

t r e a t m e n t s  w e r e  o n  p a r  w i t h  s , .b 3 s 4 b 2  s 3 b 2  a n d  s 3b 3 I t  

w as a l s o  n o t e d  t h a t  t h e r e  w as an  i n c r e a s i n g  t r e n d  m  p od

4. RESULTS
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Tade 1 Effect of sulphu* and boron application on growth cha-acters of groundnut var TG-3

Treatments Plant height (on umoer o oranch°s Diant *20 DAS 40 DAS 60 DAS 80 DAS Harvest 20 DAS 0 DAS 60 DA 80 DAS Harvest
Elbl 10 00 21 00 34 75 37 75 38 75 4 00 6 00 7 00 8 00 9 50
Slb 2 9 25 21 00 34 50 37 50 38 50 4 50 6 50 7 50 8 50 10 50
Slb3 10 75 22 00 33 00 37 00 38 00 5 00 6 50 7 50 8 50 10 50
sib4 10 75 22 50 33 50 36 50 38 50 4 50 £ 50 50 8 50 9 50
Sibs 10 75 21 00 33 00 37 00 3B 00 5 50 00 8 50 9 50 10 00

S2bl 10 25 20 50 33 00 37 75 38 50 4 50 £ 50 7 50 8 50 10 00
S2b 2 10 75 21 50 33 00 37 00 38 50 4 00 6 50 7 50 8 50 10 00
S2b3 11 00 21 00 33 75 37 75 38 75 5 00 7 00 6 00 9 00 10 50
S2b4 10 50 20 00 33 50 37 50 38 00 4 50 7 00 8 50 9 00 10 00
a2bS 11 00 20 00 33 25 36 50 38 00 5 00 6 00 7 50 8 00 10 00

S3bl 10 75 20 00 34 50 36 50 38 50 5 00 6 50 7 50 9 00 10 50
S3b2 10 00 22 00 34 00 37 00 39 00 a 50 6 50 7 50 9 00 10 50
S3b3 11 25 22 00 34 50 37 50 39 50 5 50 7 00 8 00 9 00 10 50
E3b4 10 75 21 50 34 50 36 50 38 50 5 00 7 50 8 50 9 50 10 50
S3b5 10 50 21 50 33 50 36 50 37 50 5 00 7 00 B 00 9 00 10 50
S4bl 11 00 21 50 33 75 56 75 3B 75 5 00 6 00 7 00 8 00 9 50
S4b2 10 50 22 50 34 75 38 75 39 25 5 50 7 00 8 00 9 00 10 50
S4b3 10 50 22 75 34 50 38 50 39 75 5 50 7 50 8 50 9 50 10 50
B4b4 10 75 20 75 34 50 36 50 38 50 5 00 7 00 8 00 9 00 10 50
S4b5 10 00 21 50 33 00 36 00 38 75 5 00 7 00 8 00 9 00 10 00

s5bl 9 25 21 50 34 00 37 50 39 00 5 00 7 50 8 50 9 50 10 50
B5b2 10 00 22 50 34 50 38 00 39 50 5 50 7 50 8 50 9 50 10 50
S5b3 10 25 22 50 33 00 38 50 39 75 5 50 7 50 8 50 9 50 1 1 00
S5b4 10 50 22 50 33 00 36 50 38 50 5 00 7 00 8 00 9 00 11 00
a5b5 10 00 22 50 33 25 37 50 39 00 5 00 7 00 8 00 9 00 10 50
B6bl 10 00 22 75 33 75 37 75 38 00 5 50 6 50 7 50 8 50 9 50
s6b2 10 00 20 75 33 75 37 00 39 00 4 50 6 50 7 50 8 50 9 00
S6b3 9 50 22 50 33 00 37 00 38 00 4 50 6 50 7 50 8 50 9 00
S6b4 9 50 21 50 34 50 37 50 38 50 5 00 6 00 7 00 8 00 9 50
S6b5 9 25 21 50 34 00 37 00 39 00 5 00 6 50 7 50 8 50 9 50
F NS N5 NS MS MS NS KS NS NS NSCD - - —

SE 1 129 1 251 2 460 2 843 2 991 0 832 0 892 0 901 0 924 0 997



number plant-''', as the sulphur level In combination v.ith 
different boron levels were increased But the combination 
of Sg with various boron levels, recorded significantly 
lower pod number plant-''' in comparison with s^ s^ and 
levels

The weight of pods plant followed the same trend
—1 —1as the number of pods plant Maximum weight of pods plant

was recorded by s.b followed by s b and s b However,
4  J  | J  2  <5 g

the treatment combinations s.b. s_b s-.b.. s b„ s.b„ and
VT<3p D  Zf <5 Of i

Sj.b3 were on par with each other Here also, the combination
of Sg with various levels of boron, recorded a significantly 
lower weight of pods plant-*- in comparison with s^ and 
s^ levels.

Maximum weight of kernels plant was obtained at 
s^b^ level, recording 17 5 g, but this combination was on
par with Sgb2 s 4b3 s4b2 and s3b3 It was 3130 noted that 
the combination of s. s„ and s_ with various boron levels1 p 2. o
recorded significantly lower kernel weight plant-'*' m  
comparison with the combinations involving s, s. and s_■3 I 4  j
with boron levels

The haulm yield plant-'*' was also significantly 
influenced by application of sulphur and boron The treat­
ment Sgb^ recorded significantly higher haulm yield planfl^ 
which was on par with s^b s b sibo and3  by J  <3 f T  3  j J J j ^



rable 2 Fffcrt 
RI oin) 1

or sulpl ur n 
at vnr IG 3

d boron nj [ llcntion o yloll nnI yiell ntfcrJbotea bC

ft

Tr ntmf’t t3 11 Dbrr of i 
pods plant

I 1Welpt t of podg 
pin lfc-^

Welgl t of 
1 erne Is 
I Ini t '

Bh sa yield 
I lint (p)

T W
plant (p)

2 1 00 22 0 11 2 3 25 00 67 /1
s1h2 20 00 23 20 11 30 26 60 69 60

a, 63 21 00 22 90 11 30 23 20 66 101 J 2 0 27 1 ) 11 00 20 50 67 90
n,b5 P1 00 22 0 10 X3 23 10 <5 0
n?l , ?? C 3 23 50 13 >0 25 10 68 6 3
B?b? ?3 00 26 50 13 90 25 1 0 1 9 00
V  3 ?? 00 23 50 13 50 21 ■30 60 03
* ? bl 2 00 23 00 13 '0 21 90 50 90

23 00 25 00 M 90 26 10 51 10

93! 1 23 00 27 BO V 50 20 10 55 90
s,b 26 00 28 10 15 50 28 60 56 50

J  f  S,1 , ?r 00 28 00 15 90 28 50 57 30
I,3* 1 2< 00 26 JO M r0 21 10 53 83
s3b5 22 00 23 50 16 70 26 10 67 60

n b. 25 00 26 50 15 30 27 10 53 fo
26 00 27 90 16 I 0 27 50 55 t

al 3 20 00 ?n qo 16 X) 20 50 57
■3 t 25 00 26 20 15 30 26 '•O ->2 7 3
1 n i 2 20 15 0 25 1 3 t i r

n 1 1 P ) 1 3 ) 2 10
V  ? 2 100 20 80 16 <30 29 1 0 n
°5l , 27 00 27 50 17 r0 20 50 5f *3

J  J
V < 26 00 27 10 16 00 27 80 5' 00J 1 
n5* 25 00 26 10 16 10 27 10 53 50

Y b1 2' 00 21 50 15 I 0 25 10 69 K3y *
Y b2 23 00 23 50 16 10 26 10 17 60

V  3 22 00 21 50 13 80 23 10 1 1 60

*Y 21 00 2 3 50 13 50 21 / 0 t 1 90
Y b5 22 (0 2? 50 1 j 30 ?! 50 7 )
F 5 S s 3 S
( 13 P )'3 1 '32 1 r ? 2 321 ? I 33
sr 1 oo5 0 T 2 0 SOg 0 955 1 061



The total drymatter production plant"'1' was significantly 
influenced by the different combinations of sulphur and 
boron. Highest value for total drymatter production plant-1" 
was recorded by the treatment combination sgl>2 which was 
on par with Sgbg s4b3 s3l32 30(3 s3l33

The above results showed that the sulphur levels
s.. s. and s. in combination with b„ and b. levels of boron >j| 4 by 2 3
were found to be significantly superior to the rest of the 
treatments, and hence they were selected and tested in the 
field, along with different times of application
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B F IE L D  EXPERIMENT

T h e  r e s u l t s  o f  t h e  s t u d y  o n  s u l p h u r  a n d  b o r o n  n u t r i t i o n  

o f  g r o u n d n u t  v a r .  T G -3  a r e  p r e s e n t e d  b e lo w  -

4 . 1  G ro w th  c h a r a c t e r s

4 . 1 . 1  H e ig h t  o f  t h e  p l a n t

T h e  e f f e c t  o f  s u l p h u r ,  b o r o n ,  t im e  o f  a p p l i c a t i o n  an d  

t h e i r  i n t e r a c t i o n s  o n  h e i g h t  o f  t h e  p l a n t  a t  v a r i o u s  s t a g e s  

o f  g r o w th  a n d  a t  h a r v e s t  a r e  p r e s e n t e d  i n  T a b l e s  3 a  an d  3 b  

r e s p e c t i v e l y .

T h e r e  w as m a rk e d  d i f f e r e n c e  i n  h e i g h t  b e t w e e n  t h e  

c o n t r o l  a n d  p l o t s  t r e a t e d  w i t h  s u l p h u r  25  k g  S . h a - ^ a t  a l l  

g r o w th  s t a g e s  T h e  p l a n t s  i n  t h e  c o n t r o l  p l o t s  r e c o r d e d  

t h e  l o w e s t  h e i g h t  a t  a l l  s t a g e s  o f  g r o w th  An i n c r e a s e  i n  

t h e  l e v e l  o f  s u l p h u r  b y  5  k g  r e s u l t e d  m  an  i n c r e a s e  m  

p l a n t  h e i g h t  b y  a b o u t  2 cm a t  a l l  g r o w th  s t a g e s

A p p l i c a t i o n  o f  b o r o n  a t  6  k g  B h a -1 , h a s  b e e n  fo u n d  

t o  i n c r e a s e  t h e  p l a n t  h e i g h t  s i g n i f i c a n t l y  a t  6 0  DAS, 9 0  DAS 

a n d  a t  h a r v e s t ,  b u t  i t  w as o n  p a r  w i t h  4  k g  B . h a  .

T h e  d i f f e r e n t  t i m e s  o f  a p p l i c a t i o n  o f  s u l p h u r  an d  

b o r o n  d i d  n o t  h a v e  a n y  s i g n i f i c a n t  e f f e c t  o n  t h e  h e i g h t  o f  

t h e  p l a n t  a t  a n y  o f  t h e  s t a g e s  o f  g r o w th

S i g n i f i c a n t  i n t e r a c t i o n  w as o b s e r v e d  b e tw e e n  s u lp h u r  

an d  b o r o n  fr o m  6 0  DAS o n w a rd s  A t  t h e  t im e  o f  h a r v e s t  no



Table 3a Effect of sulphur, boron and time of application on height of 
the plant at 30, 60, 90 DAS and at harvest

Treatments ■
■■ r-----------1---Plant height (cm)

30 DAS 60 DAS 90 DAS Harvest
Control 6 24 20 29 35 44 38 54
Sulphur

S1 6 83 20.48 35 89 40.42
s2 7 68 22 15 38 23 42 56
s3 8 47 24 25 40 93 44 15

f (2,36) S S S S
CD 1 767 2 387 2 923 1 325
SE 0 616 0 832 1 019 0 462

Boron
b1 7 41 21 95 37 75 39 74
*2 7 91 22 63 38 96 39 91

F0,36) NS S S S
CD 1 049 2 087 1 002
SE 0 386 0 366 0 728 0 349

Time of application
7 69 23 30 38 79 42 68

*2 7 65 22 17 37 65 42 26
*3 7 62 21 39 38 62 42 18

F(2,36) NS NS NS NS
CD - - -

SE 0 616 0 832 1 019 0 462
Treatment vs control

Mean 7 66 22 28 38 36 42 37
F(1,36) NS S s S
CD - 1 049 2 087 1 002
SE 0 386 0 3 66 0 728 0 349
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T a b le  3 b  E f f e c t  o f  t h e  i n t e r a c t i o n s  b e tw e e n  s u l p h u r ,  b o r o n  and t im e  o f  

a p p l i c a t i o n  on  p l a n t  h e i g h t  a t  3 0 ,  6 0 ,  9 0  DAS and a t  h a r v e s t

" ’ "T
T r e a t m e n t s

----------- 1--
P l a n t  h e i g h t (cm) 7 ......

30 DAS 60 DAS 90 DAS H a r v e s t

S  X  B

3 1 b 1 6 54 20 18 35 42 40.01

s1 b2 7 .1 2 20 77 36 37 4 0 .83

s 2 b-| 7 38 21 81 37 56 42 15
s 2b 2 7 97 22 48 38 91 42 96

s 3b1 8 30 23 84 40 .27 43 88
s 5b 2 8 03 24 65 41 60 44 42

F NS S s S

CD - 2 387 2 923 1 .325

B x  T

V i 7 .43 22.91 38 37 4 2 .29

v 2 7 41 21 83 36 64 41 79

v 3 7 38 21 10 38 23 41 94

V i 7 96 23 09 39 .22 43 .07
b  t 7 90 22 52 38 66 42 74
b 2t 3 7 .87 21 70 39 01 42.41

F NS NS NS NS

CD - - - -
SE

S  x  T

0 616 0 832 1 019 0 462

s i t i 7 12 21 35 35 85 40 .35
S l t 2 6 50 20.51 35 22 40 19

s1b3 6 88 19 58 36 62 40 72

-2*1 7 48 23 17 38 82 43 05

3 2*  2 7 76 22 28 37 05 42 45

*2*3 7 78 20 98 38 84 42 17

s 3t 1 8 50 25 38 41 72 44 64
s 3 t 2 6 68 23 73 40 68 44 17

s3*3 8 22 23 64 40.40 43 65
F NS NS S NS

CD - - 3 212 -

SE 1 213 1 401 1 120 1 843
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Table 4a Effect of sulphur boron and time of application on number of 
branches plant-1 at 30, 60 90 DAS and at harvest

Treatments
T  ~ — I Number of branches I----------

30 DAS 60 DAS 90 DAS Harvest
Control 2 78 6 01 8 46 8 °4
Sulphur

31 3 28 6 01 8 87 9 82
s2 3 65 6 21 9 52 10 51
*3 3 76 6 56 10 24 11 04

F(2,36) NS NS NS NS
CD - -

SE 0 735 0 504 1 106 1 812

Boron
b1 3 59 6 23 9 46 10 32
b2 3 54 6 29 9 62 10 59

F(1,36) NS NS S NS

CD - 0 589
SE 0 600 0 411 0 416 1 418

Time of application
*1 3 38 6 19 9 65 10 51
b2 3 47 6 23 9 33 10 27
*3 3 51 6 30 9 64 10 59

F(2,36) NS NS NS NS
CD - -

SE 0 735 0 504 1 106 1 812

Treatment vs control
Mean 3 16 6 25 9 04 10 15

F(1 36) NS NS S NS
CD 0 589
SE 0 600 0 411 0 416 1 418
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Significant difference was observed in height, within sulphur 
when the level of boron was changed, but the height Increases 
were significant at various levels of sulphur within boron

The s x T interaction was significant at 90 DAS,

but s3fc2 s3fc3 s2fc3 311(1 s2fcl were on par each
other

The B x T interaction was found to be not significant.

4.1.2 Number of branches plant- 1

The effect of sulphur, boron, time of application 
and their interactions on number of branches plant- 1 are 
presented m  Tables 4a and 4b respectively

The number of branches plant- 1  was not significantly 
influenced by an increase m  levels of sulphur at any of the 
growth stages

The effect of boron on number of branches plant- 1  

was also found to be not significant at all stages except 
90 DAS. At 90 DAS, the highest number of branches was 
produced at the highest level of boron tried (6 kg ha-1) but 
this was on par with 4 kg B.ha .

The different times of application and none of the 
interaction effects were found to have significant influence 
on this character.
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Table 4b Effect of the Interactions between sulphur boron and time of
application on number of branches plant at 30 60 90 DAS and
at harvest

■ V
Treatments -

i Humber of branches i

30 DAS 60 DAS go DAS Harvest
S x B
31 b1 3 27 5 93 8 77 9 66

31b2 3 30 6 08 8 97 9 98

s2b1 3 73 6 26 9 41 10 34
s2b2 3 56 6 17 9 62 10 68

s3b1 3 77 6 50 10 20 10 94
s3b2 3 76 6 22 10 28 11 13

F
CD

NS NS NS NS

B x T

V i 3 41 6 20 9 62 10 32
b1b2 3 62 6 26 9 22 10 18
b1t? 3 73 6 23 9 53 10 43
V i 3 53 6 20 9 68 10 70
v 2 3 53 6 30 9 43 10 35
b2t3 3 50 6 37 9 76 10 75
F
CD

NS NS NS NS

SE 0 735 0 504 1 106 1 812

S x T
B1t 1 3 15 6 02 9 05 9 78
*1*2 3 32 5 95 8 63 9 98

s1b3 3 38 6 05 8 92 9 68
s2t1 3 57 6 08 9 57 10 62
s2t2 3 65 6 23 9 18 10 22

*2*3 3 72 6 32 9 80 10 70
B3b1 3 70 6 50 10 33 11 13
s3t2 3 77 6 65 10 17 10 90
*3*3 3 82 6 53 10 22 11 08
F
CD

NS NS NS

SB 0 761 0 611 1 117 2 004



4.1.3 Number of leaves plant- 1

The effect of sulphur, boron, time of application and 
their interaction effects on number of leaves plant-'*' at 
various growth stages and at harvest are presented in 
Tables 5a and 5b respectively

The number of leaves plant- 1 was influenced signifi­
cantly by the application of sulphur at all growth stages, 
except at 30 DAS At 90 DAS, s^ level recorded the highest 
number of leaves viz. 40.92 which was significantly superior 
to all other levels However at 60 DAS and at the time of 
harvest, the levels and were on par with each other

Boron also had significant influence on leaf number 
plant- 1 at 90 DAS and at harvest. However the values for 
b^ and b^ were on par with each other at both these stages

The number of leaves was significantly high when the 
fertilizer was applied at t2 and t3 times, which were on par, 
in comparison with t̂  at the time of harvest

The S x B interaction was significant at all stages,
except 30 DAS Maximum number of leaves plant- 1  was produced
by s^b^ combination at 90 DAS and at harvest However this
was on par with s_b. at 90 DAS and with s_b. and s«b_ at the j 1 o 1 « 2

time of harvest
At 60 DAS, S x T interaction produced the highest 

number of leaves at Sgt-, level which was significantly superior



Table 5a Effect of sulphur, boron and time of application on number of 
leaves plant" at 30, 60, 90 DAS and at harvest

Treatments
— Number of ' * "1 leaves plant 1

30 DAS 60 DAS 90 DAS Harvest
Control 13 13 24 17 33 83 36 27
Sulphur

S1 13 20 23 75 35 47 37 09
s2 14 49 24 81 38 06 42 02

s3 14 97 26 27 40 92 44 15
F(2,36) NS S S S

CD - 2 097 1 797 2 499
SE 0 7 8 8 0  7 3 1 0 627 0  871

Boron
b1 14 25 24 80 37 84 41 23
>2 14 06 25 08 3 8  67 40 95

F(1,36) NS NS s S
CD - - 1 183 2 041
SE 0 2 7 6 0  5 9 7 0  413 0  712

Time of application
t 1 13 73 24 57 38 57 39 84
t 2 14 19 25 06 37 34 41 05
t3 14 53 25 18 38 55 42 35

F (2,36) NS NS NS S
CD - - 2 499
SE 0 7 8 8 0  7 3 1 0 627 0  8 7 1

Treatm°nt vs control
Mean 14 05 24 94 36 15 39 08
F (1,36) NS S S S
CD - 1 712 1 183 2 041
SE 0 276 0 5 9 7 0  4 1 3 0  712
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Table 5b Effect of the interactions between sulphur, boron and time of_4application on number of leaves plant at 30 , 60 , 90 DAS 
and at harvest

“ “ T
T rsa ’ttnsivts

—r
Number o f  l e a v e s p l a n t ” '

r ..........

30 DAS 60 DAS go DAS H a r v e s t

S x  B

s i b i 12 92 23 38 35 08 3 3 .6 0
s i b 2 13 0 8 24 12 35 31 35 59

s 2b1 14 91 24 98 37 66 41 36

s 2b2 14 08 24 63 38  47 4 2 .6 9

s 3b1 14 91 26 04 4 0 .7 8 43 73

s 3b2 15 02 26 48 41 06 L 4  56
F NS S S S

CD - 2 097 1 797 2 499

B x  T

V i 13 48 24 43 38  44 41 26
b , t 2 14 36 25 01 36 96 40 72

b , t 3 14 91 24 96 37 73 41 71

V i 13 98 24 70 38 67 4 1 .4 3

b 2b 2 14 03 25 11 37 73 4 1 .3 9
b 2t 5 14 17 2? 43 38  69 43 01

r NS NS NS NS
CD - - - -
SE 0 788 0 731 0 627 0 871

S x  T

S i t 1 12 20 23 <-Q 36 13 32 59
S i t 2 13 25 23 65 34 63 38 75
S i t 3 13 55 24 20 35 65 39 93
s 2 t 1 1 4 .2 0 24 30 38  27 42  43

sZtZ 14 45 24 88 36 73 4 0 .8 3

sZt3 14 83 25 23 39  83 4 2  80

s 3t 1 1 4 .7 8 26 00 41 ’ 3 44  50

s 3t 2 14  88 26 65 4 0 .6 7 43 58

o 3 1 5 .2 3 26 15 40 82 44 35
F NS S S S

CD - 2 324 1 819 4  284
SE 0 814 0 810 0 634 1 494



to all other combinations except s3t3 s3t2_ s2t3 and s2t 2

At 90 DAS, s3t^ produced the highest number of leaves plant , 
which was significantly superior to all other combinations 
except s3t3 S3^3 s2t3* At ^lme harvest, the
treatment combinations s3t^ s 3t 3 s3fc2 s2fc3 S2fcl and s2t 2 

were on par with each other with s3t-̂ producing the highest 
number of leaves plant-  ̂ (44.50)

The B x T interaction was found to be not significant 
at any of the stages

4.1.4 Leaf area index (LAI)

The effect of sulphur, boron, time of application and 
their interactions on leaf area index at different growth 
stages and at harvest, are presented m  Tables 6a and 6b 
respectively.

Application of sulphur significantly increased the LAI 
at 60 DAS and at 90 DAS At 60 DAS, the highest LAI of 8.31 
was recorded by s3 level, but this was on par with s2 At 
90 DAS, the highest LAI of 10.78 recorded by s, was signifi-

3 f

cantly superior to all other levels of sulphur.

Application of boron influenced LAI at 60 DAS and at 
90 DAS In both these stages b. was on par with b but 
significantly superior to the control treatment

•-1
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Table 6a Effect of sulphur, boron and time of application on leaf area 
index at 30, 60, 90 DAS and at harvest

Treatments
1----------Leaf area jindex

30 DAS 60 DAS 90 DAS Harvest

Control 0 .78 7.79 8 78 7 99
Sulphur

S1 0.S2 7 83 8 65 8.02

s 2 0 91 8 27 9 26 8 55
s3 0 99 8.31 10 78 9 58

F (2,36) NS S S NS
CD - 0 800 0 523 -
SE 0 172 O 279 0 182 0 057

Boron

b1 0 92 7 85 9 23 8.53
>2 0 89 7 89 9 49 8 90

F (1,36) NS S S NS
CD | - 0 059 0 281 -
SE 1 0 506 0 021 0 098 0 214

Time of application

t 1 0.92 7 55 9.40 9 39
*2 0 89 7 54 9 27 9 15

0 85 7 61 9 20 9 23
f (2,36) NS NS NS S

$ CD - - 0 163
SE 0 172 0 279 0 182 0 057

Treatment vs control
Mean 0 81 7 87 9 56 8 71
F (1,36) NS S S S
CD - 0 059 0 281 0 613
SE 0 506 0 021 0 098 0 214
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Table 6b Effect of the Interactions between sulphur boron and time of 
application on leaf area index at 30, 60 90 DAS and at harvest

Treatments Leaf area index
30 DAS 60 DAS 90 DAS Harvest

S x B
s1b1 0 80 7 81 8 80 8 11
Slb2 0 84 7 69 9 00 8 22
s2bi 0 89 8 22 8 80 8 58
s2b2 0 77 8 31 9 72 8 52
s3b1 0 92 8 34 10 60 9 19
s3b2 0 98 8 19 10 97 9 97
F NS NS NS NS
CD - -
B x T
b1b1 0 9k 7 92 9 42 8 62

b1b2 0 92 7 83 9 21 8 40
b1*3 0 90 7 79 9 07 8 56
b2ti 0 96 7 89 9 91 9 08
b2b2 0 88 7 79 9 87 8 33
b2t3 0 84 8 01 9 81 8 79
F NS NS NS NS
CD
SE 0 172 o z'ts 0 182 0 05"7
S x T
“1*1 0 86 6 93 8 70 8 70

s1b2 0 82 6 88 8 57 7 82
s1t3 0 78 7 ?8 8 68 8 13
s2t 1 0 95 8 43 9 48 8 73
s2t2 0 92 8 33 9 23 8 48
s2t3 0 85 8 03 9 07 8 43
a3t1 0 93 8 34 9 97 9 73
s3t2 0 97 8 22 10 80 9 55
s3t3 0 98 8 38 10 57 9 45
F NS NS NS NS
CD - - - -

SE 0 734 1 312 1 448 1 157
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The time of application significantly influenced the 
LAI only at the time of harvest. The highest LAI of 9.39 was 
recorded by the treatment t. but it was on par with r which 
recorded a value of 9.23.

None of the interaction effects were significant in 
influencing this character

4.1.5 Number of nodules plant- 1  at flowering stage

The effect of sulphur, boron, time of application and 
their interaction effects on number of nodules plant- 1  at 
flowering stage are presented m  Tables 7a and 7b respectively

The nodule number plant- 1  at flowering time was 
significantly increased by application of sulphur. The 
maximum number of nodules plant- 1  (22.56) was obtained at 

level, which was on par with s  ̂level, which produced
18.95 nodules plant-1, which was again on par with s^ at which 
17.17 nodules were recorded

Application of boron increased the number of nodules 
plant- 1  significantly. Maximum number of nodules (20.29) 
was recorded by b^ level, but this was on par with b^.

There was no significant difference between the time 
of application of sulphur on nodule number plant- 1  at 
flowering stage
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Table 7a Effect of sulphur boron and time of
application on nodule number and nodule 
weight of the plant at flowering stage

Treatments
l ■ '
Nodule number 
at flowering

“i-----------
Weight of 
nodules at 
flowering

Control 17 11 0 OS
Sulphur

S1 17 17 0 06

s 2
18 95 0 07

S3 22 56 0 08

P<2 36) 5 NS
CD 3 673 -
SE 1 281 0 018

Boron
bl 18 82 0 07
b2

20 29 0 07

F(1 36) S NS
CD 2 727 -
SE 0 951 0 050

Time of application
18 17 0 07

t 2
19 22 0 07

fc3 21 27 0 06
F(2»36) NS NS
CD _ -

SE 1 201 0 018
Treatment vs control

Mean 19 83 0 067
F<1 36) S NS
CD 2 727 -
SE 0 951 0 050
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Among the interaction effects, the treatment combina­
tion recorded the highest number of nodules plant-'*'
(23.67). This combination was on par with s,b which•J 1 |
recorded a value of 21.45

None of the other interaction effects were significant 
m  influencing this character

4.1.6 Weight of nodules plant-*" at flowering stage

The effect of sulphur, boron, time of application and 
their interaction effects on weight of nodules plant-*" at 
flowering stage are presented in Tables 7a and 7b respectively

The weight of nodules plant-"*" recorded an increasing
trend with increasing levels of sulphur, but the difference
in weight was not significant.

The weight of nodules plant-*" was found to be unaffected
by the application of boron, and the different times of
application

None of the interaction effects were significant m  
influencing this character

4.2 Yield attributes
4.2.1 Number of pods plant-*

The effect of sulphur, boron, time of application and 
their interaction effects on number of pods plant-"*- are 
presented m  Tables 8a and 8b respectively.
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The number of pods plant- 1  was significantly increased 
by the application of sulphur Maximum number of pods plant- 1  

(23.61) was obtained at s3 level, with s2 level on par with 
it, producing 21.33 pods plant- 1  The control registered 
the lowest number of pods plant- 1  (19.01)

The number of pods plant- 1 increased with increasing
levels of boron, with b^ and b2 on par with each other, but 
significantly superior to the control treatment

The tame of application showed no significant effect 
on this character.

Among the S x B interactions, s^b2 recorded the highest
value of 25 66 which was significantly superior to all other
combinations.

Significant positive interaction was noticed for the
treatment combination s,t which recorded 24.84 pods plant- 1J 1*
but this was on par with 3°^ S2tl*

The interaction effects of levels of boron and times 
of application were not significant m  influencing this 
character

4 2.2 Weight of pods plant- 1

The effect of sulphur, boron, time of application and 
their interaction effects on weight of pods plant- 1  are 
presented m  Tables 8a and 8b respectively.
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T a b le  8 a  E f f e c t  o f  s u lp h u r  b o ro n  an d  tim e  o f  a p p l i c a t i o n  on num ber o f  p od s p l a n t - * 

w e ig h t  o f  p od s p l a n t - *  w e ig h t  o f  k e r n e l s  p l a n t - *  and 1 0 0  k e r n e l  w e ig h t

T r e a tm e n ts

— i---------------------. . ,
Number o f  pods 

p l a n t - *

r .....................
w e ig h t  o f  . 
pod s p l a n t  

(g)

W e ig h t o f  - 
k e r n e l s  p l a n t

(g)

1 0 0  k e r n e l  
w e ig h t

(g)

C o n t r o l 1 9 .0 1 2 0 .4 3 1 3  03 47  1 0

S u lp h u r

s ! 2 0  17 2 0  4 8 13  56 47  09

s 2 21 33 2 2  99 1 5  4:6 4 7  48

S 3 23 S I 25  62 1 5  92 5 0  81

p ( 2 , 3 6 ) S S S S

CD 2 3 2 4 3 29 8 1 7 3 5 2 32 9

SE 0  8 10 1 1 5 0 0  605 0 812

B o ro n

b l 21  0 6 23 41 14 37 4 8  67

b 2 22  4 1 2 3  9 8 1 5  48 4 8  9 0

f ( 1 , 3 6 ) s s NS NS

CD 2 00 4 2 693 -

SE 0  699 0  9 3 9 0  55 9 0  4 6 8

Time o f  a p p l i c a t i o n

*1 22  44 24  2 8 1 5  25 49  08

t 2 24  33 23 66 1 5  02 4 8  87

t 3
24  45 23 15 14  3 6 4 8  4 0

p ( 2 , 3 6 ) NS NS NS NS

CD - - - -

SE 0 8 1 0 1 1 5 0 0  6 0 5 0  812

T r e a tm e n t  v s  c o n t r o l

Mean 21  71 23 69 1 4  87 4 8  79

F < 1 ,3 6 ) s s S s

CD 2 00 4 2 693 1 60 2 1 341

SE 0  699 0  9 3 9 0  559 0  4 6 8
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T a b le  8b E f f e c t  o f  th e  i n t e r a c t i o n s  betw een  s u lp h u r  b o ro n  and tim e  o f  a p p l i c a t i o n  on 

number o f  pods p l a n t - ''' w e ig h t o f  pods p la n t - '' w e ig h t o f  k e r n e l s  p la n t - '  
and 1 0 0  k e r n e l  w e ig h t

T re a tm e n ts

— 1-----------------------------------------------------------------

Number o f  pods
p la n t - 1

—i--------------------------------
W eig h t o f  pods 
p l a n t -1

(g )

V e ig h t  o f  
k e r n e l s  p la n t  1

<g>

1 0 0  k e r n e l  
w e ig h t

(g)

S x  B

Sl b l 2 0  56 22 82 1 3  31 47  40

S l b 2 19 78 2 2  13 13  81 46  76

S 2bl 20  89 23 31 1 4  44 47 28

s 2b 2 21 78 22  68 15 83 47 69

S 3 bl 21 56 24 1 0 1 5  34 51 34

3 3b ? 25 66 27 13 16  49 52 27

F S S S S

CD 2 324 3 29 8 1 735 2 329

B X T

V l 21 56 24 41 14 o2 49  12

b l t 2 20  56 22 81 14 43 4 8  65

b Xt 3 2 0  89 23 01 11 14 4 8  24

b 2*"l 22  33 24 16 15  97 49 06

b 2fc2 22 11 24 52 15 60 49 1 0

b 2 t 3 21 78 23 27 14 56 48  55

F NS NS NS NS

CD
SE 0 81 0 1 1 5 0 0 6 0 5 0  812

S  x  T

S l t l 20  00 21 74 12  37 47  27

Sl b2 2 0  17 23 02 14 13 4 7  05

s l t 3 20  34 22 68 14  19 4 6  92

S 2 fcl 22  50 24 32 1 6  78 4 7  62

s 2 fc2 20  67 22 55 14 95 4 7  45

s 2 fc3 20 83 22 12 13  69 4 7  38

s 3 bl 24 84 26 80 1 6  58 50 38

s 3 fc2 23 17 25 43 15  97 52  13

s 3 fc3 22 84 24 62 1 5  20 50 90

F S NS NS NS

CD 3 38 6 - - -
SE 1 181 1 3 9 6 1 125 1 177
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The levels of sulphur and boron influenced this 
character significantly, whereas the time of application 
did not have any effect Highest value for weight of pods 
plant *" (25.62 g) was obtained at s^ level, with s^ level
on par with it producing 22 99 g pods plant-"*-. The control
treatment recorded a mean weight of 20 43 g

The maximum weight of pods plant-*" (23.98) was 
recorded by b„ level, but it was on par with b which recorded^ ll
a mean weight of 23.41 g

Among the various interactions recorded the
maximum value for weight of pods plant-*" (27.13 g) and this 
was on par with s^bj

The other interaction effects were not significant.

4.2.3 Weight of kernels plant-*"

The effect of sulphur, boron, time of application and 
their interactions on weight of kernels plant-*" are presented 
in Tables 8a and 8b respectively.

Application of sulphur showed a favourable effect on 
weight of kernels plant-*". An increase m  sulphur level fran 
s^ to s2 produced significant effect on weight of kernels.
A further increase m  sulphur did not improve the result. 
However, application of boron and times of application of 
fertilizers did not produce any significant influence on 
this character.
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Among the S x B interaction effects s.jb2 gave a mean 
weight of 16.49 g, which was on par with s2fc>2 and

The S x T and B x T interactions were found to be not 
significant.

4.2.4 Weight of 100 kernels

The effect of sulphur, boron, time of application and 
their interactions on weight of 100 kernels are presented in 
Tables 8a and 8b respectively.

No significant difference was observed in the 100 
kernel weight at the ŝ  and s2 levels The weight of 100 
kernels increased with increasing levels of sulphur and the 
highest value of 50.81 g recorded by s^ level is significantly 
superior to all other treatments.

Application of boron and time of application of 
fertilizers did not show any significant influence in this 
character

The S x B interaction recorded a value of 52.27 g for
the combination s^b2 This combination however was on par
with s,b which recorded a value of 51.34 g, but was signi- *3 la
ficantly superior to all other combinations

The B x T and S x T interactions had no influence on 
this character.
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4.2.5 Shelling percentage

The effect of sulphur, boron, time of application and 
their interactions on shelling percentage of groundnut are 
presented in Tables 9a and 9b respectively

Shelling percentage was significantly increased by 
sulphur application. The s3 level registered the highest 
shelling percentage of 59.08, which was on par with s 
(58.55)

Application of boron and time of application had no 
significant effect on shelling percentage.

Significant interaction effect was noted for s^b^ 
which recorded a value of 59.14 percent, which was on par 
with s3b2 ^2^  s2b2 and slb2* None of the other interaction 
effects were significant

4.2.6 Pod yield

The effect of sulphur, boron, time of application and 
their interactions on pod yield of groundnut are presented 
in Tables 9a and 9b respectively

Application of sulphur had significant influence m  
enhancing the pod yield of groundnut. Maximum pod yield of 
1658.82 kg ha~^ recorded by s3 level was significantly superior 
to s^ level and control, but was on par with s2. Control 
plots recorded the lowest yield of 1048 kg ha”
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Table 9a Effect of sulphur boron and time of application on shelling percentage pod yield 
haulm yield total drymatter production and harvest index

Treatments
—1-----------
Shelling
percentage

1
Pod yield 

kg ha“^

i
Haulm yield 

leg ha-^

---- 1---------------[—
Total drymatter 
production
kg ha-^

Harvest
index

Control 57 62 1048 00 2131 96 3179 95 32 96
Sulphur

S1
57 76 1201 83 I860 53 3082 37 38 99

S2 58 55 1460 60 2111 17 3571 78 40 83
S3 59 08 1658 82 2549 98 4208 81 39 55

F(2 36) S S S S S
CD 1 304 298 506 381 573 994 852 l 4•'11

SB 0 455 104 096 133 064 346 929 0 492
Boron

58 39 1450 36 2072 B3 3523 19 41 08
b 2

58 53 1430 47 2288 29 3718 77 38 50
F(1 36) NS S NS NS S

CD - 268 227 - 1 151
SE 0 322 93 537 75 506 46 772 0 401

Time of application

fcl 58 56 1494 22 2215 97 3710 19 40 26
fc2

58 26 1389 14 2180 88 3570 03 38 95
fc3 58 54 1437 88 2149 84 35B2 73 40 16

f(2 36) NS NS NS NS NS
CD - - - -
SE 0 455 104 096 133 064 346 929 0 492

Treatment vs control
Mean 58 56 1440 41 2380 56 3620 98 39 79
F(1 36) S S S S S
CD 0 923 268 227 216 520 134 122 1 151
SE 0 322 93 537 75 506 46 772 0 401
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Table 9b Effect of the interactions between sulphur boron and tune of application on 
shelling percentage pod yield haulm yield total drymatter production and 
harvest index

Treatments
— i —  •

Shelling
percentage

— --------------
Pod yield

kg ha“^

— 1------------------
Haulm yield

kg ha- 1

— i--------------- r
Total dry­
matter produc­
tion - 

kg ha

Harvest index

S x B

Slbl 57 31 1245 94 1872 52 3118 46 39 96
Slb2 58 20 1157 73 1888 54 3046 28 38 03
S2bl 58 74 1448 18 2015 54 3463 73 41 66

S2b 2 58 35 1473 01 2206 80 3679 82 39 99
S3bl 59 14 1656 97 2330 43 3987 41 41 61
S3b2 59 02 1660 66 2569 53 4130 20 37 48
F S S S S S

CD 1 304 298 506 381 573 994 852 1 411
B x T

V i 58 29 1541 21 2113 31 3654 52 42 03
blfc2 58 14 1401 97 2100 62 3502 59 40 14
blt3 58 77 1407 91 2004 57 3412 48 41 06
b2tl 58 83 1447 24 2318 62 3765 86 38 49
b2b2 58 40 1376 35 2261 13 3637 46 37 77
b2t3 58 34 1467 85 2285 12 3752 98 39 25
F NS NS N5 NS S

CD - - 1 411
SE 0 455 104 096 133 064 346 929 0 492
S x T

V l 57 84 1208 20 1900 00 3108 51 38 85
Slfc2

57 75 1164 55 1884 18 3048 74 38 25
Slfc3 57 68 1232 74 1857 12 3089 86 39 89
s2fcl 58 72 1536 43 2125 77 3662 20 41 91
S2t 2 58 53 1425 81 2092 63 3578 45 40 55
^ 3 58 40 1419 56 2115 12 3534 68 40 04
*3*1 59 13 1738 04 2621 83 4359 87 40 03
S3fc2 58 54 1577 07 2565 67 4142 89 38 07
S3fc3 59 59 1661 35 2462 30 4123 65 40 55
F NS NS NS NS NS

CD - - -
SE 0 734 192 324 179 760 415 061 0 595
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The pod yield of groundnut showed an increasing trend 
with boron application also Maximum yield was obtained at
b level But this level was on par with b .X ^

The time of application did not influence the pod 
yield of groundnut significantly, though the highest yield 
was recorded by the treatment t^.

The S x B interaction was significant and which
produced 1660 66 kg pods ha"** was found to be the best 
combination. But this was on par with s^b^ s2b2 and S2bl 
which produced 1656.97 kg, 1473 01 kg and 1448.18 kg ha-* 
of pods respectively

The S x T and B x T interactions were found to be not 
significant

4.2.7 Bhusa yield

The effect of sulphur, boron, time of application and 
their interaction effects on bhusa yield of groundnut are 
presented in Tables 9a and 9b respectively

Maximum bhusa yield was obtained by applying sulphur 
at 25 kg S. ha”*, which was significantly superior to all 
other levels.

Boron application and times of application did not 
influence the bhusa yield significantly.
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Among the S x B interactions, s^b^ gave the highest 
bhusa yield o£ 2569.53 kg ha-3', which was significantly 
superior to the other interaction effects except s^b^ and 
s2°2 T^e -*-nteract^ons of S x T and B x T were not signifi­
cant

4.2.8 Total dry matter production (TEMP)

The effect of sulphur, boron, time of application and 
their interaction effects on TDMP are presented m  Tables 9a 
and 9b respectively.

The m a m  effect of sulphur and S x B interaction alone 
influenced this character TDMP was highest at level 
(4208.81 kg ha-3-) which was on par with s^ level, but 
significantly high in comparison with s^ level Among the 
interaction effects was significant m  influencing this
character, which gave TEMP of 4430 20 kg ha""3- but this was 
on par with s-̂ b̂  s2b 2 311(3 s2^1

4.2.9 Harvest index (HI)

The effect of sulphur, boron, time of application and 
their interaction effects on HI are presented in Tables 9a 
and 9b respectively.

Harvest index, which is the ratio of economic yield 
to biological yield was significantly increased by application 
of sulphur The highest value of 40.83 was recorded by s2



level, but an increase in sulphur above S£ level decreased 
the HI, though the difference in reduction was not significant.

Application of boron produced a significant increase 
in harvest index over the control, with the two levels b̂  
and b^ producing 41.08 percent and 38.50 percent HI, with b̂  
significantly superior to bg and the control treatment.

The treatments of time of application of sulphur and 
boron did not show any influence on this character.

Interaction effects were significant for the combina­
tions s^b1 which gave a value of 41.66, and it was on par 
with Sjb^.

The combination b^t^ recorded a value of 42.03, but 
it was on par with b^t^.

4.3 Quality attributes
4.3.1 Oil content

The effect of sulphur, boron, time of application and 
their interaction effects on oil content of groundnut kernels 
are presented in Tables 10a and 10b respectively.

The oil content in groundnut kernels was significantly 
Increased by sulphur application. level recorded the 
highest oil content of 50.44 percent, which was on par with 
82 level which recorded 49.23 percent oil. level recorded
48.96 percent oil which was also significantly superior to 
the control treatment.



Boron application also increased the oil content 
oigmficantly over the control with 49 12 percent and 
49 75 percent oil m  b^ and levels respectively.

Significant S x B interaction was noticed with respect 
to oil content Highest value for oil content was shown by 
s^b^ interaction, which was on par with s3b^ 3 2̂  2 an<̂  S2^1

The interaction of s3 and s2 with t^ t2 and t3 

produced significantly higher oil content than the interaction 
of S^ with t̂  t^ and t3 But B x T interaction was not 
significant

4 3 2  Protein content of kernels

Ihe effect of sulphur, boron, time of application and 
their interaction effects on protein content of kernels are 
presented m  Tables 10a and 10b respectively

Protein content of kernels increased with increasing 
levels of sulphur Highest protein content of 29.38 percent 
was obtained at s3 level, which wis on par with s^ level, 
which contained 29.48 percent protein, but significantly high 
m  comparison with s^ level

Application of boron significantly influenced the
protein content of kernels The highest value of 29 24- percent
was recorded by b which was significantly superior to the X »
control and b2 . It was also noticed that as the level of boron
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T a b le  1 0 a  E f f e c t  o f s u lp h u r  b o ro n and t im e  o f  a p p l i c a t i o n  on  o i l  c o n t e n t p r o t e i n

c o n t e n t s u lp h u r  c o n t e n t an d b o ro n  c o n t e n t  o f g r o u n d n u t k e r n e l s

I
O i l  c o n t e n t

t ~
P r o t e i n  c o n t e n t S u lp h u r  c o n t e n t B o ro n  c o n t e n t

T r e a t m e n t s (/ ) (/ ) (/ ) (/ )

C o n t r o l 4 7  07 2 7  8 0 0  29 0  0 1 9

S u lp h u r

s ! 4 8  9 6 2 8  48 0  3 0 0  0 4 7

s 2 49  23 29  1 8 0  34 0  0 4 9

S 3 5 0  4 4 29  38 0  3 8 0  0 5 2

F <2 3 6 ) S S S S

CD 1 8 63 0  8 7 6 0  081 0  01 3

SE 0  649 0  3 0 5 0  0 2 8 0  35 3

B o ro n

b l 4 9  12 29  24 0  3 4 0  0 4 8

b 2
4 9  75 28  79 0  35 0  0 5 1

F (1  3 6 ) S S NS S

CD 1 521 0  3 2 6 - 0  0 1 8

SE 0 53 0 0  11 4 0  0 4 7 0  0 0 8

Tim e o f  a p p l i c a t i o n

fcl 49  77 28 89 0  35 0  05 1

fc2 4 9  38 2 8  89 0  35 0  0 4 9

b 3 49  14 2 9  27 0  34 0  0 4 7

f ( 2  3 6 ) NS NS NS NS

CD - - - -
SE 0 649 0  3 0 5 0  0 2 8 0  3 5 3

T r e a t m e n t  v s  c o n t r o l

Mean 4 9  63 29 01 0  34 0  0 4 9

F (1  3 6 ) S S NS S

CD 1 521 0  3 6 - 0  0 1 8

SE 0  530 o 1 1 4 0  0 4 7 0  0 0 8
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T a b le  1 0 b  E f f e c t  o f  th e  I n t e r a c t i o n s  b e tw ee n  s u lp h u r  b o ro n  and t im e  o f  a p p l i c a t i o n  on 

o i l  c o n t e n t  p r o t e i n  c o n t e n t  s u lp h u r  c o n t e n t  and b o ro n  c o n t e n t  o f  g ro u n d n u t 

k e r n e l s

T r e a tm e n ts O i l  c o n t e n t  
(/ )

P r o t e in  c o n t e n t  
(/ )

S u lp h u r  c o n t e n t  
(/ )

—1----------------- ----------------------
B o ro n  c o n t e n t  

(/>

S  x  B

8 l b l
S l b 2

S 2b l

4 8  3 0 2 8  61 0  3 0 0  0 4 6

48  9 6 2 8  36 0  31 0  0 4 9

49  09 2 9  4 5 0  34 0  0 4 8

S 2b 2 49  3 7 28  9 2 0  35 0  0 5 0

S 3 b l 4 9  98 29  67 0  37 0  051

S 3 b 2 50  91 29  09 0  3 8 0  05 4

F S S NS NS

CD 1 8 63 0  8 7 6 - -

B X T

V i
4 8  4 6 2 8  91 0  34 0  0 4 9

b i 4 4 8  2 9 29  53 0  33 0  04 8

b l fc3
4 8  60 29  29 0  33 0  0 4 7

b 2 fcl 5 0  09 2 8  87 0  35 0  0 5 3

V 2
4 9  48 2 8  74 0  34 0  0 5 2

b 2 fc3 4 9  67 29 26 0  34 0  0 4 9

F NS NS NS NS

CD - - - -
SE 0 649 0  3 0 5 0  0 2 8 0  35 3

S  x  T

S l t l
4 8  1 0 28  25 0  32 0  0 4 9

S l t 2 4 8  0 8 28  5 0 0  31 0  0 4 8

S l fc3 4 7  70 2 8  72 0  29 0  0 4 6

S 2b l 49  5 0 2 3  12 0  3 6 0  051

S 2 fc2 4 9 .0 3 2 3  0 2 0  34 0  0 4 9

S 2 b3 49 15 2 S  43 0  33 0  0 4 6

S 3 t 1 5 0  73 29 8 6 0  3 6 0  053

S 3 fc2 5 0  03 29 14 0  3 8 0  05 1

V 3 5 0  57 2 9  69 0  3 7 0  0 4 8

F S S S NS
CD 2 1 4 5 1 1 1 2 0  0 8 5 -
SE 0  7 4 8 0  3 8 8 0  02 9 0  1 21
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increased from to level, the protein content of kernels 
decreased.

The tame of application did not influence the protein 
content of groundnut kernels significantly

Significant positive interaction was shown by the 
interaction s^b^ which yielded 29.67 percent protein, and 
this was on par with level which yielded 29 09 percent
protein

S^t^ interaction gave the highest protein content of 
29 86 percent, which was significantly superior to all other 
interactions except s^t^ and ŝ t̂

4.3.3 Sulphur content of groundnut kernels

The effect of sulphur, boron, time of application and 
their interaction effects on sulphur content of groundnut 
kernels are presented m  Tables 10a and 10b respectively.

Results showed that with the application of sulohur, 
a significant increase was noted m  the sulphur content of 
kernels over the control However, the sulphur content m  
the kernels were on par with each other, at the three levels 
of sulphur tried

Boron application had no mflu~nc“ on the sulphur content 
of kernels
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The time of application, S x 3 interaction and B x T 
interaction were not significant m  influencing the sulphur 
content of groundnut kernels But the S x T interaction was 
found to be significant

4.3.4 Boron content of groundnut kernels

The effect of sulphur, boron, time of application and 
their interaction effects on boron content of groundnut 
kernels are presented in Tables 10a and 10b respectively

Sulphur and boron application increased the boron 
content of groundnut kernels significantly Increasing levels 
of sulphur and increasing levels of boron enhanced the boron 
content of kernels, though the difference was not significant, 
at different levels of both sulphur and boron The time of 
application and their interaction effects had no significant 
effect on boron content.

4.4 Nutrient uptake by the crop

4.4.1 Nitrogen uptake

The effect of sulphur, boron, time of application and 
their interaction effects on nitrogen uptake by the croo are 
presented in Tables lla and lib respectively

The nitrogen uptake by the crop was significantly 
influenced by the main effects of sulphur and boron Applica­
tion of sulphur at s3 level helped in the maximum uptake of
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nitrogen by tie crop (152 87 kg ha'1) However, all the 
three levels of sulphur were on par m  enhancing the nitrogen 
uptake by the crop

Application of boron at b^ level (4 kg ha resulted 
in maximum nitrogen uptake of 152 28 kg ha-1. At b^ level 
(6 kg ha""1) the uptake of nitrogen was found to be decreasing

None of the interaction effects were found to be 
significant.

4.4.2 Phosphorus uptake

The effect of sulohur, boron, time of application and 
their interaction effects on phosphorus uptake by the crop 
are presented m  Tables 11a and lib respectively

Application of sulphur alone influenced the uptake of 
P by the crop significantly P uptake was found to be 
increasing with increasing levels of sulphur, with the maximum 
value at s^ level. But this was on par with s^ level

4 4.3 Potassium uptake

The effect of sulphur, boron, time of application and 
their interaction effects on potassium uptake by the crop 
are presented in Tables 11a and lib respectively.

The K uptake by tie crop was not found to differ 
significantly with the different levels of sulphur, boron, 
time of application or their interactions.



n

Table 11a Effect of sulphur boron and time of application on nutrient uptake by the 
crop at the time of harvest

Treatments N uptake 
kg ha ^

P uptake 
kg ha- 1

K uptake 
kg ha- 1

s uptake 
kg ha-1

B uptake
kg ha‘-1

Control
Sulphur
s.

F(2,36)
CD
SE

Boron
bl
b2 

F(1 36) 
CD 
SE

Time of 
application

f(2 36)
CD
SE

Treatment 
vs control

Mean 
F (1 36)
CD
SE

141 86

146 51
151 37
152 87

S
6 493

2 264

152 28 
148 21

S
4 013 
1 399

149 49
150 26 
150 99

NS

2 264

150 25 
S

4 013 
1 399

25 53

25 99
36 08 
38 63 
S
5 317
1 854

30 92 
30 21
NS

2 236

33 30 
35 41 
35 32
NS

1 854

33 56 
S

6 412 
2 236

57 76

60 78 
64 48 
66 10 
NS

1 817

63 30
64 27
NS 

1 989

63 94 
63 91 
63 51
NS

1 817

63 78 
NS

1 989

22 14 

30 06
32 56 
35 47
S
2 700
0 941

32 42 
32 97
S
3 669
1 279

33 75 
32 63 
31 72
NS

0 941

32 69 
S
3 669 

1 2.79

0 29

0 44 
0 49 
0 47 
S
0 043 
0 014

0 43 
0 46
S

0 049 
0 017

0 42 
0 44 
0 41
S

0 043 
0 014

0 45 
S
0 049 
0 017



Table lib Effect of the interactions between sulphur boron and time of application on 
nutrient uptake by the crop at the time of harvest

Treatments N uptake 
kg ha"*'*'

,-------------------------------------- *

P uptake
kg ha- 1

K uptake 
kg ha- 1

S uptake 
kg ha- 1

-----------------------------------
B uptake 
kg ha-*-

S X  B

Slbl 147 87 30 43 60 22 29 41 0 42
slb2 145 15 31 54 61 34 30 71 0 45
S2bl 153 68 34 12 63 68 32 42 0 44
S2b 2 149 05 38 03 65 27 32 70 0 46
S3bl 150 29 38 21 66 01 35 43 0 45
S3b2 150 44 39 05 66 19 35 50 0 47
P NS NS NS S NSCD - - 2 700
B x T
V i 151 11 30 66 63 27 33 11 0 44
blfc2 152 39 31 05 63 54 32 22 0 41
blfc3 153 35 31 05 63 10 31 50 0 42
b2tl 147 88 35 93 64 61 33 94 0 43
b2t 2 148 12 36 44 64 28 33 03 0 46
b2t3 148 63 36 25 63 91 31 93 0 4 d

P NS NS NS NS NS
CD - - - - -
SE

2 264 1 854 1 817 0 942 0 014
S x T

V l 145 15 25 84 60 84 31 37 0 45
Slt 2

146 80 26 05 60 97 29 78 0 43
Slfc3 147 59 26 08 60 55 29 03 0 41
V l 151 27 35 60 64 34 33 62 0 47
82t 2

150 90 36 IS 64 52 32 33 0 44
S2fc3 151 92 36 49 64 57 31 74 0 42
V l 152 07 38 47 66 65 36 25 0 47
*3*2 153 07 39 04 66 25 35 77 O 45
®3t3 153 48 38 40 65 40 34 38 0 48
P NS NS NS NS NS

CD - - - — —

SE 4 321 4 829 3 243 2 793 0 102
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4.4.4. Sulphur uptake

The effect of sulphur, boron, time of application and 
their interaction effects on sulphur uptake by the crop are 
presented in Tables lla and lib respectively.

The main effect of sulphur and boron and their inter­
action effects influenced this parameter significantly. 
Sulphur uptake by the crop increased with increasing dose of 
sulphur, with the maximum uptake at s3 level.

Application of boron at b]_ and b 2 levels had signi­
ficant effect on sulphur uptake by the crop.

Significant S x B interaction was noted at S3b 1 and 
s3b2# which gave values of 35.43 and 35.50 kg S.ha-  ̂
respectively.

4.4.5 Boron uptake

The effect of sulphur, boron, time of application and 
their interactions on boron uptake by the crop are presented 
in Tables lia and 11b respectively.

Application of sulphur Increased the boron uptake by 
the crop but tne difference in uptake was not significant at 
different levels of sulphur. Similarly boron application, 
increased its uptake by the crop, but bl and b2 were found 
to be on par.
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The time of application influenced the boron uptake 
by the crop significantly Maximum uptake was obtained by 
t^ treatment.

None of the interaction effects were significant in 
influencing the boron uptake by the crop

4.5 Nutrient content in the soil after the experiment

4.5.1 Nitrogen content

The effect of sulphur, boron, time of application and 
their interaction effects on nitrogen content in the soil 
after the experiment are presented m  Tables 12a and 12b 
respe c tively

As the levels of sulphur and boron were increased from
—1 —115-25 kg S ha and 4-6 kg B ha respectively, the N content

of the soil decreased though not significantly.

4.5.2 Phosphorus oontent

The effect of sulphur, boron, time of application and 
their interaction effects on phosphorus content of the soil 
after the experiment, are presented in Tables 12a and 12b 
respectively.

The P content of the soil was not significantly 
influenced by the main effects as well as interaction effects 
of the different treatments tried.
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Table 12a Effect of sulphur boron and time of application on nutrient content in the soil 
after the experiment

Treatment N content P content K content s content B content
kg ha 1 kg ha ^ kg ha 1 kg ha * kg ha"^

Control 105 46 20 99 32 04 16 70 0 14
Sulphur

S1 108 59 23 95 39 25 23 89 0 20

S2 110 60 24 51 36 90 23 02 0 17
S3 104 17 22 26 35 °7 20 06 0 17
f(2 36) NS NS NS NS NS
CD -
SE 4 912 3 412 S 923 A- 592 0 101

Boron
bl 109 36 23 59 37 55 22 47 0 20

b2 106 21 23 55 37 19 22 17 O 16
F<1 36) NS NS NS NS NS
CD - -
SE 3 112 2 186 4 561 3 121 0 091

Time of appli­
cation

fcl 107 97 24 06 36 77 23 26 0 17
b2

107 17 23 14 36 94 20 00 0 18
b3 108 21 23 49 38 41 20 00 0 19
F(2,36) NS NS NS NS NS
CD - - -
SE 4 912 3 412 5 923 4 592 0 101

Treatment vs control
Mean 107 79 23 57 37 37 22 32 0 17
F(1 36) NS NS NS NS NS
CD -
SE 3 112 2 186 4 561 * 3 121 0 091
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Table 12b Effect of the interactions between sulphur boron and time of application 
on nutrient content in the soil after the experiment

Treatments N content 
kg ha- 1

P content 
kg ha- 1

K content 
kg ha ^

S content 
kg ha *

i '
B content 
kg ha ^

S x B

V l ill 53 22 42 40 35 24 59 0 15
°lb 2 105 65 25 48 38 15 23 19 0 19
V l 111 72 24 41 36 28 22 74 0 17
S2b 2

109 48 24 61 37 52 23 29 0 17
s3b1 104 83 23 96 36 04 20 07 0 16
S3b2 103 50 20 56 35 89 20 04 0 18

F NS NS NS No MS
CD - -
B x T

V l 108 17 23 36 36 54 23 01 0 14
V 2 109 78 23 48 37 80 22 28 0 16
4 * 3 110 15 23 94 38 33 22 11 0 17
b2tl 107 78 24 76 37 00 23 50 0 19
b2fc2 104 58 22 84 36 08 22 13 0 30
V s 110 IS 23 04 38 48 20 89 0 18
F NS NS NS IS NS

CD -
SE 4 912 3 412 5 923 0 592 0 101

S X T

V i 110 50 23 72 38 74 24 25 0 16
V 2 108 14 23 52 38 84 23 87 0 17
V 3 107 14 24 62 40 17 23 57 0 19
a2tl 110 54 24 65 36 75 23 88 0 16
S2t 2

109 63 24 30 36 77 22 68 0 17
S2fc3 111 64 24 59 37 19 22 48 0 18
-3*1 102 89 23 82 35 82 21 65 0 18
V 2 103 77 21 67 35 22 20 07 0 18
"3*3 105 85 21 28 37 87 18 45 0 17
F NS NS NS NS NS

CD -
SE 4 999 3 841 5 946 5 012 0 120
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4.5.3 Potassium content

The effect of sulphur, boron, time of application and
their interaction effects on K content of the soil after the
experiment are presented m  Tables 11a and lib respectively.

The K content of the soil was not significantly 
influenced by the main effects as well as interaction effects 
of the different treatments tried.

4.5.4 Sulphur content

The effect of sulphur, boron, time of application and
their interaction effects on sulphur content of the soil
after the experiment are presented in Tables 12a and 12b 
respectively.

The sulphur content of the plots which received sulphur 
treatment was found to be slightly higher than the control 
plots, but the difference was not significant

4.5.5 Boron content

The effect of sulphur, boron, time of application and 
their interaction effects on boron content of the soil after 
the experiment, are presented in Tables 12a and 12b respec­
tively.

The boron content of the plots which received boron 
treatment was found to be slightly higher than the control 
plots, but the difference was not significant
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4.6 Economics of cultivation

Ihe cost of cultivation of the individual treatment 
combinations are presented in Table 13.

The cost of production excluding the treatments worked 
out to b e  R s .S A OO /- .  Application of sulphur at 25  kg S.ha""^

Aand boron at A kg ha , as basal dose realised the highest 
net profit (Rs.7507/-). The maximum benefit : cost ratio 
was also sbovn by the same treatment combination, followed 
by ŝ b-jt-j (1 709) and Sgb^t^ (1.662). The control treatment 
showed a net profit of Rs.1080/- and benefit . cost of 1.114.



TaDle 13. Economics of cu '■-vation

■eojients Cost of additional Total Dod Valu° ^  3enH,:a rost
o*'oaic‘-ion cost of cost / e tr-ô
excludmo treatments
treatment

Control 9400 -
Sl°ltl 9400 564 40
Sl V 2 9400 788.40

9400 956.40
Slb2fcl 9400 738.30
Slb2t 2 9400 962.30
Slb2t3 9400 1130.30
B2bltl 9400 580 60
82blb2 9400 804.60
S2blfc3 9400 972.60
S2b2fcl 9400 754.50
S2b2t 2 9400 978.50
S2b2t3 9400 1146 50
S3blfcl 9400 596.80
S3blt2 9400 820.80
S3blt3 9400 988.80
S3b2tl 9400 770.70
S3b2b2 9400 994.70
S3b2t3 9400 1162.70

9400 00 1048 00 10480 ro
9964 40 1256 0 1256i 00
10188.40 1198 ’5 11983 c0
10356 40 1283 37 1?833 70
10138.30 1160 31 11603.10
10362.30 1130 76 11307.60
10530.30 1182 12 11821 20

9980 60 1659.23 16592.30
10204.60 1443.34 14433.40
10372 60 1241.99 12419 90
10154.50 1413 64 14136.40
10378.50 1408.28 14082.80
10546.50 1597.13 15971.30
9996.80 1708.31 17083 10

10220.80 1564.23 15642 30
10388.80 1698.38 16983.80
10170.70 1767.77 17677.70
10394.70 1589.92 15899.20
10562.70 1624.32 16243.20

1030 00 1-114
2^96 60 1. 261
17°5 10 1*176
2^77 30 1.239
1464.80 1,144
945 30 1.091
1290 90 1.123
6611.70 1.662
4228.80 1.414
2047.30 1.197
3981 90 1.392
3704.30 1 357
5*24.80 1 514
7086.30 1 .709
5421 50 1 530
6595.00 1.635
7507.00 1.738
5504.50 1.529
5689.50 1.537

Labour cost ■ Rs.56/- Cost of Sulphur = Rs 3.24/kg
Cost of groundnut = Rs. 10/kg Cost of Boron = Rs 86.95/kg
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5 DISCUSSION

An investigation was carried out at the College of 
Agriculture, Vellayani, to study the effect of sulphur and 
boron application on growth, yield and quality of groundnut 
cv TG—3 The results of the study, which were found signi­
ficant are discussed below

5.1 Growth characters

Plant height was significantly influenced at various 
stages of growth by sulphur application @ 25 kg S.ha-1 In 
general an increase in plant height by about 2 cm was observed 
by an increase in the level of sulphur by 5 kg. At all 
growth stages the highest level of sulphur tried, 25 kg S.ha-1 
recorded the maximum plant height. The number of leaves 
plant-1 and the leaf area index increased with increasing 
dose of sulphur Application of 25 kg S ha-1 recorded the 
maximum number of leaves of 44.15 at harvest. The highest 
LAI of 10 78 recorded by the application of 25 kg sulphur ha-1 
was significantly superior to all other levels

The data on nutrient uptake by groundnut presented 
in Table 11a show that the uptake of nitrogen by groundnut 
increased with increasing levels of sulphur. Nitrogen being 
tie most potential nutrient element for the vegetative growth 
and development of plants (Tisdale et al , 1990) its
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availability would have helped the plant to grow taller and 
produce more leaves. According to Russel (1973) as the 
nitrogen supply increases, the extra protein produced allow 
the plant leaves to grow large and hence have more surface 
area available for photosynthesis This might be the reason 
for the increase in LAI due to increased supply of sulphur. 
Similar increase in growth characters in groundnut by sulphur 
application was reported by Nankumba and Edji (1974) and 
Singh et al (1991) Singh and Saran (1987) also observed 
an increase in plant height in Indian rape due to sulphur 
application

Applied boron also significantly increased the plant 
height, number of leaves, and leaf area index of groundnut 
The effect of boron on growth characters was significant 
only at 90 DAS, in some cases and not at harvest Significant 
response was noted only upto 4 kg B ha-* Here also, the 
data on nitrogen uptake as influenced by boron application 
presented in Table lla showed that the uptake of nitrogen 
increased with boron application and the maximum uptake was 
noted at 4 kg B ha-*' Thereafter a significant reduction 
in uptake was seen This increased uptake of nitrogen might 
be the reason for the increased growth in groundnut due to 
boron application

Growth of an annual plant follows a general pattern 
and growth is expressed as increase in weight or height of





the plant. The general pattern is one of an initial small 
increase in size, followed by large increases During the 
final stages, the size of the plant increases very slowly 
or almost ceases (Tisdale et al., 1985) This might be the 
reason for not getting significant influence on growth 
characters of groundnut due to boron application at harvest 
stage. Promotion of plant growth and drymatter accumulation 
by boron application has been reported by Kulkarni et âL 
(1989) in groundnut and Yang et al (1989) in rapeseed 
Jayachandran (1966) also reported increase in plant height 
in groundnut due to boron application.

The influence of different times of application of 
sulphur and boron on growth characters like plant height, 
number of leaves, and LAI showed that the differences were 
not significant at various stages to draw conclusions A 
study of the data showed that it was not possible to say 
whether one method is better than the other This shows 
that any one of the three times of application can be adopted 
for sulphur and boron.

The interactions S x B and S x T were found to be 
significant for plant height and number of leaves plant-*.
The additive effects of individual factors would have 
resulted in the significant influence of these interactions





5.2 Number and weight of nodules plant at flowering

The number of nodules plant-"*- at flowering stage 
increased with the application of sulphur. As the level of 
sulphur increased from control to 25 kg S ha-"*- the nodule 
number increased from 17.11 to 22 56 But the 3 levels of 
sulphur tried were found to be on par This confirms the 
role of sulphur containing plant proteins an enhancing the 
multiplication and growth of symbiotic bacteria The influence 
of sulphur in increasing the root system and the number of 
nodules m  plants is well known (Miller, 1938) Poor nodule 
development and a low rate of nitrogen fixation are also 
associated with sulphur deficiency (Nelson and Bear, 1949) 
Bharadwaj and Pathak (1968) has reported that in groundnut, 
the number of nodules plant- increased from 1.8 to 23.7 as 
the sulphur concentration in the nutrient solution was 
increased from 0-9 ppm and further increase adversely affected 
nodulation. Similar increase in nodule number of groundnut 
was reported by Sagare et al. (1986) .

The nodule number of plants which received boron 
(20.29) was also more than that in control (17 11) In this 
case also, the two levels of boron tried (4 and 6 kg B ha-"*") 
were found to be on par. The symbiosis between bacteria and 
nodule of a plant could be complete only if it was adequately 
supplied with boron as otherwise the vascular tissue between
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the nodule and the root may not develop properly (Brenchley 
and Thornton, 1926). Jayachandran (1966) and Joshi et al
(1987) has reported that in groundnut, the number of nodules 
was increased by the application of boron

The interaction S x B was found to be significant 
for number of nodules plant-"'' at flowering stage Karle et al. 
(1991) also reported a similar increase in nodule number at 
mid-flowering due to the combined application of sulphur and 
boron Positive interaction of boron and sulphur to increase 
nodulation in groundnut was also reported by Patel et al 
(1982) in calcareous soils

Though the number of nodules plant increased with 
sulphur and boron application, the weight of nodules plant-''' 
at flowering stage was not significantly influenced by the 
application of either sulphur or boron A similar result 
has been reported by Kulkarni et al (1989) where soil appli­
cation of boron increased the nodule number m  groundnut 
significantly over the control, but the dry weight of the 
nodules did not differ significantly

5.3 Yield attributes

5.3.1 Number of pods plant- 1

The number of pods plant-1 increased with increasing 
levels of both sulphur and boron The pod number increased
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from 19.01 to 23.61, as the level of sulphur was increased 
from 0 to 25 kg S ha”1. However sulphur application at 
25 kg S ha” 1 was on par with sulphur application at 20 kg 
S ha”1, which gave a mean number of 21 33 pods plant”1.

Flower production in groundnut is directly related 
to the vegetative growth of the plant (Goldin and Har-Tzook, 
1966). In the present study sulphur application had a 
significant influence on growth parameters like height of 
the plant (Table 3a), number of leaves plant-1 (Table 5a) 
and leaf area index (Table 6a) and this might be the reason 
for the increased pod production.

Moreover, adequate P supply is an important factor 
in fruiting and seed production in legumes (Buckman and 
Brady, 1969). In legumes a reserve supply of inorganic P 
in the plant is essential for pod formation because in this 
stage the inorganic phosphates combine rapidly with other 
organic compounds to build up the contents of the grain 
(Raheja, 1966). It is evident from Table 11a that the P 
uptake by the crop increased by sulphur application. The 
maximum uptake of P was noted by the application of 25 kg 
S ha” 1 but the value was on par with 20 kg S ha- 1 This 
increased P uptake might have contributed to the increase 
in number of mature pods plant-1 Similar increase in pod 
number plant-1 by sulphur application has been reported by 
Nitsure et al. (1988).
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The number of pods plant-'*' has been found to increase 
from 19.01 to 22.40 as the boron level was increased fran
0 to 6 kg B ha-'*' However the 2 levels of boron tried viz

—1 —14 kg B ha and 6 kg B ha were on par. The element boron
plays a major role in the reproductive phase of the plant, 
and it helps in increased flower production and fruit setting 
in plants (Epstein, 1972) This role of boron might have 
resulted in increased number of pods plant-'*'. Similar 
increase in pod number plant-* by boron treatment has been 
reported by Jayachandran (1966) and Muthuswamy and Soundarajan 
(1973).

The S x B and S x T interaction effects were found 
to be significant. Among the S x B interactions, sulphur at 
25 kg S ha-'*' and boron at 6 kg B ha- 1 recorded the highest 
value, and was significantly superior to all other combina­
tions. The additive effects of individual nutrients might 
have resulted in significant influence of this interaction

5.3.2 Weight of pods plant-*

Highest value for weight of pods plant-'* was obtained 
by the application of 25 kg S ha-*, but this was on par with 
20 kg S ha-'*'. A similar trend was noticed with number of 
pods plant-* also (Table 8a) by sulphur application 
Nitsure et al. (1988) also reported an increase in pod weight 
of groundnut due to sulphur application upto 30 kg S ha-*.
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The observation on weight of pods plant- 1 by boron 
treatment also followed the sane pattern as that of number 
of pods plant-1. Application of boron at 4 and 6 kg B ha-1  

produced significant increase in pod weight over that of 
control. A similar increase in pod number plant- 1 and a 
consequent increase in pod weight in groundnut by boron 
application had been reported by Muthuswamy and Soundarajan
(1973).

5.3.3 Weight of kernels plant- 1 and 100 kernel weight

Application of sulphur had a favourable effect on 
weight of kernels plant-1. This parameter increased with 
increasing levels of sulphur but the values obtained by the 
application of 20 kg S ha- 1 and 25 kg S ha- 1 were on par with 
each other.

The weight of 100 kernels also increased with increasing 
levels of sulphur and the highest value of 50 81 g recorded 
by the application of 25 kg S ha-1 was significantly superior 
to all others. Thirumalaisamy et al. (1986) also reported 
an increase in the 100 kernel weight from 38 to 41.5 g with 
a basal application of 22 kg S ha- 1 Similarly, Nitsure et al 
(1988) also reported an increase in the 100 seed wei^it due 
to sulphur application.

The S x B interaction was found to influence both 
these characters significantly But the results were not
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consistent enough to draw any oonclusion regarding the 
combination which is superior.

5 3.4 Shelling percentage

The shelling percentage which is an important yield 
attribute in groundnut was favourably influenced by sulphur 
application Application of sulphur at 25 kg S ha-1 gave 
the highest shelling percentage of 59.08, which was on par 
with that (58.55) obtained by the application of 20 kg S ha-* 
The increase m  pod weight (Table 8a) and kernel weight 
(Table 8a) of groundnut due to sulphur application might 
have resulted in this increase in shelling percentage

Similar increase in shelling percentage m  groundnut 
by the application of sulphur was reported by Verma et al
(1973), Badiger et al (1982), Nitsure et al (1988) and 
Sahu (1991)

Among the interactions S x B interaction alone was 
significant but conclusions could not be drawn about the 
best combination from the results

5 3.5 Pod yield

Sulphur application had a significant effect in 
increasing the pod yield of groundnut Application of 
25 kg S ha“* gave the maximum pod yield of 1658 83 kg ha”*,
(5?.3 percent increase over the control) but this was on par
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with the yield obtained by the application of 20 kg S ha-'*'
Boron application also recorded a significant increase in 
yield over that of the control Application of B at 4 kg ha- 1  

reoorded 38 percent increase in yield over the control and 
at 6 kg B ha-*" the increase was 36-49 percent over control 
However, the differences between the two levels of boron were 
found to be not significant

The yield of any crop is a very complex competitive 
character resulting from different factors, the more important 
being the number of plants in unit area and the yield plant-*".
The yield plant-*" is controlled by many factors such as the 
nutrient taken up by the plant, the genetic potential and the 
environmental conditions to which it is subjected during its 
life cycle. Yield is the fixed expression of all the yield 
attributing characters (Tanaka et al., 1964) The present 
study also showed an increase in yield attributes viz number 
of pods plant-*", weight of pods plant-*", 100 kernel weight 
and shelling percentage due to sulphur application, and 
number of pods plant-*" and weight of pods plant-*" by boron 
application This favourable effect of sulphur and boron 
application on these yield attributes have resulted in 
increased yield of groundnut In a field experiment Dalai et al. 
(1963) reported 41 percent increase in groundnut yield due to 
sulphur application Singh et al (1970), Dungarwal et al.
(1974), Dongale and Zende (1976), Talukder and Islam (1982),
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Girl and Saran (1985), Karle and Babula (1985),
Thirumalaisamy et al. (1986), Naphade and Wankhade (1988), 
Nitsure et al. (1988), Singh et al (1989) and Sahu (1991) 
also reported similar increase in groundnut yield by sulphur 
application

Increase in pod yield of groundnut by boron applica­
tion has been reported by Deore and Kadam (1984), Mahale et al
(1985), Karle and Babula (1985), Patel et al (1987),
Wani et al. (1988) and Jadhao et al (1989)

The interactions of S x B was found to be significant, 
but the results were not consistent enough to draw conclu­
sions regarding, which combination is the best

5.3.6 Haulm yield

A progressive increase in haulm yield of groundnut 
by different levels of sulphur was noticed in groundnut 
Application of 25 kg S ha-'*' recorded the maximum haulm yield 
of 2549.98 kg ha-*' which was significantly superior to all 
other levels. Increased haulm yields in groundnut by sulphur 
application may be attributed to increased vegetative 
growth resulting from increased nitrogen uptake due to 
sulphur fertilization Such increase in haulm yield by 
sulphur application has been reported by Badiger et al 
(1982), Karle and Babula (1985) and Thirumalaisamy et al
(1986).
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Boron fertilization and the different times of 
application did not influence this character significantly 
but there was a significant S x B interaction similar 
combined effect of sulphur and boron on haulm yield of 
groundnut was reported by Karle and Babula (1985)

5.3.7 Total drymatter production (TEMP)

The total drymatter production was maximum when sulphur 
was applied <§> 25 kg S ha""*- and this was on par with the TEMP 
obtained at 20 kg S ha-*" Similar increase in TDMP have 
been reported by Thirumalaisamy et al (1986) where the TDMP 
was increased from 46.3 to 51.2 g plant-'*' when sulphur was 
applied @ 22 kg ha In the present study, the pod yield 
and haulm yield was increased by sulphur application and 
hence it is quite natural that the TDMP also increased by 
sulphur application

5.3.8 Harvest index (HI)

Harvest index, which is the ratio of economical yield 
to biological yield was significantly increased by application
of sulphur The harvest index obtained by the application

—1 —1of 20 kg S ha and 25 kg S ha were on par Application
of boron also produced a significant increase m  HI over 
the control, with the 2 levels on par with each other 
Higher HI (higher percentage contribution by pods to total



drymatter over and above that of leaf and stem) indicates the 
efficiency in translocation of assimilates from source to 
sink Higher HI reported in the present study, may be 
ascribed to the greater efficiency in translocation An 
increase in harvest index by sulphur application had been 
reported by Thlrumalaisamy et al (1986)

5.4 Quality attributes

5.4.1 Oil content

The data presented in Tables 10a and 10b reveal 
that the oil content of groundnut kernels increased with 
progressive levels of sulphur and boron application The 
magnitude of response of sulphur to increase oil content in 
groundnut was of the order of *J.l, 4 . 6  and 4. Q percent over 
that of the control by the application of sulphur at 
25 kg ha“ ,̂ 20 kg ha- 1 and 15 kg ha""1- respectively In 
fatty acid synthesis acetyl Coenzyme A is converted to 
malonyl Coenzyme A In this conversion an enzyme acetic 
thiokinase is involved, the activity of which depends on 
sulphur supply Moreover, acetyl Co A itself contains 
sulphur and sulphydryl group (Karle and Babula, 1965) This 
might be the reason for increase in oil content of groundnut 
with sulphur application Singh et al (1970) also reported 
an increase of 3.7 percent in the oil content of groundnut



due to sulphur application Similar increase in oil content 
of groundnut was reported by Barhanpure (1976), Walker and 
Keisling (1978), Reddy and Patil (1980), Karle and Babula 
(1985), Naphade and Wankhade (1988), Kotl ejt al (1989) and 
Singh et al. (1991)

The response of added boron to increase oil content 
was 5 69 (with 6 kg B ha-*") and J f 36 (with 4 kg B ha-1) 
percent over the control Jayachandran (1966) reported 
increased oil content due to the application of boron in 
groundnut In another study Karle and Babula (1985) reported 
that the oil content Increased from 48 15 to 51 50 percent 
due to boron application. Similar findings were reported by 
Patil et al (1987) and Wani et al. (1988)

S x B and S x T interactions were found to be signi­
ficant. Similar significant positive Interaction between 
sulphur and boron on oil content and oil yield have been 
reported by Patel et al. (1981) and Karle and Babula (1985).

5.4.2 Protein content

Results revealed that application of sulphur and boron 
were effective in increasing the protein content of groundnut 
kernels But the time of application did not influence this 
character significantly



FIGURE-fi
OIL CON I ENT AND PROTEIN CONTENT OF GROUNDNUT A5 INFLUENCED 

BY SULPHUR AND BORON

f̂ =~l SULPHUR 1= ^ .1 SULPHUR 

l 1 BORON



Application of 25 kg S ha~̂  showed maximum protein 
content of 29.38 percent Sulphur is a constituent of 
aminoacids like cystine, cysteine and methionine and helps 
in the conversion of these aminoacids into protein (Chopra 
and Kanwar, 1966) Sulphur provides disulphide (-S-S-) bonds 
for cross linkage of two polypeptide chains and thus helps in 
formation of protein (Allaway and Thompson, 1966) The 
increased protein content in groundnut as a result of sulphur 
fertilization was also reported by Singh et al (1970) 
Barhanpure (1976), Karle et al (1985), Karle and Babula 
(1985), Thirumalaisamy et al (1986), Naphade and Warikhade
(1988) and Mashi and Sharma (1991)

The protein content of groundnut kernels increased 
with boron application and maximum content of 29 79 percent 
was recorded at 4 kg B ha-  ̂ Boron deficiency often results 
in accumulation of ammoniacal nitrogen, soluble organic N, 
amino acids and amides in mature plant parts and shows 
corresponding decrease in protein content (Scripture and 
Me Hargue, 1943) In the present study, supply of boron 
might have helped in the conversion of these accumulated 
metabolites to protein and thereby increased the protein 
content of kernels This finding is in agreement with the 
findings of Karle and Babula (1985), Patel et al (1987) and 
Wani et al. (1988) The protein content at 6 kg B ha-1  

(2819 percent) was lpwer in comparison with 4 kg B ha- 1



(29.24 percent) This might be due to lesser uptake of 
nitrogen at 6 kg B ha-'*' in comparison with 4 kg B ha-'*'
(Table 11a)

S x B and S x T interaction effects were found 
significant Significant interaction effect between sulphur 
and boron in increasing the protein content of groundnut 
kernels have been reported by Patel et al (1981)

5.4.3 Sulphur content of groundnut kernels

Sulphur content of groundnut kernels increased with 
increase in levels of sulphur application, but the three 
levels were on par with each other. This confirms the 
accepted phenomenon that the whole of applied sulphur is 
not metabolised to protein and a part remained in the plant 
(Dhillon and Dev, 1974) They attributed the cause to luxury 
consumption by the plant This finding is m  agreement with 
the reports of Naphade et al (1969) Yadav and Singh (1970), 
Rathee and Chahal (1977) and Maliwal and Tank (1988)

5.4.4 Boron content of groundnut kernels

Application of sulphur enhanced the boron content 
of kernels, though the difference was not significant at 
different levels of sulphur. The uptake of boron due to 
sulphur application (Table 11a) also followed the same pattern
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Application of boron increased the boron content of 
kernels, compared to the control treatment but the two levels
tried were found to be on par A study of the uptake pattern
of boron (Table 11a) also showed that boron uptake increased 
with increased levels of boron and this increased uptake may 
be the reason for the high content of boron in kernels

5.5 Nutrient uptake by th“ crop

5.5.1 Nitrogen uptake

The nitrogen uptake by the crop was significantly 
influenced by the application of sulphur and boron The 
beneficial effect of sulphur on nodule bacteria might have 
resulted in fixation of nitrogen, and consequent increase 
in N uptake. Maximum nitrogen uptake was obtained at 25 kg 
S ha”^. Such increase in nitrogen uptake by the crop due to 
sulphur application has been reported by Daftardar et al. (1969) 
Yadav and Singh (1970), Singh and Singh (1977), Brar and 
Singh (1982) and Mashi and Sharma (1991)

Sankaran et al. (1977) has reported an increase in
the N uptake of groundnut cv TMV-7 grown in red loam soils, 
supplied with boron Similar findings were reported by 
Patel and Golakiya (1986) and Patel et al (1986)

5.5.2 Phosphorus uptake
Application of sulphur influenced the uptake of P by
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the crop significantly Maximum P uptake of 38 G3 kg ha-'*'
was obtained at 25 kg S ha-* and this was on par with
20 kg S ha-* The higher uptake of P due to sulphur appli­
cation, obtained in the present study may b° due to the
synergistic effect of sulphur on phosphorus This might be 
attributed to formation of sulphuric acid in soil, which 
solubilises more P (Kanwar, 1976) Rathee and Chahal (1977) 
also observed that P and S showed synergistic effects on 
uptake of each other Such increases in the uptake of P 
due to S application have been reported by Naphade et al
(1969), Yadav and Singh (1970), Naphade and Warikhade (1988), 
Mishra and Singh (1989) and Mashi and Sharma (1991)

5.5.3 Sulphur uptake

Sulphur uptake by the crop increased with increasing 
dose of sulphur, with maximum uptake obtained at the highest 
dose - 25 kg S ha-*. This might b ° due to greater availa­
bility of sulphur m  soil at higher dose of sulphur application 
Increased S uptake by S application has also been reported 
by , Yadav and Singh (1970), Dungarwal et al
(1974), Bulbule (19B3), Naphade and Wankhade (1988), Mashi 
and Sharma (1991) and Singh and Tiwari (1991)

5 5.4 Boron uptake
As the level of boron increased from 4 to 6 kg B ha-*, 

boron uptake was found to increase from 0.43 to 0.46 kg ha-*.
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but the 2 levels were on par Increase In the uptake of 
boron by boron application had been reported by Sankaran et al 
(1977) in red loam soilB.

The time of application influenced the boron uptake 
by the crop significantly, and maximum uptake was noted, 
when boron was applied 1/2 at sowing and 1/2 at flowering.
This might be due to the efficient utilization of boron 
due to split application,

5,6 Nutrient content in the soil after the experiment

The nutrient content in the soil after the experiment, 
was not significantly influenced by any of the treatments
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6. SUMMARY

An investigation was undertaken at the College of 
Agriculture, Vellayani during the period from April to 
Novenber 1990, to study the effect of different levels and 
time of application of sulphur and boron for groundnut cv,
TG-3 in the red loam 3oil of southern Kerala. The investi­
gation comprised of an initial pot culture study, followed 
by a field experiment. The pot culture study was laid out 
in completely randomised design, and the field experiment 
in randomised block design with three replications

Observations on biometric characters, yield attributes 
and yield were recorded. The uptake of nutrients by the 
crop and the nutrient content of the soil after the experiment 
were also determined. The results of the study are summarised 
belcrwi -

1. Application of sulphur at 25 kg S.ha  ̂produced taller
plants at all growth stages, whereas boron application at

-14 Kg B.ha produced taller plants at 60 D\S, 90 DAS and
at harvest.

-12. Ihe number of branches plant was significantly incre red
by application of boron only at 90 DAS. But the doses

-14 kg and 6 kg B.ha were found to be on par.
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3 At 90 DAS, 25 kg S ha-1 recorded the maximum leaf number, 
but at 60 DAS and at the time of harvest, there was no 
significant difference between the levels of sulphur 
tried Boron had significant influence on leaf number 
plant-1 at 90 DAS and at harvest, with the two levels
(4 kg and 6 kg B ha-1) on par with each other

4 Sulphur application at 25 kg 5 ha-1 recorded the maximum 
DAI at 90 DAS Boron ® 4 and 6 kg B ha-1 were on par 
with respect to LAI at 60 DAS and 90 DAS At the time of 
harvest, maximum LAI was noted m  plots which received 
full dose of fertilizers as basal dose, but it was on par 
with fertilizer application in 3 split doses

5 Sulphur application increased the nodule number plant-1 
at flowering significantly, but 15, 20 and 25 kg S ha-1 
were on par with each other Similarly boron at 4 and
6 kg B.ha-1 were equally effective in increasing the
nodule number.

6 The weight of nodules plant-1 at flowering stage, was not 
significantly influenced by any of the treatments

7 Maximum number of pods plant-1 was obtained by the applica­
tion of 25 kg S ha-1, but it was on par with 20 kg S ha-1 
Similar was the case with boron, wherein 4 and 6 kg B ha-1 
were on par with each other A significant positive
interaction was noted when 25 kg S ha-1 and 6 kg B ha-1
were applied in combination



8. The weight of pods plant-1 followed the same pattern as 
the pod number plant-1

9 The weight of kernels plant-1 was maximum when sulphur 
was applied d> 25 kg S.ha-1, but this was on par with 
20 kg S ha-1

10. The 100 kernel weight recorded was maximum from plots 
which received 25 kg S.ha-1

11. Application of 20 kg and 25 kg S.ha-1 were on par with
each other, in increasing the shelling percentage.

12. Application of sulphur and boron significantly increased 
the pod yield of groundnut cv TG-3 Sulphur at 25 kg 
and 20 kg S.ha-1 were on par and the maximum yield was 
obtained by the application of 25 kg S.ha-1 Boron at
4 kg ha-1 recorded the highest yield, but It was on par 
with 6 kg B.ha-1

13 Maximum bhusa yield was obtained by applying sulphur at 
25 kg S.ha-1.

14 Total drymatter production was highest at 25 kg S.ha-1, 
which was on par with 20 kg S.ha-1.

15. The harvest index of the crop was found to be high when
sulphur was applied @ 20 kg S ha-1. Boron at 4 kg B.ha-1
produced significantly higher harvest index compared to 
6 kg B.ha-1 and the control treatment.
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16. Highest oil content of 50.44 percent was recorded by 
25 kg S.ha but it was on par with 20 kg S.ha- .̂
Boron application also increased the oil content signi­
ficantly over the control, but the two levels (viz. 4 kg 
and 6 kg B.ha-^) were on par with each other

17. Sulphur application @ 25 kg S.ha~^ recorded the highest 
protein content of 29 38 percent, but it was on par with 
20 kg S ha“ .̂ Boron application § 4 kg B.ha-'*' reoorded 
the maximum protein content, and the content decreased 
as the level was increased to 6 kg

18 Application of sulphur significantly increased the
sulphur content of kernels, though 15, 20 and 25 kg S.ha-1 
were on par with each other. Boron application had no
influence on sulphur content of kernels.

19. Sulphur and boron application enhanced the boron content 
of kernels compared to the control, but the difference 
was not significant at different levels of these elements 
tried.

20. Maximum N uptake was observed when sulphur was applied 
@ 25 kg S.ha-1 and it was on par with 20 kg S.ha-1 and
15 kg S.ha""̂  Application of boron 4 kg B na“  ̂resulted 
in maximum N uptake by the crop, and a further increase 
to 6 kg B.ha~^ resulted in decreased uptake



21 . Maximum P uptake was noted when sulphur was applied
-1 -1@ 25 kg S.ha and this was on par with 20 kg S.ha .

22. Maximum S uptake was observed at 25 kg S.ha .

23. Application of boron upto 4 kg B.ha” significantly 
increased the boron uptake by the crop. Sulphur applica­
tion also increased the boron uptake by the crop, but 
the difference in uptake was not significant at different 
levels of sulphur.

24. Ihe nutrient content in the soil after the experiment
was not significantly influenced by any of the treatments.

—1 —125. Application of sulphur @ 25 kg ha and boron at 4 kg ha
as basal dose realised the maximum benefit cost of 1.738.

The results of the study revealed that application 
of sulphur @ 25 kg S.ha , recorded the highest value for 
most of the parameters but it was on par with 20 kg S.ha . 
Similarly in the case of boron also 4 kg and 6 kg B.ha were 
found to be on par in most of the cases. With regard to 
time of application, there was no significant difference 
between the three times of application in most of the cases. 
Hence the treatment t^ (application of full dose of fertilizers 
as basal) can be adopted, which has the least demand for
labour. Therefore, by considering the economics of cultivation

-1  -1sulphur at 20 kg S.ha and boron at 4 kg ha may be reco­
mmended for groundnut cv. TG-3, in the red sandy clay loam of I 
southern Kerala.

1Z1
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Future line of work

Since this is a fertilizer trial done for one 
season, it has to be repeated for getting more confirmatory 
results. Similarly trials with other micronutrients could 
also be initiated, since groundnut showed very good response 
to borono
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APPENDIX l a .

W e a th e r  d a ta  d u r in g  t h e  C ro p p in g  S e a s o n  (w e e k ly  a v e r a g e s )  ( fro m  21 4 90 t o  24 11 go)
S ta n d a rd
w eek

L

From

-- i---------
P e r io d

To

i I
Maximum
te m p e r a tu r e
°C

i-------------------
Minimum
te m p e r a tu r e
°C

R e l a t i v e
h u m id ity

*
R a i n f a l l

(mm)

17 21 4 90 28 4 90 30 80 24 10 76 12 10 40
18 29 4 90 5 5 90 31 60 25 0 77 41 9 70
19 6 5 90 12 5 90 28 50 24 21 83 21 3 43
20 13 5 90 19 5 90 29 60 23 44 81 72
21 20 5-90 26 5 90 30 50 23 56 77 41 10 90
22 27 5 90 2 6 90 31 60 25 10 83 28 22 80
23 3 6 90 9 6 90 29 46 24 11 78 20 49 53
24 10-6 90 16 6-90 30 20 24 12 87 13 20 63
25 17 6 90 23 6 90 29 53 24 07 81 07 20 83
26 24 6 90 30 6 90 29 14 22 2 93 64 18 25
27 1-7 90 8-7 90 30 13 24 07 81 14 9 40
28 9 7 90 15 7 90 28 30 23 16 93 28 5 00
29 16 7 90 22 7 90 27 5 23 42 77 00 2 60
30 23 7 90 29 7 90 29 37 23 5 86 00 11 70
31 30 7 90 5 8 90 29 34 23 57 76 60 44 40
32 6 8 90 12 8 90 28 00 22 90 79 90 3 18
33 13 3 90 19 8-90 29 08 23 90 81 10 10 80
34 20 8 90 26 8 90 30 30 24 80 78 00
35 27 8 90 2 9 90 30 60 24 60 75 90
36 3 9 90 9 9 90 30 80 24 10 76 20 7 10
37 10 9 90 16 9 90 31 40 24 50 77 00
38 17 9 90 23 9 90 30 80 24 20 77 90 1 30
39 24 9-90 30 9 90 29 90 23 50 84 50 19 30
40 1-10-90 7 10 90 30 50 24 70 79 90 1 85
41 8-10 90 14 10-90 30 90 24 30 77 07 0 65
42 15 10 90 21 10 90 30 40 24 02 93 20 5 34
43 22 10-90 28 10 90 31 80 23 70 88 69 7 70
44 29 10 90 4 11-90 28 80 23 10 88 50 16 60
45 5 11 90 1 11 90 30 40 22 90 76 90
46 12-11 90 18 11 90 30 40 22 08 79 07
47 19 11 go 25 11 90 30 60 23 50 81 20 1 9  90
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APPENDIX II

Effect of individual treatments on growth characters of groundnut var. TG-3

Treatments ■ Plant height (cm) Number of branches plant-1
30 DAS 60 DAS 90 DAS Harvest 30 DAS 60 DAS 90 DAS Harvest
6.82 21.08 35 37 40 00 3 03 6.00 9.17 9 73

Slblt2 6 27 20.18 34 77 39 58 3 23 5 87 8.50 9 57
*1*1*3

6.53 19.28 36 12 40.33 3 53 5 93 8 63 9 67
Slb2tl 7.42 21 62 36.33 40.70 3 27 6.03 8 93 9.83
Slb2t2 6 73 20.83 35.67 40 70 3 40 6 03 8.77 9 80
Slb2t3 7.22 19.87 37.12 41.10 3..23 6.17 9.20 10.30
*2*1*1 7.12 22.67 38.52 42.60 3 57 6 17 9.40 10.23
S2*1*2 7.50 22.07 35 45 41.78 3,.93 6.30 9.07 10.17
S2*l*3 7.53 20.70 38.70 42.07 3,.70 6.30 9.77 10.63
S2*2*l 7.83 23.67 39.12 43.49 3,.57 6.00 9.73 11.00
S2*2*2 8.05 22 50 38.65 43.12 3 37 6.17 9.30 10.27
S2*2*3 8.03 21.27 38 97 42.27 3 73 6.33 9 83 10.77
S3*l*l 8.37 24.98 41.23 44 28 3 63 6 43 10.30 11.00
a3*l*2 8.45 23 23 39.70 43.93 3 70 6.60 10.10 10.83
S3*l*3 8.08 23.32 39.87 43.43 3 97 6.47 10.20 11.00
S3*2*l 8 63 25.77 42.20 45 00 3 77 6 57 10.37 11.27
S3*2*2 8.92 21^22 41.67 44.40 3..83 6.70 10.23 10.97
S3*2*3 8.35 23.97 40.93 43.87 3 67 6.60 10.23 11.17
Control 6.24 20.29 35.44 38.54 2.,78 6 01 8 46 8.94



APPENDIX III

Effect of individual treatments on growth characters of groundnut var TG.3

Treatments Number of leaves plant~l Leaf area index
30 rws 60 DAS 90 DAS Harvest 30 DAS 60 DAS 90 DAS Harvest

si V i 11 67 22 90 36 57 38.93 0.83 6.80 8.40 7.87
Slblt2 12 93 23 43 34.13 38.23 0.80 6.80 8 30 7.47
Slblfc3 14.17 23 80 34 53 38.63 0.77 7.03 8.20 8.10
Sl V l 12 73 23 90 35.70 26.27 0.90 7 07 9.00 8 33
Slb2t2 13 57 23 87 35 13 39.27 0.83 6.97 8 83 8.17
Slb2t3 12 93 24 60 36 77 41 23 0.80 7.53 9.17 8.17
S2bltl 14 23 24 63 37 63 40.90 1.07 8.40 9.10 8.67
*2*1*2 15.70 25.13 36 30 40.63 1 10 8.30 8.73 8.57
*2*1*2 14.80 25 17 39 03 42.53 0.97 7.97 8.57 8.50
S2b2tl 14 17 23 97 38.90 43.97 0.83 8.47 9.87 8.80
S2b2t2 13 20 24 63 37 17 41 03 0.73 8.37 9.73 8.40
*2*2*2

14.87 25.30 39.33 43.07 0.73 8.10 9.57 8.37
*2*1*1 14 53 25 77 41 13 43.93 0.93 8.55 10.77 9.33
*2*1*2 14.43 26 47 40.43 43 30 0.87 8.40 10.60 9.17
S3blt3 15.77 25 90 40.77 43.97 0.97 8.37 10.43 9.07
S3b2bl 15.03 26.23 41.42 45.07 1.13 8.13 11.17 10.13
S3b2t2 15.33 26 83 40.90 43.87 1.07 8 03 11.03 9.93
*2*2*2 14.70 26.39 40.87 44.73 1.00 8.40 10.70 9.83
Control 13.13 24.17 33.83 36 27 0.78 7.79 8.78 7.99



APPENDIX IV

Effect of individual treatments on nodule number and 
nodule weight at flowering stage

Treatments Nodule number at 
flowering

Nodule weight 
at flowering

si V i 14.00 0.04
Slblt2 16 33 0.06
Sl V 3 20.33 0.07
Slb2tl 16.33 0.05
Slb2t2 16.67 0.06
Slb2fc3 19.33 0.05
S2bltl 16.67 0.05
S2blt2 17.33 0.07
S2blt3 20.33 0.08
S2b2tl 19.33 0.07
"2*2*2 19.67 0.06
s2b2t3 20.33 0.05
S3bltl 20.33 0.08
S3blt2 21.67 0.07
"3*1*3 22 33 0.07
S3b2tl 22 33 0.10
S3b2t2 23.67 0.10
B3b2t3 25.00 0.08
Control 17.11 0.05



APPENDIX V
Effect of individual treatments on yield and yield attributes of groundnut var TG-3

Treatments 'Number of pods 
plant-1

‘weight of pods 
plant-1

Weight of . 
kernels plant 

(g)
100 kernel 
■weight 

(g)

Shellingpercentage

ai hi h 20.00 21.60 11.13 47 43 57.37
Slblt2 20.67 23 60 13 93 47 43 57.33
Sl V 3 21.00 23.27 14.87 47 33 57.23
“i V i 20.00 21.87 13.60 47 10 58.30
Slb2fc2 19.67 22 43 14.33 46.67 58.17
Slb2t3 19.67 22.10 13.50 46.50 - 58.13
S2bltl 21.67 24.90« 16 03 47 43 58.87
S2blt2 20.00 21 90 14.43 47.30 58.70
B2blt3 21 00 23.13 12.87 47.10 58.67
S2b2tl 23.33 23.73 17.53 47.80 58.57
S2b2t2 21.33 23 20 15.47 47 60 58.37
S2b2t3 20.67 21.10 14 50 47.67 58.13
S3bltl 23.00 26.73 16 40 52.50 58.63
S3blt2 21 00 22.93 14.93 51.23 58.40
“s V s 20.67 22.63 14.70 50.30 60.40
S3b2fcl 26.67 26.87 16.77 52.27 59.63
S3b2fc2 25.33 27 93 17.00 53.03 58.67
S3b2t3 25.00 26.60 15.70 51.50 58.77
Control 19 01 20.43 13.03 46.10 57.62



APPENDIX VI

Effect of individual treatments on yield and yield attributes of groundnut var TG-3

Treatments Pod yield 
kg ha“^

Haulm yield 
kg ha-1

Total drymatter Harvest index 
production
kg ha“^

si V i 1256 10 1942 33 3198 43 39.27
Blblt2 1198 35 1771 20 2969 55 40.35
Slblt3 1283 37 1904 03 3187 40 40.26
si V i 1160.31 1858.27 3018 58 38 43
•1V 2

1130 76 1997 17 3127 93 36 15
Slb2t3 1182 12 1820 20 2992 32 39.51
S2bltl 1659.23 2062 27 3721.49 44.58
S2blfc2 1443.34 2014 00 3457 34 41 75
B2blt3 1241.99 1970.37 3212 36 38 66
*2*2*1 1413 64 2189 27 3602 91 39.24
S2b2fc2 1408.28 2171 27 3579 55 39.34
*2*2*1

1597 13 2259 87 3857 00 41 41
S3bltl 1708 31 2335 33 4043 64 42 25
S3blfc2 1564.23 2516.67 4080 90 38 33
S3blt3 1698.38 2139 30 3837 68 44.26
S3b2tl 1767.77 2908 33 4676 10 37 80
• 3 V 2 1589 92 2614 97 4204.89 37.81
S3b2b3 1624.32 2785.30 4409.62 36 84
Control 1048.00 2131 96 3179.95 32.96



APPENDIX VII

Effect of individual treatments on quality attributes of groundnut var TG-3

Treatments Oil content 
(%)

Protein content 
(56)

Sulphur content 
(56)

Boron contert 
(56)

Slbltl 48.80 28.23 0 31 0.047
Sl V 2 49 10 28.83 0.30 0.046
Slblt3 47.00 28 67 0.29 0.045
*1*2*1

49 40 28.17 0.32 0.051
slb2t2 49 07 28.17 0.31 0.0501 «■ A
Slb2t3 48.40 28.76 0.30 0.047
S2bltl 49.33 28.90 0.35 0.049
S2blfc2 49 27 29 93 0.34 0.048
S2blb3 48 67 29.53 0.33 0.046
S2b2bl 49.67 29.34 0.37 0.053
S2b2b2 48 80 28 10 0.34 0.051
S2b2t3 49.63 29 33 0.34 0.047
S3bltl 50.26 29 51 0.36 0.053
S3blt2 49.50 29.83 0.38 0.051
S3blb3 50.17 29.67 0.37 0.049
s3b2tl 51.20 29.11 0.37 0.055
S3b2b2 50 57 28.45 0.39 0.054
S3b2b3 50 97 29.71 0.39 0.052
Control 48.07 27.80 0.29 0.019



APPENDIX VIII

Effect of individual treatments on nutrient uptake by groundnut var TG-3

Treatments
~i . ■ — ■ - .

Nutrient uptake by the crop kg ha”1
N uptake P uptake K uptake S uptake B uptake

Slbltl 147.13 20.70 60 30 30.93 0.44
Slblt2 147.80 20.57 60.43 29 07 0.41
sibi S 148.70 20.03 59.93 28.23 0.40
Slb2tl 143.17 30.97 61.37 31.80 0.47
Slb2t2 145.80 31.53 61.50 30.50 0.45
Slb2fc3 146.47 32.13 61.17 29.83 - 0.44
*2*1*1

152.37 33 57 63.40 33 27 0.46
S2blfc2 153.53 34.30 64.03 32.13 0.44
S2blfc3 155.13 34.50 63.60 31 87 0.43
S2b2tl 150.17 37.63 65.27 33.97 0.48
S2b2fc2 148.27 3B.00 65.00 32.53 0.45
s2b2b3 148.70 38.47 65.53 31.60 0.43
S3blfcl 153.83 37.73 66.10 36.43 0.47
S3blt2 155.83 38.27 66.17 35.47 0.46
S3bl S 156.23 38.63 65.77 34.40 0.44
* 3 ^ 1 150.30 39.20 67.20 36.07 0.50
*3*2*2 150.30 39.80 66.33 36.07 0.49
*3*2*3 150.73 38.17 65.03 34.37 0.48
Control 141.86 23.53 57.76 22.14 0.29



APPENDIX IX
Effect of individual treatments on nutrient content in the soil after the experiment

Treatments Nutrient content in the soil after the experiment (kg ha-1)
N content P content K content, S content B content

Slbltl 112 83 21 53 39.37 24 17 0.23
Slblt2 112.97 22 30 40 80 24 60 0.24
Slblfc3 108.80 23 43 40.87 25.00 0.25
Slb2tl 10B.17 25.90 38.10 24.33 0.15
Slb2t2 103.30 24.73 36.87 23 13 0.16
Slb2t3 105.47 25. eo 39.47 22.13 0.17
s2bltl 109.77 24.50 34.87 23 20 0.17
S2blt2 111.53 24.27 36 67 22.60 0.17
S2blt3 113.87 24 47 37.30 22.43 0.1B
*2*2*1 111.30 24.80 38.63 24.57 0.15
S2b2t2 107.73 24.33 36 87 22.77 0.16
S2b2t3 109.40 24.70 37.07 22.53 0.19

101.93 24.07 35.37 21.67 0.19
S3blt2 104.83 23.87 35 93 19.63 0.19
S3blt3 107.77 23.93 36.83 18.90 0.20
S3b 2fcl 103.87 23.57 34.27 21.63 0.13
S3b2t2 102.70 19.47 34.50 20.50 0.15
S3b2fc3 103.93 18.63 38.90 18.00 0.16
Control 105.46 20.99 32.04 16 70 0.14



SULPHUR AND BORON NUTRITION OF GROUNDNUT 

(Arachis hypogaea L) 

var. TG-3

B y
C H A N D IN I  A. B S c  ( A g )

A B S T R A C T  O F  A  T H E S IS
s u b m i ted  in partial fulfilment o f the 

requirem ent for the D egree 
M A S T E R  O F  S C IE N C E  IN A G R IC U LT U R E  

fa c u l y  of Agr culture 

Kerala Agricultural Un V 3rsily

Departm ent o f Agronomy 
COLLEGE OF AGRICULTURE 

V e lla ja n i Trivandrum  
1992



ABSTRACT

An investigation was undertaken at the college of 
Agriculture, Vellayani during the period from April to 
November 1990, to study the effect of different levels and 
time of application of sulphur (15 kg, 20 kg and 25 kg S.ha 1 ) 
and boron (4 kg and 6 kg B.ha-  ̂) for groundnut cv. TG-3 in
the red ^sandy clay loam of Kerala (. The investigation
comprised of an initial pot culture study followed by a field 
experiment. The pot culture study w t s  laid out in completely
randamised design and the field experiment in J randomised block 
design with three replications

-1The highest dose of sulphur, viz. 25 kg S.ha
recorded significant influence on growth characters like plant
height, number of leaves and leaf area index of the crop. The
effect of boron was significant at 90 DAS for number of
branches, at 90 DAS and at harvest for number of leaves, and
at 60 DAS and 90 DAS for leaf area index. Significant response

-1was noted only upto 4 kg B.ha for growth characters.

The effect of sulphur and boron application on nodule 
number was significant. But the three levels of sulphur and 
two levels of boron were on par with each other.

Sulphur had a favourable influence on all the yield
-1attributing characters viz. number of pods plant weight

-1 -1 of pods plant , weight of kernels plant ,100 kernel weigl t



and shelling percentage and consequently on pod yield, total 
drymatter production and harvest index. Sulphur at 20 kg and 
25 kg S.ha-1 were found to be on par in their effects. Boron
at 4 kg and 6 kg B.ha1 were on par in influencing the pod

-1 -1number plant , pod weight plant , pod yield and bhusa yield
of groundnut. There was a significant interaction between

—  1 — 1 — 1 25 kg S.ha and 6 kg B.ha for pod number plant .

The oil content of groundnut kernels increased with 
progressive levels of sulphur and boron application. Sulphur 
at 20 kg and 25 kg and boron at 4 kg and 6 kg were on par in 
their effects. The protein content of groundnut kernels also 
increased with progressive levels of sulphur, with the levels 
20 kg S and 25 kg S.ha 1 on par with each other. But the 
protein content increased upto 4 kg B.ha-1 only.

Sulphur and boron application enhanced the boron content 
of kernels significantly while application of sulphur alone 
increased the sulphur content of kernels.

Maximum N, P and s  uptake were noted when sulphur was 
applied 25 kg ha 1 . Maximum N uptake by the crop was noted 
when boron was applied @ 4 kg B.ha-1 . B uptake was also 
significant only upto 4 kg B.ha-1 .

The time of application did not have any significant 
influence on growth characters, yield attributes, or yield of 
the crop.


