Agricudtural Sciences, 3(2), 21-23 (1998)
£1998 Sultan Qaboos University

Radiation Interception and Utilization by
Chickpea (Cicer arietinum L.) at Different
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ABSTRACT:

analysed In terms of imterception and utilization of photo synthetically active radiation (FARL
intercepted by each treatment was estimated from the measured leaf area index.
The average efficiency of radiation utilization for total dry matter
56 pMI during the seasons. Yield differences between treatments were due to the amount of PAR, its efficiency

seed yield and accumulated intercepted PAR was linear.
was 1.3

of utilization or both. Early sowmg increasad the amount of intercepted PAR (31-33%)
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Growth and vield of chickpea (Cicer arietinum L.) in response to sowing date and plant populanion were

The amount of PAR
The relationship between total dry matter,

by enhancing the size of the canopy

carly in the season, The radiation utilization efficiency of seed yvield was higher for late sown crops compared to early sown
crops. However, the higher efficiency of utilization in late sowing was insufficient to compensate for the significantly lower
amounts of intercepted PAR. Higher plant populations increased both the total dry matter and the seed yield due to higher

radiation interception and utilization.

he amount of solar radiation intercepted by a crop

is a major determinant of the total dry matter
(TDM) produced (Biscoe and Gallagher, 1977).
Therefore, analysis of crop growth should consider
TDM as a product of the amount of photosynthetically
active radiation (PAR) intercepted by the crop,
multiplied by an efficiency factor (Monteith, 1977;
Gallagher and Biscoe, 1978). Such analyses suggest
that the radiation utilization efficiency (=) is a
conservative quantity (Monteith and Elston, 1983),
while the amount of radiation intercepted is the variable
that determines crop yield. At present, very few
studies with chickpea (Hughes er al., 1987; Singh and
Sri Rama, 1989; Saxena ef al., 1990; Nanda and Saini,

1990) have analysed crop performance in terms of

radiation interception and urtilization.
This paper examines the relationship between
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radiation interception and yield of chickpea sown at
different times and plant populations.

Materials and Methods

Two field experiments were conducted to assess
the response of chickpea (Cicer artetinum L., cv. Cd4)
to sowing date and plant population. The soil had a
sandy clay loam texture and was moderately deep and
imperfectly drained.

Both experiments were designed as split plot with
four replications. Sowing dates were the main plots
and plant populations were the subplots. During
Season 1, the treatments were 4 sowing dates (15
October, 5 November, 26 November, 17 December)
and 3 plant densities (20, 30, 40 plants=m~). Each
subplot was 1.8 m x 12.0 m, and there were 6 rows in
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each subplot. In Season 2, the treatments were 3
sowing dates (5 November, 26 November, 17
December) and 3 plant densities (20,40,60 plants.m™).
Each subplot was 1.5 m x 14.5 m and there were 6
rows in each subplot.

In each season the experimental site was wetted to
field capacity by heavy irrigation (“rouni"). Seedbed
preparation was done when the field was under the
proper moisture conditions. Although the experiments
had different sowing dates, the trial sites were prepared
before mid October (Season 1) and early November
{Season 2). All the fertilizers at 25 kg N (urea)-ha "and
90 kg P (single super phosphate; SSPhkha’, were
applied uniformly to all the plots at the time of seedbed
preparation, All plots were sown manually with the
help of a dibber.

No irrigation was applied in Season 1. However,
one light irrigation {about 20 mm) was applied on 28
February in Season 2. Weeds were controlled by hand
hoeing during early growth.

SAMPLING: A total of ten harvests were made at two
week intervals in each season. A randomly selected
area of 1.20 m x 0.40 m in Season 1 and 1.00 m x 0.50
m in Season 2 was harvested from each plot, leaving
appropriate borders. The plants were divided into
leaves (including rachis), branches and pods (when
present). Fresh weights were recorded separately
Sub-samples of 100-200 g of green leaves and branches
were oven dried to a constant weight, at 75-80°C for
determining the dry weights.

A sub-sample of 100-200 g of green foliage was
taken and leaf area was measured with an electronic
area meter (Licor, model 3100). The leaf area index
{LAI} was calculated as the ratio of the total leaf area to
land area. The fraction of radiation intercepted (F) was
estimated from LAI using the exponential attenuation
equation suggested by Monteith and Elston (1983):

F, = 1- exp(- KxLAI

where K is an extinction coefficient for total solar
radiation (Montieth, 1977). The coefficient is equal to
0.38 for most grain legumes. A K value of .47 was
used for chickpea, as suggested by Hughes er al.
(1987). The PAR was assumed to equal one half (0.5)
of the total incident radiation (Szeicz. 1974).
Multiplying these totals by the appropriate estimate of
F, gave an estimate of the amount of radiation
intercepted by a crop canopy (Sa):

Sa = F x§

where S, is the total amount of incident PAR.
The radiation utilization efficiency of TDM, T,

was defined as:
T = TDM/Y Sa

A seasonal value of 7T was also estimated from
the regression of TDM on accumulated intercepted
PAR (Hussain and Field, 1993). This analysis was
extended to calculate the efficiency of seed yield (€
5Y).

In Season | the final harvest area (3 May) was 1.2
m % 1.0m. In Season 2 the final harvest area (5 May)
was 1.0 m x 1.0 m. The plants were cut at ground
level, the number of pods recorded and detached. The
pods were threshed by hand. The remaining plant
material was separated into leaves, branches, seeds and
empty pods. The fresh weight of each fraction was
recorded separately. A subsample of each fraction was
then oven dried to a constant weight at 75 to 80°C for
the determination of net above ground dry matter
production.

Data analysis was done using the analysis of
variance function of the MSTATC/MINITARB statistical
computer package.,  Differences among treatments
means were determined using the L.5.D. test when
more than two means were found to be significant.

Results

In Season 1 the total amount of incident PAR
received during the growing season was 1345 MIm™ of
which only 34% was intercepted (Table 1), In Season
2 the equivalent figure for the incident PAR was 1382
MI.m* of which only 25% was intercepted (Table 2).

The amount of PAR intercepted differed
sigmificantly between sowing dates. The earlier sowing
date (15 October) resulted in the mterception of more
radiation (by about 32-281%) than the latter sowing
dates in Season 1. The mean values of accumulated
intercepted PAR were 680, 544, 365 and 240 MIm* in
15 October, 5 November. 26 November and 17
December, respectively (Table 1), Egquivalent figures
for Season 2 were 602, 275 and 172 MJm? in 5
November, 26 November and 17 December,
respectively {Table 2).

Generally higher populations, in both seasons,
intercepted significantly more PAR compared to lower
populations (Tables 1 and 2). The average values in
Season 1, for accumulated mtercepted PAR were 409,
441 and 521 MJem? for 20, 30, and 40 plantsem®,
respectively. Equivalent figures for Season 2 were 272,
347 and 430 MJ.m? for 20, 40, 60 plantssm?,
respectively. The interaction between sowing date and
plant population in Season 2, showed that early sown
crops (5 November) markedly enhanced PAR compared
to late sown in crops irrespective of plant population.
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TABLE 1

Effect of sowing date and plant population on radiation interception and utilization during Season |

Treatment Total incident Total intercepted DM Seed Yield =T E5Y
PAR (MJ+m™) PAR (MJ=m) ig=m’) [g=m) (g=MI") {ge MIY
Sowing dare 1345
15 Qcroher G0 942 82 18582 I 47 0.44
5 November 544 930.14 18R.97 1.74 .53
26 November 365 T56.000 1040 01 210 (1.8
17 December 2401 538.467 24R.15 2.35 1.0#
LED 5% 117 217.33 NE NS 0,24
Plant populationPlantssm™)
20 a1 TR 54 248.2 2.01 176
£ dd] B0O2.75 29575 1.5 {78
40 521 804 43 298.19 1.79 {164
LSD 5% EE] 105 14.82 NS 0,11
Mean 457 79190 280,71 1.92 (.73

TABLE 2

Effect of sowing date and plant population on radiation interception and utilization during Season 2

Treatment Total incident Total intercepted TDM Seed Yield T c8Y
PAR (MJ-m™) PAR (MJ=m7) {gam) ipem?) (=M1 (bl ")
Sowing Date 1352
5§ Movember 62 757.97 30310 1.29 01,58
26 November 275 417,13 225.24 1.51 0.491
17 December 172 269,36 JLICRES 1.56 0.67
LSD 5% L7 160,92 a4, 74 .22 0.13
Plant populationiplantsem ™)
20 72 ala. 9l 1835 .50 0.73
4 47 AT 47 210.15 | 48 0n.72
it] 430 SHY.11 250,87 [ 0.71
LS 5% IR Ky, 43 5943 M& 017
Mean 350 aK1.44 213.79 1 43 0n.72
TABLE 3 The response was greater at the higher population (60

Interaction between sowing date and plant population
affecting radiation interception during Season 2

Radiation interception (MJem™)

Plant population

{plantssm™) Suwing Date
SNov. 26 MNov. 17 Dec.
20 468 228 119
40 UL 272 160
60 730 324 237
L5D 3% 66

plantssm*) than at the lower populations (Table 3).

The accumulated intercepted PAR was linearly
related to TDM vield for all (reatments in both seasons
(Figure 1). The common regression line gave a slope
(i.e. efficiency of conversion of PAR to TDM) of 1.56
(+ 0.094) g-MJ"'

No sigmificant  differences occurred on  the
efficiency of utilzing radiation among different
treatments except in Season 2 when the values for €T
were significantly greater than that for the 5 November
sowing. The values for T in the 17 December sowing
were smaller in Season 2 compared with Season 1 (i.e.
1.56g-MJ"' compared to 2.35 g-MJ"', respectively). The
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Figure 1. The relationship between intercepted radiation
and total dry matter
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Figure 2. The relationship between intercepted radiation and
seed vield in Season 2

mean €T values also showed a similar trend ranging
for Season 1 and Season 2 from 1.92 g-MJ™" to 1.45
a.MJ"', respectively (Tables I and 2).

Regression of seed yield for all treatments in
Season 2 on cumulative PAR was also linearly related
(Figure 2). The slope of the common lines was 0.40
(4 0.086) g-MJ"' and the variance was 84.5%.

There were significant differences in the radiation
utilization efficiency for seed yield (£8Y) among
sowing dates in both seasons (Tables 1 and 2). Late
sown crops (17 December or 26 November) increased
=8Y by about 54% from 0.44-0.53 in the 15 October
and 5 November sowing to 0.86 - 1.08 g-MJ"' for the
26 November and 17 December sowing. respectively,
in Season 1 (Table 1). Similarly, in Season 2, the 26
November sowing also had a higher value of SY
compared to the 5 November or 17 December sowings,
0.91 vs (.58 and (.67, respectively (Table 2).

Plant population did not influence the values of
c8Y. except in Season 1 when a population of 20 or 30
plantssm™ had slightly higher values of £SY than a
population of 40 plantssm®. The mean values of €8Y
varied from 0.73 to 0.72 g-MI" in Seasons 1 and 2,
respectively (Tables 1 and 2)

Discussion

Significant differences were found in the amount
of PAR absorbed (Tables | and 2) between treatments
up to the final harvest. Early sowing absorbed 33 %
more PAR in Season 1 and 31 % more PAR in Season
2 compared to the late sowing. This was probably due
to a longer growth period and a higher plant density.
COwer the season, similar values of interception in
chickpea were reported by Saxena er al. (1990). Our
results (Table 3} showed that the magnitude of this
response was greater with the higher population.
Hughes et al. (1987) also reported more light
interception at greater plant density (60 plantssm™) than
at lower density (30 plants\m ).

In our study, the average amount of intercepted
PAR was 34% in Season | and 23% in Season 2,
(Tables 1, 23, These values are markedly lower than
the average value of 40% reported by Monteith (1977)
for different arable crops. Our study demonstrated a
linear relationship between vield (TDM, seed yield) and
accumulated PAR (Figures | and 2). Many workers
reported similar results (Hughes er o, 1987; Nanda
and Saini, 1990; Saxena et al., 1990). The value for
£T given by the common regression line (i.e. slope) in
Figure 1 was 1.56 (+0.094) g-MI' ~ This value
compares favorably with those (1.34-2.0 g-MI") found
in the studies done by Hughes er al. (19587); Nanda and
Saini (1990} and Saxena e al. (1990) ie(1.34-2.0
aMI

Few differences were found in the values of €T
between the treatments, except in Season 2 when the
values of £T were significantly higher in the late sown
crop. These higher values of €T in the late sowings
were insufficient to compensate for the significantly
lower amount of PAR intercepted (Tables | and 2), and
thus the production of less DM, The relatively smaller
values of T in the early sowings were probably due to
a decline of photosynthetic efficiency of leaves due to
age (Woolhouse and Jenkins, 1983).

Seed yield was also linearly related to intercepted
PAR (Figure 2). Data in Tables | and 2 showed that
radiation utilization efficiency of seed vield (€5Y) was
significantly higher in late sown crops compared to
early sown crops. These higher values of £SY in the
late sowing were insufficient to compensate for the
significantly lower amount of PAR intercepted, and
thus resulted in a lower seed vield (Tables 1 and 2).
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Generally a higher plant population increased both
the TDM production and seed vield, compared to a
lower population, because of higher radiation
interception and utilisation (Tables 1 and 2). Hughes er
al. (1987) reported similar results. In our study the
mean seasonal values of £8Y were (.73 g-MJ"' in
Season | and 0.72 g.MJ1" in Season 2, respectively.
Literature is scanty on such comparisons in chickpea.
For other grain legumes, the average value of S8Y
varies from (.72 te 0.90 g-MI"' (Husain et al., |988).

Conclusion

Treatments affected crop yield mainly by
changing the ability of the canopies 1o intercept
radiation and due to changes in the PAR utilisation
efficiency. Considering growth and yield in terms of
the amount of radiation crops absorb and the efficiency
with which they convert it, DM and seed yield may be
physiologically and analytically more relevant than
traditional yield component or growth analysis
techniques.
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