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Fertilizer Responsivaness of Chickpeas in India:
An Analytical Raview

S. Rajendran, D. Jha and J.G. Ryan

Chickpea is one of the major pulse crops in India, occupying over 7
million hectares. iIndla grows nearly 731 of the world and 80% of the
total SAT chickpeas. The four states of Uttar Pradesh, Madhya Pradesh,
Rajasthan and Haryana account for almost 82% of national production.

An important consequence of the recent advances in cerea! produc-
tion in the country has been a decline in the relative production of
pulses in general, and of chickpea in particular (Ryan and Asokan 1977).
The nutritional implications of this shift are causing concern, and
serious efforts are now being made to Increase pulse productivity. It
is in this context that assaessment of responsiveness to, and profitabi-
lity of, fertilizer application assumes considerable significance. This
analytical review focusses attention on the latter aspect and examines
whether fertilizer application to this crop Is profitable under present
technology and price regimes.

Me thodology

Three major nutrients are examined -- nitrogen, phosphorus, and potass!um,
and wherever possible, the Interaction effects have also been studied.
The general methodology followed and the data used are described below.

Data

Data from 1965 were compiled from agronomic experiments published Iin
research journals, annual reports and theses. These were supplemented
by data in the National Index of Agricultural fleld experiments over the
period 1950-55. These are contained in the list of references. From
these studies we extracted data on responses at different levels of
nutrient application. Since the levels were different in the various

f The authors are Agricultural Officer, Indian Overseas Bank, Madras and
previously Technical Assistant, ICRISAT; Professor in Agricultural Econ-
omics, Indian Agricultural Research Institute, New Delhi; and -
Principal Economist, International Crops Research Institute for the Semi-
Arid Tropics, Hyderabad, respectively, They acknowledge the comments
offered on earlier drafts of this paper by the participants in the |CRISAT
Pulse Program seminar and 7.5, Walker,



studies, we suwmarized the data by grouping them into different ferti-
lizer application classes. In almost a'!l cases we had only treatment
means to work with in the published material. It was not possible to
determine the level of crop protection given in the experiments as this
was not mentioned in any of the references used in this study. No
attempt was made to classify responses by cultivar or other manage-
ment practices. “

The yleld at different levels of fertilizers was compared with
that of the control plot and, using the critical! difference values,
those experiments having responses which were significantly different
to the control were tabulated as the number of significant trials at
cach leve!l of fertilizer. The tots! number of trials in which each
fertilizer levels was used as & treatment is also included in the
enalysis.

To examine the profitability of fertilizers, the net returns per
rupee of expenditure on the nutrients for different 'evels of ferti-
lizers were calculated for each trial. Data from all trials were put
together as frequencies (number of trials) in different net return
classes for comparison. These data were subsequently reclassified
according to major soil types, to determine the influence of this
factor., Average prices for the three years {(1974-75 to 1976-77) were
used to value chickpea grain and the nutrients. These prices were
Rs. 3.98 per kg of N, Rs. 4.09 per kg of P205 and Rs. 1.56 per kg of"
chickpea. Current ratios of the prices of fertilizers to chickpeas
may be about 50% lower than this. Hence the current profitabl'e doses
of fertilizer would tend to be higher thar those presented in this
paper. The various net return measures used were calculated as
follows:

The average gross return per ha (G)
at a particular level of nutrient G = YxP

application was defined as: Y

Where Y is the additional chickpea yield per ha over the
control at that fertilizer level, and Py is the
chickpea price

The net return per ha (N) was Ns=VYxpP - FnPf
calculated as: Y

Where F is the quantity of fertilizer and P¢ is the price

Then the average net return (R) per YxP
ha per Rupee of fertilizer cost was R = ?;#L - 1 or N/F.Pg¢
calculated as: f

It is assumed that increased fertilizer does not require a change in
other costs such as labor,



We also calculated marginal net returns per rupee of Investment
in fertilizers. The calculation is essentially similar to that above,
only the Y and F variables are measured as increments over the preced-
ing levels of fertilizer used instead of increments over and above
the control. This exercise allows us to determine the level up to
which one could increase fertilizer use profitably. Figure 1| represents
the schematic yield response of chickpes to various levels of nitrogen
application,

At low levels of nitrogen spplication (Ny) the yield responses (DE)
over the control yleld at zero fertilizer fevels may include a number
which are not statistically significant (i,e. the CD is less than DE).

At higher nutrient levels (N; and N3) the number of significant responses
over and above the control may be greater, However, because response
curves generally begin to flatten at higher fertilizer levels, thsse
higher doses, even though they generate statistically significant yleld
responses over the control, may not be economically significant. The
level N; may be a profitable dose, and maybe Nz also adds more to profits
compared to Ny, However, It may not be profitable to increase the dose
from Ny to N3 as the extra yleld (AB) may not be worth more than the
extra cost 02 applying (N3 - N7) fertillzer,

in the subsequent analysis we show the percentage of experiments
where statistically significant yield responses over the controls were
obtalined.! In calculating net returns per rupee of nuttient cost for
the various levels of fertilizer used in the experiments, non-signifi-
cant responses were treated as generating a yleld response of zero over
the control, Hence in such cases net returns are always -1, Wwhere
statistically significant responses occurred (positive or negative),
the actual yield differences between the treatments were valued to
generate net returns per rupee of nutrient. The percentage of experi-
ments generating losses at each fertilizer level is used as a measure
of the relative riskiness of fertilizer application. This is compared
with the average level of profits per rupee of nutrient over all experl-
ments, including those generating losses.

It might be argued that one should not give much weight to statis~
tical significance of treatment differences, as non-significant trials
also yield some response over control. Though this view questions the
validity of statistical analysis, we also calculated the net return
per rupee of nutrient cost using the actual yield response of all
trials including both significant and non-significant ones.

As a general rule, in the subsequent discussion we regard a net
return / cost ratio of 2 as a minimum figure to gauge the attractiveness
of fertilizer application on chickpea,

1. Virtually all of the experiments reviewed used 5% as the critical
level for statistical significance.
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Results and Discussion

Returns to Nitrogen

In all, 123 experiments were reviewed for the response of chickpes to
nitrogen, out of which 761 were under rainfed conditions. In each
trial which was analysed the level of nutrients besides N was held
constant. However, about half of the N trials had basal doses of
P205 applied, while others had nil. Tables 1 to 6 summarize the
results of all rainfed and irrigated trials reviewed. It appeary
from the tables that the returns to nitrogén are quite profitable
under rainfed conditions, and to some extent under irrigated condi-
tions.

1) Rainfed Chickpea:

when yield of non-significant trials was kept the same as the control,
average yield response over control increased from 67 kg/ha at a
nitrogen level of 5-14 kg/ha to 248 kg/ha at the 30-34 kg/ha level of
N. Thereafter average yield declined (Figure 2). The mean response
per kg of nitrogen was highest at the 30-34 kg/ha level of N at 7 kg/kg
of N. Next highest was the 5-14 kg/ha lavel of N, where the mean
response was 5.8 kg/kg of N. Beyond 34 kg N both the average yleld
and the mean response falls (Table 1). The trend remains more or less
the same after including the actual yield response of non-significant
trials (Figure 3). On the other hand the percentage of economic

losses tends to increase with increasing levels of nitrogen beyond

5-14 kg/ha and up to 25-29 kg N/ha and then falls to a considerable
extent at doses 30-34 kg of N/ha (Table 2).2 The latter level also
generates the greatest net benefit/cost ratio, Irrespective of the
method of computation. The coefficient of variation of ylelds was also
lowest at the 30-34 kg level of N (Table 1),

From the frequency distribution of net returns per rupee of
nitrogen in different experiments, it is evident that the application
of low doses of nitrogen is more advantageous than intermediate levels
(Table 1). Nearly 43% of the total trials gave an average net return
rate exceeding 2.0 at the 5-14 kg N/ha level. For the 20-24 kg N/ha
and 30-34 kg N/ha levels, the proportion of such trials were 29% and
L4%, respectively. Most previous studies (Bajpal et al., Chowdhury
et al., Rathi and Singh, R.S, Singh, and Raju and Samuel) also
established the response of chickpea to nitrogen, They advocated s
starter dose of nitrogen of 20-30 kg/ha, which not only gives a
positive yield response, but also favorably influences the absorption
and utilization of phosphorus and other elements, Experiments on cul-
tivator's fields conducted by the All India Coordinated Agronomic

2. Percentage of economic losses refers o the percentage of trials
where costs of fertilizers were not exceeded by the extra value
of chickpeas.



Table 1. Mean response and frequency distribution of net returns per
rupee of nitrogen applied to rainfed chickpea at various
levels of nitrogen

Levels of Nitrogen (Kg N/ha)

§-1k  15-19  20-24  25-29 30-3  >35

Mean Response® 5.8 3.3 3.7 3.2 7.0 2.5
(Xg/Kg of N)
Coefficlent of varia- 101 164 138 297 73 68

tion of response® (%)
Net Return/Rs of NP:

Less than 0.00 1
0.00-0.99

1.00-1,99

2.00-2.99

3.00-4.99

5.00 and above

1 2w = D

1 W WVINWV
1y 0w

- e O~

wEWVE LN

& On the basis of significant responses only
b Based on a significant responses plus non-significant responses
treated as a zero yleld response.



Table 2. Average net

returns per rupee at various levels of nitrogen

Levels of Nitrogen (kg N/ha)

S-14 15-19 20-24 25-29 30-34 >35
RAINFED
Number of trials 28 29 K'Y 9 Y] 3
Significant responses 16 10 22 2 34 S
Average net return
(Rs/Rs of N) with:
i) Significant 3.7 2.68 1.85 5.54 2.55 0.20
responses only
1) Significant 2,17 1,30  1.40 -0.0h 2,15 <0.0h
responsés plus
actual value of
non-significant
responses
Hi) Significant 1.38 0.26 0.36 0.45 1.9 -0,02
responses plus
non-significant
responses treated
as zero
Percentage of economic 43 66 56 78 20 S0
losses?®
IRRIGATED
Number of trials 6 7 9 6 7 6
Significant trials 3 1 ) 3 3 4
Average net return
(Rs/Rs of N) with:
i) Significant trials 10.83 14,63 0.1 -0,01 -1.,85 2.56
only
11) Significant trials §5.10 0.43 -0.61 -1,51% 1.79 -0.37
plus actual value
of non-significant
trials
#1) Significant trials 4.92 -0.06 -0.37 ~1.7h 0.49 -0.34
plus non-signifi-
cant response
treated as zero
Percentage of economic 50 86 67 83 57 50

losses?

a See footnote b, Table 1.



Table 3. Frequency distribution of marginal net return per rupee of
nitrogen under ralnfed conditions

20-24 Kg N/ha over 30-34 xg Wha over
S5-14 kg N/ha 20-24 kg N/ha
Less than 0.00 2
0.00 - 0.99 - |
1,00 - 1.99 - 2
2.00 - 2.99 2 2
3.00 - 4.99 5 3
5.00 and above 4 4
Total trials 15 14
Significant trials® 12 12

a implies that the increase In yleld between the two fertilizer levels
was statistically significant,



Table &,

Mean response and frequency distribution of average net returns

per rupse of nitrogen applied to rainfed chickpes based on soll
classification

Msan response”
(kg/kg of N)

Coefficlient of
variation of
responsed (%)

Net Return/Rs of N
Less than 0.00

0.00 - 0.99
1.00 - 1.99
2.00 - 2.99
3.00 - 4.99

5.00 and above

Average Net Re turn®
(Rs/Rs of N)

Total trials
Significant trials

Mean responsea

(Kg/Kg of N)

Coefficient of
varlation of
response? (%)

Net Return/Rs of Nb:
Less than 0.00

0.00 - 0.99
1.00 - 1,99
2.00 - 2.99
3000 - “'99

5.00 and above

Average Net Return
(Rs/Rs of N)

Total trials
Significant trials

b

6.

B4

- N

§ -\

~ \0

1.

b5

-

W N W

9
9

Alluvial

0

.33

.32

2.4

182

58

1~y Wrow

23
19

.04

BN

Medium Red & Red ¢
B8lack

Mixed
Red &
Black
Black Yellow and
Red &
Ye!llow
20-24 kg N/ha
3.0 3.5 9.2
172 200 21
5 3
} - }
| ]
0.17 0.37 2.06
7 4 2
2 ! 2
30-34 kg N/ha
- - h.7
- - 124
] 2
- '
- 1 1
‘ - -
- - 0.85
1 2 4
1 1 2

Calca:
reous
Slero-

6.4

173

5.8

PN

1.27

Taral

°.°

0.0

-l .oo

a Based on significant responses only

b Seesfootnote b, Table 1
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Table 5. Frequency distribution of marginal net returns per rupee of
nitrogen on rainfed chickpea for two soils®

20-2h Xg N/ha over 30-34 Kg N/ha over
?-lh Kg Whs 20-24 Eq N/ ha
uvial Medium Blac uvial Medlum Blac
Less than 0.00 1 2 - 1
0-00 - 0099 - - ‘ -
‘.00 - '-99 - - ‘ -
2.00 - 2.99 ! ! - 2
3000 - “-99 ' l' - 3
5.00 and above 1 - 2 -
Total trials & 7 4 6
Significant trials 4 5 4 5

a Other soll types did not have enough data for meaningful enalyslis.

Table is based on experiments with significant incremental responses
only.

Table 6. Mean response and frequency distribution of average net
returns per rupee of nitrogen applled to irrigated chickpea
at various levels of nitrogen

Levels of Nitrogen (Kg W/ha)
S~k 15-19  20-24  25-29  30-3& >35

Mean response?® 15.1 2.4 1.6 -1.9 3.8 1.7
(xg/%g of N)
Coefficlent of varia- 130 264 ko1 390 150 199

tion of response? (%)
Net Return/Rs of NP:

Less than 0.00 3 6 6 S 4 3

0.00" 0-” - - 2 - ‘ 2

1.00-1.99 - - - -

2.00~- 2.99 - - - L - 1

3.00- 4.99 - - 1 - 2 -

5.00 and above 3 ] - - - -
Based on significant responses only

a
b See fpotnote b, Table !
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Research Project under rainfed conditions found & dose of 20 kg N/ha

to be quite beneficial in 12 out of 16 trials where the benefit/cost
ratio exceeded 2. (Kulkarni 1980),3

The analysis of marginal net returns (Tsble 3) also estab)ished
that on average it pays to extend the level of application from 5-1k
kg to 20-24 kg N/ha. Wwhen this Is done 73% of the trials showad a
marginal net return/cost ratio greater than 2, and 27% of .trials genarated
marginal losses., A further increass in the rate of application to
30-3h kg N/ha is also reasonably attractive, with 643 of trials
giving a marginal net return/cost ratio greater than 2, only 14% of
trials giving marginal net losses, and 363X giving marginal net returns
less than 2. We did not work out the marginal returns for the highest
level (35 kg N) because this level showed poor average returns.

The mean yield responses to nitrogen on alluvial solls were 6.0 kg
end 11.3 kg with 20-24 kg N/ha and 30-34 kg N/ha respectively, whereas
the corresponding responses on medium black solls were 2.4 kg and 5.4 kg
respectively, the latter soil type showing a very high varlation In
response at the 20-24 kg N/ha level (Table 4). Nearly 83 percent of
the trials In madium black solls and all the trials In alluvial solls
gave signlficant responses with 30-34 kg N/ha. Thirty percent of these
trials in medium black solls and 84 percent of the trials In alluvial
solls had average net return/cost ratio exceeding 2. The marginal
analysis also suggested that it is profitable on both alluvial and
medium black solls to apply up to 30-34 kg N/ha (Table S). Most of
the studies at ICRISAT Center concluded that there was no yleld
response to nitrogen, In Alfisols and desp Vertisols, though there
was marked Improvement In seedling growth (Krantz et al, 1974),

1) lirrigated Chickpea

The mean yleld response of chickpea under irrigated condltions showed
variations from 1.7 to 15 kg per kg of N, Meaningful responses were
obtained only at the 5-14 kg and 30-34 kg N/ha levels (Tables ! and 6,
and Figure 4). .

On average 45% of trials under irrigated conditions gave statis-
tically significant responses, Only nitrogen levels of 5-14 kg/ha gave
reasonable average net returns of Rs. 4.92 per Re. of N. Howsver, this was
schieved with =~ a8 50% risk of losses. At higher levels of N the
parcentage of losses seems to be higher, It Is thus doubtful from
this admittedly limited amount of evidence whether applicatiop of
nitrogen to irrigated chickpes is worthwhile,

Returns to Phosphorus

The response to phosphorus was comparable In 144k experiments and most of
them (71 percent) were under rainfed conditions. As with the N trials,

3. See Appendix Table 1 for details of these experiments.
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about half of the phosphorus trials had basal doses of N and half did
not. Though phosphorus has significant influence on chickpes yleld,
the svarage response does not seem to be as high as for nitrogen.

i) Rainfed Chickpea

The average yield response of rainfed chickpea increased from 48 kg/he
with 5-19 kg P20g/ha to 378 kg/ha with 60-79 kg P205/ha (Figure 5).

The increasing trend wes observed when the actual response of ndh-signi-
ficant trials were also included (Figure 6). The percentage of trials
generating economic losses was & maximum at 40-59 kg onslho whersas
with other levels it was less (Table 7). The variation in mean response
was more than 80 percent with respact to phosphorus and the average
response was 4.8 kg/kg of P205 with 20-39 kg P205/ha and 5.5 kg with
60-79 kg P20g/ha. At higher ?ovnls of phosphorus the variation in
ylald responses was less than at lower levels (Table 8). The influence
of phosphorus on yield was supported by most of the studies, which
concluded that 8 significant response occurs within a range of 30-60

kg P20g/ha. :

The highest average net return per rupee spent on phosphorus was
at the >B0 kg P20g/ha lavel, irrespective of the methods used. However,
this is based on so few obscrvations that more confidence canr be
placed on specifying the 60-79 kg P20g/ha as giving the best average
net return,

The data suggests that 643 of the trials with 20-39 kg Pa0¢/ha
showed significant yleld responses. The percentage for the 60-79 kg
P205/ha level was 85. But in terms of profitability, only 208 of the
trials with 20-39 kg P20g/ha and 60-79 kg Pa05/ha gave an average net
return over 2 (Table 8§

In terms of marginal net returns, even though 95% of the trials
with 60-79 kg Py05/ha gave significant marginal net returns over
20-39 kg P20g/ha only 21% of the trials gave profitable marginal
returns (Tab? In alluvial soils the 60-79 kg Py0g/ha level
always gave signufncant marginal net returns over the 20 39 kg P205/ha
level. In medium black soi's the figure was almost 90%. In terms of
profitability though only in alluvial soils were the returns economica!
(313 of the significant trials), whereas in medium black soils all the
trials showed marginal returns of less than 1,

On an average 87% of the trials in alluvial soils and 54% of trials
in medfum black soils gave a significant response to phosphorus (Table 10)
In both soils though the variation in response was high with 20-39 kg
P205/ha, and the response was poor In medium black soils. Pandey (1969)
suggested that reduction in yield at higher levels of phosphorus may be
because root nodule formation may be checked at higher concentrations.
This could be a promising area. for further research,



15

T IOMN0D J3AD wabOJ) iU O3 YD PG 3O MSNOdSI PidyA y B3

{wn/53) wabos3iu O S{IadY

S weyy auow ¥e-0f 62-52 v2-02 6161 "-s
— — r 1 + * 4 t - ~
06 08 O/° 09 0S O S 9 9 28 Of 92 92 %2 22 062 8L 9t sl 2t OO ®8 9 ¥y 2
praf [ 1 i -\ " L i F 1 A i 1 i ¥ i ) i L i i i 'y ' . I L
104390, Z |Z] :
Z Z . 4 ]
- P Z 7 .
\N . Z . N A“
[ ] * . w\
: 73
7
- L ]
. [ ]
A “ L ]

OS{® S[F}4] JUPD}IuBS-UOU 4O Isuadsad PLIA Len3de SaPN|IU] ajoN
AT L1MAB) 4O |IAB] IWD I® ISUOASAL PLIL [Ny o

D

UL JBT)1 1342 PRI IOWAS Y U} STUBIAAXD [P SO ISUDASAI PL}X absusay

AW

(eu/0x) asuodsas PO (BU0431PPY




Additionsl yleld response (kg/ha)

750+

700+

650

450
400

350

250~

2004

150

100~

L/
/

16

Aversge yisld response of al) experiments in the specified fertilizer romg

Actual yield responss et that leve) of fertilizer

Note: Response of mon-sigrificant trials treated ss zerv

z.

re s

- o0

ase e -

7
?
?
??
?
7
7
%
.
?
,

“Control® yields

50
- 100
=150+

=200+

Fig. 5. Yield response of rainfed chickpes to phosphorus over control.

i
S

™7
75 80

60-79

\ A

Y
8 9% 9%

Levels of ons {kg/ma)



Additional yield response (kg/ha)

17

%
g Averasge yield response of 411 sxperiments in the specified fertilizer range

o Actual yield response at that level of fertilizer

Note:Includes actue] yield response of non-significent trisls

[ ] [ ]
° [ L]
]
750 .
700 4 *
650 4 ™ * .
[ ) . .
600 4 . [
[}
§50— . . * .
e ]
500 . : . .
450~ * T .
L] L ]
400 - ¢ E
. M
350 i .o, : g
Lot .
300 ' i1 'V
. //’ .
7
250 T . / .
. ¢ /
: o 7
200 3 . ’;
. . . [ / ]
7y . f
150~ . ] M / . l ¢
$ o ' » . //
100+ . ! ] . /
HE ! / .
A, . 7
%7 1 ' 7
/ - /
0 % . . I . "Control®
T T I‘ I T ¥ L ol " T T T T T T T ¥ y‘.‘d
5 10 15 20°25 30 35 40 45 50 55 60 65 70 75 B0 85 90
-0 .19+ 20-39 40-59 60-79
«100 .. *
Levels of P,0, (kg/ha)
-150~
-200~

Fig. 6. Yield response of rainfed chickpea to phosphorus over control.



Table 7. Average net returns per rupee st various levels of

Phosphorus
Lavels of Phosphorus (KXg onslha)
5-19 20-39 &0-59 60-79 >80
RAINFED
Number of trials 8 97 33 66 - 3
Signiflcant trials 2 62 13 56 3

Average net return
(Rs/Rs of PZOS) with:

i) Significant responses only 6.02 1.75 0.34 1.40 4.80

i1) Significant trials plus actual
value of non-significant trials 1,15 0.98 0.43 1.17 " 4.B0

W) Significant trials plus non- 0.76 0.8 o0.77 1,16 k.95
significant response treated
as zero
Percentage of economic losses® 75 43 82 23 0
IRRIGATED
Number of trials 3 T 28 33 6
Significant trials - 19 11 18 4

Average net return
(Rs/Rs of PZOS) with:

i) Significant responses only - 1.83 1.32 0.91 0.00

1) Significant responses plus -1.30 O.4&k 0.45 0.17 -0.36
sctual value of non-signi~
ficant trials

i) Significant responses plus -1,00 0.0 -0.06 0.06 -0,34
non-significant response
treated as zero

Percentage of economic losses® 100 67 n 55 67

a See footnote b, Table !
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Table 8. Mean response and frequency distribution of average net
returns per rupee of phosphorus applled to rainfed
chickpea at various lsvels of phosphorus

Levels of Phosphorus (Kg P20g/ha)
5-19  20-39 40-59 60-79 >80

Mean response® 4.5 4.8 1,8 5.5 15,2
(xg/Kg of P,0¢) .
Coefficlent of variation 186 122 186 80 6

response?® (%)
Net Return/Rs of NP:

Less than 0.00 6 &2 27 15 -
0.00 - 0.99 - 14 3 24 -
1.00 - 1.9 - 22 - 1h

2.00 - 2.99 - 6 2 6 -
3.00 - 4.99 - 6 1 4 -
6.00 and above 2 7 - 3 3

a Based on significant responses only
b See footnote b, Table 1

Table 9. Frequency distribution of marginal net returns of 60-79 kg
P20g/ha over 20-39 Kg P205/ha on rainfed chickpea grown
on various soils®

Total No. Alluvial Medium Calcareous Red and

of trials Black Sierozome Yellow
Less than 0.00 9 | 6 | i
0.00 - 0.99 13 9 3 - !
1.00 - 1,99 9 8 - - 1
2.00 - 2.99 2 2 - - -
3000 - 1.099 ‘ ' - - -
5.00 and above 5 5 - - -
Total trials 39 26 9 1 3
Significant trials 37 26 8 1 2

a. Based on experiments with significant incremental responses only,
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Table 10. Mean response and frequency distribution of average net returns
per rupee of phosphorus on rainfed chickpea based on soll

classification,
Alluvial Medium Red ¢ Red & Mixed Calcarsous
Black Black Yellow RB & RY Slero:
20-39 K9 onslha
Mean responses? 6.7 3.0 0.7 2.9 0.0 6.3
(kg/Kg of Py0g)
Coefficlent of varia- 90 179 283 173 S.h

tion of response® (%)
Net return/Rs of PZOSb:

Less than 0.00 10 19 7 4 2 .-

0.00"' 0099 ‘. 9 - ! - «

1.00 - 1,99 12 6 1 - 3

2.00 - 2.99 3 3 - - - -

3.00 - 4,99 8 3 - - -

.00 and above 2 1 - - - -

Average net returnP 1.62 0.18 <0.73 0.4 -1.00 1.47

(Rs/Rs of Py0q)

Total trials 39 39 8 6 2 * 3

Significant trials 34 21 1 3 - 3
60-79 kg PzOS/hi

Mean response® 7.4 3.5 - 4,2 3.0 2.8

Coefflclent of varia- 58 53 - 182 - -

tion of response® (1)

Net returns/Rs of

P20gb :

Less than 0.00 1 5 - 1 1

0.00 -~ 0.99 9 11 - 1 2

1.00 - 1.99 1 3 - - . .

2.00 - 2,99 6 - - - -

3.00 - 4,99 3 - 1 -

5.00 and above 3 - - - - -

Average net returnP 1.90 0.37 - 0.65 0.18 0.10

(Rs/Rs of PZOS)

Total trials 33 19 - 6 2 3

Significant trials 32 17 - 3 2 2

~ & Based on significant responses only
b See footnote b, Table 1
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ii) Irrigated Chickpea

The variatior of mean response of Irrigated chickpea to phosphorus was
very high (more than 803%) at all levels of phosphorus. The maximum
response of 2.8 kg/kg of P0c was obtained with 20-39 kg P205/ha
{Table 11 and Figure 7).

Under irrigated conditions it appears that application of 20-39
kg Py0g/ha alone gave positive returns, At this leve! of fertilizer
application 39% of the triais gave a significant response, out of which
37% gave profitable returns, Howsver, two-thirds of the trials gene~
rated losses at this level of Po0c. Though 55% of trials gave signi-
ficant responses with 60-79 kg gzg /he, only 11X gave profitable returns
and 55% gave losses (Teblie 11}, Mixed red and black, and red and ye!llow
scils gave fairly good average returns at 20-39 kg P20c/ha (Table 12),
Here too the probability of losses was high though, at more than 67%.

Response to interactions

Even though 67 experiments were conducted to datermine the Interaction
effects among nitroger, phosphorus and potassium, the levels were compar:
able only in 23 experiments. In these 23 experiments it was not possi-
ble to draw any conclusive Inferences, Also, most of the studies were
limited to a period of | to 2 years and the stability over time and

over varieties was not clear,

Conciusions

The major corclusions of this review can be summarised as follows:

- There was enough evidence to suggest that use of 30-34
kg N/ha was profitable for rainfed chickpeas, particular-
ly on alluvial soils,

- Nitrogen applica%ions on irrigated chickpeas do not sppear
profitable.

With respect to phosphorus on rainfed chickpea, statistically
significant yield responses were observed in & large number

of trials. In very few cases was the net returns per rupee of
irvestment greater than 2, and loss probabilities were high
surprisingly, the case for phosphatic fertilizartion of chickpea
is weaker than that for the use of nitrogenous fertillizers

at prices prevailing in the mid-1970's.

Phosphorus applications on rrigated chickpea do not appear
profitable.
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Table 11, Mean response and frequency distribution of average net
returns per rupee of phosphorus applied to irrigated

chickpea at varlous levels of phosphorus

Levels of phosphorus (Kg Péaé/hgi

5-19

Mean response? 0.0

Coefficient of variation -
of response® (1)

Net rgturns (Rs/Rs of
9205)

Less than 0,00 3
0.00 - 0-99 -
1,00 - 1.99 -

ZQOO - 2;99 h
3-00 e “-99 =
5.00 and above -

Percentage of economic lossesP 100

a Based on significant responses only
b See footnote b, Table 1,

20-39

2.8

101

-t Ak Y B

67

40-59

2.4

160

60-79

2,7

153

>80

1.7

131
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Table 12. Mean response and frequency distribution of net return per rupee of
phosphorus based on soll classification on irrigated chickpea

Mixed Red Calca-
Medium Red ¢ Olack and reous
Alluvial Black  Black Red yel- Taral Oesert Slero

low oM

20-39 Kg Py0g/ha

Mean response® 3. 2.0 s§.5 7.4 0.0 4.2 0.0
(Kg/kg of P05) ‘
Coefflicient of varla- 262 th3 - 110 - 169 -

tion of responsed (%)
Net return/Rs of onsb:

Less than 0.00 7 12 ! 2 5 5 1

0.00 - 0.99 - 2 - | - ! -

1.00 - 1,99 - b - ' - - -

2.00 - 2.99 - - 2 - - 1

3.00 - 4,99 2 - - i - -

5.00 and above - - . - - 1 -

Average net return? 0.21  -0.22 1.16 1.9  -1.00 0.72 -1,00

(Rs/Rs of Py0g)

Total trials 9 18 3 5 5 8 1

Significant trials b 7 2 3 - 3 -
60-79 Kg P209/ha

Mean response? 2,0 1.5 5.9 b9 -0.9 9.8 0.7

(Kg/kg of P205)

Coefficient of varia- - 139 - - - - .

tion of response? (%)
Net return/Rs of P,0cb:

Less than 0,00 2 10 - - 5 - 1
0.00 -~ 0.99 - 4 | 1 -

1.00 - 1,99 - ] 2 ] - | -
2.00 - 2,99 - - . - - -

3.00 - 4.99 1 - - - - -

5.00 and above - - - - - 1

Average net returnb -0,22  -0.h2 1,3t 0.92 ~-1.35 2.84 ~0.3
(Rs/Rs of P,05)

Total trials 3 15 3 2 5 3 2
Significant trials 1 6 3 2 ! 3 2

a Based on significant trials only
b See footnote b, Table !
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Appendix Table 1. Response of Chickpea to fertilizers under rainfed condi=
tions?®

Yield Average Average net
Location Soi | Year Varlety over response return
control Kg/Kg N Rs/Rs N

Shatinda Calcareous 1976=75 €,235 * - 5.1 «3.00
s ierozome
1975-76 €.235 94 b7 0.84
Hlssar " 1977-78 C.214 193 9.7 2.78
Alwar Alltuvial 1975-76 RS$-10 h66 23.3 8.13
1977-78 RS-10 1096 54 .8 20.5
Ferozepur " 1977-78 C.21h W1 17.1 5.7
Ajmer Red and 1975-78 RS-10 238 1.9 3.66
ye! Tow
Hazaribagh " 1977-78 #H.208 600 30.0 10,76
Bharatpur " 1977-79 RS-10 941 47,1 17.46
Keon Jhar " 1976-77 Radhey 248 12,4 3.86
indore Medium Black 1975-76 Ujj;;n- 116 5.8 .27
Anravathi " 1977-78 Cha;ga- 200 10,0 2.92
Hami rpur Red Sandy 1977-78 73 283 14,2 h.56
Chickmagalur " 1977-718  A-1 361 18.1 6.09
Me dak Red and 1977-78 16.482 366 18.3 6.17
laterite
Kangra o 1977-78 C€.235 108 5.4 1.12

a Source: Derived from Kulkarnl (1980), These results were not included in
the main analysls because of the recent publication of the article,

b Except for the first experiment which had 15 kg N/ha all others had 20 kg
N/ha applied.
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