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Abstract

An experiment was conducted with mungbean genotype IPSA-13 in the field of Bangabandhu Sheikh
Mujibur Rahman Agricultural University, Gazipur, Bangladesh during September, 2012 to November,
2012 to study the root growth, nutrient concentration and seed yield of mungbean as influenced by N
and K under waterlogged conditions. Nutrient supply in the soil had significant impact on better
recovery in root development of 4-day waterlogged plants. Development of adventitious roots was one
of the adaptive responses of IPSA-13 mungbean genotype. Root length was decreased due to the
anaerobic condition. Plants waterlogged for 4-days allocated more dry matter in adventitious root
development and hence root volume was higher in waterlogged plants. Root volume in flooded plants
increased due to the development of adventitious roots. Root dry weight increased with combined
application of N and K fertilizers. Flooded plants treated with 14 kg N ha™ + 25 kg K ha* produced the
highest TDM and seed yield, though the yield was statistically similar to that obtained when the levels

of N and K were applied separately, as well as with that of 1% urea + 25 kg K ha'*.
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1. Introduction

Mineral nutrition in waterlogged soil may limit
the plant growth due to the alterations of nutrient
uptake of plants. Nutrient deficiency is the major
cause of poor plant growth in waterlogged soil
(Steffens et al., 2005). Waterlogging was
reported to have caused a significant decrease in
nitrogen content in plants due to reduced root
activity and yellowing of leaves (Rao et al.,
2002). Crops generally fail to adapt in wet soil
conditions due to smaller quantity of dry matter
accumulation in shoot and root (Drew, 1991;
Huang et al., 1995). Islam (2005) observed that

during waterlogging in most of mungbean
genotypes adventitious roots were grown quickly
during post-flooding period. From adventitious
root systems, an important supply of oxygen to
roots of many plants is achieved (Glinski and
Stepiewski, 1985; Kozlowski, 1984).

Mungbean (Vigna radiata L. Wilczek) is one of
the most popular food legumes widely cultivated
in the tropical regions of the world. Excess
moisture or soil waterlogging have been found to
cause depression of plant characters and yield of
mungbean (Hamid et al., 1991; Miah et al.,
1991). On the other hand, nutrient supply and
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availability in the soil plays a significant impact
on waterlogging tolerance of plants (Huang,
2000; Romheld and Kirkby, 2010).
Waterlogging inhibits root respiration due to
insufficient supply of oxygen (Das et al., 2009).
Exogenous application of N in flooded
bushbean, cowpea and sweet corn (Li et al.,
2012) and K in upland cotton (Ashraf et al.,
2011) could effectively ameliorate the adverse
effects of waterlogging on plants. Habibzadeh et
al. (2013) reported that the effects of foliar
applications of urea, calcium nitrate and
potassium nitrate can alleviate the growth-
inhibiting effects of waterlogging of canola
plants.

Application of nitrogen at the end of a
waterlogging period can be an advantage if
nitrogen applied at or shortly after seeding has
been lost by leaching or denitrification as
reported by McFarlane (2012). From basic
physiological investigations, applied nitrate may
enter anaerobically in damaged roots by passive
means and be translocated to the shoot as
reported by Trought and Drew (1981).
Waterlogging reduces soil aeration and the
amount of oxygen available to plant roots. Under
such conditions, K concentration in the soil
solution has to be increased or in more practical
terms more potash fertilizer has to be applied
where there is a risk of oxygen shortage (PPIC,
1989). K supplement under waterlogging not
only increases plant growth, photosynthetic
pigments and photosynthetic capacity, but also
improves plant nutrient uptake and accumulation
(Ashraf et al., 2011). Therefore, combined use of
fertilizers can improve the root and shoot growth
of mungbean when the plants were affected by
waterlogging during their growing periods.

Waterlogging is a problem in growing mungbean
in the tropics and sub-tropics. Although a good
number of reports on the excess moisture
tolerance of many upland crops such as wheat
(Hossain et al., 2011), barley and oats (Setter
and Waters, 2003) and maize (Zaidi et al., 2007)
are available elsewhere but such studies on
mungbean are limited. It is presumed that
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application of excess N and K in combination
will protect more effectively the mungbean
plants from waterlogging damage than they show
separately. Little information is available on the
development and recovery of roots of mungbean
grown under waterlogged condition. This
experiment was therefore, conducted to observe
the root growth, nutrient uptake potentials and
yield performance of waterlogged mungbean
receiving variable doses of applied N and K
fertilizers.

2. Materials and Methods

2.1. Experimental site and soil type

The study was conducted at the Agronomy
Research field of Bangabandhu Sheikh Mujibur
Rahman Agricultural University, Gazipur-1706,
Bangladesh during September, 2012 to
November, 2012. The soil of the experimental
plots was silty clay of shallow Red Brown
Terrace soil belongs to ‘Salna’ soil series under
Madhupur Tract (AEZ 28).

2.2. Experimental design, treatments and layout
The experiment was carried out with mungbean
genotype IPSA-13. The experiment was set up in
a randomized complete block design with four
replications. Five treatments were: (i) Ti=
Control (4-day waterlogged but not fertilized
after termination of waterlogging) (ii) T,= 4-day
waterlogged and received 14 kg N ha*
broadcasted after termination of waterlogging
(iii) Ts= 4-day waterlogged and received 25 kg K
ha'  broadcasted after termination  of
waterlogging (iv) T,= 4-day waterlogged and
received 14 kg N ha* + 25 kg K ha™* broadcasted
after termination of waterlogging (v) Ts = 4-day
waterlogged + foliar spray with 1% urea solution
after termination of waterlogging + 25 kg K ha™*
broadcasted after termination of waterlogging.

The size of each plot was (2m x 2m) = 4 m2
Seeds of mungbean were sown maintaining a
spacing of 30 cm x 10 cm. At the border of each
plot, one additional row of mungbean was grown
to avoid border effect. When the seedlings
became 24 days old, waterlogging with 3-5 cm
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of standing water was maintained continuously
above the soil surface for 4 days (96 hours)
during 24-27 days after emergence and thereafter
standing water was removed. Fertilizer
treatments were applied as broadcast in the form
of urea and muriate of potash and 1% urea
solution was sprayed on the foliage of the plants
following the termination of waterlogging. Drain
in between two waterlogged plots was 1.5 m so
that water could not soak to the neighboring
plots.

2.3. Land preparation, fertilization and

management

The experimental land was ploughed properly
and at the time of first ploughing, cowdung at 10
t ha™ was applied. A blanket dose of fertilizers
@ 40-25-35 kg ha! of N-P-K was applied and
incorporated into the soil at the time of final land
preparation. Additional application of N and K
was applied in waterlogged plants after removal
of water from the experimental plots according
to the treatment variations (T,-Ts) cited above.
Seeds of uniform size and shape were sorted
from their stock and treated with Vitavex 200 @
2 g per kg seed. The seeds were soaked in water
for 4 hours before sowing and imbibed seeds
were selected for sowing. Most seedlings
emerged within 3 days after sowing.

Seedlings were thinned out after one week of
emergence keeping healthy seedlings of uniform
growth in each plot. During growing period the
average maximum and minimum temperatures
ranged between 31.16°C and 22.23°C,
respectively. The total rainfall of the area during
the experimentation was 229.30 mm. Admire @
2.0 ml litre™ water was sprayed to protect the
plants from insects. Other management practices
were done adequately to maintain normal growth
of seedlings.

2.4. Data collection

Five plants were harvested from 4-day
waterlogged control and waterlogged fertilized
plots for data collection. Data were collected
after termination of 4-day waterlogging
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beginning from 28" days after emergence and
thereafter each 10 days interval. At each
sampling required data viz. root length, root
volume, root dry weight, total dry matter, days to
first 50% flowering and maturity was recorded.
The plants harvested at maturity and vyield
parameters were recorded.

Collection of roots: Five plants were dug out
gently from each experimental plot with spade
digging enough depth of soil, so that the main
tap root and all the lateral roots could be
uprooted successfully. The sample plants were
kept in poly bags full of water and kept for about
12 hours. The roots were washed thoroughly
using 10 mesh sieves so that no root was left and
the roots were separated easily.

Root length: Roots of each plant were cut down
from the base of the plant and the roots were
placed on the square board (1sq. cm sizes graph
paper) to determine the total number of
intercepts. The total number of intercepts of the
roots with the arms of the squares was counted
and total root length was calculated.

Root volume: Root volume of mungbean was
measured following the law of Archimedes. Root
of a single plant was placed in a water-filled
measuring cylinder. Root volume replaced the
similar volume of water. The difference between
the water level in the measuring cylinder before
and after placing the roots was measured as the
volume of roots in cm?®.

Chemical analysis: Nitrogen content in plant
was determined following Micro Kjeldahl
method by sulphuric acid digestion method.
Phosphorus content was determined digesting
plant samples with diacid mixture (nitric:
perchloric acid = 3:1) and colour was developed
by vanadium molibdate yellow colour method.
Potassium content was determined by atomic
absorption spectrophotometer digesting plant
sample with diacid mixture. The oven dried leaf,
plant and seeds were finely ground and total
concentration was determined by the above
methods.
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Weather data: Weather data were collected
from the meteorological station of Bangabandhu
Sheikh Mujibur Rahman Agricultural University,
Salna, Gazipur.

2.5. Statistical analysis

The data on different parameters were subjected
to statistical analysis. Microsoft EXCEL and
MSTAT-C software programs were used
wherever appropriate to perform statistical
analysis. All recorded data were analyzed using
analysis of variance (ANOVA) and means were
compared using Least Significant Difference
(LSD) test according to Gomez and Gomez
(1984).

3. Results and Discussion

3.1. Duration of flowering and maturity

Days to 50% flowering and maturity are shown
in Table 1. Days to 50% flowering in control
treatment (T,) required 39 days after emergence
and did not differ significantly among the
waterlogged fertilized treatments (T,-Ts). The
earliest flowering was observed in the treatment
T (4-day waterlogged and received 25 kg K ha’
) (33 DAE). The treatment T, (4-day
waterlogged plants and received 14 kg N ha® +
25 kg K ha™) (35 DAE) and the treatment Ts
(1% urea foliar spray + 25 kg K ha™) (35 DAE)
were statistically similar. Soil waterlogging
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delayed flowering but application of N and K
fertilizers after termination of waterlogging
probably enhanced early flowering by 4 to 6
days compared to that of control. Generally, N in
plants delay flowering and K accelerate maturity
and ripening. Control treatment (69 DAE) and
waterlogged fertilized plants (66 to 68 DAE)
differed in days to maturity by 4-5 days. Days to
maturity among the waterlogged plants with or
without fertilization did not differ significantly.

3.2. Root formation under waterlogging

3.2.1. Root length

Since tap roots were highly affected by
waterlogging, roots of 4-day waterlogged plants
with single or combine application of variable
doses of N and K fertilizers became shortened as
observed at different growth stages of mungbean
(Figure 1). Similar result was also found by
Davies et al. (1999) in waterlogged-susceptible
lupin. Root length was higher after termination
of waterlogging at 0 days after termination of
flooding (DTF) and ranged from 11.25 cm to
13.50 cm, decreased during the recovery period
(10 DTF) ranged from 10.30 cm to 11.50 cm,
and increased thereafter (20 DTF) ranged from
11.00 cm to 13.25 cm. At maturity, root length
of waterlogged-stressed plants (T,-Ts) was
statistically identical with or without fertilization
(Ta).

Table 1. Days to 50% flowering and maturity of mungbean as influenced by N and K application after

removal of waterlogging

Treatment Days to 50% flowering Days to maturity
T, (Soil waterlogging as control) 39 69

T, (Waterlogging + 14 kg N) 35 68

T; (Waterlogging + 25 kg K) 33 67

T, (Waterlogging + 14 kg N + 25 kg K) 35 67

Ts (Waterlogging + 1% urea spray + 25 kg K) 35 66

LSDg 05 2.55 2.362

CV (%) 1.394 2.34
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Figure 1. Root length plant™of mungbean as influenced by N and K application after removal of
waterlogging.

20
N B T5= Waterlogging + 1% urea spray + 25
e 15 — kg K
< I?—«m = . DT4=Waterlogging + 14 kg N + 25 kg K
=
-+
- ><><><> ¢
S 10 18222222888 aad T 00 o AL RN 0 T3 Waterogging + 25 kg K
e L0-%0%| B T2= Waterlogging + 14 kg N
@ 5- 25
= """_":': m T1= Soil waterlogging (Control)
0
0 10 20 30

Days after termination of waterlogging

Figure 2. Root volume plant® of mungbean as influenced by N and K application after
removal of waterlogging.
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3.2.2. Root volume

The root volume (cm®) of mungbean genotype
IPSA-13 did not show any significant change
before fertilization (0 DTF) among the
waterlogged plants (Figure 2). Root volume in
waterlogged plants increased during 10 days
recovery period and continued to increase upto
20 DTF and again decreased at maturity (30
DTF). The T, treatment (4-day waterlogged and
received 14 kg N ha'! + 25 kg K ha™) produced
statistically higher volume of roots than other
treatments which were significantly different
form other waterlogged treatments. The
increased root volume in waterlogged mungbean
might be due to the development of adventitious
roots having aerenchyma cells, one of the
adaptive mechanisms of mungbean plant. In
waterlogged-tolerant plants, the formation of
aerenchyma and adventitious roots was reported
as an indicator of the presence of adaptive
mechanism (Kawase, 1981). At maturity, root

volume of non-fertilized and fertilized
waterlogged plants was statistically non-
significant.

3.2.3. Root dry weight

Root dry weight of waterlogged plants increased
gradually from termination of waterlogging upto
pod filling stage and decreased at maturity
(Figure 4). The cause of decrease in root dry
weight at the pod development stage was
presumably due to senescence or decaying of
roots as observed by Saha (2005). Rapid
recovery in root dry weight could be seen after
removal of waterlogging. Umaharan et al. (1997)
found that the root dry weight increased in
response to waterlogging during vegetative
phase in cowpea. During 10 days recovery
period, root dry weight from initial sample was
reduced in the treatment T (4-day waterlogged
and received 25 kg K ha™) (0.24 g plant™) and
the treatment Ts (foliar spray with 1% urea
solution + 25 kg K ha™) (0.29 g plant™). Root
dry weight increased significantly in some
treatments such as treatment T, ( 0.21 g plant™)
(4-day waterlogged and received 14 kg N ha™)
and the treatment T, (4-day waterlogged and
combined application of 14 kg N ha® + 25 kg K

Amin et al. /The Agriculturists 13(1): 67-78 (2015)

ha™) (0.46 g plant™). Root dry weight in control
treatment (T,) was almost double (0.42 g plant™)
during recovery period than that of initial sample
(0.23 g plant™) taken at 0 DTF which might be
due to allocation of more carbohydrate to the
below ground portion as the plants developed
adventitious roots to overcome waterlogging
stress.

Laosuwan et al. (1994) suggested that the weight
of the adventitious roots might be the best index
for selecting tolerant genotypes in mungbean and
blackgram  genotypes under waterlogging
situation. Root dry weight increased to a great
extent at 20 DTF when the soil moisture receded
and waterlogging stress was fully removed. The
treatment T, (4-day waterlogged plants those
received combined application of 14 kg N ha™ N
+ 25 kg K ha) had the highest root dry weight
of 0.46 g plant™, which was statistically similar
to the treatment T; (non-fertilized 4-day
waterlogged plants) (0.45 g plant®) and the
treatment T, (4-day waterlogged and received 14
kg N ha) (0.40 g plant™). The treatment T, (4-
day waterlogged and received 25 kg K ha™ (0.38
g plant™) or the treatment Ts (4-day waterlogged
and received 1% urea foliar spray + 25 kg K ha’
1) (0.35 g plant™) produced lesser root dry weight
than N treated waterlogged plants.

3.3. Total dry matter (TDM)

The total dry matter of mungbean genotype was
markedly influenced by waterlogging and the
variations of TDM in response to variable doses
of N or K or their combinations were obvious
(Table 2). After termination of flooding (0 DTF)
till 10 days recovery period, TDM of flooded
plants (T,-Ts) with or without fertilization (T,)
did not make any significant difference. TDM
increased a little extent in the treatment T, (4-
day waterlogged and received combined use of
14 kg N ha™ + 25 kg K ha®). The lowest TDM
was produced in the control treatment T, (4-day
waterlogged  but  non-fertilized  plants).
Application of N fertilizer in mungbean under
normal growth condition increased TDM as
reported by Akhtaruzzaman (1998). In the
successive growth stages, it was observed that
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the treatment T, (4-day waterlogged and
combine use of 14 kg N ha' + 25 kg K ha?)
showed better performance from pod filling
stage (20 DTF) and also at maturity (30 DTF).
Increment in dry matter by nutrient combinations
might be due to higher number of pod formation
?Iant'l which accounted for high seed yield plant’

3.4. Nutrient content

3.4.1. Nitrogen content

Nitrogen content in 4-day waterlogged plants
fertilized with variable rates of N and K
influenced the uptake of N at harvest (Table 3).
N content was higher in treatment T, (4-day
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waterlogged and received combined application
of 14 kg N ha*+25 kg K ha'®) (3.39 %) followed
by the treatment T, (4-day waterlogged and
received 14 kg N ha™) (3.18%). The lower N
content was recorded in the treatment Ts (foliar
spray with 1% urea solution + 25 kg K ha)
(294 %) and in T, (waterlogged control)
(2.54%). Visually, it was observed that 4-day
waterlogged plants suffered from N deficiency
upto 10 DTF and thereafter became green. This
implied that excess soil moisture interfered with
the N, fixing activity of mungbean and above all,
the tendency of a plant to save scarce N for the
future reported by Trung et al. (1985).

0.5 1

D —— T1= Soil waterlogging (Control)

=

< 041 .

o —B— T2= Waterlogging + 14 kg N

(=}]

% 0.3 1 —e— T3= Waterlogging + 25 kg K

§ 0.2 4 —A— T4= Waterlogging + 14 kg N + 25 kg K

>

Pt —¥— T5= Waterlogging + 1% urea spray +

o 0.1 4 25 kgK

o

o

0 T T T 1
0 10 20 30 40

Days after termination of waterlogging

Figure 4. Root dry weight of mungbean genotype (IPSA-13) as influenced by N and K application

after removal of waterlogging

Table 2. Total dry matter of mungbean as influenced by N and K application after removal of flooding

Treatment Total dry matter (g plant™)
0*DTF 10 DTF 20 DTF 30 DTF

T, (Soil waterlogging as control) 1.56 0.84 3.25 4.43
T, (Waterlogging + 14 kg N) 1.30 1.26 3.67 4.74
T3 (Waterlogging + 25 kg K) 1.26 1.26 3.78 3.87
T4 (Waterlogging + 14 kg N + 25 kg K) 1.60 1.45 4.49 5.62
Ts (Waterlogging + 1% urea spray + 25 kg K) 1.25 1.33 3.55 4.66
LSDyg 05 0.243 0.207 0.706 0.493
CV% 11.45 9.40 9.98 5.68

*DTF=days after termination of flooding
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Table 3. Effect of soil waterlogging on nitrogen, phosphorus and potassium content of mungbean

genotype at harvest

Treatment Nutrient content

N (%) P (%) K (%)
T, (Soil waterlogging as control) 2.542 0.107 1.407
T, (Waterlogging + 14 kg N) 3.183 0.123 1.601
T3 (Waterlogging + 25 kg K) 2.360 0.132 1.662
T, (Waterlogging + 14 kg N + 25 kg K) 3.387 0.131 1.639
Ts (Waterlogging + 1% urea spray + 25 kg K) 2.935 0.111 1.629
LSDg 05 0.350 NS 0.171
CV (%) 8.49 5.63 7.20

3.4.2. Phosphorus content

Phosphorus content in the plant was determined
from the composite sample and was statistically
non-significant among the treatments (Table 3).
4-day waterlogging did not affect the plants
available P content regardless of treatment when
plants were fertilized with variable rates and
methods of N or K nutrients. Devitt et al. (2012)
reported that in the plant, Zn was unaffected and
nitrogen, potassium, calcium, magnesium, and
sodium decreased due to soil waterlogging.

3.4.3. Potassium content

Potassium content in the plant tissue was
affected by waterlogging (Table 3). Waterlogged
plants (T,-Ts) had higher and statistically similar
K content compared with that of plants grown
under waterlogging without fertilization (Ty).
The highest K content was recorded in the
treatment T3 (4-day waterlogged and received 25
kg K ha® (1.662 %). The lowest K content
(1.407 %) was recorded in T; (4-day
waterlogged plants where fertilizers were not
applied). Sarder (1990) observed the greater K
uptake of mungbean plants grown under low soil
moisture regime.

3.5. Yield and yield components
Seed yield and yield attributes of mungbean

grown under 4-day waterlogged conditions
influenced by variable rates of N and K fertilizer

(Table 4). Plant height of IPSA-13 at harvest
varied significantly due to application of N and
K fertilizers in 4-day waterlogged plants. Soil
waterloggging reduced plant height but did not
differ significantly among the waterlogged plants
with (T,-Ts) or without fertilization (T;). The
number of leaf plant™ was statistically identical
among the control (T,;) waterlogged and
waterlogged fertilized plants (T,-Ts) at harvest.
Branching habit of mungbean might be
genetically controlled. Waterlogged plants rarely
produced a single branch plant™®. Tarig et al.
(2001) observed that application of P and K
along with N increased plant height and number
of branches plant™.

The number of pods plant™ is an important yield
character which accounts for higher seed yield.
The number of pod plant® did not differ in
fertilizer treated waterlogged plants. Treatment
T, (4-day waterlogged plants  without
fertilization) produced the least number of pods
plant® (3.10). Akhtaruzzaman (1998) reported
that N fertilized mungbean produced increased
number of pods plant®. The number of seeds
pod™ in waterlogged non-fertilized plants was
statistically similar among fertilizer treatments
(T»-Ts). Seeds pod™ of mungbean was positively
correlated with seed yield grown in waterlogged-
stressed condition (Islam, 1994). K had
significant effect on number of seed pod™ as
reported by Abbas et al. (2011).
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Table 4. Effect of N and K application on the yield and yield contributing characters of soil

waterlogged mungbean

Treatment  Plant Leaf  Branch Pod Seed  1000-seed  Seed yield % yield
height number plant® plant® pod® weight(g) (gplant™) relative
(cm)  plant® to control

T, 25.00 3.95 0.20 3.10 8.41 56.64 141

T, 28.05 3.85 0.25 4.22 8.24 59.71 211 49.7

Ts 25.30 4.20 0.20 3.63 8.20 60.60 211 49.7

T, 27.40 3.65 0.20 4.58 8.33 60.68 2.34 66.0

Ts 27.95 4.15 0.20 4.22 7.97 60.20 2.07 46.8

LSDy o5 NS NS 0.067 0.943 NS 2.969 0.626

CV (%) 10.77 13.84 14.85 14.23 6.97 3.28 17.54

1000 seed weight of waterlogged fertilized plants
(T,-Ts) did not differ statistically and the
smallest were produced in T, (4-day waterlogged
but did not receive any fertilizer). This showed
the beneficial effect of N and K fertilizers in
waterlogged plants on the seed development of
mungbean. The results are in agreement with that
reported by Ardeshna et al. (1993) and Fatma et
al. (2001).

Seed yield plant™ differed significantly when
waterlogged non-fertilized plants (T,) was
compared with waterlogged fertilized plants (T,-
Ts) (Table 4). The treatment T, (4-day
waterlogged and received combine use of 14 kg
N ha™ + 25 kg K ha™) tended to produce higher
seed yield (2.34 g plant™) than those of other
fertilizer treated waterlogged plants but the
differences were not significant. The lowest seed
yield (1.41 g plant™) was produced in the control
treatment T, (4-day waterlogged and did not
receive any fertilizer). Plant nutrients (N and K)
probably played an important role in the
improvement of seed yield in waterlogged
affected plants. N treated plants of mungbean
yielded significantly better than the untreated
control as observed by Akhtaruzzaman (1998).
Tariq et al. (2001) found that application of 30:
30.8: 58.10 kg ha™ N-P-K enhanced production
of pods plant™, 1000-seed weight and gain the
highest grain vyield (876.32 kg ha') of
mungbean. According to Li et al. (2012) a

regular granular dry fertilizer, such as 10 N-10
P,05-10 K0, also can be used for waterlogged
crops, but it was not as effective as foliar and
liquid fertilizers.

4, Conclusions

The treatment T, (4-day waterlogged and
received 14 kg N ha™® + 25 kg K ha™) enhanced
root growth and had higher N concentration but
treatment T3 (4-day waterlogged and received 25
kg K ha') had higher K concentration of the
plants after removal of waterlogging.
Waterlogged plants when treated with combined
application of N and K (T,4) produced maximum
root dry weight, total dry matter and seed yield
of mungbean. Additional application of nitrogen
and potassium @ 14 kg N ha™ and 25 kg K ha?,
respectively separately or in combination, and
1% urea + 25 kg K ha™ after termination of
flooding, was found to mitigate waterlogging
damage of the genotype IPSA-13. Therefore, N
and K should be applied when stagnant water
recedes from mungbean field.
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