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Abstract An experiment was conducted in 1994—
95 to test the effects of soil moisture (two levels, nil
and fully irrigated) and shade (two levels, full light
and 40% shaded) on the abortion of reproductive
structures, yield, and yield components in chickpea
(Cicer arietinum L.). Shade and soil moisture inter-
acted significantly, and the highest dry matter (DM)
production of 838 g/m2 was produced by unshaded
irrigated plants. This was about twice the DM pro-
duced by shaded unirrigated plants. Total DM pro-
duction was highly correlated with radiation
interception, where c. 2.1 g DM were produced per
MJ of intercepted photosynthetically active radiation
(PAR). Functional growth analysis showed that the
crop growth rates were 14 and 27 g/m2 per day for
shaded and unshaded plants respectively. The two
factors again interacted on seed yield. Highest yields
were produced from plants that were unshaded and
irrigated (389 g/m2), whereas shaded irrigated plants
produced only 139 g/m2. Reduced seed yield was
accompanied by a large drop in harvest index (HI)
in shaded irrigated plants. This drop in HI was be-
cause of a limited assimilate supply in shaded plants
and increased reproductive abortion in shaded and
irrigated plants.
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INTRODUCTION

In 1994-95 an experiment was set up to study the
effects of soil moisture and shade on yield and yield
development of chickpeas (Cicer arietinum L.) in
Canterbury, New Zealand. Results from the previ-
ous two seasons (Verghis 1996) suggested that the
high rates of abortion of reproductive structures were
responsible for variability in chickpea seed yield.
This experiment focused on factors which were
thought to cause a high percentage of abortion of
reproductive structures.

Yield, and abortion of reproductive structures, in
chickpeas and other grain legumes has been shown
to be caused by water stress (both inadequate or
excess) (Keatinge & Cooper 1983; Siddique &
Sedgley 1986). Cloudy weather, which can reduce
incident solar radiation (Hay & Walker 1989), and
is often associated with rainfall and high humidity
is also reported to cause high abortion rates (Aziz et
al. 1960; Varma&Kumari 1978;Dahiyaetal. 1987;
Khanna-Chopra & Sinha 1987), and reduced seed
yield (Hernandez 1986). Experimental work by a
number of authors has also shown that reduced light
intensity on its own can increase abortion of repro-
ductive structures (Mann & Jaworski 1970; Liyanage
&McWilliam 1981; Khanna-Chopra & Sinha 1987).
In Canterbury, Hernandez (1986), reported that low
light levels in a cool wet season (1983-84) were
probably responsible for a desi chickpea crop pro-
ducing no seed even though 341 g dry matter (DM)/
m2 was produced.

Previous work on grain legumes in Canterbury
has shown that growth and development of lentils
(Lens culinaris L.) McKenzie & Hill (1991) and faba
beans (Viciafaba L.) (Husain et al. 1988) was re-
lated to radiation interception and that radiation use
efficiency was more stable than radiation intercep-
tion. In legumes one of the main determinants of
yield is harvest index, which is much less stable than
in cereals. From the results of experiments in 1992-
93 and 1993-94 (Verghis et al. 1994) it was not
possible to determine the influence of water and/or
light on the abortion of reproductive structures and
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variation in seed yield and harvest index (HI). There-
fore, this experiment was conducted to study the
effect of reduced light intensity and water availabil-
ity on the yield and yield component development
in chickpeas. This work had the following objec-
tives: (1) to determine the effect of water stress on
seed yield, yield components, and HI; (2) to deter-
mine the effect of reduced light intensity during crop
growth on seed yield, yield components, and HI; and
(3) to examine how these two factors affect abortion
of reproductive structures.

MATERIALS AND METHODS

The experiment was sown on 20 October 1994 into
a Templeton silt loam soil (New Zealand Soil Bu-
reau 1954) at the Lincoln University Henley Re-
search Farm. A New Zealand Ministry of Agriculture
and Fisheries (MAF) soil quick test showed soil
available nutrients to a depth of 30 cm of Ca, K, P,
Mg, Na, and S were 14, 26, 22, 10, 4, and 15 \ig/g
soil. Total nitrogen was 0.34% and soil pH was 5.4.
The site was previously in carrots (Daucus carota
var. sativus).

Treatments and experimental design
The treatments were shade (40% shade) or full light
(unshaded) combined with two levels of irrigation
(unirrigated and irrigated). These factors were se-
lected as the literature suggests that both can have a
large influence on yield and yield development (see
Introduction). Furthermore, Canterbury is one of the
driest regions of New Zealand, where the potential
soil moisture deficit from 1 October until 31 March
averages 299 mm. The experiment was a completely
randomised block design with a factorial combina-
tion of shade and irrigation, replicated 5 times.

Cultural practices
Materials used

Seed
Locally obtained Kabuli chickpea ('Hernandez')
with a 1000 seed weight of 311 g and a germination
of 55% was used. Seed was treated with the systemic
fungicide Apron C 70 SD (a.i. metalaxyl 350 g/kg
and captan 350 g/kg) at 200 g (dissolved in 500 ml
of water) per 100 kg seed. There was a blanket ap-
plication of Rhizobium cicerri strain CC1192 at
twice the recommended rate of 240 g of inoculant/
100 kg seed.

Shade
Shade was obtained by using synthetic monofilament
shade material. Using two miniature tube
solarimeters (model TSM, Delta-T devices, Cam-
bridge, England) the shade material was tested and,
averaged over the whole day, it provided c. 40%
shade. The shaded area in each plot was 5 m by
1.8 m. The shade cloth was placed at 1.1m above
the ground at seedling emergence.

Irrigation
Irrigation was applied using trickle tubes and whisk-
ers. Lateral pipes were placed every two rows at
30 cm spacings (six pipes per plot). Trickle whisk-
ers 3-4 cm long were spaced at 30 cm intervals. This
ensured an even spread of moisture over the 12 rows
of the crop per plot. The aim of the moisture treat-
ment was to provide adequate soil moisture levels.
This was done by bringing the soil back to field
capacity at each irrigation. Field capacity at the site
was estimated to be 32% for a depth of 20 cm, and
was measured by Time Domain Reflectometry
(TDR) (TRASE, Systems model 6050X1, Soil Mois-
ture Equipment Corporation, Santa Barbara, Califor-
nia, United States). The permanent wilting point for
a Templeton silt loam was taken to be 15.5%
(McLaren & Cameron 1990). When soil moisture
reached 20% (volumetric), sufficient water was ap-
plied to bring the soil moisture level back to field
capacity. Soil moisture content to 20 cm depth was
measured by TDR from permanently placed rods
located at six different points in the experimental
area.

Field preparation

The field was prepared using standard farm practices
of ploughing, harrowing, and rolling. Individual
plots were 2.1 m by 10 m. Seed was drilled in 15 cm
rows using an Oyjord cone seeder to give a plant
population of 45 plants/m2.

Weed, disease, and pest control

Weed control was by incorporation of trifiuralin at
400 g a.i./litre to the soil with harrows a week be-
fore sowing. Two weeks after emergence a spray of
fluazifop-butyl at 375 g a.i./ha was given to control
monocotyledonous weeds. Subsequent weed control
was by hand.

Some virus-infected plants were removed by hand
to check disease spread. No samples were taken from
infected areas. No other disease and pest control
measures were taken.


