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ABSTRACT

Soil nutrient mining is major threat to modern agriculture as soil fertility is continuously depleting as a
result of cultivation of high yielding varieties. Field experiments were conducted at two locations for two years
to study the effect of different levels of phosphorus and sulphur application on dry matter yield, soil nutrient
balance and soil fertility status under chickpea (Cicer arietinum) monocropping. The treatments included three
levels of phosphorus (0, 17 and 34 kg P ha™) and three levels of sulphur (0, 15 and 30 kg ha™) from two sulphur
sources (gypsum and ammonium sulphate). Phosphorus and sulphur application resulted in increase in dry
matter yield up to 27 and 10%, respectively. Inorganic nutrient application resulted in increase of nitrogen
deficit in soil at the end of two year experiment. Soil phosphorus and sulphur balance at the end of experiment
was positive in all the treatments, except control. Higher level of nutrient (34 kg P and 30 kg S ha™) should be
applied to chickpea in order to maintain soil fertility status and to get crop yield on sustainable basis.
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INTRODUCTION

hickpea is the most important pulse crop

of rainfed region of Pakistan. It is grown
on an area of about 1 million hectare. Crop is
grown on residual moisture of monsoon
rainfall, as soil is kept fallow during summer
season and ploughed at regular intervals in
order to conserve moisture. Fertilizer use rate
in rainfed area is below 30 kg ha' per annum.
This fertilizer is mostly used for wheat and
use of fertilizer for chickpea production is
almost negligible (NFDC, 2011). Owing to
this and many other agronomic and climatic
factors, chickpea seed yield in Pakistan is
almost 30% of that achieved in developed
countries of the world (FAO, 2009).

Nutrients are mainly added in soil
through mineral fertilizers, organic manures,
biological nitrogen fixation and atmospheric
deposition and by sedimentation in case of
irrigated agriculture. Nutrient balance studies
conducted at national level in Pakistan have

shown that soil nutrient balance is becoming
more negative with the passage of time (FAO,
1998). Situation seems to be more alarming
for chickpea based mono cropping system as
nutrient addition through organic and
inorganic sources 1s negligible and crop
residues are not returned to soil. Moreover,
phosphorus (P) and sulphur (S) requirement of
chickpea is much higher than that of cereal
crops. Several studies conducted in India
estimated that for chickpea seed yield of 1.5
Mg ha', average amount of N, P and S
absorbed by plant from soil is 91, 6 and 13 kg
(Tandon, 2011).

In Pakistan, very little research work has
been done regarding soil nutrient balance
assessment  (FAO, 1998). Information
regarding a specific cropping sequence at
micro level (plot or farm level) is lacking and
information regarding effect of P and S
application on nutrient budget and fertility
status of soils under chickpea monocropping
is very scarce. Therefore, the present study

Received 11 April 2012; accepted 12 March 2013. First online: 30 March 2013. DII 2067-5720 RAR-169



224

Number 30/2013

ROMANIAN AGRICULTURAL RESEARCH

was conducted to assess the effect of P and S
application on chickpea dry matter yield, soil
nutrient balance and fertility status of soil.

MATERIAL AND METHODS

The details of the two year field
experiments conducted using chickpea culti-
var Balkassar 2000 at Barani Agricultural
Research Institute (BARI), Chakwal and on
farmer field Talagang during crop growing
season 2006-2007 and 2007-2008 are
described elsewhere (Islam et al., 2012).
Physical and chemical properties of the
experimental site are shown in table 1. The
trial was laid out in randomised complete
block design with split plot arrangement (plot
size of 1.5 x 3.5 m) keeping P in main plots S
sources in sub plots and S levels in sub
subplots. There were eighteen treatments
having different combinations of P (0, 40, 80
kg ha™) and S rates (0, 15, 30 kg ha™) from
two S sources (gypsum and ammonium
sulphate). Starter dose (26 kg ha™') of N was
applied in the form of urea. However in S

treatments, wurea dose was adjusted
accordingly, after taking into consideration the
addition of N from ammonium sulphate (AS).
Phosphorus was applied in the form of triple
super phosphate. All the treatments were
replicated three times. Chickpea crop was
sown maintaining row to row distance of 30
cm. There were approximately 25 to 30 plants
in an area of one square meter. All the ferti-
lizers were applied as basal dose. Crop was
grown under rainfed conditions and no
supplemental irrigation was applied. There
was no incidence of pest or disease attack so
no chemical was sprayed. However, there was
occurrence of frost especially at Chakwal
during January 2008, which adversely affected
crop growth. There were 12 to 20 nodules per
plant as indicated by plant sampling prior to
flowering. Rainfall data for both locations
were recorded. Harvesting was done during
last week of April. Samples of plant dry
matter tissue of legume and non legume
reference plant were taken for &N
determination at start of flowering (Unkovich
et al., 2008).

Table 1. Location, rainfall and physical and chemical properties of the soils
at experimental sites

Parameter Unit Chakwal Talagang

Elevation m 511 624
Latitude N 32.5° 32.5°
Longitude E 72.4° 72.2°
Mean annual rainfall (1979-2009) mm 630 450
Cropping season (October to March) rainfall during

(1) 2006-2007 mm 85 362

(ii) 2007-2008 90 30
Sand % 69 80.8
Silt % 21 6.7
Clay % 10 12.5
Texture - Sandy loam Loamy sand
pH - 7.6 7.7
ECe dSm’ 0.32 0.26
Total organic carbon mg g’ 3.7 1.8
CaCO; % 52 2.9
Total N % 0.02 0.01
NO;-N (AB-DTPA extractable) ng g’ 11.2 5.6
Phosphorus (AB-DTPA extractable) ng g’ 3 1.4
Sulphate- Sulphur (CaCl, extractable) ng g’ 6.4 7.5
Zinc (AB-DTPA extractable) ng g’ 0.75 1.3
Copper (AB-DTPA extractable) ng g’ 1.21 0.92
Iron (AB-DTPA extractable) ng g’ 7.82 5.63
Manganese (AB-DTPA extractable) ng g’ 2.98 2.1
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Percent nitrogen derived from air was
estimated by: (% Ngg) = 100 x (8N (soil N) -
8N legume N)/(3"°N (soil N)-B), where §'"°N
(soil N) is commonly obtained from a non N
fixing reference plant grown in the same soil as
the legume; B is the 8'"°N of the same N fixing
plant when fully dependent on N fixation and
its value is -2.0 (Kyei-Boahen et al., 2002).

Legume N uptake and Amount of N fixed
were estimated by:

Legume N uptake (kg ha') = legume dry
matter yield (kg ha™) x N in plant tissue (%);

Amount of N fixed (kg ha™) = legume N
uptake (kg ha™) x % Nyg.

At physiological maturity, crop from an
area of one meter square in the middle of each
plot was harvested separately. The plant
samples were dried and data were recorded for
seed, straw and dry matter yield. Representative
samples of 100 g from both seed and straw
were collected from bulk sample, oven dried,
ground and analysed for N and P (Ryan et al.,
2001) and S (Verma, 1977). Nutrient uptake
was determined by multiplying the respective
nutrient concentration with dry matter yield.
Soil N balance after chickpea production was
obtained by subtracting N output from N input
as follows (Amanuel et al., 2000):

B= (Nf+ Ndfa) - Ng
where: B is soil N balance, N¢ is the applied
N, Nys is the total fixed N and Ny is the N
removed by chickpea.

Phosphorus and sulphur balance in soil
was determined by taking into account the
input and out put of these nutrients (Liu et al.,
2003). Soil samples were taken after crop
harvest from upper soil layer (0-15 cm) and
were analysed for extractable P (Ryan et al.,
2001) and S (Verma, 1977). Data on all
observations were subjected to analysis of
variance (ANOVA) by wusing software
MSTATC. Treatment means were compared
by least significant difference (LSD) test.

RESULTS AND DISCUSSION

Dry matter yield

The precipitation during crop growing
season (October to March) at experimental

sites (Chakwal and Talagang) was 385 and
362 mm during first crop growing season
(2006-2007) and 90 and 30 mm during second
crop growing season (2007-2008), respec-
tively. The long term average (1977-2009)
annual precipitation is 630 mm for Chakwal
and 450 mm for Talagang. Two third of total
rainfall occurs in moon soon season (July to
September).

There was significant difference between
years and locations in respect of dry matter
yield (Table 2). The highest dry matter yield
was recorded at Talagang during first year
which was followed by Chakwal during same
year. Dry matter yield was higher at Talagang
as compared to Chakwal. This was due to
difference in climatic conditions as well as
fertility status of soils of the two locations.
Higher moisture availability at the time of
sowing resulted in better germination and
ultimately good crop stand and higher dry
matter yield at Talagang. Intensity of frost was
less at Talagang as compared to Chakwal,
especially during second crop growing season.
Another reason might be that well drained
soils are suitable for the production of
chickpea (Khalil and Jan, 2002). Soil at
Talagang was well drained being loamy sand
compared to sandy loam soil of Chakwal
(Table 1).

Table 2. Effect of year and location on dry matter yield
of chickpea (Mg ha™")

Year Chakwal
2006-2007(Y ) 3.82b 4.20a 4.01b
2007-2008 (Y2) 2.30d 2.60c 240 a
Mean 3.06 b 335a 3.20

Talagang Mean

Different letters in the same column denote significant
differences among treatments (P < 0.05)

Dry matter yield was higher during first
year as compared to second year. This was
due to favourable climatic conditions during
first year, especially timely rainfall throughout
growing season. Although, there was
abundant moisture supply at the time of
sowing during second year, germination and
crop growth was better at the start, but there
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was incidence of frost at flowering stage
accompanied by prolonged drought, which
adversely affected crop growth and yield.
Total rainfall during second year from
October 2007 to March 2008 was 90 mm and
30 mm at Chakwal and Talagang, respectively
which was 77 and 92 percent less than first
year (385 and 362 mm). Low temperatures
slow down the rate of leaf extension and

increase the time to reach full crop canopy
cover (Hussain, 1998). Similar results were
also reported by Khalid et al. (2012) and
Hayat and Ali (2010). They observed that
growth and yield of crop was better during
cropping season of higher rainfall, due to
abundant supply of moisture when crop was

grown under rainfed conditions.

Table 3. Dry matter yield (Mg ha™) as function of P and S levels and S sources

Chakwal Mean Talagang Overall
Effect 2006-2007 | 2007-2008 20062007 | 2007-2008 | " | mean
P levels (kg P,Os ha™)
0 33b 2.1b 2.7b 3.6b 2.2¢ 29b 2.8¢
40 4.0a 23a 32a 4.2 ab 2.5b 34a 33b
80 43a 24a 34a 48a 2.7a 38a 3.6a
LSD value 0.4 0.2 0.3 0.6 0.04 0.5 0.1
S sources
Gypsum 3.8 2.3 3.0 4.1 2.5 33 3.2
Ammonium sulphate 3.9 2.3 3.1 43 2.5 34 3.3
LSD value NS NS NS NS NS NS NS
S levels (kg S ha'l)
0 36b 22b 29b 40b 24c 32b 30b
15 39a 23a 3.1a 43a 2.5b 34a 33a
30 4.0a 24a 32a 43a 2.6a 35a 33a
LSD value 0.2 0.09 0.2 0.1 0.02 0.1 0.05
LSD vales for Interaction effects

P x S sources NS NS NS NS NS NS NS
P x S levels 0.3 0.1 0.1 0.2 0.03 NS 0.04
S sources x S levels NS NS 0.1 NS 0.03 NS 0.03
P x S sources X
S levels NS NS NS NS 0.05 NS NS

Different letters in the same column denote significant differences among treatments (P < 0.05).

The values correspond to averages of three replicates.

There was an increase up to 17 and 27% chickpea seed yield over control with

in dry matter yield with the application of 40
and 80 kg P,Os ha™', respectively. Phosphorus
application resulted in significant increase in
dry matter yield at both locations (Table 4).
Higher and lower level of P differed
significantly in this respect, with dry matter
yield increased from 2.8 to 3.6 Mg ha™ as P
application rate increased from 0 to 80 kg
P,Os ha™' (Table 3). These results are in line
with the findings of Aslam et al. (2000) who
recorded 57 percent (770 kg ha™) increase in
seed yield with application of 80 kg P,Os ha™
under rainfed conditions. However, Khan
(2002) reported 75 percent increase in

application of 90 kg P,Os ha, which was
much higher than observed in our study.
Higher response might be due to irrigated
condition, where response to nutrient
application is generally higher than in rainfed
conditions (Ahmad and Rashid, 2003).

Main effect of S was also significant on
dry matter yield, with the highest yield
recorded with the application of 30 kg S ha™
(Table 3 and Table 4). There was an increase
up to 10 % in dry matter yield with 30 kg S
ha”'. Dry matter yield increased from 3.0 to
3.3, as S application rate was enhanced from 0
to 30 kg S ha. Increase in dry matter yield
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due to application of S confirms the finding of
Sharma and Arora (2008), Gunes et al. (2009)
and Islam (2012). The two S sources were
similar in respect of dry matter yield at both
the locations (Table 4). Similar to these
findings, Khalid et al. (2012) did not record

any difference between gypsum and AS in
respect to dry matter yield of Brassica napus.
However both the sources differed regarding S
availability and AS was found to be superior
where immediate relief from S deficiency is
required (Gosh et al., 2000).

Table 4. Probability values of main and interaction effect of P and S using analysis of variance
in respect of dry matter yield

Chakwal Mean Talagang Overall
Effect Mean
2006-2007 | 2007-2008 2006-2007 | 2007-2008 Mean
P levels <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01
S sources NS NS NS NS NS NS NS
S levels <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Interaction effects
P x S sources NS NS NS NS NS NS NS
P x S levels 0.01 NS 0.01 0.01 <0.01 NS <0.01
S sources x S levels 0.08N5 <0.01 0.04 NS <0.01 NS <0.01
P x S sources x S levels NS NS NS NS <0.01 NS NS

NS stands for non significant difference.
Soil nitrogen balance

Phosphorus application resulted in
decline in soil N balance from 4 to -10 kg ha™
at Chakwal and from -6 to -26 kg ha™' at
Talagang (Table 5 and Table 6). This was
mainly due to increase in N removal by plants
as a result of increase in dry matter yield.
Although there was increase in amount of N
fixed, yet it could not match plant N uptake,
resulting in increase in N deficit in soil with P
application. These results are in line with the
findings of Ma et al. (2010) who observed that
application of P along with N resulted in
higher dry matter yield of maize, especially in
years of normal rainfall. Thus, application of
P resulted in negative soil N balance, though
150 kg N ha™ was applied. Another reason for
the negative soil N balance in our study was
that the addition of N from rhizodeposition
and roots, which are major source of N
addition from leguminous crops in agro
ecosystems (Wichern et al., 2008), was not
taken in to account. Soil N balance was more
negative (-26 kg ha') at Talagang as
compared to Chakwal (-10 kg ha™). This was
mainly due to increased dry matter yield and
higher N removal from soil at Talagang as
compared to Chakwal. It was also observed

that combined application of P and S resulted
in more negative soil N balance as compared
to their sole application (Table 5 and Table 6).
This might also be due to increase in dry
matter yield and nutrient uptake, as a result of
balanced amount of inorganic nutrients.

Soil phosphorus balance

Soil P balance was positive in all the
treatments, except control or plots receiving
sole S, at both locations (Table 7). This
indicates that the amount of P added through
inorganic fertilizers was much higher than
crop demand. Without P application, there
was P deficit up to -9.3 kg ha™ at Chakwal,
and up to -7.3 kg ha”' at Talagang. These
results are in agreement with the findings of
Sharma and Prasad (2009). They observed
negative soil P balance of 21.8 in control
treatment in a three year study using
mungbean as test crop under irrigated
conditions. Similar to our findings, Rafique
et al. (2012) conducted a five year experiment
on a similar type of soil, in cotton-wheat
crop rotation and they observed that soil P
balance was positive even when 26 kg P ha™
was applied to wheat only, and cotton was
grown on residual P. Smaller soil P depletion
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in our study was mainly due to rainfed
conditions, where crop is under drought
stress and less dry matter is produced (Khan

fallow during summer, which resulted in
restoration of soil fertility to some extent, as
compared to continuous cultivation (Ijaz and

and Joergensen,

2006).

Soil

was

kept

Ali, 2011).

Table 5. Balance sheet of N (kg/ha) for 2 years of chickpea cultivation as influenced by rates
of phosphorus and sulphur application at Chakwal

iglr)?;geiln Amount of N lﬁxed Nitrogen renlloved Nitrogen ballance
Treatments (ke N ha'!) (kg P ha™) (kg Pha™) (kg P ha™)
(A) B) © (D=(A+B)-C)
P levels (kg P,Os ha™)
0 52 54 102 4
40 52 65 124 -7
80 52 69 131 -10
S levels (kg S ha™)
0 52 56 110 -2
15 52 64 121 -5
30 52 68 126 -6
P x S levels
PoSo 52 49 95 6
PoSis 52 54 102 4
PoSs0 52 59 108 2
P4So 52 57 112 -3
P4oSis 52 67 126 -7
P40S30 52 72 134 -10
PgoSo 52 62 122 -8
PgoSis 52 72 135 -11
PgoS30 52 74 136 -10
Table 6. Balance sheet of N (kg ha™) for 2 years of chickpea cultivation, as influenced
by rates of phosphorus and sulphur application at Talagang
. . Amount of . .
Nitrogen ap_?hed N fixed Nitrogen rer_rlloved Nitrogen ba_llance
Treatments (kg Nha™) (ke P ha™) (kg Pha™) (kg P ha™)
(A) (B) © (D=(A+B)-C
P levels (kg P,Os ha™)
0 52 59 117 -6
40 52 70 138.2 -16
80 52 81 159 -26
S levels (kg S ha™)
0 52 62 127 -13
15 52 71 139 -16
30 52 78 149 -19
P x S levels
PoSo 52 53 109 -3
PoSis 52 59 116 -5
PoSs0 52 66 126 -8
P4So 52 62 127 -13
PySis 52 71 138 -16
P4oS30 52 78 150 -20
PgoSo 52 72 146 -22
PgoSis 52 84 162 -26
Pg0S30 52 88 169 -29




229

MUHAMMAD ISLAM ET AL.: EFFECT OF PHOSPHORUS AND SULPHUR APPLICATION ON
SOIL NUTRIENT BALANCE UNDER CHICKPEA (CICER ARIETINUM) MONOCROPPING

Table 7. Balance sheet of P (kg ha™) for 2 years of chickpea cultivation, as influenced
by rates of phosphorus and sulphur application

Phosphorus applied Phosphorus removed Phosphorus balance
(kg P ha™") (kg P ha™) (kg P ha™)
Treatments " (B) (C=A-B)
Chakwal | Talagang Chakwal | Talagang
P levels (kg P,Os ha™)
0 0 8.60 6.83 -8.60 -6.83
40 344 10.46 9.63 23.94 24.77
80 68.8 11.30 11.44 57.50 57.36
P x S levels

PoSo 0 7.88 6.22 -7.88 -6.22
PoSis 0 8.56 6.97 -8.56 -6.97
PoSs0 0 9.34 7.32 -9.34 -7.32
P4S0 34.4 9.48 8.84 24.92 25.56
P4oSs 34.4 10.60 9.63 23.80 24.77
P 4S50 34.4 11.30 10.40 23.10 24.00
PgoSo 68.8 10.36 10.40 58.44 58.40
PgoS s 68.8 11.94 11.71 56.86 57.09
PgS30 68.8 11.62 12.19 57.18 56.61

Soil sulphur balance

Soil S balance was negative in treatments
without S application, at both the locations

However, it was more negative at
Talagang as compared to Chakwal due to
higher dry matter yield. Results regarding the
effect of S application on soil S balance have

(Table 8). not been reported previously.
Table 8. Balance sheet of S (kg ha™ for 2 years of chickpea cultivation as influenced
by rates of phosphorus and sulphur application
Sulphur applied Sulphur removed Sulphur balance
(kg Sha™) (kg Sha™) (kg S ha™)
Treatments (A) (B) (C=A-B)
Chakwal | Talagang Chakwal | Talagang
S levels (kg S ha™)
0 0 10.49 12.44 -10.49 -12.44
15 30.0 11.98 14.82 18.02 15.18
30 60.0 12.73 15.61 47.27 44.39
P x S levels
PoSo 0 8.87 10.46 -8.9 -10.5
PoSis 30 9.48 11.68 20.5 18.3
PoSs0 60 10.15 12.81 49.9 47.2
P4So 0 10.72 12.53 -10.7 -12.5
P4oSis 30 12.45 14.90 17.6 15.1
P40S30 60 13.81 16.47 46.2 43.5
PgoSo 0 11.88 14.34 -11.9 -14.3
PgoSis 30 13.95 17.87 16.1 12.1
PgoS30 60 14.21 17.55 45.8 42.5

Soil fertility status after crop harvest

Application of P resulted in significant
increase in soil available P, as compared to
control, at both locations (Table 9 and Table

10). Available soil P increased from 4.46 to
6.24 kg ha at Chakwal and from 2.24 to 3.36
kg ha™ at Talagang with application of 34 kg
P ha', as compared with control. These
results are in agreement with the findings of
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Sharma and Prasad (2009), who observed
increase in available P from 14.2 to 18.5 with
application of 35 kg P ha” in a three year
experiment, using mungbean (Vigna radiata)
as test crop.

Increase in soil P was much less in our
study which might be due to difference
between the extracting agent used for soil P
estimation. Analysis of soil samples taken
after crop harvest at the end of two year
experiments indicated that soil available P
declined in treatments without P, with 17 kg P
ha™' at Chakwal when compared with soil P
status at start of experiment (Table 10).

Effect of S application on available P in
soil was not significant at both locations

(Table 9 and Table 10). Similar results were
reported by Rao (2003) who observed no
significant effect of gypsum application (250
kg ha') on soil P content after harvest of
mustard (Brassica juncea) crop. However in
some studies, S application has been found to
improve soil P availability status by reducing
the pH of alkaline soils, thus increasing
availability of P (Taalab et al., 2008; Hussain
and Thomas, 2010). In a two year research
study using red loam soil in Mewar, India,
application of 2 tonnes of gypsum per hectare
improved the availability of all macro and
micronutrients after mustard harvest (Akbari
et al., 2003).

Table 9. Effect of rates of phosphorus and sulphur on available P and S content and net change
over initial value after 2 years of study at Chakwal

Available P Net change over initial Available S I\.Ie.t §hange over
Treatments (ke/ha) value o_t; (ke/ha) initial value -?f
6 kg ha 12.8 kg ha
P levels (kg P,Os ha™)

0 4.46 -1.54 12.06 -0.74

40 5.32 -0.68 11.88 -0.92

80 6.24 0.24 11.62 -1.18

LSD value 0.5% NS

S levels (kg S ha™)

0 5.54 -0.46 9.72 -3.08

15 5.34 -0.66 12.58 -0.22

30 5.14 -0.86 13.30 0.50

LSD value NS 0.6*

Table 10. Effect of rates of phosphorus and sulphur on available P and S content and net change
over initial value after 2 years of study at Talagang
Available P Net change over initial Available S NeF F:hange over
Treatments (ke/ha) value of_ (ke/ha) initial Valuc? of
& 2.8 kgha' 5 15 kgha'
P levels (kg P,Os ha™)

0 2.24 -0.56 14.1 -0.9

40 2.82 0.02 13.1 -1.9

80 3.36 0.56 13.0 -2.0

LSD value 0.2%* 0.8%

S levels (kg S ha™)

0 2.90 0.1 12.2 -2.8

15 2.78 -0.02 13.5 -1.5

30 2.72 -0.08 14.4 -0.6

LSD value NS 0.7

Available soil S was decreased in all P
treatments, as compared to soil S status at
start of experiment (Table 9 and Table 10),
which was due to higher S uptake by plant as
a result of accelerated plant growth due to P

application. Sulphur application (30 kg S ha™)
resulted in significantly higher soil S status,
by 37 and 18 percent over control at Chakwal
and Talagang respectively, after crop harvest.
Contrary to these findings, Khalid et al.
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(2012) reported non significant effect of S
application from different S sources (gypsum,
AS and single super phosphate) after harvest
of Brassica napus in a two year study
conducted in climatic and soil conditions
similar to this study. The difference regarding
soil S reserves might be due to the fact that
oilseed crops have higher S requirement than
that of pulses, and consequently higher S
uptake by Brassica napus resulted in
depletion of soil S reserves. There was
considerable improvement in soil S reserves
after crop harvest at Chakwal as compared
with soil S status at the start of experiment.
Hussain and Thomas (2010) also observed
that available S in soil increased from initial
level of 18.7 kg ha™' to 20.5 with application
of 60 kg S ha” after harvest of sunflower.
These results are also in line with the findings
of Deshbhratar et al. (2010).

CONCLUSIONS

Application of P and S resulted in
increased dry matter yield of crop, but at the
same time, it resulted in considerable
improvement in soil fertility status of soil.
Therefore higher level of P (34 kg ha™) and S
(30 kg ha™) should be applied to chickpea
grown under rainfed conditions in order to
maintain soil health and sustainable crop
yield.
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