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INTRODUCTION



1 INTRODUCTION

Oilseeds and pulses have the dubious distinction of
being the sick segments of Indian agriculture  Till 1965,
India was an exporter of oillseeds and oils, when the annual
oilseed production far exceeded the domestic demand
Gradually the production of oilseeds slipped and imports of
ollseeds became necessary to meet the surging demand
Imports kept rasang year by year to reach a high of nearly

two million tonnes in the leave year 1988-89 (Achaya, 1989)

In India, the dally availabality of 13 g of o1l is
far below the minimum nutritional level of 18 g. The con-
sumption has been limaited by the inabilaity to meet the demand
and hence there 1s an urgent need for ancreasang production

of ollseeds in India

Among the seven edible annual oilseed crops cultivated
in India, groundnut i1s the most important and is well known
as the 'Kaing of oilseeds as 1t constitutes about 60 percent
of the total oilseed production in the country. Besades
being a rich source of vegetable protein, it is the main
source of vegetable 0il both for human consumption and
andustrial purposes. Moreover, groundnut cake is an excellent

anamal and poultry feed

In India, groundnut 1s cultivated in 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 ¢roundnut growing countries both

in area and production. However, with regard to productivity
India stands 1lith 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 haghly 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
soi1ls 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 in
plant nutration and is found to increase oil yields is still
neglected Along with mitrogen and phosphorus sulphur plays
an important role in the formation of proteins and is involved
in the metabolic and enzymic processes of all laving cells.
Since the key role of sulphur is in increasing the o1l content
of oilseeds, 1t can play a very important role in augmenting
the production and productivity of ollseeds. Woefully, the

present usage of sulphur in oilseed crop is much lower



Compared to its uptake.

The increase in the consumnption of fertilizers along
vith antensive cropping has enormously increased the import-
ance of macronutrients in oilseeds. It is quite evident
that the full benefit of application of major nutrients
cannot be obtained in the absence of available micronutrients
1n 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 teproductive organs etc.

Significant response of ground nut to the application
of sulphur and boron have been reported from red sandy loams
in farnataka, Tamilnadu and Gujarat Such responses to the
3 placation of sulphur and boron in groindnut could be obt-
ained in Kerala also and hence the present study was under-

taken wrth the following objectives

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

Verala

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

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

4 TIo 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™t as gypsum. A similar finding was recorded
by Pasricha 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

1 at 2 and 4 weeks after seedling

sulphur @ 39 kg S, ha™
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



stages of growth. A significant P x S interaction in
increasing the biomass production in groundnut was also
reperted 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~! 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 so0il) reduced the

plant heaght and leaf area.

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

In an alluvial sandy loam soil given 0, 25, SO or

75 kg S. ha™l

, increasing levels of sulvhur increased the
plant height, number of leaves and drymatter production in
soybean cv. Gaurav (Fazal and Sisodia, 1989).

In groundnut cv. J=11, soil application of sulphur

~1

@ 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



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.

Dalal et al. (1963) observed that the yield of
groundnut increased by 41 percent by the application of

gypsum at 25 kg S. ha~r.

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 nmuts of

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~l the shelling percentage

was 70.22 percent as against 66.58 percent in the control.



Dungarwal et al. (1974) obtained 0.62 t ha™! of
unshelled nuts in plots given no sulphur, while yield with
S00 kg elemental sulphur applied 21 DBS was 1.75 t ha~l,
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 nal.

1

Dusting 39 kg S. ha ~ at 2 and 4 weeks after seedlang

emergence in groundnut increased the shelled nut yields to

1

1.90 t ha™t, 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'l.

Laurence gt al. (1976) observed that application of

-1

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-l using elemental sulphur reported a 7 psrcent
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™l

(singh and Sangh, 1978).

Gaur (1980) reported that application of 100 kg

S. ha"1 along with recommended dose of NPK, increased the



1 1

seed yield of sesamum from 1.4 q ha — to 5.1 q ha .

Application of 20 kg S. ha™! increased the seed vield
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:'1

with 15 kg 5. +
10 kg 2n. ha~l for the groundnut cv. Dacca-l. 1In a similar
trial by Ramanathan and Ramanathan (1982) in red sandy loam
soll maxamum shelling percentage was recorded with the

application of 100 kg Ca and 40-80 kg S. ha™t.

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.

Ankineedu et al. (1983) reported 42 percent increase
in groundnut yields by the application of 22 kg S. ha-1 as

gypsum in a red soil in Tamilnadu.

Optimum level of sulphur for obtaining maximum yield
(2.69 t ha~l) from groundnut cv. M-13, was worked out to be

16.28 kg ha™* by Singh and Kalra (1983).



Walker et al (1983) could mot ob*ain any significant
effect on yield with combined foliar . olication of NPK and
S, while higher concentrations caused severe foliar burns.

Giri and Saran (1985) reported that application of

1

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
vield 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,
-1 =1 and 584.3 kg

increased from 870.1 kg ha to 1797.3 kg ha

ha~! to 1190 kg ha~?

as the level of applied sulphur increased
(‘ -
from O to 120 kg ha 1 of elemental sulphur. The haulm yield

was also increased with ancrease 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 yileld significantly
in groundnut cv. T™™MV=2. The pod yield recorded 14.7 percent

increase over control. The total drymatter production plant—l

-1, harvest index

was increased from 46.3 to 51.2 g plant
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

1

application of O, 15 and 30 kg S. ha ~ to 3 groundnut

cultivars M=13, Kopergaon No. 1 and TG=1 gave average kernel

1

yields of 0.69, 0.83 and 0.97 t ha — respectively.

In trials with groundnuts grown on soil containing
17 kg available S. ha"}, application of 0-60 kg S. ha~l as

1

Caso, increased pod yields from 0,75 to 1 t ha™~. Sulphur

4
at 90 kg ha-1 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™l.

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"l) 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™l) 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~1 (92.5 kg S. ha'l)

resulted in significantly higher percent sound mature Xkernels,

compared to the control treatment.

In another experiment, Singh et al. (1989) observed
that groundnut crop given NPK plus 42 kg S ha-1 recorded

1 1

pod yields of 2.12 t ha™~ compared to 1.76 t ha — without

sulphur.

Mandal and Chatter jee (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 yaeld by the application of gypsum @ 30 kg S. ha-l.

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 percentacge,
over the control by the application of 30 kg sulphur as
gypsum at sowing. It was also observed that the response

-1

yardstick of groundnut to sulphur is 6.8 kg ha at which

maximum benefit cost ratio is obtained.

Singh gt 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=l1l groundnut varieties respectively.
The kernel yield of groundnut significantly increased
with increasing levels of sulphur upto 50 kg ha~l, and
beyond 50 kg level there was no significant change ain kernel

yield (Mashi and Sharma, 1991).

Polaria and Patel (1991) reported 29.6 percent increasge
in 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 ain sesamum upto 20 kg
S ha~! but at 40 kg 8 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
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application has a favourable influence in increasing the
yleld of groundnut and related crops. In majority of the
studies reviewed application of 20 to 30 kg S. h:::-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 o0il contents of groundnut kernels by sulphur
application. At O, 50 and 100 ppm S the protein contents
recorded were 29,7, 30.3 and 30.6 percent respectively, and
the o0il 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. hal 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 oll 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

1

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™t

, 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

1

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 Adpe (1981) found that applied sulphur @ 30 kg ha™l
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 POL-2 groundnut, where

the oil content and composition were unaffected by sulphur



The oil content in the seeds of mustard was increased
significantly with increasing levels of sulphur upto 40 ppm
(verma and Ram, 1986).

1

Application of 60 kg ha - of sulphur as CaSO, increased

4
the seed protein content of groundnut from 22.31 to
28.96 percent and oil content from 48.82 to 51.97 rercent
(Naphade and Wankhade, 1988).

Nitsure et al. (1988) observed that oil yields by

1 -1

sulphur application at 30 kg S. ha ranged from 0.30 t ha
in variety TG-1 to 0.49 t ha™! in variety M-13 and protein
yields f£rom 0.15 t ha~l 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~l

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 @ 20 kg ha™l.

In another study soil application of sulphur at
50 kg ha-l. increased the matrogen 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).



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-_"1
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.

Rail et al. (1977) reported that when soils treated
with 5 t pyrites ha~l (105 kg S. ha™l) was incubated for 4

months, the population of nitrogen fixing and sulphur
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reducing bacteria increased over control.

In a trial with groundnut grown on a clayey soil,

application of 25 kg sulphur along with 50 kg P,0, ha'l,
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™t

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 fertila-
zation at 112 kg ha * increased the uptake of N, P and S
by pods and hay an general. The uptake of N, P and S was
further increased by combining its applacation 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-1 as gypsum, Contents



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

decreased P 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 O to
1

20 kg S. ha™t and 0 to 11.2 kg K,0 ha™l,

2
Maliwal and Tank (1988) reported that the contents of
P and S in pods and haulms of groundnut cv. GAUG=-10 was
higher when SSP + NH4SO4 was applied, rather than SSP + urea.
8imilarly Naphade and Wankhade (1988) reported increased
seed and haulm contents of N, P and S with the application

of 60 kg S. ha™t,

Increased plant P content and uptake was noted with
increasing sulphur levels upto 40 kg S ha~! 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~! by the application of sulphur while uptake
of sulphur increased upto 150 kg hal Que to sulphur appli-

cation.



The concentration and uptake of N, P, K and S by
segamum was Significantly higher in plants treated with
20-40 kg S. ha”l. But Patel et al (1991) reported non
significant effect of application of 500 kg gypsum (92.5 kg
S. ha"l) 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'l in the fruiting zone of the plant

at early flowering stage.

Chahal and Vvirmani (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™l) was obtained when

500 kg gypsum (92 5 kg S. ha1l) 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™) (1.85 g S potl) at flowering or 12 g lime
pot'l at sowing + 10 g gypsum (1.85 g S. pot™}) 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 SO percent at peg initiation stage, to get
high yields. Whereas Ankineedu et al (1983) advocated to
band place the sulphur containing fertalizer near the pegging

zone at the early flowering stage.

In a sandy loam soil, top dressing of 500 kg ha™l of
gypsum (92.5 kg S. ha~}) 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™! topdressed at
flower appearance (Sradhar et al., 1985).

In experaments carried out for 2 consecutive seasons,

Hago and Salama (1987) reported that flower number plant™r,
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1

total and mature pod number plant - and seed weight were

significantly increased by the application of sulphur upto

1

50 kg S. ha"~ 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 @ 0-45 kg S. ha~! (Koti et al.,
1989).

In an experiment by Singh et al. (1991) application
Of 46.25 kg S. ha™! in the soil at the time of pegging
produced 20.5 percent more pod and 15.1 percent more fodder

yaelds in Ginar-l1 groundnut variety.

A study by Patel et al. (1991) andicated that the
higher demand of sulphur and calcium by groundnut, can be
met by the application of gypsum @ 500 kg ha~l (92 5 kg
S ha™l) 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



Blamey (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.

(Blamey et al., 1981).

Sureshkumar (1985) in a trial ain the red loam lateritic
solls of Vellayani, using different carriers of Ca and Mg

with K and B (O and 10 kg ha™!

as borax) showed that baron
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 weicht
(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 O 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).
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of pods plant™l, pod weight and seed weight. Similar result
was reported by Asckan and Raj (1974) in a pot culture
experament, wherein application of 0.3-0.8 ppm B as boric

aclid or borax slightly increased the yield of unshelled nuts

Sankaran et al. (1977) found that the shelling
percentage of groundnut was slightly reduced by boron

application at 10 kg ha™1.

According to Saxena and Mehrotra (1984) groundnut
showed significant yield response to 11.2 kg borax ha™t
(1.3 kg B. ha~l) on a medium loam soil at Kanpur and to
only 5.5 kg borax ha™* (0.64 kg B. ha }) on a sandy loam
soil at Mainpuri. The treatments showed no effect on

shelling percentage or 100 seed weilght.

Groundnut cv. Kopergaon, SB. XI and Spanish Improved
when supplied wath 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"l) averaged 13.25 percent (Shande
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™1 -1

to 1032.1 kg ha = as the level of boron



applied was increased from O to 15 kg borax ha™l (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 O.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™t (0.86 kg B. hal) 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 P as single superphosphate + 0.57 kg boron ha™!

2%
as borax or 50 kg P,0g + 0.5 kg B. ha~! as boronated super-
phosphate recorded dry pod yields of 2.14 and 1.91 t ha'l,
shelling pércentage 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

1 compared to

groundnut gave average pod yield of 1.92 t ha™
1.76 t ha~! when the crop was supplied with superphosphate

@ 100 kg ha™ of PO (Wani et al., 1988).



In trials with groundnuts grown on a shallow vertisol

containing 0.16 ppm B, application of NPK + 0.57 kg B. ha™t

at sowing and 2 foliar sprays of O.1 percent borax, gave

1 compared with 0.85 t with

1

average pod yields of 0.95 t ha~

1

NPX + 1.15 Xg B. ha ~ and 0.80 t ha™> 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,

From pot culture experiments, Asokan and Raj (1974)
observed that boron @ 0.3-0.8 ppm improved the quality of

seed o1l 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 yilelds, but lower seed quality

and very severe internal damage due to boron deficiency.



Karle and Babula (1985) reported that the crude
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 ancreased from 0-15 kg
borax ha™} (0-1.7 kg B. ha™t). 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 single superphosphate +

0.57 kg B. ha™*

as borax or 50 kg P,0, + 0.5 kg B. ha™l 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 respectave
valuss 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 synthesas of groundnut

CrOPe.



2.2.4 Effect of boron on nodulation in roots of groundnut
and related crops
The symbiosis between the nodule of a legume and
bacteria would be complete only if was adegquately supplied
with boron (Brenchley and Thornton, 1926).

Jayachandran (1966) reported that in groundnut

1

var. TMV=2, the mean number of nodules plant™~ was increased

1

by the application of 20 kg ha™~ of boron.

Dobrey and Roy (1967) reported that boron has a

posative correlation with nitrogen fixation by Azotobacter

In groundnut, fertilization with 2n, Co, Mo, and B
at 10 kg B. ha™l, 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 applicataon of 10 kg B. ha~l

as borax increased
the nodule number in the roots of groundnut but the dry
weight of the nodules 4id not dirffer signaficantly

(Kulkarni et al., 1989).

Significant response of applied boron on nodulation
in groundnut roots 1s evident from the above cated 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. TMV=7, grown in red loam soil supplied wath 0, 10, 20

1

and 30 kg ha™~ 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, X, Fe,
Cu and B, but decreased that of Ca, Mn and 2n (Patel and

Golakiya, 1986).

In a trial with groundnuts grown on a sandy loam soil

and supplied waith 50 kg P + 0.5 kg B/ha as boron enriched

2%
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).

The interaction effects of magnesite, lime and gypsum

with boron was found to be significant with respect to height



of plant, number of branches and dry weight of haulms in
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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

1

elemental sulphur and 15 kg borax ha™~ ancreased the haulm

yield of groundnut var. JL-24 (Karle and Babula, 198S).

2.3.2 Effect of combained 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. Applacation of boron @ 15 kg

2 1

borax ha"~ and sulphur @ 120 kg S. ha™

pod yield of 2184.4 kg ha™l.

recorded highest



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

oil and protein contents.

There was a significant and positive effect of
boron x sulphur on oil yield of groundnut cv. JL-24 (KRarle
and Babula, 1985) Boron @ 15 kg ha-l as borax and sulphur

@120 kg § ha™l

recorded the highest oil yield. But the
interaction effect of B and S on protein content was not

sagnificant.

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~! of borax and 120 kg S. ha~t

to nodule count was maximum at mid flowering.



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) reparted 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
wath respect to yleld, quality and nutrient uptake by the

crop.



MATERIALS AND METHODS
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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
cve TG=3 in the red loam soil of Kerala. The investigation
ccemprised 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 Experimental 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:



A. Mechanical composition

Constituent Content in soil
(percent)
Coarse sand 14.50
Fane sand 32.40
silt 29.00
Clay 24,10
Textural class Sandy clay loam

B. Chemical composation

Constituent Content in soil Rating

organic 0.72 percent High
carbon
Available 225 kg ha™t Low
nitrogen
Available 38 kg ha™! Medium
Py%
Available 138 kg ha™t Medium
K..O

2
Available 21.5 kg ha™l Low
sulphur
Water -1

soluble 0.34 kg ha Low
boron
PH 5.2 Acidic

Method used

Bouyoucos
Hydrometer method
(Bouyoucos 1962)

Method used

walkey and Black
Rapad Titration
method

(Jackson, 1973)

Alkaline potassium
permanganate
method (Subbiah
and Asija, 1956)

Bray colorimetric
method (Jackson,
1973)

Ammonium acetate
method (Jackson,
1973)

Turbidimetric
method

(Chesnin and Yien,
1951)

Curcumin method
(Jackson, 1973)

1 2 soil solution
using pH meter



3.1.3 Season

The study was conducted during the period from 2lst

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

Appendax 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 in the red loam soils of Kerala,
It is a high yvielding, bunch variety of about 100-110 days
duration and produces medium sized pods with 46-50 percent

o1l and 26-27 percent proteain.

3.1.6 Source of the seed material

The seeds were obtalined from the Nuclear Agriculture
Division, BARC, Trombay, Bombay
3.2 Methods
3.2.1 Desagn

The pot culture study was carried out in CRD desion



T = o8Y Tie =
Ty = 81b Ty7 =
T3 = SP; Tig =
Ty = 8P Tyg =
Tg = 8,bg Ty =
T6 = szb1 T21 =
T, = 850 Tyy =
Tg = Syby Toz =
To = 550 Tyy =
Ti0 = S3% Tys =
T3 = S39 T)g =
Ti2 = 830 Ty7 =
Ty3 = S3P3 Tog =
Tig = S3by Ty =
Tys = S3Ps T3p =

3.2.4 Seeds and sowing

S4by

540,

5404

S4b,

s4b5

ssb1

Sgb,

Sgb,

Sgby

SgPg

56b1

SGbZ

Sgby

56b4

ssb5

The soil from the proposed experimental site was

collected and mixed with farmyard

manure.

90 mud pots of

40

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 weaght of soil in each pot was computed.

All the fertilizers on weight basis were applied as basal

dose and thoroughly maxed with soil in the pots.

disease free kernels were dibbled in each pot.

done on 22-4-='90.

Two bold,

Sowing was



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
s, = 5kg ha™! by = 2kghat
s, =10 kg ha™t b, = 4 kgha™
sy =15 kg ha™* b, = 6kgha™
s, =20 kg ha™! b, = 8kghal
s = 25 kg ha™t b = 10 kg ha™t
sg = 30 kg ha™!

N, P,0 and K,0 @ 10 75 75 kg ha™' and lime
® 1.5 t ha™* were applied uniformly to all the treatments.
3.2.2 Fertilizers

Fertilazers with the followang analysis were used

for the study.

Urea = 46 percent nitrogen

Mussoriephos = 22 percent P,0 (catrate soluble)
Murilate of potash = 60 percent Kzo

Gypsum = 18.5 percent sulphur

Borax = 11.5 percent boron

3.2.3 Treatment combinations

The treatment combinations were as follows



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 pullang out the
indivadual plants when the leaves showed signs of yellowing

and shedding.

3.3 Observations recorded

3.3.1 Plant heaight

The height of the plant in each pot was measured
in an., and the 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

1

The number of branches plant — in each pot was countegq,

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-l

The number of pods plant > in each pot was counted at

the time of harvest, and the mean value was computed.

3.3.4 Weight of pods plam:—1

The weight of pods plant_1 in each pot was taken at

the tame of harvest and the mean value was computed.

3.3.5 Weight of bold kernels plant™t

1

The weight of bold kernels plant™ ~ 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 yileld attributes was
done and based on the results, three levels of sulphur
(15, 20, and 25 kg ha™}) and two levels of boron (4 and

6 kg ha ') 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



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 sunlaght.
The land was lying fallow during the preceding eleven months

of the present investigation.

3.4.2 BSoil

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 in para 3.1.2 A & B

3.4.3 Season

The experament was conducted duraing 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 Appendaix 1 and

Fig. 1.
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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 PZOS (citrate soluble)
Murlate of potash - 60 percent K20

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

1

@ 10-75°75 kg N, P,0. and K,0 ha™", to all the plots, as

275
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 flowerang of the crop Sulphur in
the farm of gypsum and boron in the form of borax were
apprlied in stapulated doses and time, as per the treatment

except in the control plots.

3.5.4 After cultivation

Gap fillang was done seven days after sowing. Two
weeding operations were carried out to keep the plots weed
free upto floweraing. 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 peraodically 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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Diti ine M-45 @ 2 kg ha at 0.2 percent concentration was

given on the foliage to protect the crop from tikka disease
3 5 6 Harvesting

The crop was harvested, by pulling out the plants at
105 Dy» when the plants showed symptom- of yellowing and
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 nd Lhen the net plot area
3 5 7 Layout and analysis

The experiment was laid out in randamised b%pck
desaign The po sible combinations of sulphur and boron along
v 1th thr=2e times of application were the treatments which are

listed below -

Taime of application

t1 full dose of S and B as basal application

t, two equal split doses at sowing and flowering

t., - half at sowing, %th 20 DAS, %th at flowering.

3

Combinations of S and B.

Levels of Sulphur

34 15 kg ha-1
5, = 20 kg ha-1
= 25 kg ha~l
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L vels of_boron

b, 4 kg ha 1
by 6 kg ha-1l

I'r 3twnt combinations

1b1t, Sab,t
21bsoty S3b1t2
P2t S3bits
1t oty S3baty
I"’Zblt2 S3b2t3
22byty Absolute control
woboty
Number of replications - 3
Gro s plot size = 3 75x3 75m
Net plot size - 2 B5x%3 15m
opacing 15x15cm

Mek arca of one
plot - B8.97 sg m

Note Tvo rows around each plot were left as border rows One

ro on one ride was left for destructive sampling. The next

ros 1s also left 3s border.



L ly 18 wis don as follows

ANALYSIS O VARIANCE

oource af
eplication 2
Treatnonts 18
Sulphur 2
Boron 1
Time of application 2
Interactions
sulphur x boron 2
Sulphur < Time of application 4
Boron x Tame of application 2

sulphur x Boron x Time of

application 4
Treatment /s Control 1
r'rror (Pooled) 36

TOTAL 56



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 interwvals 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™l

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 plam:-l

The mean value for the number of leaves plant™r in

10 sample plants were computed at 30, 60, 90 DAS and at

harvest and was recorded

3.6.4 Leaf area index (LATI)

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.

_ Leaf area
LAt Ground area
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3.6.5 Number and weight of root nodules plant"1

Thas 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

1

number of nodules plant =~ was recorded. The nodules were

then ovendried to a constant weight and the weight of the

1

ncdules plant -~ was recorded.

3.7 Yield and yield attrabutes

3.7.1 Number of pods plant™!

The pods from the observational plants were collected
and the number was recorded Then the average number pl':-mt_1

was found out.

3.7.2 weight of pods plant t

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™t

The dried pods obtained from 10 observational plants

were de-shelled and bold kernels separated., The kernel

1

weight was recorded and the average plant™— was found out,



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~l,

3.7.7 Haulm yaeld

The dry welght of haulm of each plot was taken
separately and expressed in kg ha_l.
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 yield 100
Biological yield x

3.8 Chemical analysis

3.8.1 Plant analysas

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 colorimetrically, 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 colorameter (Jackson, 1973).

3.8.1.3 Potassium

Total potassium content in plant sample was estimated
by the Flame Photometric method in the Perkan-Elmer 3030
Atomic Absorption Spectrophotometer, after wet digestion of

the sample using di-acid mixture (Cocksey and Barnett, 1979),

3 8 1.4 Sulphur

Total sulphur content in plant samples were deter-
mined as per the procedure ocutlined by ACAC (1960) and the
turbidity developed was read in a Klett Summerson photo-

electric colorimeter using a blue filter.
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3.81.5 Boron

The boron content in plant samples were determined
colorimetrically 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 protean 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
turbidametrically (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).
3.3.1.2 041l 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 L.

3.8.2 Scill analysis

Soll samples were taken from the experimental area
before and after the experiment. The air dried scil samples
were analysed for available nitrogen by the alkaline potassium
permanganate method (Subbiah and Asija, 1956), available 9205
by Bray colorimetric method (Jackson, 1973), available K,0
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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4. RESULTS

——————— _—

b A, POT CULTURE
3 L i
The results of the pot culture experament, to £ind
out the best combination of sulphur and boron for groundnut

var. TG-3 are presented below

4.1 Growth characters

The effect of sulphur and boron treatm=nt on growth
characters viz plant height and number of branches plant-_"'1

of groundnut var TG-3 are presented in Table 1.

Results showed no significant increase in plant
height or number of branches plam:"'1 by sulphur and boron

treatment at any of the growth stages.

4,2 Yield attributes

The anfluence of sulphur and boron on various yield

attributes viz. number of pods plant_l, weight of pods

plant"l, weirght of kernels plant_l, haulm yield plant'l and

total drymatter production plant-l are presented in Table 2

1

The number of pods plant — was significantly influenced

by application of sulphur and boron Highest number of pods

plant™} (28) was recorded by s,b, and scb However, these

572

treatments were on par with 55b3, s4b2. s:‘]b2 and s3b3 It

was also noted that there was an increasing trend in pod
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Taple 1 Effect of sulphw and boron application ¢n crowth cha. acters of groundnut var TG-3

Treatments Plant height (om umper o oranches plant 1

20 DAS 40 DAS 60 DAS 80 DAS Harvest 20 DAS O DAS 60 DA 80 DAS Harvest
Slbl 10 00 21 00 34 75 37 75 38 75 4 00 € 00 ? 00 g 00 9 50
slbz 9 25 21 ©oO 34 50 37 50 38 50 4 50 6§ 50 7 50 8 50 10 50
51b3 10 75 22 00 33 oo 37 00 38 00 5 00 € SO 7 SO g 50 10 SO
slbd 10 75 22 50 33 50 36 50 38 S0 4 50 € 50 50 8 50 9 50
Sle 10 75 21 00 33 00 37 00 38 00 S S0 00 g S0 8 50 10 CO
szb1 10 25 20 50 33 00 37 75 38 50 4 50 € 50 7 50 8 50 10 00
32b2 10 75 21 50 33 00 37 00 38 50 4 €0 €& 50 7 SO B 50 10 00
ﬂzba 11 00 21 00 33 75 37 175 38 75 5 00 7 00 8 00 9 00 10 50
'&:21:)4 10 50 20 00 33 50 37 50 38 Q0 4 50 7 00 8 50 9 00 i0 0O
azbs 11 00 20 @0 33 25 36 50 38 0Q 5 00 6 00 7 S0 8 00 10 QO
53b1 10 75 20 00 34 S0 36 SO 38 50 5 00 & 50 7 S0 9 00 10 50
83b2 10 00 22 Q0 34 o0 37 00 38 00 s 50 & 50 7 SO 9 00 10 50
53b3 11 25 22 00 34 50 37 S0 39 50 5 50 T 00 8 00 9 00 10 S0
5,b, 10 75 21 50 34 50 36 50 38 50 5 00 7 50 8 S0 9 50 10 50
83b5 10 50 21 50 33 50 36 50 37 50 S Q0 7 00 8 00 9 00 10 50
a4b1 11 00 21 50 33 175 26 7S 38 75 S 00 & 00 7 00 8 00 9 50
B4b2 10 SO 22 50 34 75 38 75 39 25 S 50 T 0O 8 00 9 00 10 50
a4b3 10 50 22 75 34 50 38 50 39 75 5 S0 T 50 8 S0 9 50 10 s0O
B4b4 10 75 20 75 34 50 36 50 38 S0 5 C0 7 00 8 00 9 0D 10 50
s4bs 10 00 21 50 33 00 36 00 38 75 5 00 7 Q0 8 oo 3 00 10 00
BSbl 9 25 21 50 34 00 37 sO 3% 00 S 00 7 50 8 50 9 50 10 50
Bsbz 10 00 22 50 34 50 38 00 39 50 5 S0 7 50 8 50 8 50 10 50
55b3 10 25 22 50 33 00 38 50 39 75 5 S0 7 50 8 S0 9 50 11 oo
ssb4 10 50 22 S0 33 00 36 50 38 50 S 00 7 Q0 8 0o S Q0 11 00
asbs 10 00 22 50 33 25 37 50 39 00 S 00 7 00 8 00 8 00 10 50
Bﬁbl 10 00 22 75 33 75 37 15 38 00 S 50 6 50 7 50 8 50 9 s0
36b2 10 00 20 15 33 75 37 00 39 00 4 50 6 50 7 S0 8 50 9 00
36b3 9 50 22 50 33 ©cO 37 00 38 00 4 50 6 50 7 50 8 50 9 00
56b4 9 80 21 50 34 50 37 S0 38 50 5 00 6 00 7 GO 8 00 9 S0
BGbS 9 25 21 50 34 00 37 00 39 00 S 00 6 50 7 50 8 50 9 50
F NS NS NS NS NS NS M) NS NS NS
CcD - - - -
sE 1129 1 251 2 460 2 843 2 971 O 832 0 892 0 901 0 924 0 597

LS
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number plant ~, as the sulphur level in combination with

different boron levels were increased But the combination

of S¢ with various boron levels, recorded sagnificantly

lower pod number plant-1 in comparason with s s. and s

4, 75 3
levels

1

The weight of pods plant™ ~ followed the same trend

1 1

as the number of pods plant” Maximum weight of pods plant”

was recorded by s4b3 followed by s

the treatment combinations s4b3, ssbz’ s3b3. s3b2’ s4b2 and

55b3 were on par with each other Here also, the combainataion

sz and s3b3 However,

of Sg with various levels of boron, reocorded a significantly

1

lower weight of pods plant™ ~ an comparison with s. s, and

3, 74

Sg levels.
Maximum welght of kerne~ls plant-l was obtained at

55b3 level, recording 17 5 g, but this combination was on

par with 55b2, s4b3' s4b2 and 53b3 It was also noted that
the combination of s1 52 and Sg with various boron levels
»
1

recorded significantly lower kernel weight plant™™ ain

and s

54 5

comparison with the combinations involvaing S,
”

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 plant-1,

which was on par with s_b s b s. b s,b., and s3b

572, 573, 473, "373 2°
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Fffect of aulptur a d boron arylication o

growm! ut var

16 3

ylell an! ytel! attrfbutex of

T T
Welptt of pods Weigtt of

1 ober of Bh sa yleld TLRA
Tr atmerts pods plant plnlb'1 ii;?il? B plant 1 ()
nty ?1 00 22 0 11 2) 25 00 h7 1
84b, 20 00 23 20 1 30 26 Lo 49 60
7 by 21 00 27 90 11 30 23 20 46 10
g 2 0 27 1) 11 00 20 50 47 <0
7 Vg 21 00 22 0 10 0 23 10 ‘5 0
LA 22 () 23 50 13 0 25 10 hs 6
asb, 23 00 24 50 13 90 25 10 tg o
50 2?2 00 23 50 13 50 2l S0 48 0)
3,b, 2 00 23 00 13 10 27 g0 50 90
ePLS 23 00 25 00 1 90 26 10 51 10
93! 4 23 00 27 80 1 50 28 10 55 90
q3b? 26 00 28 10 15 50 28 4o 56 50
Aylz 2C 00 28 80 15 90 28 50 57 30
.‘31', 2L 00 26 70 11 ro 27 10 53 1)
53b5 22 00 23 50 1 70 24 10 47 60
8 hy 25 00 26 50 15 30 27 10 53 €0
5t, 26 00 27 N 16 Lo 27 50 55 I
0y 28 00 A Q0 16 X 28 50 57
a9t ?5 00 26 20 15 0 26 "0 22 7)
1 70y 2 20 15 0 25 1) ty C

nog 2 » ) t % 2 1o
L 21 00 28 80 16 80 2970 n
Bgls 27 00 27 50 17 €0 28 50 5¢ %)
sty 26 00 27 10 16 00 27 €0 5{ ©0
| 25 00 26 {0 16 10 27 10 53 50
sgby 2l 00 2t 50 15 10 25 to e
R 23 QD 23 50 16 10 2 10 {7 60
Bl y 2?2 00 21 50 13 80 23 10 1t 60
1 21 00 2) 50 13 50 2119 {19
b 22 (0 22 50 1, 30 ?! 50 7))
F 5 s 5 3 s
n 2 3 1132 1 ¢ 2 2 2 193
s 1 005 0 112 0 808 0 995 1061




1

The total drymatter production plant — 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 s5b2 which was

on par with ssb3 s4b3 53b2 and 53b3

The above results showed that the sulphw levels

s, and s in combination with b, and b3 levels of boron

%3, 4 5, 2
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 applacation
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B FICLD EXPERIMENT

The results of the study on sulphur and boron nutrition

of groundnut var. TG-3 are presented below -

4.1 Growth characters
4.1.1 Height of the plant

The effect of sulphur, boron, time of applacation and
thear interactions on height of the plant at various stages
of growth and at harvest are presented in Tables 3a and 3b

respectively.

There was marked difference in height between the
control and plots treated with sulphur @ 25 kg s.ha~} at a1l
growth stages The plants in the control plots recorded
the lowest height at all stages of growth An increase in
the level of sulphur by 5 kg resulted in an increase 1in
plant height by about 2 cm at all growth stages

1

Application of boron at 6 kg B ha - has been found

to increase the plant heaght significantly at 60 DAS, S0 DAS
1

and at harvest, but it was on par with 4 kg B,ha”

The &ifferent times of application of sulphur and
boron did not have any significant effect on the height of

the plant at any of the stages of growth

Significant interaction was observed between sulphur

and boron from 60 DAS onwards At the tiame of harvest no



Table 3a Effect of sulphur, boron and time of application on height of
the plant at 30, 60, 90 DAS and at harvest
Preatments Plant height (cm)
30 DAS 60 DAS 90 DAS Harvest
Control 6 24 20 29 35 44 38 54
SulEhur
sS4 6 83 20.48 35 89 40,42
85 7 68 22 15 38 23 42 56
5 8 47 24 25 40 93 L4 15
F(2,36) s s S S
cD 1 767 2 387 2 923 1 325
SE o 616 0 832 1 019 0 462
Boron
by 7 ® 21 95 37 75 39 74
by 7 91 22 63 38 96 39 91
F(1,36) NS s S 5
CDh 1 049 2 Q87 1 002
SE 0 386 o 366 0 7128 0 349
Time of application
t, 7 69 23 30 38 79 42 68
tz 7 65 22 17 37 65 42 26
ty 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
¢D - 1 04y 2 087 1 002
SE 0 386 0 366 o 728 0 349

o2



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

T

1)
Plant height (cm)

Treatments

30 DAS 60 DAS g0 DAS Harvest
S xB
S1b1 6 54 20 18 35 42 40,01
s4by 7.12 20 77 36 37 40,83
52b1 7 38 21 &1 37 56 42 15
st2 7 97 22 48 38 91 42 96
s3b1 8 30 23 g4 40,27 43 88
s3b2 8 03 24 65 4 60 44 42
F NS S S S
CcD - 2 387 2 923 1.325
B xT
b.lt.' T.43 22,91 38 37 42,29
b1t2 7 41 21 83 36 64 41 79
b1t3 7 38 21 10 38 23 41 94
bty 7 96 23 09 39,22 43,07
b2t2 7 90 22 52 38 66 42 74
btz 7.87 21 70 33 o1 42.m
F NS NS NS NS
CcD - - - -
SE 0 616 0 832 1 019 0 462
SxT
s,y 712 21 35 35 85 40.35
sqt, 6 50 20,51 35 22 40 19
s1t3 6 88 19 58 36 62 40 72
sty 7 48 23 17 38 82 43 05
52t2 7 78 22 28 37 05 L2 45
szt3 7 78 20 98 38 84 42 17
s3t1 8 50 25 38 41 72 4 64
83ty 8 68 23 73 4o 68 L4 17
s3t3 8 22 23 64 40,40 43 65
F NS NS s NS
CcD - - 3 212 -

SE 1213 1 401 1 120 1 843




Table ha Effect of sulphur boron and time of application on number of
branches plant™ at 30, 60 90 DAS and at harvest

ny T
Treatments Number of branches
30 DAS 60 DAS 90 DAS Harvest
Control 218 6 01 8 46 8 oh4
Sulphur
8 3 28 6 o1 8 87 9 82
S, 3 65 6 21 g9 52 10 51
sx 3 76 6 56 10 24 11 0
F(2,36) NS NS NS NS
CcD - -
SE 0 735 0 50h 1 106 1 812
Boron
b, 3 59 6 23 9 46 10 32
bz 3 54 6 29 9 62 10 59
F(1,36) NS NS s NS
cbh - O 589
SE Q 600 0 411 0 416 1 18
Tipe of application
t, 3 38 6 19 9 65 10 51
t, 3 47 6 23 9 33 10 27
t3 3 51 6 30 g 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 Ofs 10 15
F(1 36) NS NS s NS
cD 0 589

SE 0 600 o 411 0 416 1 4ie
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significant difference was observed in height, withain 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 signifxcant at 90 DAS,

but s.t s, t st s, .t

371, "372, "373,
other

and s_t, were on par with each

273 271

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 in Tables 4a and 4b respectively

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

The effect of boron on number of branches plant-l

was also found to be not significant at all stages except
90 pAS., At 90 DaS, the highest number of branches was
produced at the highest level of boron tried (6 kg ha™l) but

thas was on par with 4 kg B.ha 1.

The different tames of application and none of the
interaction effects were found to have significant anfluence

on this character,



Table 4b Effect of the interactions between sulphur boron and time of
application on number of branches plant 1 at 30 60 90 DAS and

at harvest
Treatments ! I Number of branches o

30 DAS 60 DAS 90 DAS Harvest
S xB
84bq 3 27 5 93 8 77 9 66
340, 3 30 6 08 a 97 9 98
52b1 373 6 26 9 41 10 34
52b2 3 56 617 9 62 10 68
93b1 3 77 6 50 10 20 10 94
53b2 3 76 6 22 10 28 11 13
F NS NS NS NS
CD
BxT
b1t1 3 41 6 20 9 62 10 32
b1t2 3 62 6 26 g 22 10 18
1:11:3 373 6 23 9 53 10 43
b2t1 3 53 6 20 9 68 10 70
b2t2 3 53 6 30 9 43 10 35
b2t3 3 50 6 37 9 76 10 75
F NS NS NS NS
CD
SBE 0 735 0 504 1 106 1 812
S xT
51t1 315 6 02 9 05 9 78
s1t2 3 32 5 95 8 63 9 98
311:3 3 38 6 05 8 92 9 68
8,5t 3 57 6 08 9 57 10 62
Satz 3 65 6 23 918 10 22
52t3 3 72 6 32 9 80 10 70
531:1 3 70 6 50 10 33 11 13
s3t2 3 77 6 65 10 17 10 €0
33t3 3 82 6 53 10 22 11 08
F NS NS NS o
Ch

SE 0 761 0 611 1 117 2 004




4.1.3 Number of leaves plarxt:-1
The effect of sulphur, boron, time of application and

1

their interaction effects on number of leaves plant — at

various growth stages and at harvest are presented an

Tables Sa and 5b respectively

The number of leaves plant - was influenced signifi-
cantly by the application of sulphur at all growth stages,
except at 30 DAS At 90 Das, S5 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 52 and S, were on par with each other

Boron also had significant influence on leaf number

1

plant™ at 90 DAS and at harvest. However the values for

bl and b2 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 tl at the taime of harvest

The S x B interaction was significant at all stages,
except 30 DAS Maximum number of leaves plant—1 was produced

by st2 combination at S0 DAS and at harvest However this

was on par with st at the

at 90 DAS and with s3b and szb

1 1 2

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

number of leaves at s,t, level which was significantly superior

372



Table 5a LCffect of sulghur, boron and time of application on number of
leaves plant~ at 30, 60, 90 DAS and at harvest

T 1
Number of leaves plant 1

Treatments
30 DAS 60 DAS 90 DAS Harvest

Control 13 13 24 17 33 83 36 27
Sulphur

89 13 20 23 75 35 47 37 09

S5 14 49 24 &1 38 06 42 02

33 14 97 26 27 40 92 44 15
F(2,36) NS s s s

CD - 2 097 1 797 2 499

SE 0 788 0o 731 0 627 0 871
Boron

by 14 25 24 80 37 84 41 23

b2 14 06 25 08 38 67 40 95
F(1,36) NS N3 S S

CD - - 1183 2 041

SE 0 276 0 597 0 413 0 712

Time of application

t4 13 73 24 57 38 57 39 84

t, 14 19 25 06 37 34 41 05

1:3 14 53 25 18 38 55 42 35
F(2,36) NS NS NS s

CD - - 2 499

SE 0 788 O 731 0 627 0 871

Treagtment vs control

Mean 14 05 24 o4 36 15 39 08

F(1,36) NS s s s

CD - 1 72 1 183 2 o

SBE 0 276 0 597 0 413 o 712




Table 5b Effect of the interactions between sulphur, boron and time of
application on number of leaves plant'1 at 30, 60, 90 DAS
and at harvest

I 1]
I Number of leaves plant-1

Treatments

30 DAS 60 DAS 90 DAS Harvest
S x B
sS4y 12 92 23 38 35 08 38.60
s1b2 13 08 24 12 35 8l 35 59
s,y 14 91 24 98 37 66 41 36
52b2 14 08 24 63 38 47 42,69
53b1 14 91 26 04 40,78 43 73
s3b2 15 02 26 48 41 06 L4 56
F NS S s S
CD - 2 097 1 797 2 499
Bx T
bty 13 48 2L 43 38 44 1 26
b1t2 14 36 25 01 36 96 4o 72
bt 14 91 24 96 37 73 417
byt 13 98 24 70 38 67 41,43
b2t2 14 03 25 11 37 73 41,39
byt 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
sit, 12 20 23 Lo 36 13 32 59
s1t2 13 25 23 65 34 63 38 75
sqt3 13 55 24 20 35 65 39 93
sty 14.20 24 30 38 27 42 43
SZtZ 14 45 24 g8 36 73 40.83
Syt 14 83 25 23 39 83 42 80
S5t 14.78 26 00 41 23 44 50
s3t2 14 88 26 65 40,67 43 58
s5t3 15.23 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 1494
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to all other combinations except s3t3’ S3t1. 52t3 and szt2

1

At 90 DAS, s produced the highest number of leaves plant™,

3t1
which was sagnificantly superior to all other combinations
except 33t2 s3t3 and 52t3. At the time of harvest, the

E ]

treatment combinations s3t1' s3t3. s3t2' 52t3’ szt1 and 52t2
were on par with each other with 53tl producing the highest

number of leaves plan’c-1 (44.50)

The B x T ainteraction 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 in 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 S, level, but this was on par with S, At
90 DAS, the highest LAI of 10.78 recorded by S5, was signifa-

cantly superior to all other levels of sulphur.

Application of boron influenced LAI at 60 DAS and at

was on par wath b but

90 DAS In both these stages b 5
»

1
significantly superior to the control treatment
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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

]

Leaf area index

Treatments
30 DAS 60 DAS 90 DAS Harvest
Control 0.78 7.79 8 78 7 99
Sulphur
Sy 0.82 7 835 8 65 8.02
S5 0 91 8 27 9 26 8 55
Sz 0 99 8.31 10 78 9 58
F(2,36) NS s s NS
CD - 0 800 0 523 -
SE 0 172 0 279 0 182 0 057
Boron
b1 0 92 7 85 9 23 8.53
b2 0 89 7 89 9 49 8 90
F(1,36) NS s s NS
CD - 0 059 0 281 -
SE | 0 506 0 021 0 098 0 214
Time of application
t1 0.92 7 55 9.40 9 39
t2 0 89 7 54 9 27 9 15
t3 0 85 7 61 9 20 9 23
F(2,36) NS NS NS s
; CD - - 0 163
SE 01722 0 279 0 182 o 057
Tregtment vs control
Mean 0 81 7 87 9 56 8 7
F(1,36) NS s s s
CD - 0 059 0 281 0 613

SE 0 506 0 021 © 098 0 214




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

leaf area index

Treataents
30 DAS 60 DAS 90 DAS Harvest

S xB

s1b1 0 80 7 81 8 80 8 1
s1b2 0 84 7 69 9 00 8 22
s,by 0 89 8 22 8 80 8 58
32132 o 77 8 M 972 8 52
33b1 0 92 8 34 10 60 9 19
53b2 0 98 8 19 10 97 9 97
F NS NS NS NS
CD - -

BxT

byt, 0 g4 7 92 9 42 8 62
byt, 0 92 7 85 g 21 8 4o
b.fl:3 0 20 779 9 07 8 56
b2t1 0 96 7 89 9 9N 9 08
bzta 0 88 7 79 9 87 8 83
b2t3 0 84 8 01 98 8 79
F NS NS N3 NS
CD

SE 0 172 0 219 0 482 0 057
SxT

sty 0 86 6 93 8 70 8 70
84t, 0 82 6 88 8 57 7 82
811:3 0 78 7 28 8 68 8 13
85ty 095 8 43 9 48 8 73
s5t, 0 92 8 33 9 23 8 48
szt3 0 85 8 03 9 07 8 43
531:1 0 93 8 34 9 97 973
531:2 0 97 8 22 10 80 9 55
831.'.3 0 g8 8 38 10 57 9 45
F NS NS NS NS
CD - - - -

SE 0 734 1 32 1 448 1 157
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The time of application significantly influenced the
ILAT only at the time of harvest. The highest LAI of 9.39 was
recorded by the treatment t but it was on par with ty which

recorded a value of 9,23.

None of the interaction effects were significant in

anfluencang this character

1

4.1.5 Number of nodules plant™™ at flowering stage

The effect of sulphur, boron, time of application and

thear interaction effects on number of nodules plan‘l:—l at

flowering stage are presented in Tables 7a and 7b respectavely

1

The nodule number plant - at flowering time was

significantly aincreased by application of sulphur. The
maximum number of nodules plant-."1 (22.56) was obtained at

S5 level, which was on par wath s, level, which produced

2

18.95 nodules plant'l. which was again on par with s1 at whach

17.17 nodules were recorded

Application of boron increased the number of nodules
plant"l significantly. Maximum number of nodules (20.29)

level, but this was on par wath b_.

was recorded by b 1

2

There was no significant difference between the time

1

of application of sulphur on hodule number plant™ — 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 flowerang stage

L 11
Treatments Nodule number Weilght of
at flowering nedules at
floworing
Control 17 11 0 05
Sulphur
s, 17 17 0 06
52 i8 95 o o7
S4 22 56 0 08
F(2 36) s NS
CD 3 673 -
SE 1 281 Q 018
Boron
b1 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
t1 18 17 0 07
t2 19 22 o o7
t3 21 27 0 06
F(2,36) NS NS
fols] - -
SE 1 2861 0 018
Treatment vs control
Mean 19 83 0 067
F(1 36) s NS
CD 2 727 -
SE 0 050

0 951




Among the anteraction effects, the treatment combina-

tion sab2 recorded the highest number of nodules plant'1

(23.67). This combination was on par with s3b1 which

recorded a value of 21.45
None of the other interaction effects were significant

in influencang this character

1

4.1.6 Weight of nodules plant ~ at flowering stage

The effect of sulphur, boron, time of application and

1

their interaction effects on weight of nodules plant ™~ at

flowering stage are presented in Tables 7a and 7b respectavely

The weaght of nodules plannt-1 recorded an increasing
trend with increasing levels of sulphur, but the difference

in weight was not significant.

The weight of nodules plant:"1 was found to be unaffected
by the application of boron, and the different times of

applacataion

Nones of the interaction effects were significant in

influencang thas character

4,2 TYield attrabutes

4.2.1 Number of pods plant-1
The effect of sulphur, boron, time of application and

1

their ainteraction effects on number of pods plant - are

presented in Tables 8a and 8b respectively.
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1

The number of pods plant™~ was significantly increased

by the application of sulphur Maximum number of pods plr:mt:"1

(23.61) was obtained at s, level, with s

1

3 level on par wath

it, producing 21.33 pods plant™

2
The control registered

the lowest number of pods plant"'1 (19.01)

The number of pods plant™! increased wath increasang

levels of boron, wath b1 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 recorded the highest

3P,
value of 25 66 which was significantly superior to all other

combinationse.

Significant positive interaction was noticed for the

1

treatment combination s whach recorded 24.84 pods plant™

3%,

but this was on par with 53t s,t, and s t_.

2, 373 211
The interaction effects of levels of boron and times
of application were not saignificant in influencing this

character

4 2.2 Weight of pods plant™t

The effect of sulphur, boron, time of application and

their interaction effects on weight of pods plant'l are

presente& in Tables 8a and 8b respectively.



Table 8a Effect of sulphur boron and time of application on number of pods plant”™

78

1

weight of pods plant"l weight of kernels plant_l and 100 kernel weight
T ] T
Number of pods Weight of weight of 100 kernel
Treatments -1 pods plant:_1 kernels plant™ weight
plant
(g) (g) (g)
Control 19,01 20.43 13 03 47 10
Sulphur
51 20 17 20 48 13 56 47 09
s, 21 33 22 99 15 46 47 48
Sy 23 61 25 62 15 92 60 81
F(2,36) s S s s
CD 2 324 3 298 1 735 2 329
SE 0 810 i 150 0 605 0 812
Boron
bl 21 06 23 41 14 37 48 67
b, 22 41 23 98 15 48 48 90
F(1,36) s s NS NS
CD 2 004 2 693 -
SE 0 699 0 939 0 559 0 468
Tame of application
tl 22 44 24 28 15 25 49 08
t2 24 33 23 66 15 02 48 87
t3 24 45 23 15 14 36 48 40
F(2,36) NS Ns NS NS
CD - - - -
SE 0 810 1 150 0 605 0 812
Treatment vs _control
Mean 21 71 23 69 14 87 48 79
F(1,36) s s s s
CD 2 004 2 693 1 602 1 341
SE 0 699 0 939 0 559 0 468
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Table 8b Effect of the interactions between sulphur boron and time of application on

numker of pods plant_l weight of pods plant:"1 weight of kernels plam:_1
and 100 kernel weaght
S B
Treatments Numbeflof pods Weighflof pods veight of s 100 kernel
plant plant kernels plant weight
(g) () (g)
S xB
Slbl 20 56 22 82 13 31 47 40
sle 19 78 22 13 13 81 46 76
SZbl 20 89 23 31 14 44 47 28
szbz 21 78 22 68 15 83 47 69
33b1 21 56 24 10 15 34 S1 34
SBb? 25 66 27 13 16 49 52 27
F S S S S
CD 2 324 3 298 1 735 2 329
B x T
blt1 21 56 24 41 14 52 49 12
bitz 20 56 22 81 14 43 48 65
blt3 20 89 23 01 11 14 48 24
b2t1 22 33 24 16 15 97 49 06
b2t2 22 11 24 52 15 &0 49 10
b2t3 21 78 23 27 14 56 48 55
F NS NS NS NS
CD -
SE 0 B10 1 150 0 605 0 B12
S x T
sltl 20 00 21 74 12 37 47 27
slt2 20 17 23 02 14 13 47 05
slt3 20 34 22 68 14 19 46 92
sztl 22 50 24 32 16 78 47 62
sz\:2 20 67 22 55 14 95 47 45
52t3 20 83 22 12 13 69 47 38
53t1 24 84 26 80 16 58 50 38
sat, 23 17 25 43 15 97 52 13
53, 22 84 24 62 15 20 50 90
F S NS NS NS
cD 3 386 -~ - -

SE 1 181 4 396 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

1

plant™— (25.62 g) was obtained at sq level, with s, level

on par with it producing 22 99 g pods plant_l. The control

treatment recorded a mean weight of 20 43 g

The maximum weight of pods plant-l (23.98) was
recorded by b2 level, but it was on par with b1 which recorded

a mean weight of 23.41 g

Among the various interactions s3b2 recorded the
maximum value for weight of pods plant"1 (27.13 g) and this

was on par with 53b1

The other interaction effects were not significant.

4.2.3 Weight of kernels plant:_1

The effect of sulphur, boron, time of application and

1

their interactions on weight of kernels plant — are presented

in Tables 8a and 8b respectavely.

Application of sulphur showed a favourable effect on
weight of kernels plant-l. An ancrease in sulphur level from
Sy to s, produced significant effect on weight of kernels.

A further increase in sulphur did not improve the result.
However, application of boron and tames of application of

fertilizers did not produce any significant influence on

this character.
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Among the S x B interaction effects 53b2 gave a mean

weight of 16.492 g, which was on par with szb2 and 53b

1
The S x T and B x T interactions were found to be not

signafacant.

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 signifiacant difference was observed in the 100
kernel weight at the sy and s, levels The weight of 100
kernels increased wath increasing levels of sulphur and the
highest value of 50.81 g recorded by S5 level is significantly

superior to all other treatments.

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

character

The § x B ainteraction recorded a value of 52.27 g for
the combination 53b2 This combination however was on par
with s3b1. which recorded a value of 51.34 g, but was signi-
ficantly superior to all other combinations

The Bx T and S x T interactions had no anfluence on

this character.
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4.,2.5 Shelling percentage

The effect of sulphur, boron, tame of application and
their ainteractions on shelling percentage of groundnut are

presented in Tables 9a and 9b respectavely

Shelling percentage was significantly increased by
sulphur application. The S3 level regastered 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 s3b1
which recorded a value of 59.14 percent, which was on par
with 53b2, 52b1, 52b2 and slbz. Nene 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 saignificant influence in
enhancang the pod yield of groundnut. Maximum pod yield of
1658,.82 kg ha-l recorded by S, level was significantly superior

to s1 level and control, but was on par wath 52. Control
plots recorded the lowest yield of 1048 kg ha™t.
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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
t T T T T
Shelling Paod yield Haulm yield Total drymatter Harvest
Treatments percentage production irdex
kg ha~l kg ha™> kg ha™*
Control 57 62 1048 00 2131 96 3179 95 32 96
Sulphur
81 57 76 1201 83 1880 53 3082 37 38 99
8, 58 8% 1460 60 2111 17 3571 78 40 B3
53 59 08 1658 82 2549 98 4208 Bl 39 55
F(2 36) s 5 s s s
cD 1 304 298 506 381 573 294 852 1 41
SE 0 455 104 096 133 064 346 929 0 492
Boron
bl 58 39 1450 36 2072 B3 3523 19 41 08
b2 58 53 1430 47 2288 29 3718 717 38 50
F(1 36} NS S NS NS s
CD - 268 227 - 115
SE 0 322 93 537 75 506 46 772 0 401
Time of application
tl 58 56 1494 22 2215 97 3710 19 40 26
t:2 58 26 1389 14 2180 88 3570 03 38 95
t:3 58 54 1437 88 2149 84 3582 73 40 16
F(2 36) NS NS NS NS NS
CcD - - - -
SE 0 455 104 096 133 064 246 929 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 1151
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 time of application on
shelling percentage pod yield haulm yield total drymatter production and
harvest index

T T L]

7 +
Shelling Peod yield Haulm yileld Total dry- Harvest index

Treatments percentage matter produc-
-1 -1 tion -1
kg ha kg ha kg ha

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
52b1 58 74 1448 18 2015 54 3463 73 41 66
szb2 58 35 1473 0} 2206 80 3679 82 39 99
s3b1 59 14 1656 97 2330 43 3987 41 41 €1
53b2 59 02 1660 66 2569 53 4130 20 37 A8

F s S S S s
CD 1 304 298 506 381 573 994 852 1 411
Bx T
bltl 58 29 1541 21 2113 31 3654 52 42 03
b1t2 58 14 1401 97 2100 62 3502 59 40 14
b1t3 58 77 1407 91 2004 57 3412 48 41 06
b2t1 58 83 1447 24 2318 62 3765 86 38 49
b2t2 58 40 1376 35 2261 13 3637 46 37 1
b2t3 58 34 1467 85 2285 12 3752 98 39 25

F NS NS NS NS S
CD - - 1 411
SE 0 455 104 096 133 064 346 929 0 452
S x T

51% 57 84 1208 20 1900 00 3108 51 38 85
slt2 57 75 1164 55 1884 18 3048 74 38 25
slt3 57 68 1232 74 1857 12 3089 86 39 89
52t1 58 72 1536 43 2125 77 3662 20 41 91
s,t, 58 53 1425 81 2092 63 3578 45 40 S5
S,t, 58 40 1419 56 2115 12 3534 68 40 04
s3t1 59 13 1738 04 2621 83 4359 87 40 03
s3t2 58 54 1577 o7 2565 67 4142 89 38 07
syt, 59 59 1661 35 2462 30 4123 65 40 S5
F NS NS NS NS NS
CD - - -

8E 0 734 192 324 179 760 415 061 @ 595




The pod yield of groundnut showed an increasaing trend
with boron application also Maximum yield was obtained at
bl level But this level was on par with b2'

The time of application did not influence the pod
yield of groundnut sigmificantly, though the highest yield
was recorded by the treatment tl.

The S x B interaction was significant and s3b2 which
produced 1660 66 kg pods ha~! was found to be the best
combination. But this was on par with s3b1' 52b2 and 52b
whach produced 1656.97 kg, 1473 Ol kg and 1448.18 kg ’ha'l

1

of pods respectavely

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 appliacation 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

1

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 interactaons, s gave the higlest

1

3b2
bhusa yield of 2569.53 kg ha™~, which was significantly
superior to the other interaction effects except S3bl and
52b2 The interactions of S x T and B x T were not signifi-
cant

4,2.8 Total dry matter production (TIDMP)

The effect of sulphur, boron, tame of application and
their ainteraction effects on TDMP are presented in Tables 9a

and 9b respectively.

The main effect of sulphur and S x B anteraction alone
anfluenced thias character TDMP was highest at S, level
(4208.51 kg ha~1l) which was on par with s, level, but
significantly high in comparison with Sy level Among the

interaction effects s3b2 was significant in influencing this
character, which gave TDMP of 4430 20 kg ha~l but this was

on par with Sg s,b., and szb

1, 7272 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 respectavely.

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 s,



level, but an increase in sulphur above Sy 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 by
and b2 producing 41,08 percent and 38,50 percent HI, with b,
significantly superior to b2 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 S4B, , which gave a value of 41.66, and it was on par
with s3b1 .

The combination byt, recorded a value of 42,03, but

it was on par with b1t3.

4,3 Quality attributes

4,3,1 04l content

The effect of sulphur, boron, time of application and
their interaction effects on oll content of groundnut kernels

are presented in Tables 10a and 10b respectively,

The o1l content in groundnut kernels was significantly
increased by sulphur application. 53 level recorded the
highest oil content of 50.44 percent, which was on par with
8, level which recorded 49,23 percent oil, S, level recorded
48,96 percent oll which was also significantly superior to
the control treatment,



Boron application alsoc increased the oil content
oignificantly over the control with 49 12 percent and

49 75 percent oil an b1 and b2 levels respectively.

Significant S x B interaction was noticed with respect
to o1l content Highest value for o011l content was shown by

s3b2 interactaon, which was on par with S3b1, szb2 and szb1

The interaction of Sq and s, with tl. t2 and t3
produced significantly higher oil content than the interaction

of sl with tl t2 and t3 But B x T ainteraction was not
1 ]

significant

4 3 2 Protein content of kernels

lhe effect of sulphur, boron, time of application and
their anteraction effects on protein content of kernels are

presented in Tables 10a and 10b respectively

Protein content of kernels increased with increasing
levels of sulphur Highest protein content of 29,38 percent
3 level, which wis on par with s2 level,
which contained 29.18 percent protein, but significantly high

w1s obtained at s

1n comparison with s1 level

Application of boron significantly influenced the
protcain content of kernels The highest value of 29 24 percent

was recorded by b, which was significantly superior to the

1,

control and b2. It was also noticed that as the level of boron
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Table 10a Effect of sulphur boron and time of application on oil content protein
content sulphur content and boron content of groundnut kernels

T N
Treatments 0zl c<(>x/u):ent Protel?/?ontent Sulphu;‘ content Boron content
Control 47 07 27 80 0 29 0 019
Sulphur
Sl 48 9§ 28 48 0 30 o 047
s2 49 23 29 18 0 34 0 049
53 50 44 29 38 O 38 0 052
F{2 386) s s s s
CD 1 863 0 876 0 081 0 013
SE 0 649 0 305 0 028 0 353
Boron
bl 49 12 29 24 0 34 0 048
b2 49 75 28 79 0 35 0 051
F(1 36) s s NS s
CD 1 521 0 376 - o 0Meg
SE 0 530 0114 0 047 0 008
Time of application
tl 49 77 28 89 0 35 O O51
t 49 38 28 89 0 35 0 049
t3 49 14 29 27 0 34 0 047
F(2 36) NS NS NS NS
CD - - - -
SE 0 649 0 305 0 028 0 353
Treatment vs
Mean 49 63 29 01 0 34 0 049
F(1 36) s s Ns s
CD 1 521 036 - 0 018
SE 0 530 0 114 0 047 0 0og
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Table 10b Effect of the interactions between sulphur boron and time of application on
oll content protein content sulphur content and boron content of groundnut

kernels
Y L
Treatments 0il content Protein content Sulphur content Boron content

(/) ) (/) (/)
S x B
slbl 48 30 28 61 0 30 0 046
51b2 48 96 28 36 0 3 0 049
92b1 49 D9 29 45 0 34 0 048
52b2 49 37 28 92 0 35 0 050
s3b1 49 98 29 67 0 137 0 051
s3b2 50 91 29 09 0 38 Q 054
F s s NS NS
CcD 1 863 0 876 - -
BxT
bltl 48 46 28 91 0 34 0 049
bltz 48 29 29 53 0 33 0 048
b1t3 48 60 29 29 0 33 0 047
bztl 50 0% 28 87 0 35 0 053
bztz 49 48 28 74 0 34 O 052
b2t3 49 67 29 26 0 34 0 049
F NS Ns NS NS
cD - - - -
SE 0 649 0 305 0 o028 0 353
Sx T
sltl 48 10 28 25 0 32 0 049
slt?. 48 08 28 50 03 0 048
51t3 47 170 28 72 0 29 0 046
sztl 49 50 28 12 0 36 0 051
52t2 49,03 28 02 0 34 0 049
S,t, 49 15 2% 43 0 33 0 046
53t1 S0 73 29 86 0 36 0 053
s5t, 50 03 29 14 0 38 0 051
53t3 S0 57 29 69 0 37 0 048
F s S s NS
cD 2 145 1112 0 085 -

SE 0 748 0 388 0 029 0121
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increased from b1 to b2 level, the protein content of kernels

decreased.
The tame of applacation did not anfluence the protein

content of groundnut kernels significantly

Significant positive interaction was shown by the
interaction S3b1 which yielded 29.67 percent protein, and
thais was on par with 52b2 level which yielded 29 09 percent

protein

S3t1 interaction gave the highest protein content of
29 86 percent, which was saignificantly superaor to all other

interactions except s3t2 and 33t3

4.3.3 Sulphur content of groundnut kernels

The effect of sulphur, boron, time of application and
their ainteraction effects on sulphur content of groundnut

kernels are presented in Tables 10a and 10b respectavely.

Results showed that with the application of sulvhur,
a significant increase was noted ain the sulphur content of
kernels over the control However, the sulphur content in
the kernals were on par with each other, at the three levels

of sulphur tried

Boron application had no influence on the sulphur content

of kernels
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The time of applacation, S x B interaction and B x T
interaction were not sagnificant in influencing the sulphur
content of groundnut kernels But the S x T interaction was

found to be signifacant

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 respectiavely

Sulphur and boron application increased the boron
content of groundnut kernels significantly Increasing levels
of sulphur and increasang 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 anteraction effects had no significant

effect on boron content.

4.4 Nutraient uptake by the crop
4.4.1 Nitrogen uptake

The effect of sulyhur, boron, time of application and
their interaction effects on nitrogen uptake by the crov are

presented in Tables 1la and llb respectively

The natrogen uptake by the crop was significantly
influenced by the main effects of sulphur and boron Applica-

tion of sulphur at 5, level helped an the maxamum uptake of
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nitrogen by the crop (152 87 kg ha“l) However, all the
three levels of sulphur were on par in enhancing the natrogen

uptake by the crop

1 level (4 kg ha"l) resulted
in maxamum nitrogen uptake of 152 28 kg ha~t. at b, level

Application of boron at b

(6 kg ha'l) 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 sulvhur, boron, time of application and
thear ainteraction effects on phosphorus uptake by the crop

are presented in Tables 1la and 11b respectavely

Application of sulphur alone influenced the uptake of
P by the crop sagnifacantly P uptake was found to be
increasing with increasing levels of sulphur, with the maximum

value at S3 level. But this was on par with S, level

4 4.3 DPotassium uptake

The effect of sulphur, boron, time of application and
thear interaction effects on potassium uptake by the crop

are presented in Tables 11a and 11b respectavely,

The K uptake by the crop was not found to differ
significantly with the different levels of sulphur, boron,

time of application or their interactions.
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Table lla Effect of sulphur boron and time of application on nutrient uptake by the
crop at the time of harvest

Treatments N uptife P uptiTe K upti¥e 3 uptife B uptite
kg ha kg ha kg ha kg ha kg ha
Control 141 86 25 53 57 76 22 14 0 29
Sulphur
85 146 51 25 99 60 18 30 06 0 44
8, 151 37 36 08 64 48 32 56 0 19
S, 152 87 38 63 66 10 35 47 0 47
F(2,36) s s NS s 5
ch 6 493 5 317 - 2 700 0 043
SE 2 264 1 854 1 817 0 241 0 014
Boron
b1 152 28 30 92 63 30 32 42 0 43
b, 148 21 30 21 64 27 32 97 0 46
F(1 36) s NS NS S s
CD 4 013 - - 3 669 0 049
SE 1 399 2 236 1 989 1 279 0 017
Time of
application
t) 149 49 33 30 63 94 33 75 0 42
t, 150 26 35 41 63 91 32 63 0 44
t 150 99 35 32 63 51 31 72 0 41
F(2 36) NS NS NS NS s
CD - - - - 0 043
SE 2 264 1 854 1 8i7 0 %41 0 014
Treatment
vs control
Mean 150 25 33 56 63 78 32 69 0 45
F(1 36) s s Ns s s
CD 4 013 6 412 - 3 669 0 049

SE 1 399 2 236 1 989 1 279 0 017
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Table 11b Effect of the interactions between sulphur boron and time of application on
nutrient uptake by the crop at the time of harvest

I

¥ Y v

Treatments N uptife |3 uptiie K uptike s uptife B upthe
kg ha kg ha kg ha kg ha 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
szb1 153 68 34 12 63 68 32 42 0 44
52b2 149 05 38 03 65 27 32 70 0 46
S3b1 150 29 38 21 66 01 35 43 0 45
33b2 150 44 39 05 €66 19 35 50 0 47
P NS NS NS S NS
Ch - - 2 700 -
Bx T
bty 151 11 30 66 63 27 33 11 0 44
blt2 152 39 31 05 63 54 32 22 041
b1t3 153 35 31 05 63 10 31 50 0 42
bzt1 147 88 35 93 64 61 33 94 0 43
b2t2 148 12 36 44 64 28 33 03 0 46
b2t3 148 63 36 25 63 91 31 93 0 4d
F NS NS NS NS NS
CD - - - - -
SE 2 264 1 854 1 817 0 942 0 014
Sx T
sltl 145 15 25 84 60 84 31 37 0 45
slt2 146 80 26 05 §0 97 29 718 0 43
slt3 147 59 26 0B 60 55 29 03 o4
sztl 151 27 35 60 64 34 33 62 0 47
52t2 150 90 36 15 64 52 32 33 0 44
52t3 151 92 36 49 64 57 31 74 0 42
S5t 152 o7 38 47 66 65 36 25 0 47
53t2 153 07 39 04 66 25 35 77 0 45
s3t3 153 48 38 40 65 40 34 38 O 48
P NS NS NS NS NS
CcD - - - - -
SE 0 102

4 321 4 829 3 243 2 793
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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 Pables 1la and 11b 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 by levels had signi-

ficant effect on sulphur uptake by the crop.

Significant 8 x B interaction was noted at s3b, and
S3b,. 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 1lla and 11b respectively.

application of suiphur increased the boron uptake by

the crop but the difference in uptake was not significant at
different levels of sulphur. Similarly boron application,
increased its uptake by the crop, but bl and b, 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

t2 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 experament
4.5.1 Nitrogen content

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

As the levels of sulphur and boron were increased fram

1

15-25 kg S ha™l and 4-6 kg B ha"— respectively, the N content

of the soill decreased though not significantly.

4.5.2 Phosphorus content

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 soill was not significantly
influenced by the main effects as well as interaction effects

of the dafferent treatments tried.



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 econtent 5 content B content
kg ha 1 kg ha 1 kg ha 1 kg ha 1 kg ha™*
Control 105 46 20 99 32 04 16 70 014
Sulphur
Bl 108 59 23 95 39 25 23 89 0 20
82 110 60 24 51 36 90 23 02 Q17
33 104 17 22 26 35 a7 20 0§ 017
F(2 36) NS NS NS NS NS
Ch -
SE 4 912 3 412 S 923 4 592 0 101
Boron
b1 109 36 23 59 37 55 22 47 0 20
l:i2 106 21 23 55 37 19 22 17 0 16
F(1 36) NS Ns NS NS NS
Ch - -
SE 3 112 2 186 4 561 3121 0 051
Time of appli-
cation
tl 107 97 24 06 a6 71 23 26 017
tz 107 17 23 14 36 94 20 00 018
t3 108 21 23 49 38 41 20 00 019
F(2,36) NS NS NS NS NS
CcD - - -
SE 4 912 3 412 5 923 4 592 0 101
Treatment vs
gontrol
Mean 107 79 23 57 37 37 22 32 017
F(1 36) NS NS NS NS NS
CD -

SE 3112 2 186 4 561 . 3121 0 091




Table 12b Effect of the interactions between sulphur boron and time of application
on nutrient content in the soll after the experiment

Treatments N conffnt P cog:gnt K contﬁnt 5 contfnt B content
kg ha kg ha kg ha kg ha kg ha 1
SxB
slhl 111 53 22 42 40 35 24 59 0 1%
81b2 105 &5 25 48 38 15 23 19 019
92b1 111 72 24 41 36 28 22 74 017
azbz 109 48 24 61 37 52 23 29 017
aabl 104 B3 23 96 36 04 20 07 016
33b2 103 SO 20 56 35 89 20 04 0 18
F NS NS NS No N3
cD - -
BxT
b1t1 108 17 23 36 36 54 23 01 014
b1t2 109 78 23 48 37 80 22 28 016
b1t3 110 15 23 %54 38 33 22 11 017
b2t1 107 78 24 76 37 00 23 50 019
b2t2 104 58 22 84 36 08 22 13 018
bzt3 110 15 23 04 38 418 20 89 0 18
F NS NS NS s NS
CD -
SE 4 912 3 412 S 923 0 592 0101
SxT
sltl 110 50 23 72 a8 74 24 25 016
81t2 108 14 23 52 38 B4 23 B7 017
31t3 107 14 24 62 40 17 23 57 019
aztl 110 54 24 65 36 75 23 88 016
sztz 109 63 24 30 36 17 22 68 017
32t3 111 64 24 59 37 19 22 48 018
s3t1 102 89 23 a2 35 B2 21 65 C 18
33t2 103 77 21 67 35 22 20 07 0 18
53t3 105 85 21 28 37 87 18 45 017
F NS NS NS NS NS
CcD -
SE 4 999 3 841 5 946 5 012 0 120

99
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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 soll after the

experiment are presented in Tables 1la and 11b 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
thelr 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 be Rs.9400/-. Application of sulphur at 25 kg S.ha-1
and boron at 4 kg ha'1, as basal dose realised the highest
net profit (Rs.7507/-). The maximum benefit : cost ratio
was also shovn by the same treatment combination, followed
by szb,t, (1 709) and 8,bty (1.662). The control treatment

showed a net profit of Rs.1080/- and benefit . cost of 1.114,




Taple 13,

Economics of cu *.vation

8o . ments

Cost of addational Total Pod Ne Benefl ~ost

p—-odac+icn  cost of cost Je valus o€

excluding treatments

treatment
Zontrol 9400 - 9400 00 10486 Q0O 10480 O 1080 00 1114
leltl 9400 564 40 9964 40 1256 0 12561 0O 25%€ 60 1, 261
slolt2 9400 788.40 10188.40 1198 25 11983 <O 1795 10 1..176
SlbltB 9400 956.40 10356 40 1283 37 17833 70 2477 30 1.239
slbzt1 9400 738.30 10138.30 1160 31 11603.10 1464.80 1,144
slbzt2 9400 962.30 10362.30 1130 76 11307.60 945 30 1.091
slbzt3 9400 1130.30 10530, 30 1182 12 11821 20 1290 90 1.123
szbltl 9400 580 60 9980 60 1659.23 16592,30 6611.70 1.662
azblt2 9400 804.60 10204.60 1443.34 14433.40 4228.80 1.414
szb1t3 9400 972.60 10372 60 1241.99 12419 90 2047.30 1197
SZbZtl 9400 754 .50 10154.50 1413 64 14136.40 3981 90 1392
szbzt2 9400 978,50 10378.50 1408.28 14082.80 3704.30 1 357
szbzt3 9400 1146 50 10546.50 1597.13 15971.30C 5424 ,80 1 514
s3bltl 9400 596.80 9996.80 1708.31 17083 10 7086, 30 1.708
53b1t2 9400 820.80 10220.80 1564,.23 15642 30 5421 50 1 530
s3b1t3 9400 988,80 10388.80 1698,.38 16983.80 6595.00 1,635
s3b2tl 9400 770,70 10170.70 1767.77 17677.70 7507.00 1.738
53b2t2 9400 994.70 10394.70 1589,92 15899.20 5504 ,50 1.529
s3b2t3 9400 1162.70 10562.70 1624.32 16243.20 568Q.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, yleld 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 sagnificantly influenced at various
stages of growth by sulphur application @& 25 kg S.ha™l  1n
general an increase in plant height by about 2 can 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"t
recorded the maxamum plant height. The number of leaves
plant-l 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_l

was significantly superior to all other levels

The data on nutrient uptaske by groundnut presented
in Table 11la show that the uptake of nitrogen by groundnut
increased with increasing levels of sulphur. Nitrogen being
tle 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 an growth characters in groundnut by sulphur
application was reported by Nankumba and Edji (1974) and
Singh et al (1991) Saingh and Saran (1987) also observed

an increase in plant height in Indian rape duve 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 sagnificant
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 anfluenced by boron application
presented in Table 1la 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
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the plant. The general pattern is one of an inatial 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 al
(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™l,
The additive effects of individual factors would have

resulted in the significant influence of these interactions
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1

S.2 Number and weight of nodules plant ~ at flowering

1

The number of nodules plant -~ at flowering stage

increased with the application of sulphur. As the level of

1 the nodule

sulphur increased from control to 25 kg S ha~
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 proteans ain enhancing the
multiplication and growth of symbiotic bacteria The influence
of sulphur in increasing the root system and the number of
nodules in 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—t

increased from 1.8 to 23.7 as
the sulphur concentration in the nutrient solution was
ancreased 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 receaved 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-l)
were found to be on par. The symblosis between bacteria and
nodule of a plant could be complete only 1f 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 plan'c:'1

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

1

Though the number of nodules plant —~ ancreased with

sulphur and boron application, the weight of nodules plam:'1
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 in groundnut

signifacantly over the control, but the dry weight of the

nodules did not differ signaficantly

5.3 Yield attributes

5.3,1 Number of pcds 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 O to 25 kg S ha~l. However sulphur application at
25 kg s ha'l was on par with sulphur application at 20 kg

-1 1

S ha™", which gave a mean number of 21 33 pods plant .

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-l (Table 5a)
and leaf area index (Table 6a) and this maght 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 1s 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 1la that the P
uptake by the crop increased by sulphur application. The
maximum uptake of P was noted by the application of 25 kg

1

s ha~! but the value was on par with 20 kg S ha~ This

increased P uptake might have contributed to the increase

in number of mature pods plant_l

Similar increase in pod
number plant™! by sulphur application has been reported by

Nitsure et a2l. (1988).
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The number of pods plam:_1 has been found to increase

from 19.01 to 22.40 as the boron level was increased from

1 However the 2 levels of boron tried viz

4 kg B ha"1 and 6 kg B ha-1 were on par. The element boron

O to 6 kg B ha™

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—l. Samilar
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~l

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:"1

Highest value for weaght of pods plam:-1

was obtained
by the application of 25 kg S ha-l, but this was on par with
20 kg S ha-l. A similar trend was noticed with number of

pods plant-.'1

Nitsure et al. (1988) also reported an increase in pod weight

also (Table 8a) by sulphur application

of groundnut due to sulphur application upto 30 kg S ha~l.
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The observation on weight of pods p].ant—l by boron

treatment also followed the same pattern as that of number

1

of pods plant ~. Aapplication of boron at 4 and 6 kg B ha~1

produced significant increase in pod weight over that of

1

control. A similar increase in pod number plant™— and a

oconsequent increase in pod weight in groundnut by boron
application had been reported by Muthuswamy and Soundarajan
(1973).

1

5.3.3 Weight of kernels plant™~ and 100 kernel weight

Application of sulphur had a favourable effect on

welght of kernels plant'l. This parameter increased with

increasing levels of sulphur but the values obtained by the

1 1

application of 20 kg S ha™~ and 25 kg S ha™~ were on par with

each other.

The weight of 100 kernels also increased with increasing
levels of sulphur and the highest value of S0 81 g recorded

by the application of 25 kg S ha™}

was sagnificantly 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~!

Similarly, Nitsure et al
(1988) also reported an increase in the 100 seed weicht due

to sulphur application.

The S x B anteraction was found to influence both

these characters significantly But the results were not
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consistent enough to draw any conclusion regarding the

combination which is superior.

5 3.4 Shelling percentage

The shelling percentage which is an amportant yield
attribute in groundnut was favourably influenced by sulphur
application  Application of sulphur at 25 kg S ha™l gave
the highest shelling percentage of 59,08, which was on par
with that (58.55) obtained by the application of 20 kg § ha™t
The increase in pod weight (Table 8a) and kernel weight
(Table Ba) of groundnut due to sulphur application might

have resulted in this increase in shelling percentage

Similar increase in shelling percentage in groundnut
by the application of sulphur was reported by Verma et al
(1973), Badager et al (1982), Natsure et al (1988) and

Sahu (1991)

Among the interactions S x B interaction alone was
sagnificant but conclusions could not be drawn about the

best combination from the results

5 3.5 Pod yield

Sulphur application had a significant effect an

increasing the pod yield of groundnut Application of

25 kg S ha-l gave the maximum pod yield of 1658 83 kg ha=t

(5%.3 percent increase over the control) but this was on par



114

with the yileld 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~!
recorded 3@ percent increase in yield over the control and

at 6 kg B ha-l

the increase was 36.49 percent over control
However, the differences between the two levels of boron were

found to be not significant

The yileld 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 yileld plant"l.
The yield plant'1 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 yleld
attributing characters (Tanaka et al., 1964) The present
study also showed an increase in yield attraibutes viz number

1

of pods plant™, weight of pods plant'l, 100 kernel weight

and shelling percentage due to sulphur application, and
number of pods plam:"1 and weight of pods plant-1 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 experament Dalal 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),



115

Giri 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 regardang, which combination is the best

5.3.6 Haulm yielad

A progressive increase in haulm yield of groundnut
by different levels of sulphur was noticed in groundnut
Application of 25 kg S ha-1 recorded the maxamum haulm yield

of 2549.98 kg ha™t

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
(1988).
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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 (TDMP)

The total drymatter production was maximum when sulphur

was applied @ 25 kg S ha™t

1

and this was on par with the TDMP
obtained at 20 kg § 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 plan!:-1 when sulphur was

applied & 22 kg ha™}

In the present study, the pod yield
and haulm yield was increased by sulphur application and
hence 1t 1s 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
of 20 kg S ha™* and 25 kg S ha™! were on par Application
of boron also produced a significant increase in HI over
the control, with the 2 levels on par with each other

Higher HI (higher percentage contribution by pods to total
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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 an translocation An
increase in harvest index by sulphur application had been

reported by Thirumalaisamy et al (1986)

5.4 Quality attributes
5.4.1 0il content

The data presented in Tables 10a and 10b reveal
that the o1l 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 1.1, 4.6 and 4 @ percent over
that of the control by the application of sulphur at

25 kg ha~>, 20 kg ha~! and 15 kg ha~t

respectively In
fatty acid synthesis acetyl Coenzyme A is converted to
malonyl Coenzyme A In this conversion an enzyme acetic
thiokinase 1s involved, the activity of which depends on
sulphur supply Moreover, acetyl Co A itself contains
sulphur and sulphydryl group (Karle and Babula, 1985) 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
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due to sulphur application Samilar increase in o1l content
of groundnut was reported by Barhanpure (1976), Walker and
Keisling (1978), Reddy and Patil (1980), Karle and Babula
(1985), Naphade and Wankhade (1988), Koti et al (1989) and

Singh et al. (1991)

The response of added boron to increase oil content
was 5 é9 (with 6 kg B ha™') and 4 36 (with 4 kg B ha™')
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 sagnificant 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 proteain content of groundnut
kernels But the time of application did not influence this

character significantly
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Application of 25 kg S ha~}

showed maximum protein
content of 29.38 percent Sulphur is a constatuent of
aminoaclds 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 Wankhade

{(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~1

Boron deficiency often results
in accumulation of ammoniacal nitrogen, soluble arganic N,
amino acids and amides in mature plant parts and shows
corresponding decrease in protein content (Scraipture and

Mc 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 Thas 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 '

(28 79 percent) was lgwer in comparison with 4 kg B ha~t



(29.24 percent) This might be due to lesser uptake of
nitrogen at 6 kg B ha~l in comparison with 4 kg B ha~t

(Table 1la)

S x B and S x T ainteraction effects were found
significant Significant interaction effect between sulphur
and boron in increasing the protein content of groundnut

kernels have been repcrted by Patel et al (1981)

5.4.3 sSulphur 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 proteain and a part remained in the plant
(Dhillon and Dev, 1974) They attributed the cause to luxury
consumption by the plant This finding is in 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 1la) also followed the same pattern
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Applacation 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 the 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'l. 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 Samilar findaings were reported by

Patel and Golakaiya (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 Maxaimum P uptake of 38 63 kg ha1

was obtailned at 25 kg S ha-1 and this was on par with

20 kg S ha™t  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, 197€) Rathee and Chahal (1977)
also observed that P and S showed synergistic effects on
uptake of each other Such increases in the uptahke of P

due to S application have been reported by Naphade et al
(1969), Yadav and Singh (1970), Naphade and Wankhade (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~l. This might b= due to greater availa-~
bility of sulphur ain soil at higher dose of sulphur application
Increased 5 uptake by S application has also been reported
by o » Yadav and Singh (1970), Dungarwal et al
(1974), Bulbule (1983), Naphade and Wankhade (1988), Mashi

and Sharma (1991) and Singh and Tawara (1991)

5 5.4 Boron uptake
As the level of boron ancreased from 4 to 6 kg B ha"l

boron uptake was found to aincrease from 0.43 to 0.46 kg ha7t,
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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 soils.

The time of application influenced the boron uptake
by the crop signlficantly, and maximum uptake was noted,
when boron was applied 1/2 at sowlng 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 soil 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, yleld attributes

and yletrd were recorded. The uptake of nutrients by the

crop and the nutrient content of the soll after the experiment

were also determined. The results of the study are summarised

belows -

-1
1. Application of sulphur at 25 kg S.ha produced taller

plants at all growth stages, whereas boron application at

-1
4 Kg B,ha produced taller plants at 60 D\S, 90 DAS 1nd

at harvest,
1

2. 1The number of branches plant was signiflcantly incre ~ed

by application of boron only at 90 DAS. But the doses

-1
4 kg and 6 kg B.ha were found to be on par.
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At 90 DAS, 25 kg S ha™! recorded the maximum leaf mumber,
but at 60 DAS and at the tame of harvest, there was no
significant difference between the levels of sulphur
tried Boron had saignificant influence on leaf number
plant_l at 90 DAS and at harvest, with the two levels

(4 kg and 6 kg B hanl) on par with each other

1 recorded the maxaimum

Sulphur application at 25 kg S ha”
LAI at 90 DAS Boron @ 4 and 6 kg B ha * were on par
with respect to LAI at 60 DAS and 90 DAS At the time of
harvest, maxamum LAI was noted in plots which received

full dose of fertilizers as basal dose, but it was on par

with fertilizer application in 3 split doses

Sulphur application increased the nodule number plant-1

at flowering signaficantly, but 15, 20 and 25 kg S ha™1
were on par with each other Similarly boron at 4 and
6 kg B.ha_l were equally effective ain increasang the

nodule number.

1

The weight of nodules plant —~ at flowering stage, was not

significantly influenced by any of the treatments

Maximum number of pods plant-l was obtained by the applica-

tion of 25 kg S ha™l

, but 1t was on par with 20 kg S ha~1
Samilar 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~! ana 6 kg B hat

were applied in combination



8.

10.

11.

12.

13

14

15.

The weight of pods plant:'1

1

followed the same pattern as

the pod number plant™

1

The weight of kernels plant ™~ was maximum when sulphur

was applied @ 25 kg S.ha™t, but this was on par with

20 kg S ha~l

The 100 kernel welght recorded was maximum from plots

which received 25 kg S.ha~}

Application of 20 kg and 25 kg S.ha™} were on par with

each other, in increasing the shelling percentage.

Application of sulphur and boron significantly increased
the pod yield of groundnut cv TG=3 Sulphur at 25 kg
and 20 kg S.ha"! were on par and the maximum yield was
obtained by the application of 25 kg s.ha™l  Boron at

4 kg ha™} recorded the highest yleld, but it was on par

with 6 kg B.ha™t

Maximum bhusa yield was obtained by applying sulphur at
25 kg S.ha™l.

Total drymatter production was highest at 25 kg S.ha™T,
which was on par with 20 kg S.ha"t.

The harvest index of the crop was found to be high when

1

sulphur was applied ® 20 kg S ha"~. Boron at 4 kg B.ha "l

produced significantly higher harvest index compared to

1

6 kg B.ha™~ and the control treatment.
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17.

18

19.

20.
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Highest oil content of 50.44 percent was recorded by

25 kg S.ha™t, but it was on par with 20 kg S.ha~l,

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

Sulphur application @ 25 kg S.ha™} recorded the haghest
protein content of 29 38 percent, but it was on par with
20 kg S ha~!. Boron application @ 4 kg B.ha T recorded
the maximum protein content, and the content decreased

as the level was increased to 6 kg

Application of sulphur significantly increased the

sulphur content of kernels, though 15, 20 and 25 kg S.ha™+
were on par with each other. Boron application had no

influence on sulphur content of kernels.

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.

Maximum N uptake was observed when sulphur was applied

@ 25 kg S.ha™} 1

1

and it was on par with 20 kg S.ha"~ and

15 kg S.ha” Application of boron @ 4 kg B na~t resulted

an maximum N uptake by the crop, and a further increase

1

to 6 kg B.ha™~ resulted in decreased uptake
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21, Maximum P uptake was noted when sulphur was applied

@ 25 kg S.ha”' and this was on par with 20 kg S.na"t,

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

1 1

25, 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'1, recorded the highest value for
most of the parameters but it was on par with 20 kg S.ha-1.
Similarly in the case of boron also 4 kg and 6 kg B.ha_1 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 t1 (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 and boron at 4 kg ha™ may be reco-

salphur at 20 kg S.ha”
mmended for groundnut cv. TG-3, in the red sandy clay loam of

southern Kerala,
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Future line of work

Since this i1s 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 boron,
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APPLNDIX Ia

Weather data during the Cropping Season (weekly averages) (from 21 & 90 to 24 11 90)

Standard Period Maximum  Minimum Relative Ralnfall

week From To ngperature t,tcamperature hums:kdity {mm)
17 21 4 90 28 4 0 30 80 24 10 76 12 10 40
18 29 4 90 55 9 31 60 25 0 77 4 9 70
19 65 9 12 5 90 28 50 24 21 83 21 3 43
20 135 90 195 90 29 60 23 44 81 72
21 20 5=%50 26 5 90 30 50 23 56 77 41 10 90
22 27 5 90 2 6 90 31 60 25 10 85 28 22 80
23 36 9 96 90 29 46 24 11 78 20 49 53
24 10-6 90 16 6-90 30 20 24 12 a7 13 20 63
25 17 6 90 23 6 90 29 53 24 o7 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 97 90 15 7 90 28 70 23 16 93 28 5 00
29 16 7 90 227 9% 27 5 23 42 77 QO 2 60
30 23 7 %0 29 7 90 29 37 23 5 86 00 11 70
31 30 7 90 58490 29 34 23 57 76 60 44 4o
32 6 8 90 12 8 90 28 00 22 90 79 %0 318
33 13 8 90 19 8-90 29 08 23 9 81 10 10 80
34 20 8 90 26 8 90 30 30 24 80 78 00
35 27 8 90 299 30 60 24 60 75 90
36 39 90 9 9 90 30 &0 24 10 76 20 710
37 10 9 90 16 9 90 31 40 24 50 77 00
38 17 9 90 23 9 90 30 8 24 20 77 90 1 30
39 24 9-90 30 9 29 90 23 50 84 50 19 30
40 1-10~50 7 10 90 30 50 24 70 79 90 185
41 8-10 90 14 10-90 30 90 25 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 90 111 90 30 40 22 9 76 90
46 12-11 90 18 11 90 30 40 22 08 79 07

47 1911 99 25 11 9 30 60 23 50 81 20 19 9O
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APPENDIX II

Effect of indivadual 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 DAas 60 DAS 90 DAS Harvest
slbltl 6.82 21.08 35 37 40 00 3 03 6.00 9.17 9 73
slblt.2 6 27 20.18 34 717 39 &8 3 23 5 87 B8.50 9 57
Slb1t3 6.53 15.28 36 12 40.33 3 53 5 93 8 63 9 67
Slbztl 7.42 21 62 36.33 40.70 3 27 6.03 8 93 9.83
BletZ 6 73 20.83 35.867 40 70 3 40 6 03 8.77 S 80
81b2t3 T.22 19.87 37.12 41.10 3.23 6.17 9.20 10.30
32b1t1 7.12 22.67 38.52 42.60 3 57 6 17 9.40 10.23
52b1t2 7.50 22.07 35 45 41,78 3.93 6.30 9.07 10.17
szb1t3 7.53 20.70 38,70 42,07 3.70 6.30 9,77 10.63
szbztl 7.83 23.67 39.12 43.49 3.57 6.00 9.73 11.00
szbzt2 8.05 22 50 38,65 43.12 3 37 6.17 9.30 10,27
Szb2t3 8.03 21,27 38 97 42.27 3 73 6.33 9 83 10.77
s3b1tl 8.37 24.98 41.23 44 28 3 63 6 43 10.30 11.00
S3b1t2 8.45 23 23 39,70 43,93 3 70 6.60 10.10 10.83
s3b1t3 8.08 23.32 39.87 43.43 3 97 6.47 10.20 11.00
s3b2tl 8 63 25,77 42,20 45 00 377 6 57 10.37 11.27
83b2t2 8.92 24.22 41.67 44,40 3.83 6§.70 10.23 10.97
s3b2t3 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 0L 8 46 8.94




APPENDIX III

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

Treatments Number of leaves plant"l Leaf area index

30 DaS 60 DAS 90 pDAsS Harvest 30 DAS 60 DAS S0 pas Harvest
Slbltl 11 67 22 90 36 57 38.93 .83 6,80 8.40 7.87
slblt2 12 93 23 43 34.13 38.23 0.80 6.80 8 30 7.47
slb1t3 14.17 23 80 34 53 38.63 0.77 7.03 8.20 8.10
Slbztl 12 73 23 90 35.70 26,27 0.90 7 07 9.00 8 33
slbzt2 13 57 23 87 35 13 39,27 0.83 6.97 8 83 8.17
slbzt3 12 93 24 60 36 77 41 23 0.80 7.53 9.17 8.17
52b1t1 14 23 24 63 37 63 40.90 1.07 8.40 9.10 8.67
52b1t2 15.70 25.13 36 30 40,63 110 8,30 8.73 8.57
szblt3 14.80 25 17 39 03 42,53 0.97 7.97 8.57 8.50
szbzt1 14 17 23 97 38.90 43,97 0.83 8.47 9.87 8.80
szbzt2 13 20 24 63 37 17 41 03 0.73 8.37 9.73 8.40
szbzt3 14.87 25.30 39.33 43.07 0.73 8.10 9.57 8.37
s3b1t1 14 53 25 77 41 13 43,93 0.93 8.55 10,77 9.33
s3b1t2 14.43 26 47 40.43 43 30 0.87 8.40 10,60 9.17
s3b1t3 15.77 25 90 40,77 43,97 0.97 8.37 10.43 9.07
s3b2t1 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
s3b2t3 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  Nodule weaght
floweraing at flowering
s, 14,00 0.04
slblt2 16 33 0.06
S)P1%3 20.33 0.07
sletl 16.33 0.05
5,0, 16.67 0.06
slb2t3 19.33 0.05
szbltl 16.67 0.05
szblt2 17.33 0.07
szblt3 20,33 0.08
8,P2% 19.33 0.07
8,0t 19.67 0.06
52b2t3 20.33 0.05
s3b1t1 20.33 0.08
83b t, 21.67 0.07
S3D; £y 22 33 0.07
540ty 22 33 0.10
53b2t2 23.67 0.10
54D, t, 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

‘Number of pods 'Weight of pods Weight of -y 100 kernel Shelling
Treatments plant-l plant'l kernels plant weaght percentage
(g) (g)

slblt1 20.00 21.60 11.13 47 43 57.37
slblt2 20.67 23 60 13 93 47 43 57.33
slblt3 21.00 23.27 14.87 47 33 57.23
slbzt1 20.00 21.87 13.60 47 10 58.30
slbzt2 19.67 22 43 14.33 46.67 58,17
slbzt3 19.67 22.10 13.50 46.50 ~ 58,13
52b1t1 21.67 . 24.90 16 03 47 43 58.87
szblt2 20,00 21 90 14.43 47.30 58,70
szblt3 21 00 23.13 12.87 47.10 58,67
szbzt1 23.33 23.73 17.53 47.80 58.57
szbzt2 21.33 23 20 15.47 47 60 58.37
szbzt3 20.67 21.10 14 SO 47.67 58.13
s3b1t1 23.00 26.73 16 40 52.50 58.63
s3b1t2 21 00 22.93 14.93 51.23 58.40
s3b1t3 20,67 22.63 14.70 50.30 60.40
sgbzt1 26.67 26.87 16.77 52.27 59.63
stztz 25.33 27 93 17.00 $3.03 58,67
53b2t3 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 andividual treatments on yield and yield attraibutes of groundnut var TG-=3

Treatments Pod ylild Haulm {ield Total drymatter Harvest index
kg ha” kg ha” produfflon
kg ha
slbltl 1256 10 1942 33 3198 43 39.27
slblt2 1198 35 1771 20 2969 55 40.35
slblt3 1283 37 1904 03 3187 40 40,26
Slbztl 1160.31 1858.27 3018 58 38 43
slbzt2 1130 76 1997 17 3127 93 36 15
slbzt3 1182 12 1820 20 2992 32 39.51
52b1t1 1659,23 2062 27 3721.49 44.58
szblt2 1443.34 2014 00 3457 34 41 75
52b1t3 1241.99 1970.37 3212 36 38 66
Szb2t1 1413 64 2189 27 3602 91 39.24
szbzt2 1408.28 2171 27 3579 55 39.34
szb2t3 1597 13 2259 87 3857 00 41 41
S3b1t1 1708 31 2335 33 4043 64 42 25
s3b1t2 1564.23 2516.67 4080 90 38 33
s3b1t3 1698,38 2139 30 3837 68 44.26
s3b2t1 1767.77 2908 33 4676 10 37 80
s3b2t2 1589 92 2614 97 4204 .89 37.81
53b2t3 1624.32 2785.30 4409.62 36 84

Control 1048.00 2131 96 3179.95 32.96




APPENDIX VII

Effect of individual treatments on gualaty attrabutes of groundnut var TG-3

1]

Treatments 0il content Protein content Sulphur content Boron contert
(%) (%) (%) (%)
slblt1 48.80 28.23 0 31 0.047
slblt2 49 10 28.83 0.30 0.046
slblt3 47.00 28 67 0.29 0.045
slbztl 49 40 28.17 0.32 0.051
slb2t2 49 07 28.17 0.31 0.050
slb2t3 48.40 28.76 0.30 0.047
szbltl 49,33 28.90 0.35 0.049
szblt2 49 27 29 93 0.34 0.048
szblt3 48 67 29,53 0.33 0.045
szbzt1 49.67 29.34 0.37 0.053
szbzt2 48 80 28 10 0.34 0.051
szb2t3 49,63 29 33 0.34 0.047
83b1t1 50.26 29 51 0.36 0.053
s3blt2 49,50 29.83 0.38 0.051
s3b1t3 50.17 29.67 0.37 0.049
s3b2t1 51.20 29.11 0.37 0.055
33b2t2 50 S7 28.45 0.39 0.054
s3b2t3 SO 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

v

Treatments Nutrient uptake by the crop kg ha~!
N uptake P uptake K uptake 5 uptake B uptake
Slblt1 147.13 20,70 860 30 30,93 0.44
Slb1t2 147.80 20.57 60.43 29 07 0.41
slblt3 148.70 20,03 59.93 28.23 0.40
81b2t1 143.17 30.97 61.37 31.80 0.47
Slb2t2 145.80 31.53 61.50 30.50 0.45
81b2t3 146.47 32.13 61.17 29.83 ~ 0.44
Szbltl 152.37 33 57 63.40 33 27 0.45
82b1t2 153.53 34.30 64.03 32.13 0.44
82b1t3 155.13 34.50 63.60 31 87 0.43
Szbztl 150,17 37.63 65.27 33.97 0.48
82b2t2 148.27 38.00 65,00 32.53 0.45
52b2t3 148.70 38.47 65.53 31.60 0.43
53b1t1 153.83 37.73 66.10 36.43 0.47
53b1t2 155.83 38.27 66.17 35.47 0.46
53b1t3 156.23 38.63 65,77 34.40 0.44
83b2t1 150.30 39.20 67.20 36,07 0.50
53b2t2 150.30 39.80 66,33 36.07 0.49
s3b2t3 150.73 38.17 £5.03 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 experament

Nutrient content in the soil after the experiment (kg ha-l)

Treatments
N content P content K content S content B content
slbltl 112 83 21 S3 39.37 24 17 0.23
SlbltZ 112.97 22 30 40 80 24 60 0.24
slblt:3 108.80 23 43 40.87 25,00 0.25
slbztl 108,17 25,90 3B.10 24.33 0.15
slbzt2 103.30 24.73 36.87 23 13 0.16
slb2t3 105.47 25.80 39.47 22.13 C.17
szblt1 109.77 24.50 34,87 23 20 0.17
szbltz 111.53 24.27 36 67 22,60 0.17
52b1t3 113.87 24 47 37.30 22.43 0.18
32b2t1 111.30 24.80 3B.63 24.57 0.15
szbzt2 107.73 24.33 36 87 22.77 0.16
szb2t3 109.40 24.70 37.07 22,53 0.19
s3b1t1 101.93 24.07 35.37 21.67 0.19
53b1t2 104,83 23.87 35 93 19.63 0.19
s3b1t3 107.77 23.93 36.83 18.50 0.20
53b2t1 103.87 23.57 34.27 21.63 0.13
s3b2t2 102.70 19.47 34.50 20,50 0.15
s3b2t3 103.93 18.63 38.90 18,00 0.16

Control 105.46 20,99 32.04 16 70 0.14
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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 lewvels and
time of application of sulphur (15 kg, 20 kg and 25 kg S.ha * )

and boron ({4 kg and 6 kg B.ha 1) for groundnut cv. TG=3 in

—
the red gandy clay loam of Kerala [ The lnvestigation
comprised of an inltial pot culture study followed by a field

experiment. The pot culture study wnis 17id out in completely

randamised design and the field experiment in}randomised block

design with three replications

The highest dose of sulphur, viz. 25 kg S.ham1
recorded significant influence on growth characters like plant
height, number of leaves and leaf area index of the crop. The
effect of boron was gignificant 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

-1
was 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
-1
attributing characters viz. number of pods plant weight

-1 -1
of pods plant . welght of kernels plant 100 kernel weliglt



and shelling percentage and consequently on pod yield, total
drymatter production and harvest index. Sulphur at 20 kg and

25 kg Seha~l

were found to be on par in their effects. Boron
at 4 kg and 6 kg B.ha-a1 were on par in influencing the pod
number pJ.':-mt-1 + pod weight plant-1 » pod yield and bhusa yield
of groundnut. There was a significant interaction between

-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 lewels of sulphur, with the levels
20 kg S and 25 kg s.ha~* on par with each other. But the

protein content increased upto 4 kg B.ha"?! 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~t . Maximum N uptake by the crop was noted
when boron was applied @ 4 kg B.ha~l , B uptake was also

significant only upto 4 kg B.ha™? .,

The time of application did not have any significant
influence on growth characters, yield attributes, or yield of

the crop.



