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INTRODUCTION

The pulse crops are widely grown as a second crop 
in the rice–based cropping system in Myanmar.  
Greengram has been produced as one of the important 
export crop items recently and thus, the cultivated area 
is rapidly increasing today.  However, the current grain 
yield of greengram in Myanmar remains around 800 kg 
ha–1, which is considerably below the reported yield 
potential of around 3000 kg ha–1.  The adverse climatic 
environment, such as drought, is one of the main caus-
es for a low and unstable yield of greengram especially 
in the dry regions of Myanmar.

The occurrence of morphological and physiological 
responses, which may lead to some adaptation to 
drought stress, may vary considerably among the spe-
cies.  Stomatal regulation of photosynthesis during 
drought have been well documented (Chaves, 1991) and 
it played the dominant role in controlling the decline of 
net CO2 uptake, by leading to decrease in leaf internal 
CO2 concentrations (Cornic, 2000).  The effect of 
drought stress and recovery on leaf gas exchange and 
fluorescence parameters has been extensively studied 
with a number of species including soybean, cowpea 
and kidney bean by Earl (2002), Souza et al. (2004) and 
Miyashita et al. (2005), respectivety.  However, only a 
little information for greengram is provided on the gen-

otypic and specific variation of CO2 assimilation and 
photosystem II (PSII) functions in response to drought. 

Recently, high yielding improved greengram varie-
ties have been released and grown with dramatic area 
expansion in Myanmar.  The aim of this study was to 
evaluate the responses of photosynthesis to drought in 
greengram varieties in terms of growth, CO2 exchange 
rate and PSII electron transport situation.  Also the 
response of greengram was compared with that of other 
pulses such as blackgram and soybean.  By identifying 
the varietal and specific features in drought response 
or resistance, it is possible to obtain the fundamental 
information on further improvement of photosynthetic 
production and yield stability of greengram varieties 
under drought condition. 

MATERIALS AND METHODS

The study was conducted through two experiments 
(i) the varietal difference in drought resistance was 
investigated on greengram (Vigna radiata L. Wilczek) 
and (ii) the specific difference was studied between 
greengram and other pulses such as blackgram (Vigna 
mungo L. Hepper) and soybean (Glycine max L.). 

Materials used and treatments in Experiment 1 
and 2
Experiment 1 

Four promising greengram varieties: Kanti, 
Yezin–4, VC1973A and V3726, recently released in 
Myanmar were used.  The experiment was carried out 
in the experimental field of Kyushu University (33˚ 35’ 
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N, 130˚ 23’ E) during June to July 2005.  Five gram of 
compound chemical fertilizer (N: P: K = 16:16:16) was 
added into the 8–litter pot of sandy loam soil.  Pre–
germinated seeds of the four varieties were planted 
together in each pot.  After germination, plants were 
thinned to four plants (one plant for each variety) in a 
pot, and grown for 30 days under the outdoor condition.  
During which all the pots were irrigated everyday to 
maintain the sufficient soil water status.  The treat-
ments, which consisted of two steps, were imposed on 
30–day old plants: (1) four–day drought treatment and 
(2) three–day recovery treatment by re–watering.  
During the drought treatment, water supply was 
reduced to 20% of the control, by which the soil water 
potential (SWP) in pots decreased to –2.26 MPa on 
average.  At the end of the drought treatment, the 
plants were re–watered to observe the photosynthetic 
recovery. 
Experiment 2 

The second experiment was conducted during July 
to August following the experiment 1.  Materials used 
here were three pulse species: greengram (var. Kanti), 
blackgram (var. P–11–30) and soybean (var. Asoaogari). 
var. Kanti is a variety with the highest resistibility to 
drought among the four varieties tested in the experi-
ment 1. var. P–11–30 is widely grown in the dry area in 
Myanmar, and var.  Asoaogari is grown in the southern 
area in Japan.  The experimental site and treatment 
procedures were the same as those of the experiment 1.  
These three species were grown together in a pot.  By 
the drought treatment, soil water potential was 
decreased to –2.15 MPa on average. 

Growth parameters 
Growth parameters such as leaf area, shoot dry 

weight (SDW) and root dry weight (RDW) of a plant 
were measured before and after the end of drought 
treatment.  Six plants were sampled for each cultivar in 
each treatment.  Dry weight was determined after five–
day oven drying at 80 ˚C.  The leaf area (LA) per plant 
was measured with an automatic area meter (AAM–8, 
Hayashi–denko, Japan).  Plant growth rate (PGR) was 
calculated by the equation (1). 

PGR=(W2– W1) / (t2– t1) 			    (1)

where W1 and W2 are dry weight of plants determined at 
the harvesting days of t1 and t2, respectively.

Soil and leaf water potentials 
The water potentials of soil and leaf were deter-

mined with a dew–point meter (WP4, Decagon 
Devices, USA).  The parameter values were read 
between 8:00 and 10:00 am.  The soil samples for soil 
water potential (SWP) measurement were taken from 
three points in the root growing zone in a pot.  For leaf 
water potential (LWP) measurement, leaf disks were 
excised from active expanded leaves. 

Gas exchange rate and chlorophyll fluorescence 
emission measurements 

The CO2 concentration and vapor pressure in the 
reference and sample air were monitored with an infra-
red CO2 analyzer (Li–6262, LI–COR, USA).  
Measurements were performed using active expanded 
leaves at the 4th day after drought treatment began and 
at the 3rd day in re–watering treatment under the con-
ditions of 380±10 μL L–1 in CO2 concentration, 30±1 ˚C 
in leaf temperature, 60% in relative humidity, and 
600 μmol m–2 s–1 in photosynthetic photon flux density 
(PPFD).  The leaf area enclosed in the assimilation 
chamber was 0.000625 m2, and the airflow rate was 
0.706 mmols–1.  Based on the measured values, the 
parameters of CO2 exchange rate (CER) and stomatal 
conductance (Gs) were calculated according to the 
method described by Long and Hallgren (1985).  

Together with the gas exchange rate of a leaf, the 
chlorophyll fluorescence of the photosystem II (PSII) 
was monitored with a fluorescence probe (PAM–2000, 
Walz, Germany) equipped on the assimilation chamber.  
The initial fluorescence (Fo) was measured using a 
20–minute dark–adapted leaf under a measuring beam 
(3.2 μmol m–2 s–1 PPFD), and then the maximum chloro-
phyll fluorescence (Fm) was determined by giving a 0.8 s 
saturating pulse (8000 μmol m–2 s–1 PPFD) to this leaf.  
Then, the time course of the fluorescence quenching 
(Fs) was monitored at 600 μmol m–2 s–1 PPFD, during 
which the fluorescence spike (Fm’) was periodically 
measured by giving pulses of saturating light. 

The equations (2) to (5) were adopted to calculate 
the following parameters: the maximum quantum yield 
(Fv/Fm) was calculated from the equation by van Kooten 
and Snel (1990), the quantum yield of PSII (Φe) by 
Genty et al. (1989), the apparent rate of electron trans-
port through PSII (ETR) by Krall and Edwards (1992) 
and the coefficient of non–photochemical quenching of 
excitation energy (NPQ) by Bilger and Björkman 
(1990).

Fv/Fm = (Fm– Fo)/Fm 				    (2)
Φe= (Fm’ – Fs)/Fm’				    (3)
ETR=Φe I a b				    (4)
NPQ=(Fm – Fm’)/Fm’				    (5)

where I is the PPFD supplied to a leaf; a=0.5, the frac-
tion of absorbed quanta that used by PSII (assuming the 
supplied photons are equally distributed between photo-
systems I and II), and b=0.84, which is an average of light 
absorption coefficient in C3 plant leaves (Schultz, 1996).  
The measurements of gas exchange and chlorophyll flu-
orescence were carried out on the same leaf with four 
replications. 

RESULTS AND DISCUSSION

Varietal difference in drought resistance and 
recovery of greengram varieties

Fig. 1 shows the effects of re–watering treatment 
on SDW, RDW, LA and PGR in the four varieties of 
greengram.  In the control pots, no or little varietal dif-
ference was found in SDW, LA and PGR except RDW 
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which showed the largest value in var. Kanti.  On the 
other hand, there was a large varietal difference in the 
response of these four parameters to the re–watering 
treatment: a large reduction was found in all parame-
ters of vars. VC1973A and V3726, while a less reduction 
in vars. Kanti and Yezin–4.  For example, the decline in 
LA was 47% in var. V3726, and 15% in var. Kanti, and 
that of PGR in those varieties were 38 and 15%, respec-
tively.  During the drought treatment, SWP was finally 
decreased to –2.26 MPa by the restriction of water sup-
ply.  The effects of drought on plants would be changed 
depending on its treatment period and severity, but the 
SWP level and treatment period of four days used here 
are considered to be adequate for drought resistant test 
of greengram varieties. 

Leaf area has been frequently reported to have a 
close relationship with crop growth production.  The 
decrease in LA by the drought treatment was closely 
related with that in PGR (Fig. 1–C and D).  This means 
that vars. Kanti and Yezin–4 having a better sustaina-
bility in LA kept a high PGR under the recovery condi-
tion.  These growth responses may suggest that vars. 
Kanti and Yezin–4 have a strong drought resistance in 
their biomass production system.  Anyia and Herzog 
(2004) stated that photosynthetic rates of water stress 
cowpea plants were higher than unstressed plants after 
drought released and resulted a higher in dry matter 
accumulated in some genotypes.

The water uptake was limited by the amount of 
roots, and the enhancement of root growth could 
increase droughtresistance according to Klepper and 

Rickman (1990) and many other researchers.  Plant 
productivity under drought stresses is closely related to 
the processes of dry matter partitioning and the spatial 
and temporal root distribution (Kage et al., 2004).  In 
our study, as shown in Fig. 1–B, a large value of RDW 
was shown in Kanti, which might be related to drought 
resistance.

 Table 1 showed CER, Gs, Fv/Fm, ETR and NPQ in 
the four varieties observed under the drought and re–
watering conditions.  There was no significant differ-
ence in CER under the control condition.  However, 
under the drought condition CER of vars. Kanti and 
Yezin–4 sustained relatively high and the recovery of 
these cultivars were superior to the other two varieties, 
vars. VC1973A and V3726.  The depressions in CER of 
vars. Kanti and Yezin–4 were 27 and 25% under the 
drought condition, respectively, while those of vars. 
VC1973A and V3726 were 49 and 39%, respectively.  
These facts mean that vars. Kanti and Yezin–4 may 
have higher droughtresistance in photosynthesis, and 
also higher recovery potential.  Anyia and Herzog 
(2004) reported that photosynthetic rate declined 
almost linearly as water deficit increased.  However, 
compensatory growth was evidenced in the recovery 
stage as determined by gas exchange measurement. 

For the response of Gs, there was no significant dif-
ference under the control but distinguishable varietal 
difference was observed in both drought and re–water-
ing treatments.  A large value of Gs was shown in vars.
Kanti and Yezin–4 under these conditions.  This 
response represented a similar trend to that of CER in 

Fig. 1.	 Shoot dry weight (A), root dry weight (B), leaf area (C) and plant growth rate (D) of four green-
gram varieties in control (□) and recovery (■).  Data represent mean ± SE of six replications.   
Number in the parentheses represents the percentage of recovery to the control value.  
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both varieties, showing the close relationship between 
Gs and CER.  This may mean that varieties having a 
higher Gs under the drought condition are able to keep 
an efficient photosynthetic production. 

Of the four varieties, vars. Kanti and Yezin–4 were 
able to keep almost constant levels of CER and Gs: the 
reduction was only by 25–27% in CER and 26–29% in 
Gs under the drought.  On the other hand, the reduction 
in vars.  V3726 and VC1973A was 39–49% in CER and 
42–52% in Gs.  The values of Gs in vars. Kanti and 
Yezin–4 were almost completely returned up to the con-
trol levels at the 3rd day after re–watering, but those 
were not found in vars. V3726 and VC1973A.  The 
decrease in CER in greengram varieties is in parallel 
with the decrease in Gs, and thus Gs is one of the impor-
tant determinants for CER. 

Next, the parameters related to PSII electron trans-
port in a leaf were examined.  As shown in Table1, there 
was no significant difference in Fv/Fm between varieties, 
and no affect by drought and re–watering treatments. 
Genty et al. (1987) and Souza (2004) stated that a 
slight change in Fv/Fm was observed in plants experi-
enced severe drought.  Similarly, in our experiment Fv/
Fm ratios, examined in greengram varieties were less 
affected by the treatments as compared to other PSII 
parameters.  This may suggest that the light catching 
apparatus in PSII was not severely damaged by the 
drought stress imposed here. 

A leaf with a high ETR is regarded as keeping an 
efficient energetic flow from the chemical energy pro-
duction site of PSII to CO2 assimilation site.  ETR values 
in vars. Kanti and Yezin–4 were not affected by the 
drought treatment, while those in vars. VC1973A and 
V3726 were decreased by 19 and 22%, respectively 
(Table 1).  In vars. Kanti and Yezin–4, their CER and Gs 
were, as mentioned, decreased by the drought treat-
ment, but ETR did not decline.  The photorespiration 
rate is known to increase in a leaf having a low Gs value, 
because the intercellular CO2 concentration decreased 

by the restriction of gas exchange.  The increase in pho-
torespiration causes the decrease in CER and increases 
ETR because photorespiration is the metabolism with 
high energy consumption (Cornic, 2000).  It is consid-
ered that a smooth flow of electron flow observed in 
vars. Kanti and Yezin–4 is effective in preventing a 
physiological inhibition caused by the excessive accu-
mulation of photon energy supplied from the photosys-
tem during the drought.  Therefore, in vars. Kanti and 
Yezin–4, the photosynthetic apparatus was less dam-
aged during drought period, and their CER, Gs and 
ETR recovered quickly after re–watering, while not in 
vars. VC1973A and V3726.

NPQ is a parameter indicating the efficiency of heat 
dissipation in PSII.  The increase in NPQ occurs when 
the CO2 assimilation is restricted in a leaf during the 
period of drought, by which the excessive energetic 
excitation can be effectively dissipated.  The value of 
NPQ was different between varieties, and a higher 
value was observed in vars. V3726 and VC1973A (183–
197%) than in vars. Kanti and Yezin–4 (129%) under 
the drought treatment (Table 1).  This may suggest that 
the energy excessively produced in a leaf of these varie-
ties was dissipated more as heat without being used for 
CO2 assimilation during drought stress.  Maxwell and 
Jonhson (2000) reported that great values of non–pho-
tochemical quenching in cowpea were observed around 
maximum stress and they may have resulted from the 
occurrence of both photoprotective and photodamaging 
mechanisms.  This phenomenon was also found in this 
experiment.

As mentioned above, of the four varieties of green-
gram, vars. Kanti and Yezin–4 are regarded as varieties 
having a high droughtresistance and better recovery, 
from the viewpoints of the response of CO2 assimilation 
and PSII functions.  The important determinant of 
enhancing droughtresistance is the sustainability of 
high Gs value in leaves under drought conditions.  In 
this situation, the gas exchange of leaves is not greatly 

Table 1.	 CO2 exchange rate and photosystem II parameter values in four greengram varities observed under the drought and re–watering 
conditions

Kanti
Yezin–4
VC1973A
V3726
Average

Kanti
Yezin–4
VC1973A
V3726
Average

(73)
(75)
(51)
(61)
(65)

(100)
(95)
(83)
(72)
(88)

(71)
(74)
(48)
(58)
(63)

(97)
(96)
(73)
(71)
(84)

(100)
(99)
(99)
(99)
(99)

(100)
(100)

(99)
(99)

(100)

(96)
(98)
(81)
(78)
(88)

(111)
(100)

(88)
(83)
(96)

(129)
(129)
(183)
(197)
(159)

(99)
(115)
(117)
(113)
(111)

Vatiety

Control 
   13.44 a
   12.63 a
   13.44 a
   12.88 a

13.10

Control
   14.02 a
   13.23 a
   13.02 a
   14.21 a

13.62

Drought 
     9.81 a
     9.47 a
     6.81 b
     7.87 ab
     8.49

Re–water
   13.96 a
   12.53 a
   10.81 b
   10.04 b
   11.84

CER
(μmol m–2 s–1)

CER, CO2 exchange rate; Gs, stomatal conductance; ETR, electron transport rate; Fv/Fm, PSII maximum quantum yield; NPQ, non-
photochemical quenching.  In a column for each treatment group, mean values followed by the same letters are not significantly 
different at 5% level by Duncan’s test.  Number in the parentheses indicates the percent of the drought to the control value.

Control 
   0.165 a
   0.163 a
   0.159 a
   0.157 a

0.161

Control
   0.168 a
   0.161 a
   0.158 a
   0.161 a

0.164

Drought 
     0.118 a
     0.121 a
     0.077 a
     0.091 a
     0.102

Re–water
     0.163 a
     0.155 a
     0.115 b
     0.114 b
     0.142

Gs

(mol m–2 s–1)

Control 
   0.834 a
   0.819 a
   0.826 a
   0.825 a
   0.829

Control
   0.84 a
   0.820 a
   0.822 a
   0.832 a
   0.829

Control 
   161.4 a
   140.6 a
   140.2 a
   138.5 a

145.2

Control
   134.9 a
   142.3 a
   132.3 a
   121.4 b

132.7

Control 
   0.507 a
   0.453 a
   0.388 a
   0.351 a
   0.613

Control
   0.670 a
   0.598 a
   0.596 a
   0.504 a
   0.592

Drought 
     0.832 a
     0.812 a
     0.809 a
     0.814 a
     0.817

Re–water
     0.84 a
     0.824 a
     0.819 a
     0.821 a
     0.825

Drought 
    145.0 a
    138.1 a
    114.2 ab
    108.5 b
    126.5

Re–water
    149.6 a
    141.8 a
    116.2 ab
    100.8 b
    127.1

Drought 
     0.653 a
     0.583 a
     0.712 a
     0.693 a
     0.983

Re–water
     0.665 a
     0.652 a
     0.698 a
     0.572 a
     0.827

Fv/Fm ETR
(μmol m–2 s–1)

NPQ
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restricted, by which CER and ETR are able to keep rela-
tively high levels; thereby, excessive energy is not accu-
mulated in a photosynthetic apparatus in a leaf.  
Therefore, heat dissipation does not occur so much in 
the leaf and NPQ is not increased. 

A rapid increase in the assimilation rates of water–
stressed plants upon re–watering indicates that the 
basic mechanism of photosynthetic biochemistry and 
photochemistry is not impaired by the lack of water, 
leading to the conclusion that decreases in net CO2 

uptake are result of stomata closure (Cornic, 2000).  It 
was proved that CER and Gs of vars. Kanti and Yezin–4 
were able to have a quick recovery by re–watering.  The 
varieties having a mild–sensitivity in Gs or lenient sto-
matal–response to water environments are suggested 
to have superiority in stress–resistant or growth stabili-
ty.  From the viewpoint of water economics, a high Gs is 
not beneficial under drought conditions, but the depres-
sion of Gs by complete stomatal closure shows the 
adverse effect on energy balance between photosyn-
thetic apparatuses.  Although further investigations are 
required under field conditions for this trait, the intro-
duction of such greengram varieties as Kanti and 
Yezin–4 is expected to improve greengram production 
in the dry regions of Myanmar.  A large genotypic varia-
tion shown in greengram used here may suggest that 
there is a high possibility to improve stress–resistant 
variety.

Drought resistance of greengram in comparison 
with black gram and soybean 

In the experiment 1, var. Kanti had a higher resist-
ance to drought among the four greengram varieties.  
Blackgram and soybean are also the important pulse 
crops widely grown in Myanmar; particularly, a variety 
P–11–30 of blackgram used here is one of the recom-
mended varieties of Central Agricultural Research 
Institute (CARI) in Myanmar.  The droughtresistance 
of greengram (var. Kanti) was tested, by being com-
pared with blackgram (var. P–11–30) and soybean (var. 
Asoaogari) in the experiment 2. 

The changing patterns in LWP with SWP in the 

three species subjected to the drought treatments are 
shown in Fig. 2.  LWP of each species decreased with a 
reduction in SWP during the drought treatment.  There 
was a significant difference in LWP: –1.58 MPa in soy-
bean, –1.31 MPa in blackgram, and –1.23 MPa in green-
gram when the soil water status reduced to –2.15 MPa. 

This result suggested that greengram and black-
gram are less susceptive to soil drought than soybean.  
The leaf water potential was examined with crops such 
as soybean and sorghum grown under the drought con-
dition by Blum (1974), and Sammons et al. (1978).  
They concluded that higher leaf water potentials in cer-
tain genotypes indicated an increased droughtresist-
ance.  The maintenance of high cell water potentials in 
species avoids direct metabolic injuries and minimizes 
the necessity of metabolic adjustments, which are usu-

Fig. 2.	 Changes in LWP with decreasing SWP in leaves of green-
gram, blackgram and soybean under the drought treat-
ment.  Data represent mean ± SE of three replications.  
Mean followed by the same letter represent not significant-
ly different by the Duncan’s test at 5% level.

Table 2.	 CO2 exchange rate and photosystem II parameter values in three legume species observed under drought and recovery condi-
tions

Greengram
Blackgram
Soybean

Greengram
Blackgram
Soybean

(70)
(65)
(58)

(90)
(81)
(75)

(69)
(70)
(66)

(93)
(86)
(81)

(99)
(97)
(96)

(100)
(99)

(100)

(99)
(98)
(92)

(104)
(105)

(97)

(115)
(167)
(163)

(94)
(109)
(117)

Species

Control 
   13.24 a
   12.08 a
   13.58 a

   
Control
   13.37 a
   12.70 a
   13.96 a

Drought 
     9.21 a
     7.87 a
     7.88 a

     
Re–water

   12.04 a
   10.30 a
   10.42 a

CER
(μmol m–2 s–1)

Number in the parentheses indicates the percent of the drought to the control value.  In a column for each treatment group, mean values 
followed by the same letters are not significantly different at 5% level by Duncan’s test.  See Table 1 for the symbols CER, Gs, Fv/Fm, ETR 
and NPQ.

Control 
   0.152 a
   0.138 a
   0.140 a

Control
   0.162 a
   0.140 a
   0.140 a

Drought 
   0.104 a
   0.097 a
   0.093 a

     
Re–water
   0.151 a
   0.120 a
   0.112 a

Gs

(mol m–2 s–1)

Control 
   0.82 a
   0.83 a
   0.83 a

   
Control
   0.83 a
   0.83 a
   0.81 a

Control 
  124.34 a
  118.52 a
  111.98 b

  
Control
  147.08 a
  142.94 a
  144.08 a

Control      
  0.46 a
  0.33 a
  0.38 a

   
Control
  0.58 a
  0.55 a
  0.35 a

Drought 
   0.81 a
   0.81 a
   0.80 a

Re–water
   0.83 a
   0.82 a
   0.81 a

Drought 
    123.03 a
    116.29 a
    103.22 b

Re–water
    152.82 a
    149.59 a
    139.90 a

Drought 
   0.53 b
   0.55 b
   0.62 a

Re–water
   0.54 a
   0.60 a
   0.41 a

Fv/Fm ETR
(μmol m–2 s–1)

NPQ
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ally found in drought–tolerant species (Shackel and 
Hall, 1983).  In our experiment, a lenient reduction of 
LWP in greengram and blackgram during the drought 
treatment may be regarded as one of the specific traits, 
contributing to the increment of drought resistance.

Table 2 shows CER, Gs, Fv/Fm, ETR and NPQ of the-
ses species determined at the final day of the drought 
and re–watering treatments.  As shown in Fig. 2, the 
leaf water potentials of greengram, blackgram and soy-
bean, were –1.23, –1.31 and –1.58 MPa, respectively.  
With these reductions in LWP, CER showed 30% 
depression in greengram while that of blackgram and 
soybean were 35 and 42%, respectively.  A leaf water 
potential of –1.32 MPa was reported as a level at which 
sweet potato plants suffered a relativity severe stress 
(Kubota et al., 1993).  Pandey et al. (1984) described 
on pulse crops that the minimum value of LWP in the 
driest regimes was –1.26 in greengram, –1.15 in cowpea 
and –1.42 MPa in soybean at 60 days after sowing in an 
upland field.  In our experiments, CER in greengram 
was returned up to 90% of the control level after re–
watering, while that of blackgram and soybean was 81 
and 75%, respectively.  All the three species used here 
presented a reduction of CO2 assimilation rates in par-
allel with a reduction in stomatal conductance under 
the drought and recovery conditions.  As compared 
with blackgram, a greengram (var. Kanti) showed equal 
or a little higher resistance in CER to drought.  Water 
loss was more effectively regulated by stomatal closure 
in Vigna species than in soybean, according to Muchow 
(1985).  However, our conclusion agreed with the report 
by Yordanov et al. (2003) that the species with a higher 
drought resistance did not close stomata completely 
and continued the fixation of carbon under drought 
stresses, and stomata were reopened rapidly when 
water deficit was relieved. 

Fv/Fm ratio and ETR were slightly affected by 
drought (Table 2).  This responding trend was similar 
to the result shown in Table 1.  By the drought treat-
ment, the value of NPQ in blackgram and soybean 
increased by 67 and 63%, respectively only a slight 
increase was found in greengram (15%).  Thus, it is 
predicted that photochemical activity in the three spe-
cies was not affected by the drought treatment imposed 
here.  However, non–photochemical energy dissipation 
mechanisms were more greatly functioned in black-
gram and soybean in the drought stress, which means 
that the photosynthesis of a greengram (var. Kanti) was 
less stressed by drought compared with the other two 
species used here. 

There were many comparative studies on the physi-
ological response of greengram, blackgram, cowpea and 
soybean in different soilwater regimes (Lawn 1982 and 
1983).  This performance provides that Vigna species 
(greengram, blackgram and cowpea) have a more 
advantageous system to survive under drought condi-
tions than soybean.  On the other hand, Senthong and 
Pandey (1989) described that greengram species are 
more sensitive to soil moisture deficits than other puls-
es such as cowpea, soybean, peanut and pigeonpea.  

However, in our study, of the three pulse species, the 
higher resistance in photosynthesis to drought was 
observed in greengram than blackgram and soybean.  It 
may be considered that the greengram variety (Kanti) 
used here is included in the genotype group with an 
especially high droughtresistance.  The introduction of 
vars. Kanti is expected to improve greengram produc-
tion in dry regions of Myanmar.  A large varietal differ-
ence among greengram genotypes may suggest a high 
possibility of genetic improvement of drought resist-
ance of this species.
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