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ABSTRACT

A rainfed experiment was conducted during the winter (rabi) seasons of 2011–12 and 2012–13 at Kumarganj,
Faizabad, Uttar Pradesh to study the effect of diammonium phosphate (DAP) applied through soil and foliage in
conjunction with phosphate-solubilizing bacteria (PSB) on growth characters, yield attributes and yield, seed pro-
tein content, nutrient uptake and phosphorus-use efficiency (PUE) of chickpea (Cicer arietinum L.). The application
of 50 kg DAP/ha as basal + 50 kg DAP/ha as foliar in 2 splits 45 and 60 days after sowing + PSB significantly in-
creased the growth attributes (plant height, primary branches/plant, leaf area/plant, number and dry weight of nod-
ules/plant, root and shoot dry weight/plant, root: shoot ratio), yield attributes and yield (pods/plant, 1,000-seed
weight, seed yield, biological yield), seed protein content, N and P uptake and PUE of chickpea. However, seeds/
pod and harvest index were not affected significantly due to the application of DAP in cognizance with PSB. Thus,
split application of 100 kg DAP/ha (½ through soil + ½ through foliage in 2 splits at 45 and 60 DAS) in conjunction
with PSB proved effective in enhancing growth, yield (1,486 kg/ha; 102% increase over the control) and quality of
chickpea grown under rainfed conditions.
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Chickpea is the world’s third most important food le-
gume with 96% cultivation in the developing countries. It
is one of the most important winter (rabi) pulses of India,
grown on 8.3 million ha area, with a production of 7.7
million tonnes registering the productivity of 928 kg/ha
(CACP, 2012). Phosphorus fertilization to legumes is
more important than that of nitrogen. The cultivation of
pulses without phosphatic fertilizer is one of the important
factors responsible for their low productivity. Phosphorus
nutrition in legumes simulates a greater attention in in-
creasing the productivity , as  it  encourages  healthy  root
growth  and  promotes  rhizobial  activity  resulting   in
increased  nodulation  that  exemplify  nitrogen  fixation
(Gaur,  1990).  Phosphorus is an essential nutrient for
grain legumes, as it helps in improving nodulation (Abidi
et al., 2001), seed yield (Varughese and Pathak, 1987) and
seed protein content (Guhey et al., 2000) of chickpea. In
most of the areas, basal application of 15–20 kg N/ha as

starter dose and 20–40 kg P
2
O

5
/ha was most economical in

chickpea, and foliar nutrition has also proved effective in
rainfed areas (Ali et al., 2012). The nitrogen to phosphate
ratio in diammonium phosphate (DAP) makes it an excel-
lent product, for direct basal application and DAP is typi-
cally 90% water-soluble which also makes it suitable for
foliar application. Efficiency of soil-applied phosphatic
fertilizers throughout the world is around 10–25%, as
these are converted readily to less available forms by the
process of phosphorus fixation. Phosphate-solubilizing
bacteria (PSB) play an important role in enhancing phos-
phorus availability to plants by lowering soil pH and by
microbial production of organic acids and mineralization
of organic phosphorus by acid phosphatises, which infers
that PSB inoculants hold great prospects for sustaining
crop production with optimized phosphorus fertilization.
Thus, adopting proper nutrient-management practices in
conjunction with PSB will help improve the yield and
quality of chickpea besides maintaining the soil fertility.
Since data are lacking regarding combined effect of DAP
application (basal + foliar) and PSB inoculation on
chickpea,  a field experiment was conducted to study the
effect of DAP applied through soil and foliage in cogni-
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zance with PSB on growth, yield and quality of chickpea
under rainfed conditions.

MATERIALS AND METHODS

A field experiment was conducted at Agronomy Re-
search Farm of the Narendra Deva University of Agricul-
ture and Technology, Faizabad (26.32oN and 82.12oE)
during the winter (rabi) seasons of 2011–12 and 2012–13.
The soil was silt loam and alkaline (pH 8.7). It was low in
organic carbon (0.36%) and available nitrogen (172.9 kg/
ha) and medium in available phosphorus (13.5 kg/ha) and
potassium (261.0 kg/ha). Twelve treatments (T1, control;
T

2
, 100 kg DAP/ha as basal; T

3
, 100 kg DAP/ha as basal

+ PSB; T4, 75 kg DAP/ha as basal + 25 kg DAP/ha as fo-
liar at 45 days after sowing (DAS); T

5
, 75 kg DAP/ha as

basal + 25 kg DAP/ha as foliar at 45 DAS + PSB; T6, 50
kg DAP/ha as basal + 50 kg DAP/ha as foliar in 2 splits at
45 and 60 DAS; T7, 50 kg DAP/ha as basal + 50 kg DAP/
ha as foliar in 2 splits at 45 and 60 DAS + PSB; T

8
, 25 kg

DAP/ha as basal + 75 kg DAP/ha as foliar in 3 splits at 45,
60 and 75 DAS; T

9
, 25 kg DAP/ha as foliar at 45 DAS;

T10, 50 kg DAP/ha as foliar in 2 splits at 45 and  60 DAS;
T

11
, 75 kg DAP/ha as foliar in 3 splits at 45, 60 and 75

DAS; T12, 100 kg DAP/ha as foliar in 4 splits at 45, 60, 75
and 90 DAS) were replicated thrice in randomized block
design with plot size of 4.5 × 5.0 m.

Chickpea cultivar ‘Pusa 362’ (desi) was sown in rows,
45 cm apart, with seed rate of 100 kg/ha on residual soil
moisture of the rainy (kharif) season on 10 October 2011
and 1 October 2012. The crop was fertilized as per treat-
ments where basal dose of DAP was drilled in the furrows
5 cm below the seed and foliar dose of DAP was sprayed
@ 2.5% (25 kg DAP dissolved in 1,000 litres water) and
PSB (containing 1 × 108 CFU/ml of PSB) was inoculated
with seed @ 1.25 l/ha one hour prior to sowing and then
dried in shade. The crop was grown under rainfed condi-
tions and harvested on 15 March 2012 and 18 March
2013. The rainfall received during growing period (Octo-
ber–March) of crop was 86 mm (2 years mean) [32 mm in
January; 52 mm in February; 2 mm in March). The num-
ber of primary branches/plant, leaf area/plant and number
and dry weight of nodules/plant were recorded at 90 days
after sowing (DAS). At maturity, data on plant height, root
and shoot dry weight/plant, pods/plant, seeds/pod, 1,000-
seed weight, seed yield and biological yield were re-
corded, and plant samples collected at harvesting time
were analysed for N and P content in seed and straw. The
data collected on growth, yield and quality parameters of
chickpea were statistically analysed as per analysis of vari-
ance procedure outlined for randomized block design
(Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

Growth attributes
Growth-contributing characters, viz. plant height, pri-

mary branches/plant and leaf area/plant, were maximum
with the split application of 100 kg DAP/ha (½ as basal +
½ as foliar in 2 splits at 45 and 60 DAS) in conjunction
with PSB (Table 1). The application of 100 kg DAP/ha (½
as basal + ½ as foliar in 2 splits at 45 and 60 DAS) + PSB,
being at par with 100 kg DAP/ha (½ as basal + ½ as foliar
in 2 splits at 45 and 60 DAS), 100 kg DAP/ha (¾ as basal
+ ¼ as foliar at 45 DAS) + PSB, 100 kg DAP/ha (¼ as
basal + ¾ as foliar in 3 splits at 45, 60 and 75 DAS), 100
kg DAP/ha as foliar in 4 splits at 45, 60, 75 and 90 DAS,
100 kg DAP/ha (¾ as basal + ¼ as foliar at 45 DAS), re-
sulted in significantly superior plant height to rest of the
treatments.  The application of 100 kg DAP/ha (½ as basal
+ ½ as foliar in 2 splits at 45 and 60 DAS) + PSB being at
par with 100 kg DAP/ha (½ as basal + ½ as foliar in 2
splits at 45 and 60 DAS), 100 kg DAP/ha (¾ as basal + ¼
as foliar at 45 DAS) + PSB also recorded significantly
more number of primary branches/plant and higher leaf
area/plant than the remaining treatments. The increase in
plant height and leaf area of chickpea may be owing to the
improvement in vigour of the plants possibly by balanced
supply and higher uptake of N and P. The foliar-fed nutri-
ents are possibly efficiently absorbed by the plant leading
to the differentiation into more number of branches/plant.
Dwivedi and Tiwari (1991) also reported improvement in
plant growth with the application of 100 kg DAP/ha as
basal and 2% spray of triple superphosphate in chickpea.
The application of 100 kg DAP/ha (½ through soil + ½
through foliage in 2 splits at 45 and 60 DAS) + PSB, be-
ing at par with 100 kg DAP/ha (¾ as basal + ¼ as foliar at
45 DAS) + PSB,

 
100 kg DAP/ha as basal + PSB,

 
100 kg

DAP/ha (½ as basal + ½ as foliar in 2 splits at 45 and 60
DAS), 100 kg DAP/ha (¾ as basal + ¼ as foliar at 45
DAS), significantly improved the number and dry weight
of nodules/plant over rest of the treatments. With regard to
root and shoot dry weight/plant, 100 kg DAP/ha (½
through soil + ½ through foliage in 2 splits at 45 and 60
DAS) + PSB was significantly superior to rest of the treat-
ments. However, 100 kg DAP/ha (½ through soil + ½
through foliage in 2 splits at 45 and 60 DAS) + PSB, be-
ing at par with 100 kg DAP/ha (¾ as basal + ¼ as foliar at
45 DAS) + PSB, 100 kg DAP/ha (½ as basal + ½ as foliar
in 2 splits at 45 and 60 DAS), significantly reduced the
root: shoot ratio as compared to remaining treatments.
Abidi et al. (2001) also reported that phosphorus is an es-
sential nutrient for grain legumes, as it helps in improving
nodulation and N-fixation (Gaur, 1990) as well as enhanc-
ing nodule dry biomass (Singh et al., 2010). Growth pro-



September 2014] CHICKPEA RESPONSE TO PHOSPHORUS 429

motional activities of PSB through production of
growth-promoting substances and proliferation of
beneficial organisms in the rhizosphere might have
also improved the dry weight of nodules (Gupta,
2006). Pathak et al. (1985) also reported increased
plant dry weight with the application of 100 kg
DAP/ha (½ soil + ½ foliar) over 100 kg DAP/ha as
basal in chickpea.

Yield attributes and yield
The application of 100 kg DAP/ha (½ as basal

+ ½ as foliar in 2 splits at 45 and 60 DAS) + PSB,
being at par with 100 kg DAP/ha (½ as basal + ½
as foliar in 2 splits at 45 and 60 DAS), 100 kg
DAP/ha (¾ as basal + ¼ as foliar at 45 DAS) +
PSB, recorded significantly more pods/plant and
higher 1,000-seed weight over rest of the treat-
ments (Table 2). However, seeds/pod were not af-
fected significantly by the application of DAP in
cognizance with PSB. Pathak et al. (1985) also re-
ported more pods/plant with DAP at 100 kg/ha (½
soil + ½ foliar) than DAP at 100 kg/ha as basal in
chickpea. The chickpea gave significantly higher
seed and biological yield with the application of
100 kg DAP/ha (½ as basal + ½ as foliar in 2 splits
at 45 and 60 DAS) + PSB over rest of the treat-
ments. The effect of DAP application in cogni-
zance with PSB on harvest index was found non-
significant. The increase in seed yield can be attrib-
uted to the effective metabolic activities coupled
with increased rate of photosynthesis, leading to
better translocation of nutrients and expression of
developmental characters. Due to the split applica-
tion of DAP (½ through soil + ½ through foliage in
2 splits) in conjunction with PSB, the plant could
have accumulated the needed quantity of N and P
and thus might have influenced positively on per-
formance of the crop. The foliar application of
DAP twice met out N and P requirement at the
critical stages of the crop due to ensured and
prompt delivery of mineral nutrients to the site of
photosynthesis. Further, nutrients applied through
foliage would be easily available and translocated
in the plants without any loss (Srinivasan and
Ramaswamy, 1992). Varughese and Pathak (1987)
also found higher productivity of chickpea when
DAP was applied ½ as basal and ½ as foliar both.
The PSB might have also played an important role
in enhancement of crop yields by providing more
phosphorous to plants, which is otherwise unavail-
able to plants (Gyaneshwar et al., 2002).
Velayutham et al. (2003) also reported increased Ta
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seed yield owing to the application of 20 kg P
2
O

5
/ha

through DAP with PSB in chickpea.

Protein content, nutrient uptake and P-use efficiency
The application of 100 kg DAP/ha (½ as basal + ½ as

foliar in 2 splits at 45 and 60 DAS) + PSB, being at par
with 100 kg DAP/ha (½ as basal + ½ as foliar in 2 splits at
45 and 60 DAS), 100 kg DAP/ha (¾ as basal + ¼ as foliar
at 45 DAS) + PSB, was found to synthesise significantly
more protein content in seed over rest of the treatments
(Table 2). The protein content increased with the foliar
spray of DAP led to the conclusion that increased avail-
ability of nitrogen and phosphorus increased the nitrogen
accumulation and ultimately reflected on the development
of protein.  Phosphorus is an essential nutrient for grain
legumes, as it helps in improving protein content (Guhey
et al., 2000). Jutur and Reddy (2007) also reported a posi-
tive correlation between PSB inoculation and protein con-
tent. The application of 100 kg DAP/ha (½ as basal + ½ as
foliar in 2 splits at 45 and 60 DAS) + PSB  recorded sig-
nificantly highest N and P uptake by seed over rest of the
treatments, while it was at par with 100 kg DAP/ha (¾ as
basal + ¼ as foliar at 45 DAS) + PSB, 100 kg DAP/ha (½
as basal + ½ as foliar in 2 splits at 45 and 60 DAS)  with
regard to N and P uptake by straw of chickpea. Total N
and P uptake and phosphorus-use efficiency of chickpea
were also recorded the highest with 100 kg DAP/ha (½ as
basal + ½ as foliar in 2 splits at 45 and 60 DAS) + PSB,
which was significantly superior to rest of the treatments.
The higher N and P accumulation was associated with
more biomass yield and N and P content of the plant.
Phosphate-solubilizing bacteria are also known to increase
N (Kharche et al., 2006) and P (Rudresh et al., 2005) up-
take and its use by chickpea.

Production economics
The application of 100 kg DAP/ha (½ as basal + ½ as

foliar in 2 splits at 45 and 60 DAS) + PSB resulted in the
highest gross returns ( 45,845/ha) as well as net returns
( 25,825/ha) and benefit : cost ratio (1.29) (Fig. 1).  The
plots receiving 100 kg DAP/ha (½ as basal + ½ as foliar in
2 splits at 45 and 60 DAS) + PSB significantly increased
the productivity of chickpea to rest of the treatments which
in turn recorded highest net return and benefit: cost ratio.
Velayutham et al. (2003) found that application of either
20 kg P2O5/ha through DAP with PSB or application of
PSB alone in chickpea recorded highest benefit: cost ratio.

On the basis of pooled analysis results of this two years
study, it can be concluded that split application of 100 kg
DAP/ha (½ as basal + ½ as foliar in two splits at 45 and 60
days after sowing) in conjunction with PSB would result
in improved seed yield and quality with higher remunera-

Fig. 1. Gross return, net return and benefit: cost ratio of chickpea
as influenced by basal and foliar application of diammonium
phosphate (DAP) in cognizance with phosphorus-solubiliz-
ing bacteria (PSB)

T
1
, Control; T

2
, 100 kg DAP/ha as basal; T

3
, 100 kg DAP/ha as basal + PSB;

T
4
, 75 kg DAP/ha as basal + 25 kg DAP/ha as  foliar at  45 DAS; T

5
, 75 kg

DAP/ha as basal + 25 kg DAP/ha as foliar at 45 DAS +  PSB; T
6
, 50 kg

DAP/ha as basal + 50 kg DAP/ha as foliar in 2 splits at 45 and 60 DAS; T
7
,

50 kg DAP/ha as basal + 50 kg DAP/ha as foliar in 2 splits at 45 and 60
DAS + PSB; T

8
, 25 kg DAP/ha as basal + 75 kg DAP/ha as foliar in 3 splits

at 45, 60 and 75 DAS; T
9
, 25 kg DAP/ha as foliar at 45 DAS; T

10
, 50 kg

DAP/ha as foliar in 2 splits at 45  and 60 DAS; T
11

, 75 kg DAP/ha as foliar
in 3 splits at 45, 60 and 75 DAS; T

12
, 100 kg DAP/ha as foliar in 4 splits at

45, 60, 75 and 90 DAS

tion in chickpea under rainfed conditions.
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