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Abstract: Anoxia and hypoxia, caused by excessive rainfall and inadequate drainage are the most common environmental 
stresses in upland crops after wetland rice in many regions of Asia. Such stresses and/or puddling of soil in rice culture often 
reduce the growth and yield of post-rice upland crops. This study examined the growth and yield responses of three mungbean 
genotypes viz. VC3950-88, VC6173A and BARI Mung-5 to three different environmental stresses viz. wet puddling, soil 
flooding and saturated soil culture. Wet puddling significantly reduced the field emergence and vigor index of seedlings. Height 
of plants was also adversely affected due to the stresses, although recovery was comparatively better in flooded situation. 
Irrespective of growing conditions, leaf chlorophyll index reduced significantly and recovered almost completely. The 
extraordinary responses of plants to all the stresses were the damaging of roots and/or impairing of root and shoot growth. The 
subsequent recovery of root and shoot growth significantly varied depending on the types of stresses. The development of 
numerous adventitious roots and the production of greater amount of root nodules were the most important recovery mechanisms 
of plants to withstand flooding situation and saturated soil culture, respectively. As a result, seed production was less affected 
under these two conditions. In contrast, wet puddling situation performed the worst, showing depressed plant growth throughout 
the growing period and thus seed production was affected the most. Among the genotypes, VC6173A was best adapted under the 
three stresses, giving the highest seed yield by producing higher amount of pods, increased seed size and longer pod. 
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1. Introduction 
Over the recent decades, the development of new 

mungbean varieties has contributed to a 35 percent increase in 
production in Asia [1]. The crop has already been transformed 
from a marginal to major crop for its additional benefits like 
enhancing soil fertility, improving rural household income, 
expanding employment opportunities, diversifying diets and 
increasing nutritional security [2]. The short-growth duration 
variety of mungbean is well fitted in the rice-based cropping 
systems of Asia. The climatic condition also favours its 
cultivation throughout the year. However, yields of post-rice 
mungbean are generally low due to many abiotic stresses 
majoring in excess or deficit soil moisture [3, 4]. Intensive rain 
generally causes transient flooding in poorly drained rice soil. 
Puddling of rice soil also causes structure degradation and 

saturates quickly. As a result, plants are adversely affected due 
to inadequate supply of oxygen. These adverse conditions 
greatly impair seed germination, stand establishment and yield 
of post-rice mungbean, despite sufficient availability of water 
in the soil profile to grow a high yielding mungbean variety 
without irrigation [5-7]. However, the information on the 
response of post-rice crops to adverse soil conditions 
associated with puddling and excess soil moisture are 
inadequate. 

In Bangladesh, mungbean is grown on land previously 
occupied by wetland rice. After harvesting rice, the soil profile 
remains moist for a considerable period of time. As a result, 
intermittent saturation of the soil and shallow water table 
delay land preparation. Such adverse soil condition results in 
sub-optimal plant population. Soil flooding or waterlogging 
was reported to damage mungbean plants during the early 
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growth stage and cause severe yield loss [8, 9]. The existing 
variety of mungbean cannot withstand under (i) adverse soil 
physical condition created by puddling (ii) saturated condition 
in poorly drained soil and (iii) soil flooding caused by heavy 
rain. To address these problems, search for mungbean 
genotypes tolerant to soil flooding is being continued and 
some flood-tolerant genotypes have been identified [10]. 
Various management techniques like sowing seeds along the 
tilled strip made by using a single tine to disrupt the compact 
zone in puddled soil have been found successful in growing 
mungbean [11]. However, the response of mungbean to 
saturated soil culture was not adequately tried hitherto. In 
general, research on evaluating crops under all these stresses is 
scanty or rather fragmentary. Since the soil physical 
requirements for the stand establishment and the subsequent 
growth of upland crops are different from those for rice in 
rice-based cropping system, this study examined the response 
of mungbean genotypes to wet puddling, flooding, and 
saturated soil conditions with a view to alleviate these 
constraints and increase the yield of mungbean.  

2. Materials and Methods 

The study was conducted at the Field Research Site of 
Bangabandhu Sheikh Mujibur Rahman Agricultural 
University, Gazipur 1706, Bangladesh during March-June 
2009. Three mungbean genotypes viz. VC3950-88, VC6173A 
and BARI Mung-5 were taken for the evaluation. Three 
different conditions were created in the field i.e. wet puddling, 
soil flooding and saturated soil culture along with control, 
those maintained in main plot and mungbean varieties at 
sub-plot in a split-plot design. Wet puddling condition was 
created before sowing and seeds were sown on puddled soil 
following furrow methods. Unit plot size was 3.0×2.4 m with 
a planting configuration of 30×10 cm. Seeds of similar size 
were sown after treating with vitavax 200. The crop was 
fertilized @ 40 kg of N, 60 kg of P2O5 and 40 kg of K2O per 
hectare in the form of urea, triple super phosphate and muriate 
of potash, respectively. Saturated soil culture is a water 
management practice, in which soil was maintained at 
near-saturation for ten days starting from two weeks after 
emergence. Flooding was imposed at the end of three weeks 
after the emergence of seedlings and continued for 3 days 
maintaining a flooding depth of 3-5 cm. Plant protection 
measures were taken and agronomic management done 
whenever necessary. Data on stand establishment, the rate of 
emergence and vigor index were recorded from an area of 1 m2 
marked immediately after sowing of seeds. Emerged seedlings 
were counted every day to observe the daily emergence. 
Percent seedling emergence was calculated from the number 
of seedlings emerged and the number of seed sown. Vigor 
index = number of seedling emerged / number of days of first 
count + …...+ number of seedling emerged / number of days 
of last count. Growth parameters like plant height, dry matter 
production of plant components, leaf area, chlorophyll content 
(SPAD value) were recorded at 10 days interval starting from 
28 days after emergence (DAE) to 58 DAE. Yield contributing 

characters i.e. the number of pods per plant, pod length, the 
number of seeds per pod, seed weight and seed yield were 
recorded at the final harvest. Data were analyzed by 
partitioning the total variance with the help of computer using 
MSTATC program. The treatment means computed using 
Least Significance Difference (LSD). 

3. Results and Discussion 

3.1. Seedling Emergence and Vigor Index 

Irrespective of genotypes, only wet puddling showed 
significant reduction in field emergence and vigor index of 
mungbean seedlings (Table 1). Soil resistance to seedling 
emergence or failure of better seed-soil contact might be the 
reasons for such reduction. Kirby and Ringrose-Voase (2000) 
[12] reported that soil conditions following puddling and after 
harvesting of rice could be unsuitable for succeeding upland 
crop like mungbean. The rapid drying of soil after harvesting 
rice generally increased soil strength and reduced emergence 
of mungbean [13]. Puddled soil was found to disrupt the 
physical condition of seed, consequently reducing seedling 
emergence as well as seedling growth [14]. The study also 
reveals that the seeding emergence and vigor index varied 
significantly across the genotypes. Maximum emergence was 
observed in BARI Mung-5 indicating better resistance under 
the three adverse situations. BARI Mung-5 is a widely used 
cultivated variety of mungbean in Bangladesh and may have 
better physiological functions. The highest vigor index of this 
genotype also indicated that it has the better ability to emerge 
quickly compared to other two genotypes. 

Table 1. Effects of different moisture regimes on seedling emergence and vigor 
index of three mungbean genotypes 

Treatments Emergence (%) Vigor index 

Moisture regimes:   

Control 59.86 a 19.85 a 

Wet puddling 45.37 c 14.94 b 

Soil flooding 55.74 a 18.81 a 

Saturated soil culture 56.25 a 1958 a 

Mungbean genotypes:   

BARI mung-5 67.33 a 23.57 a 

VC3950-88 46.15 c 14.57 c 

VC6173A 56.94 b 18.48 b 

LSD (0.05):   

Moisture regimes 4.39 4.53 

Variety 9.90 3.50 

Moisture × genotypes NS NS 

CV (%) 23.89 25.38 

NS, non-significant; Mean values sharing the same letter in each column do 
not differ significantly at P< 0.05. 

3.2. Plant Height 

Plant height was quantified four times starting from 28 
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DAE with 10 days interval. Saturated soil culture affected 
plant height the most at different observations (Figure 1a). 
Under wet pudding condition, plant height was also affected 
at 58 DAE. Kirchhof and So (2005) [15] observed that 
puddling increased plant height slightly during the early 
vegetative stage. Height growth of flooded plants was also 
affected, but it showed a considerable recovery and 
performed almost identical to that of control plants. In 
many cases, flooded plants have been found to increase 
plant height during recovery period which is thought as an 
adaptive mechanism [16, 17]. Plant height differed 
significantly in three genotypes (Figure 1b). The height 
growth of VC6173A was better than other two genotypes. 
In another study, Pervin et al. (2010) [9] observed that 
VC6173A showed greater reduction in plant height 
compared to VC3960-88. 
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Figure 1. Plant height of three mungbean genotypes as affected by differential 
moisture regimes. Mean values sharing the same letter(s) are not differing 
significantly at P< 0.05. 

3.3. Chlorophyll Index 

Chlorophyll content (SPAD value) of leaf was significantly 
affected at different stages of crop growth starting from 28 
DAE (Figure 2a). The highest leaf chlorophyll content was 

recorded in control plants followed by plants subjected to 
flooding. However, chlorophyll content dramatically 
recovered fully in plants under all the stresses at 58 DAE. 
Marubodee et al. (2000) [18] reported that leaf chlorophyll 
content of mungbean reduced under anoxia, although a good 
deal of recovery in leaf chlorophyll content of waterlogged 
mungbean plants have been observed in many studies [9, 19]. 
Genotypic differences in chlorophyll content were not notable 
in this study, although significant difference existed only at 38 
DAE (Figure 2b).  
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Figure 2. Leaf chlorophyll index (SPAD value) of three mungbean genotypes 
as affected by differential moisture regimes. Bar indicates LSD at 0.05. 

3.4. Root and Shoot Dry Matter 

The shoot and root dry weights (DW) were significantly 
affected by wet puddling, flooding and saturated soil culture 
(Table 2). Similar observations have also been reported in 
several crop plants [20, 21]. Among the stresses, puddled soil 
impaired root growth the most. Puddling resulted in reduced 
root growth particularly at the early stages of crop growth. 
Subsequent growth during the latter part of the growing 
season was therefore restricted due to roots being less able to 
tap subsoil water reserves [22]. Root growth was also affected 
by soil flooding, but recovered almost wholly at 58 DAE. In 
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general, roots of mungbean plants damaged immediately after 
flooding, but plants used to produce adventitious roots within 
48 hours of flooding [23]; after the death of original roots, 
plants were found to acclimatize with flooding situation by 
accelerating new adventitious roots [24, 10, 25]. Like root DW, 
shoot DW was also affected due to stresses. The adverse effect 
of saturated soil culture on shoot DW was more pronounced 
over time, though a faster shoot growth was observed at the 
maturity stage. However, mungbean plants showed an early 
reduction in shoot dry matter due to flooding, but had 
considerable recovery after the removal of flooding. The 
decrease in dry matter accumulation due to flooding and its 
recovery after the termination of flooding is a common 
phenomenon in mungbean [26, 27]. 

Table 2. Effects of different moisture regimes on shoot and root dry weight of 
mungbean genotypes 

Treatments 
Days after emergence 

28 38 48 58 

Shoot dry weight (g plant-1) 
    

Control 2.38 a 3.95 a 9.49 a 12.06 a 

Wet puddling 1.26 b 2.65 b 8.07 b 9.49 b 

Soil flooding 1.70 b 2.10 b 7.17 b 11.40 a 

Saturated soil culture 0.72 c 1.80 c 5.62 c 10.05 ab 

Root dry weight (g plant-1) 
    

Control 0.25 a 0.39 a 0.62 a 0.80 a 

Wet puddling 0.13 c 0.28 c 0.45 c 0.53 c 

Soil flooding 0.17 b 0.33 b 0.56 b 0.80 a 

Saturated soil culture 0.18 b 0.29 c 0.51 b 0.65 b 

Mean values sharing the same letter in each column do not differ significantly 
at P< 0.05. 

3.5. Root Nodules 

The saturated soil culture produced the abundant root 
nodules which was significantly higher than that produced in 
control plants (Figure 3). Several studies also suggest that 
saturated soil culture produced a large amount of root nodules 
in soybean that remained throughout the growing period, and 
nitrogen fixation activity acted in response to that pattern of 
nodulation [28-30]. Soil flooding reduced the formation of root 
nodules up to 38 DAE, thereafter it noticeably increased at 48 
DAE. Flooding generally reduced the number of root nodules, 
but the magnitude of reduction varied with the growth stages 
encountering flooding. However, the actual number and volume 
of nodules have been found to increase depending on the 
capacity of the plants to produce nodules [31]. In contrast, wet 
puddling largely impaired nodulation in mungbean and it 
showed a large gap with that produced in control plants. 
Puddled soils are compacted and attained increased soil bulk 
density for which the weight and size of nodules in soybean 
have been found to reduce significantly [32]. 

3.6. Yield Attributes and Seed Yield 

Yield attributes and seed yield of mungbean as affected by 
wet puddling, flooding and saturated soil culture are 

illustrated in Table 3. The number of pods per plants, seed 
weight and seed yield were significantly affected due to 
stresses. Soil puddling and saturated soil culture significantly 
reduced the number of pods per plant, but flooding adversely 
affected the seed weight. However, Wein et al. (1979) [33] 
observed that the number of pods in cowpea and soybean 
reduced due to flooding. The reduction in seed yield was 
significant due to stresses, however such reduction was 
minimal after removal of stresses presumably for rapid 
recovery of root system under flooding and numerous nodule 
production under saturated soil culture. Among the stresses, 
puddling gave the lowest seed yield which was 64% of that 
produced in control plants. Puddling induced several 
physiological disturbances, including reduction in growth, dry 
matter, chlorophyll index and pod formation that resulted in 
low yield similar to that in other beans [34, 24, 35]. The 
genotypic differences in seed yield were highly remarkable in 
the study. The genotype VC6173A gave significantly higher 
yield over BARI Mung-5 and VC3950-88. Producing greater 
amount of pods with greater seed size, and even longer pod 
length contributed greatly to produce the highest seed yield in 
VC6173A. 

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

28 38 48

Control
Wet puddling
Soil flooding
Saturated soil culture

N
od

ul
e 

dr
y 

w
ei

gh
t (

g/
pl

an
t)

Days after emergence

 
Figure 3. Effects of different moisture regimes on nodule dry weight of 
mungbean genotypes. Bar indicates LSD at 0.05 

4. Conclusion 

Mungbean has tremendous scope of horizontal expansion 
because of its wide range of adaptability. In rice-based 
cropping system, its growing conditions become 
unfavorable due to puddling of soil and associated problems 
caused by excess soil moisture. The response of mungbean 
genotypes varied significantly depending on the types of 
such varying stresses. This study reveals that soil puddling 
for rice affected much on the production of post-rice 
mungbean due to poor stand establishment. The plant 
recovery from flooding injury was better for which yield 
was not seriously affected. Under saturated soil culture, the 
numerous nodules formation contributed to give better yield 
finally. The effects of genotypic differences under three 
growing conditions were also evident. Therefore, attempts 
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should be taken to improve the production system of 
mungbean through genetic and agronomic management for 
the improvement and sustainability of growing mungbean 
in future. 

Table 3. Effects of different moisture regimes on yield attributes and seed yield 
of three mungbean genotypes 

Treatments 
No. of 
pods 

plant-1 

Pod 
length 
(cm) 

No. of 
seeds 
pod-1 

100-seed 
weight 

(g) 

Seed 
yield 

plant-1 
Moisture 
regimes: 

     

Control 34.05 a 8.38 9.31 5.80 a 14.46 a 

Wet puddling 25.76 b 8.29 9.67 5.45 a  9.27 c 

Soil flooding 30.83 a 8.24 10.10 4.69 b 11.77 b 

Saturated soil 
culture 

25.82 b 8.61 9.31 5.41ab 10.19 bc 

Mungbean 
genotypes: 

     

BARI Mung-5 27.21 b 8.43 c 9.88 5.02 b 10.51 b 

VC3950-88  28.37 ab 7.86 b 9.39 5.13 b 10.92 b 

VC6173A 31.77 a 8.84 a 9.52 5.86 a 12.84 a 

LSD (0.05):      

Moisture 
regimes 

3.78 NS NS 0.74 1.74 

Variety 3.41 0.35 NS 0.59 1.44 

Moisture × 
genotypes 

NS NS NS NS NS 

CV (%) 16.05 5.67 6.25 15.23 17.24 

NS, non-significant; Mean values sharing the same letter in each column do 
not differ significantly at P< 0.05. 
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