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Abstract

Leading soybean physiologists have long argued that waterlogging during reproductive stages causes more
yield damage than during vegetative growth-but how large is the difference, and what drives it? This
research imposed waterlogging for 5 and 10 days at four growth stages (V3, R1, R3, R5) on soybean cv.
BARI Soybean-6 at Bangladesh Agricultural University, Mymensingh, during the 2022 kharif season.
Chlorophyll content, root dry weight, nodule function, stomatal conductance, and yield components were
measured. Ten-day waterlogging at seed fill (R5) caused the largest yield loss (53.7%), while 5-day
waterlogging at V3 reduced yield by only 18.2%. Chlorophyll declined by 46.2% and root biomass by
67.0% under 10-day R5 waterlogging. Nodule nitrogenase activity dropped 74.1% at R3 after 10 days of
flooding.

Keywords: Soybean, waterlogging, growth stages, chlorophyll, root biomass, nodule activity, stomatal
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Introduction

According to Rhine et al. M, soybean ranks among the most waterlogging-sensitive grain
legumes, yet it is increasingly grown in flood-prone lowlands of South and Southeast Asia
where monsoon rainfall can saturate soils for days at a time. Bangladesh alone loses an
estimated 12 to 18 percent of potential soybean production annually to transient waterlogging
events [,

When soil becomes saturated, oxygen diffusion to roots drops sharply within hours, triggering a
shift from aerobic to anaerobic metabolism. Root respiration declines, nutrient uptake slows, and
ethylene accumulates in submerged tissues, accelerating leaf senescence [l For soybean, an
additional vulnerability exists: Bradyrhizobium nodules on roots are extremely sensitive to
oxygen depletion, and nitrogenase activity can fall by 50 to 80 percent within days of flooding *
5]

The timing of waterlogging relative to crop phenology determines the severity of damage, but
guantitative data comparing stage-specific responses under controlled conditions are limited for
tropical soybean cultivars. This research measured physiological and yield responses of soybean
to 5- and 10-day waterlogging imposed at four growth stages under field conditions in
Bangladesh.

Experimental design

The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural
University, Mymensingh (24.75°N, 90.50°E, elevation 18 m) during July—November 2022. A
split-plot design with three replications was used, with waterlogging duration (0, 5, and 10 days)
as the main plot and growth stage (V3, R1, R3, R5) as the subplot. Each subplot measured 3 x 4
m, bordered by 30 cm raised earthen bunds lined with polyethylene to retain water.
Waterlogging was imposed by flooding plots to 5 cm above the soil surface and maintaining this
depth for the designated period using a controlled drip inflow. Drainage occurred through outlet
pipes after the treatment period ended.
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Climatic conditions

The kharif 2022 growing season experienced a mean
temperature of 29.3 °C and total rainfall of 1,847 mm. Relative
humidity averaged 82 percent. A 14-day dry spell during early
September allowed the V3-stage waterlogging treatment to be
imposed without confounding natural rainfall. Later treatments
coincided with declining monsoon activity in October, requiring
supplemental flooding to maintain treatment water levels.
Sunshine hours averaged 5.4 hours per day during the
reproductive phase.

Material and Methods

Material

Soybean cv. BARI Soybean-6, a medium-duration variety (110-
115 days), was sown on July 8, 2022 at 30 x 5 cm spacing.
Seeds were inoculated with Bradyrhizobium japonicum (strain
TAL 379) at sowing. Basal fertilizer was applied at 20-60-40 kg
N-P20s-K>O/ha. The soil was a silty clay loam (Aeric
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Haplaquept) with pH 6.3 and organic carbon 1.47 percent.

Methods

Leaf chlorophyll content was measured using a SPAD-502
meter (Konica Minolta) on the third fully expanded trifoliate
from the apex, recorded before and immediately after each
waterlogging event and at 7-day recovery. Root samples (3
plants per subplot) were excavated at each measurement point,
washed, oven-dried at 70 °C, and weighed. Nodule nitrogenase
activity was measured by the acetylene reduction assay on
detached root systems [®1. Stomatal conductance was recorded
using a porometer (Decagon SC-1) between 10:00 and 12:00 h
on the day of drainage.

At maturity, plants from a 2 x 2 m area per subplot were
harvested for yield components: pods per plant, seeds per pod,
100-seed weight, and grain yield adjusted to 12 percent
moisture. Data were analyzed by split-plot ANOVA in Statistix
10 with LSD at P<0.05.

Results
Table 1: Effect of waterlogging duration and growth stage on physiological parameters of soybean

Stage WL days SPAD SPAD A% Root DW (g) Root A% ARA* ARA A% gs**
V3 0 38.4 - 2.87 - 14.2 - 312
V3 5 34.1 -11.2 2.31 -19.5 9.8 -31.0 247
V3 10 29.6 -22.9 1.74 -39.4 6.1 -57.0 183
R1 5 33.8 -18.9 2.18 -36.1 7.4 -47.9 214
R1 10 27.3 -34.5 1.52 -55.4 4.7 -66.9 156
R3 5 30.7 -21.7 1.87 -40.1 5.8 -59.2 191
R3 10 23.1 -41.1 1.23 -60.6 3.7 -74.1 128
R5 5 28.4 -22.9 1.64 -44.2 4.9 -65.5 167
R5 10 19.8 -46.2 0.97 -67.0 3.1 -78.2 98

*ARA = acetylene reduction activity (umol C-Ha4/plant/h); **gs = stomatal conductance (mmol/m#/s). LSD (P<0.05): SPAD = 2.7; Root DW = 0.23;

ARA =14,

All physiological parameters declined with increasing
waterlogging duration and later growth stage (Table 1). SPAD
values fell by 11.2 to 46.2 percent depending on timing and
duration. The most severe impact was on root biomass and

nodule function: 10-day waterlogging at R5 reduced root dry
weight by 67.0 percent and nitrogenase activity by 78.2 percent.
Stomatal conductance dropped below 100 mmol/m?/s at 10-day
R5, indicating near-complete stomatal closure.

Table 2: Yield components and grain yield of soybean under waterlogging at different growth stages

Stage WL days Pods/plant Seeds/pod 100-seed wt (g) Yield (t/ha) Yield loss (%)
Control 0 47.3 241 12.8 2.18 -

V3 5 41.6 2.34 12.3 1.78 18.3

V3 10 36.8 2.27 11.7 1.52 30.3

R1 5 37.4 2.21 11.9 1.61 26.1

R1 10 29.1 2.08 10.8 1.23 43.6

R3 5 34.2 2.14 11.1 1.47 32.6

R3 10 24.7 1.93 9.6 1.04 52.3

R5 5 38.1 2.07 10.4 1.38 36.7

R5 10 314 1.82 8.7 1.01 53.7

LSD (P<0.05): Pods/plant = 3.8; 100-seed wt = 0.9; Yield = 0.16.

Grain yield declined by 18.3 to 53.7 percent depending on stage
and duration (Table 2). Reproductive-stage waterlogging caused
disproportionately larger yield losses than vegetative-stage
flooding. Ten-day waterlogging at R5 and R3 produced nearly

identical and the worst yield losses (53.7 and 52.3 percent),
driven mainly by reduced 100-seed weight and pod number.
Even 5-day flooding at R5 caused 36.7 percent yield loss-double
the loss from 5-day V3 waterlogging.
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Fig 1: Comparison of chlorophyll content (SPAD) and root dry weight under control, 5-day, and 10-day waterlogging across four soybean growth
stages
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Fig 2: Conceptual model of waterlogging stress responses in soybean, from primary oxygen depletion through physiological damage to yield

component reduction

Limitations

This research was conducted over a single growing season at
one location, which limits the generalizability of results. Only
one soybean cultivar was tested, and genotypic variation in
waterlogging tolerance is known to be substantial. The artificial
waterlogging method maintained a constant water depth, which
may differ from natural flooding events that fluctuate in
intensity. Recovery dynamics beyond 7 days post-drainage were
not tracked. Multi-season and multi-location validation would
strengthen these findings.

Discussion
The greater sensitivity of reproductive stages to waterlogging
confirms the pattern described by Linkemer et al. [l and Scott et

al. 8, who reported that flooding during pod set and seed fill
disrupts assimilate partitioning when demand from developing
seeds is at its peak. The 78 percent decline in nitrogenase
activity after 10-day R3 waterlogging is particularly damaging
because soybean relies on nodule N fixation for 50 to 80 percent
of its nitrogen supply during seed fill I,

Root biomass loss under prolonged flooding reflects both
anaerobic decay of existing roots and suppressed new root
growth ['9, The formation of aerenchyma, observed visually in
waterlogged root sections, may have provided partial adaptation
in V3-stage plants, which showed better recovery than
reproductive-stage plants I, The stomatal closure at R5 likely
restricted carbon assimilation during a period when seed filling
demands maximum photosynthetic supply 12,
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Conclusion

Soybean yield loss from waterlogging ranged from 18 to 54
percent, with reproductive stages (R3, R5) suffering the greatest
damage. Ten-day flooding at pod set or seed fill reduced yield
by over 50 percent, driven mainly by chlorophyll degradation,
root decay, and nodule inactivation. Even short (5-day)
waterlogging at R5 caused 37 percent yield loss. Improving field
drainage during reproductive stages should be the priority for
soybean production in flood-prone areas of Bangladesh.
Screening germplasm for waterlogging tolerance at R3 and R5
could identify resilient lines for lowland cultivation.
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