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ABSTRACT

A field study was initiated in the spring of 1996 to investigate the N and P
fertility requirements of chickpea. Experiments with desi- and kabuli-type chickpea were
conducted in the Dark Brown Soil zone at Outlook, Moose Jaw, Elbow and Watrous on soils
with relatively low levels of available N and/or P. The experiments consisted of 12
treatments which included four levels of "starter N” (46-O-O at 0, 15, 30, and 45 kg N ha-l)
and 3 levels of seed-placed P2O5 (11-54-o at 0,20, and 40 kg P205 ha-l). Regular
monitoring of the plots indicated that although growth stages during active plant growth (i.e.,
days to flowering, pod formation, etc.) were largely unaffected by fertilizer application, seed
maturity was, in some instances, extended as a consequence of fertilizer application.
Symbiotic N, fixation was estimated using the difference method with flax (var. McGregor)
as the non-fixing reference crop. Data suggest that increasing increments of fertilizer N
resulted in concomitant reductions in symbiotic N, fixation by kabuli-type chickpea whereas
symbiotic N, fixation by desi-type chickpea was less sensitive to inorganic N. Application of
“starter N” and seed-placed P205 did not confer a predictable seed yield advantage to either
desi- or kabuli-type chickpea.

INTRODUCTION

Chickpea has been identified as a promising pulse crop in Saskatchewan. With the
development and introduction of new disease resistant chickpea varieties, it is predicted that
acreage could surpass 50,000 acres before the year 2,000 (Al Slinkard, pers. comm.).  As
acreage increases, there is a need to investigate and develop appropriate agronomic practices
for this crop. The objective of this study is to investigate the N and P fertility requirements
of chickpea with the goal of optimizing crop yield potential while minimizing fertilizer
inputs. Current guidelines for safe rates of fertilizer applied with the seed do not include
P,O,, recommendations for chickpea. Moreover, there are no existing guidelines regarding
the use of “starter N” for chickpea production. The effect of N fertilizer is of interest because
the application of “starter N” in low N soils is recommended for pulse crop production
although high rates of inorganic N can adversely affect N, fixation. Finally, chickpea
requires a relatively long growing season (1 l0- 120 days) and excessive fertilizer application
could have detrimental consequences on crop maturity. Chickpea, like lentil, has an
indeterminate growth habit and may need to experience a N or moisture stress to induce seed
set.
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MATERIALS AND METHODS

Field experiments were conducted at Outlook (NE 12 29 l0), Moose Jaw (NW9  18 26
W2 R.M. 161), Elbow (NE 24 25 4 W3 R.M. 254) and Watrous (S.E. 19 31 24 W2 R.M. 310,
Saskatchewan Wheat Pool Agricultural Research and Development Farm). These sites were
chosen on the basis of soil tests that indicated relatively low levels of available N and/or P
(Table 1).

Table 1. Soil and site characteristics at Watrous, Outlook, Elbow and Moose Jaw for the
1996 field season.

Characteristic Watrous Outlook Elbow Moose Jaw

Legal description SE193124W2  NE12291OW3  NE24254W3  NW91826W2
Soil Climatic Zone Moist Dark Dark Brown Dark Brown Dark Brown

Brown
Soil Association Elstow Elstow Weyburn Regina
Texture Clay loam Clay loam Clay loam Clay
pH (1:2 soil:water) 6.9 8.2 8.0 8.2
Conductivity 0.2 0.1 0.2 0.1
(mS cm-‘)
Organic matter (%) 4.1 2.8 2.2 2.1

NO,-N (kg ha-‘)
O-15 cm
15-30 cm
30-60 cm

P (kg ha-‘)
O-15 cm

K (kg ha-‘)
O-15 cm

SO,-S (kg ha-‘)
O-15 cm
15-30 cm
30-60 cm

3.4 13.4 7.8 14.6
2.2 10.1 4.5 14.6
3.4 14.6 5.6 21.3

19.0 17.9 11.2 6.7

589 605+ 546+ 571+

48+
46+
92+

48.2+
45.9+
91.8+

42.6
31.4
95.2

11.2
11.2
29.1

The experiments were established for desi- and kabuli-type chickpea using a
randomized complete block design consisting of 12 treatments laid out as a 4 X 3 factorial
experiment, replicated 4 times. The factors include four levels of N (46-O-O at 0, 15,30,  and
45 kg N ha-l) and 3 levels of P (11-54-o at 0,20, and 40 kg P2O5 ha-l). Treatment plots
measured 2.2 m X 10 m.

Prior to seeding, chickpea seed was treated with a mixture (4: 1) of Crown (carbathiin
and thiabendazole) and Apron-FL ((metalaxyl:N-(2,6-dimethylphenyl)-N-
(methoxyacetyl)alanin methyl ester)) at an application rate of 6.2 mL kg-1 seed. The seed
treatment was kindly supplied by Gustafson for experimental purposes. Immediately prior to
seeding, chickpea seed was inoculated using a self-sticking peat. Seeding occurred on the
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following dates: Watrous - 23 May 1996; Elbow - 24 May 1996; Outlook - 25 May 1996;
and MooseJaw  - 7 June 1996. Kabuli-type chickpea was seeded at a rate of 195 kg ha-1
whereas desi-type chickpea was seeded at a rate of 115 kg ha-l.

Symbiotic N, fixation was estimated using the N-difference method. Flax (var.
McGregor) was seeded as the reference crop. The plots were monitored regularly and growth
stages were evaluated. At midseason (early pod-fill), plant tissue samples were harvested
from representative l-m2 areas within each plot. Midseason harvest occurred on the
following dates: Watrous - 3 1 July 1996 (69 days after planting (DAP)); Outlook - 7 August
1996 (74 DAP); Elbow - 14 August (82 DAP: and MooseJaw  - 21 August 1996 (75 DAP).
Samples were dried, weighed, ground and analyzed for N and P content. Final harvest
occurred on the following dates: Watrous desi-type chickpea- 3 1 August 1996 (100 DAP);
Watrous kabuli-type chickpea - 14 September 1996 (114 DAP); Outlook desi- and kabuli-
type chickpea - 24 September (122 DAP); Elbow desi- and kabuli-type chickpea - 3 October
1996 (132 DAP). Seed yield, total dry matter yield and harvest index were determined. As a
consequence of an early snow storm, the desi- and kabuli-type chickpea failed to reach
maturity at the Moose Jaw site and were not harvested for seed yield.

RESULTS AND DISCUSSION

Crop development (in particular, days to maturity) differed dramatically between
sites, apparently due to differences in soil and climatic conditions. Watrous received 234 mm
of precipitation over the growing season whereas Outlook received 195 mm, Elbow received
126 mm and Moose Jaw received 111 mm. Differences in precipitation in combination with
inherent differences in soil nutrient status (Table 1) likely contributed to the variation in crop
development. Although crop development differed between sites, regular monitoring of
individual sites failed to reveal discernable differences in crop development during active
plant growth due to fertilizer application.

The plant tissue N content of desi-type chickpea sampled at midseason (early pod-fill)
ranged from 1.72% to 2.85% (data not shown). The plant tissue N content of kabuli-type
chickpea tended to be somewhat lower than that of the desi-type chickpea harvested at
midseason (early pod-fill) and ranged from 1.58% to 2.37% (data not shown). The range in
N concentration is similar to that expected for lentil at an equivalent growth stage (Walley
1986). With the exception of the Outlook site, data indicate that application of “starter N”
did not improve the N status of the plants sampled at midseason. At Outlook, the highest rate
of fertilizer N addition significantly enhanced N accumulation of kabuli-type chickpea (data
not shown)

Plant tissue P content of desi-type chickpea typically was low as compared to cereal
crops which reportedly have P contents of about 0.3% to 0.4% P in the dry matter during the
vegetative growth stage (Mengel  and Kirkby  1982) (Table 2). Similar results were obtained
for kabuli-type chickpea (data not shown). Despite relatively low levels of plant tissue P,
application of seed-placed P,O, did not significantly enhance P concentration or
accumulation in the plant tissue (a=0.05). Others have suggested that some pulse crops may
be unresponsive to seed-placed P (G. Hnatowich, pers. comm.)  and have speculated that
placement of P,O, to the side or below the seed may prove to be a more effective method of
supplying P to certain pulse crops.
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Table 2. Midseason P concentration in desi-type chickpea plant tissue sampled at midseason
(early pod fill), at Watrous, Outlook, Elbow and Moose Jaw during the 1996 field
season.

Fertilizer
Treatment Watrous Outlook Elbow Moose Jaw

(kg ha-‘)
0

--------Plant tissue P concentration (%)--------

0.20 0.26 0.23 0.17
20 0.20 0.26 0.25 0.17
40 0.20 0.26 0.25 0.18

LSD (0.05) 1 n.s n.s. n.s. n.s.

Estimates of symbiotic N, fixation by kabuli-type chickpea, determined using the N
difference method with flax as the reference crop, ranged from 6 to 48% in kabuli-type
chickpea (Table 3). Application of more than 15 kg ha-’ N fertilizer significantly reduced N,
fixation in kabuli-type chickpea. In contrast, estimates of symbiotic N, fixation by desi-type
chickpea ranged from 6 to 55 kg ha-‘. With the exception of the Moose Jaw site, estimates of
symbiotic N2 fixation by desi-type chickpea were not significantly influenced by N
application (data not shown). At Moose Jaw, increasing increments of fertilizer N led to a
significant reduction in N2 fixation by desi-type chickpea. These observations suggest that
the chickpea-Rhizobium symbiosis for kabuli-type chickpea was more sensitive to inorganic
N than the desi-type chickpea.

Table 3. Symbiotic N, fixation (%Ndfa) by kabuli-type chickpea sampled at midseason (early
pod fill), at Watrous, Outlook, Elbow and Moose Jaw during the 1996 field season.

Fertilizer
Treatment W a t r o u s  Outlook Elbow Moose Jaw

( k g  ha-‘) 1
__ I

Ndfa (%)
N

0 46 13 27 48
15 32 9 25 22
30 21 6 12 12
45 13 10 15 9

LSD (0.05) 15 n.s. 11 15

P*Q
0 21 10 25 21

20 17 6 24 18
40 16 13 12 31

LSD (0.05) n.s. n.s. 9 n.s.

Estimates of symbiotic N, fixation for both desi- and kabuli-type chickpea were lower
than anticipated. In a related study, as much as 94% of the N accumulated by desi-type
chickpea and 8 1% of the N accumulated by kabuli-type chickpea was derived from symbiotic
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N, fixation (Walley et al. 1996). It is possible that the relatively low estimates of N, fixation
in the current study are related to the reference crop. McGregor flax was chosen as the
reference crop because it has a relatively long growing season requirement (i.e., >lOl  days).
Because the growing season requirement of chickpea was, in these experiments, considerably
longer, it is likely that the flax had accumulated proportionally more of its total N
requirement than had chickpea at the midseason harvest date. As a consequence of different
N uptake patterns, it is likely that symbiotic N, fixation was underestimated.

Application of “starter N” and seed-placed P,O,  did not confer a predictable seed
yield advantage to either desi- or kabuli-type chickpea (Tables 4 and 5). Seed yields of desi-
type chickpea typically were higher than that observed for the kabuli-type chickpea.
Similarly, the highest harvest indices generally were associated with the desi-type chickpea
(data not shown). Relatively low harvest indices associated with kabuli-type chickpea likely
reflect the fact that this crop has a longer growing season requirement. Although mature seed
had been set at Watrous, Outlook and Elbow, some immature pods remained in the kabuli-
type chickpea plots whereas there was no evidence of immature pods in the desi-type
chickpea at harvest. It is interesting to note that with the exception of chickpea at the
Watrous site, the kabuli-type chickpea did not completely mature even though stands
remained in the field for as long as 132 days. Cool, wet temperatures experienced during
September likely exacerbated problems associated with the lengthy growing season
requirement of the kabuli-type chickpea. It is likely that a terminal drought is necessary to
ensure even ripening of kabuli-type chickpea.

Table 4. Seed yield of desi-type chickpea at Watrous, Outlook and
Elbow in 1996.

Fertilizer
Treatment Watrous Outlook Elbow

(kg ha-‘) Seed yield (kg ha-‘)
N

0
15
30
45

LSD (0.05)

P*G,
0

20
40

LSD (0.05)

2536 1257 1819
2486 1299 1981
2546 1742 2037
2455 1582 2092
n.s. 469 n.s.

2502 1417 1926
2499 1428 2022
2516 1573 1991
n.s. n.s. n.s.
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Table 5. Seed yield of kabuli-type chickpea at Watrous, Outlook and
Elbow in 1996.

Fertilizer
Treatment Watrous Outlook Elbow

(kg ha-‘) Seed yield (kg ha-‘)
N

0
15
30
45

LSD (0.05)

m
0

20
40

LSD (0.05)

2355 577 1185
2237 470 1148
2364 498 1008
2196 575 978
n.s. n.s. n.s.

2361 540 1025
2272 525 1144
2231 525 1071
ns. n.s. n.s.

SUMMARY

Desi- and kabuli-type chickpea were grown on soils considered marginal to deficient
in available P and low in available N. Midseason plant tissue P concentrations typically were
low and indicative of a P deficiency. In spite of the apparent P deficiency and low levels of
available soil N and P, application of “starter N” and seed-placed P,O,  did not confer a
predictable seed yield advantage to either desi- or kabuli-type chickpea. Application of
increasing increments of fertilizer N, however, resulted in reduced N, fixation, particularly in
kabuli-type chickpea. It is suggested that chickpea may not be responsive to seed-placed
fertilizer and that an alternative placement method (i.e., side-band) may be a more
appropriate fertilizer management strategy for this crop.
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