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Abstract The phenological development of one
variety of chickpea (Cicer arietinum L. 'Hernandez')
was studied in Canterbury, New Zealand using eight
sowing dates in 1992-93 (July and September),
1993-94 (July until November), and 1994-95 (Oc-
tober). The duration of all phases was predicted
based on thermal time above 4°C. For emergence to
flowering (E-F), photoperiod-corrected thermal time
with a base photoperiod of 10 h was calculated, but
thermal time gave a better relationship with flower-
ing rate. The mean accumulated thermal times for
the different phases were 133,447, 761, and 377°C
days for sowing to emergence (S-E), E-F, flower-
ing to mature pod (F-MP), and mature pod to har-
vest maturity (MP-HM) respectively. An accurate
prediction of time to flowering was made based on
an accumulated mean thermal time requirement of
447°C days from E to F. The relationship between
the actual and predicted dates of flowering was
highly significant (r2 = 0.983), and data from an
independent source fitted the model well.
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INTRODUCTION

A quantitative understanding of the response of
phenological development to environmental factors
helps predict crop yield. The phenological stages of
chickpea (Cicer arietinum L.) growth may be
broadly classified as emergence, flowering, pod set,
and physiological maturity. Being indeterminate, the
last three stages occur simultaneously in different
parts of the plant along with vegetative growth
(Summerfield & Wien 1980; Saxena 1984).

The most important factors affecting chickpea
development are generally temperature, photoperiod,
and moisture. Temperature (Singh & Dhaliwal 1972;
Siddique & Sedgley 1986), moisture (Saxena 1990),
and depth of sowing (Saxena 1987) mainly control
the duration from sowing to emergence. After emer-
gence, temperature, and photoperiod (Sandhu &
Hodges 1971; Summerfield et al. 1980, 1984) cou-
pled with the availability of soil moisture (Khanna-
Chopra & Sinha 1987; Piara Singh 1991) control the
rate of progress towards any phenological stage. In
chickpeas, flowering is considered the critical stage,
because environmental conditions that prevail at
flowering and the duration of the reproductive phase
determine, to a large extent, the percentage of fruit
set and the final yield (Savithri et al. 1980; Saxena
1984). Therefore, being able to predict the time of
flowering may be more important than any of the
other phenological stages.

Considerable work has been done on the photo-
thermal responses of chickpeas to predict time to
flowering (Summerfield & Roberts 1988;
Summerfield etal. 1991,1992; Ellis etal. 1994). As
in most grain legumes, increased temperatures speed
up the rate of development of all developmental
stages of chickpeas (Summerfield et al. 1984;
Roberts et al. 1985). For flowering however, a pho-
tothermal response has been found (Summerfield et
al. 1991; Ellis etal. 1994).

So far, no work has been done to quantify the
phenological development of chickpeas in New
Zealand. Therefore, three experiments were
conducted from 1992 to 1995 to monitor and help
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predict the phenological development of chickpeas
in Canterbury.

MATERIALS AND METHODS

All three experiments were sown on a Templeton silt
loam soil (New Zealand Soil Bureau 1954). In 1992-
93 the treatments were two sowing dates (3 July and
30 September), four levels of nitrogen (0,15,45, and
90 kg N/ha), and three levels of Rhizobium inocula-
tion (0, 240, and 480 g/100 kg seed). The 1993-94
experiment had five sowing dates (9 July, 9 August,
14 September, 8 October, and 10 November) com-
bined with two levels of nitrogen (0 and 90 kg N/ha).
In 1994-95, the treatments were shade (40% shade)
or full light (unshaded) combined with two levels of
irrigation (unirrigated and fully irrigated to replace
evapotranspiration), sown on 18 October. Two of
these experiments are fully described and yield re-
sults have been published as follows: 1992-93
(Kosgey et al. 1993; Verghis et al. 1993) and 1993-
94 (Verghis et al. 1994).

Kabuli chickpea ('Hernandez') with a 1000 seed
weight of 450, 309, and 311 g, and a germination
percentage of 60, 75, and 55 was used in the
respective experiments. Seed was treated with the
systemic fungicide Apron C 70 SD (a.i. metalaxyl
350 g/kg and captan 350 g/kg) at the rate of 200 g
(dissolved in 500 ml of water) per 100 kg seed.
Inoculation was with Rhizobium cicerri strain
CC1192 applied as slurry after mixing the inoculum

in 100 ml water. Nitrogen was supplied as calcium
ammonium nitrate (27% N) and broadcast onto the
plots by hand before drilling. Seed was drilled 3 cm
deep in 15 cm rows in 2.1 x 10 m plots using an
Oyjord cone seeder to give an established plant
population of 45 plants/m2.

In 1992-93 and in 1993-94 the experimental
design was a split plot with main plots being two and
five sowing dates respectively. In 1992-93, the sub-
plots were a factorial combination of three levels of
Rhizobium inoculation and four levels of nitrogen,
whereas in 1993-94 subplots were two levels of
nitrogen. The 1994-95 experiment was a completely
randomised block design with a factorial combina-
tion of shade and irrigation, but only the unshaded,
unirrigated plots were used in the phenology study.
The number of replicates in 1992-93,1993-94, and
1994-95 were three, four, and five respectively. In
all seasons, seed was sown c. 3 cm deep into a well
watered seed bed.

The phenological development of the crop was
monitored at 2-3-day intervals for all seasons from
the onset of flowering. The phenological stages re-
corded were: emergence (E), flowering (F), green
pod (GP), expanded pod (EP), mature pod (MP), and
harvest maturity (HM). When 50% of the plants in
any plot had emerged, or had at least one open
flower, or mature pod, then this was designated as
emergence, flowering, or mature pod stage respec-
tively. Harvest maturity was reached when more than
95% of the plants in the plot had completely
senesced and turned brown.

Table 1 Maximum and minimum temperatures for 1992-93, 1993-94, and 1994-95 and long-term (LT, 50-year
average) maximum (Tmax ) and minimum (Tmjn ) temperatures (°C) and photoperiod (h:min) from sunrise to sunset
including civil twilight, Canterbury, New Zealand.

1992-93
T1max.
T •

1993-94
T1 max.
T
1 min.1994-95
Txmax.
T •

LTTm a x .
T T T*-* * * mm.
Photoperiod

Jul

11.4
2.5

11.4
0.7

10.5
1.1

10.1
1.4

10:03

Aug

9.9
2.2

11.3
0.6

14.0
3.0

11.4
2.7

11:11

Sep

10.3
3.4

12.9
4.0

13.3
3.5

14.2
4.6

12:33

Oct

14.6
6.7

18.7
6.9

15.9
5.4

16.8
6.7

14:02

Nov

18.5
9.3

16.0
6.4

20.2
8.4

18.8
8.1

15:19

Dec

18.3
9.6

17.7
9.2

21.4
10.1

20.4
10.4
16:05

Jan

21.0
10.1

22.6
11.7

21.7
11.6

21.3
11.5
15:50

Feb

20.3
10.1

21.7
11.7

21.3
12.5

20.9
11.4
14:44

Mar

18.2
8.3

18.1
8.6

21.4
10.2

19.2
9.9

13:16

Apr

15.4
6.3

18.5
6.0

16.8
9.5

16.7
7.4

11:45


