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Light response and photosynthesis in sorghum under field conditions*
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ARSTRACT. The diurnal variation of rate of photosynthesis (#) with photosynthetic photon flux density
(PPFD), model of light response curves and the relationship between PPFD and P were studied for two post-
monsoon (rabi) sorghum genotypes, viz. M35-1 and RSV-9R under field conditions at Pune. The hall maxi-
mal values, ie, PPFD level at which P=P_, /2 obtained were 1251 and 937 pmolm™?s™' for M35-1 and
RSV-9R respectively. The potential rates of photosynthesis were 65.79 and 64.52 pmolm~>s~!_ whereas. the
observed maximum rates of photosynthesis were lower, 4093 and 46.66 pmolm=2g™! in M35-1 and RSV-9R
réspectively, due to eflect of air temperatures under the field conditions. The maximum rate of photosynthesis
determined [rom the model decreased with delay in the sowing of the crop. Correlation coeflicients between
PPFD and rate of photosynthesis were 0.794 and 0.708 for M35-1 and RSV-9R respectively. The PPFD

received and rate of photosynthesis decreased significantly with delay in sorghum sowing.
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1. Introduction

The varieties of a crop can be screened on the
hasis of their potential rate of photosynthesis (Pyax)
and their adaptability can be checked on the basis
of their light saturation point. It is difficult to deter-
mine potential rate of photosynthesis under field
conditions. Scientists have tried to estimate the rate
of photosynthesis at known values of photo-
synthetic photon flux density (PPFD). Baker (1965)
determined the equation v=—1.99 + 1.736 x —
1.0286 x2. which was best fitted in the data of light
and photosynthesis. Hesketh and Moss (1963)
derived the equation of rectangular hyperbola
P = PyaxK (I=1p)/[1 + K (I-1p)] (D

where. P — Rate of photosynthesis,

Pax — Maximum rate of photosynthesis
when [ is at saturation point,

K — Inverse of half maximal value. ie.
PPFD at which P=P,,./2.

* Pant of the M.Sc. (Agrimet) Thesis submitted by the first author.

Iy — Light compensation point.

This equation could be best used to determine
the rate of photosynthesis at very high light
intensities.

Many workers have studied photosynthesis
under controlled conditions. ITowever, very few
studies have been conducted under field conditions
(Singh & Sharma 1986 and Yadav et al.1987). Thus
two (rabi) sorghum genotypes. M35-1 and RSV-9R,
were sown under field conditions to study the maxi-
mum rate of photosynthesis and to use the model
for its prediction.

2. Material and method
The experiment was conducted in the post-

monsoon season of the year 1989-1990. on the
experimental field of Centre of Advanced Studies in
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TABLE 1

InNuence of air temperature and PPFD on Ppgy

CGeno- Sowing Obs. Py, ,, Air temp PPFD
1ype date (pmol °C) (umol
m™Ys™1) m s
M35-1 16 Sep 4093 34.30 1751.25
16 Ot 38.67 3240 1533.50
24 Ot 36.79 28.87 151050
1 Nov 39.09 31.13 1563.50
RSV-9R 16 Sep 46.56 33.50 1857.27
16 Oct 4494 3046 1540.57
24 Ot 43 .86 30.54 146128
1 Nov 4496 2790 1586.00

Agricultural Meteorology. College of Agriculture,
Pune. The experiment was laid out as a split plot
design comprising of four sowing dates (16 Septem-
ber. 16 October. 24 October and 1 November) as
main (reatments and two post-monsoon (rabi)
sorghum genotypes (M35-1 and RSV-9R) as sub-
trcatments with four replications. The crop was
sown with 45 X 15 ¢m spacing and one common
pre-sowing irrigation was applied. The net plot size
wis 6.4 X 6.1 m. The soil of plot was medium black
calcarious (vertisol) with a depth of greater than
90 cm.

The rate of photosynthesis of individual leal of
sorghum. PPFD and air temperature were mea-
sured by using LI-6200 photosynthesis system.
Diurnal patterns of PPFD and photosynthesis were
reccorded at flag leaf stage (45-50 DAS). The third
leaf from the top is physiologically more active
(Estin 1972). hence. the rate of photosynthesis was
recorded on it at an interval of one hour starting
from 0700 to 1700 IST. The observations were also
recorded at four important growth stages, viz., flag
lcaf. boot. anthesis and soft dough. The data
obtained at these stages were used to calculate cor-
rclation coefficient between light and photosyn-
thesis. The equation of rectangular hyperbola
(Hesketh and Moss 1963) P = PpaK (I-1p)/[1 + K
(/—1y)] was transformed in linear equation form:

1 1 1 1
= - + @)
P Pinax PaxK \I=1I

that is. v=b+ax. where y=1/P, b=1/Pye. a =
[/PyaxK and x=1/I-Iy This equation was used
to estimate the value of P at PPFD > 2000
pmolm=2s~! because highest PPFD received in

TABLE 2

Fitting the lincar transformation of rectangular hyperbola

P

max
Iy (umol m~2s~T)
Geno- Sowing (umol y=b+ax R o—
type date m's7) model obser-

ved

M35-1 16Sep 3999 y=00152+1947x 099 6579 4093
16 0ct 2000 y=00166+24.66x 099 6024 3867
240ct 1520 p=00183+2337x 099 5495 13679
1 Nov 10.10 y=00189+1747x 1.00 5291 39.09

RSV- 16Sep 2996 y=00155+1808x 091 6452 46.66
9R 16 0ct 2005 p=00167+1514x 099 5714 4494
24 0ct 1300 y=00183+1590x 099 5464 4386

I Nov 500 y=00191+1628c 099 5235 4496

field was 1857.27 pmolm~2s~! during the period of
diurnal measurements (Table 1).

3. Results and discussion

3.1. Light compensation point — For both the
genotypes. the maximum rate of photosynthesis
observed in the field during diurnal measurements
at the flag leafl stage had a decreasing trend with
decrease in PPFD received (Table 1). The optimum
air temperatures followed the same trend. The
results are supported by Sharpe (1983). The diurnal
data was further used to plot light response curve.
The light compensation point (fy) was determined
by interpolation at zero rate of photosynthesis
(Table 2). It is found to vary with the genotype,
PPFD and temperature at the time of measure-
ments. Similar. results were obtained by Long
(1983).

3.2. Light response curve — The values of 1/P and
1/(I—1y) were fitted in the linear form y=b+ax of the
rectangular hyperbola and Pg,, was estimated at
flag leaf stage (Table 2). The general equations ol
rectangular hyperbola obtained from pooled data
for the two genotypes were :

P=0.047 (I-1p)/[1+0.000799 (I-1Iy)] for M35-1,

3)

and
P=0.061 (I-Iy)/[1+0.001067 (I—1y)] for RSV-9R.
(4)

It was observed that the half maximal values

K=l ie. PPFD level at which P=Py,,/2 were 1251
x
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TABLE 3

PPFD and photosynthesis recorded at grand growth stages

PPFD (umol m~s™!)

Photosynthesis (umol m™*s™!)

Treatment -
Flag Boot  Anthesis  Soft Flag Boot  Anthesis  Soft

dough dough

16 Sep 97297 101540 987.13 1034.63 3565 37.94 40,03 4215
16 Oct 980.82 98195 92219 992.52 3592 36.27 3861 39.21
24 Oct 925.56 913.04 92477 94307 3224 3349 36.19 3811
1 Nov 895.47 88648  BYG.16 90828 3097 3283 3439 3581
SE t 479 791 7.59 5.62 0.84 0.82 0.89 021
CDy ¢ 15.32 2528 2427 17.99 268 2.62 286 0.69
M3is-1 939.20 95499  961.02 967.02 3459 34.78 3882 3928
RSV-9R 948,22 94345 93910 97223 3279 3549 3579 3868
SE + 5.04 590 534 5.70 045 055 0.54 047
CDy g5 NS NS NS NS 140 NS 1.67 NS
Interactions CDy ¢ 308 NS 3293 NS NS NS NS NS

(1/0.000799) and 937 (1/0.001067) pmolm=23s~! for
M35-1 and RSV-9R respectively. This indicated that
M35-1 would be light saturated later than RSV-9R.
The estimated maximum rate of photosynthesis
(Pyax) in M35-1 and RSV-9R were 65.79 and
64.52 pmolm =25~ respectively; while those obser-
ved in the field conditions were 40.93 and 46.66
pmolm=2s—1 respectively (Table 2). The value of
maximum rate of photosynthesis in M35-1 was at
par with earlier results but in case of RSV-9R. it was
higher than the value (173 ng CO5 em—2s~!) recor-
ded by Rawson er al (1978). The maximum rate of
photosynthesis determined theoretically from the
model decreased with delay in sowing of the crop.
Further. the observed values of photosynthesis are
lower than the values determined from the model.
This is because of effect of air temperatures under
field conditions (Norcio 1976, Vong and Murata
1977).

3.3. Relationship between photosynthesis and
PPFD — The correlation coefficients obtained bet-
ween photosynthesis and PPFD were 0.794 and
(.708 for M35-1 and RSV-9R respectively (Table 3).
These coefficients were less than those obtained by
the other workers, previously, under the controlled
conditions. The other micrometeorological para-
meters like air temperature. soil moisture and wind
have an intervening effect on photosynthesis and
PPFD relationship. The rate of photosynthesis and
PPFD measured at four grand growth stages of the

A= 244 1MD/95

sorghum revealed that PPFD decreased signifi-
cantly with delay in sowing at all growth stages
(Table 3). However. there was no significant dif-
ference between 16 September and 16 October
sowings at flag leaf stage. Consequently, the rate of
photosynthesis also decreased significantly due to
delay in sowing at all growth stages. However. there
was no significant difference between 16 September
and 16 October sowing and 24 October and |
November trcatments except at soft dough stage.
There was no significant difference between PPFD
and rate of photosynthesis of 16 October and 24
October sowings at anthesis. This clearly shows a
trend of decrease in PPFD received and rate of
photosynthesis with delay in sowing. The PPFD
received at a particular growth stage did not vary
significantly between genotypes, since the occur-
rence of growth stages in them varied only by two to
three days. However, rate of photosynthesis did
show significant difference between the genotypes
at flag leaf stage and anthesis suggesting that M35-1
photosynthesized more at these stages and,
therefore. would be light saturated later than RSV-
9R. The interaction effects between sowing dates
and genotypes showed no significant difference in
the rate of photosynthesis irrespective of PPFD.

4. Conclusion

The hall maximal values of PPFD were 1251
and 937 pmolm~23~! for M35-1 and RSV-9R
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respectively. The potential rates of photosynthesis
were 65.79 and 64.52 pmolm~32s~!. whereas. the
pbserved maximum rates of photosynthesis were
lower, 40.93 and 46.66 ymolm~2s~! in M35-1 and
RSV-9R respectively, due to effect of air
tcmperatures under the ficld conditions. The
maximum rate of photosynthesis determined from
the model decreased with delay in the sowing of the
crop. The PPFD received and rate of photosyn-
thesis decreased significantly with delay in sorghum
sowing.
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