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Short-term Water Logging on Growth and Yield of Chilli
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ABSTRACT

Waterlogging causes significant damage to chilli
crops and is a persistent problem in Odisha. So a net
house study was conducted at College of Agriculture,
Bhubaneswar, Odisha in rabi 2022-23 to examine the
response of chilli genotypes to waterlogging stress. In
the first phase, eight chilli varieties were tested under
varying durations (2, 4, 6, and 8 hours) of waterlog-
ging. Among them, two local genotypes, Barkote and
Daringbadi, showed remarkable tolerance, in way
of more adventitious roots, lower incidence of leaf
yellowing and wilting. Based on these initial observa-
tions, a second experiment was conducted using these
two tolerant local chilli and the plants were exposed to
same waterlogging period. A noticeable decline in the
growth and a sudden wilting disorder was recorded
to rise in waterlogging period. Both the genotypes
produced fewer leaves and exhibited a significant
reduction in leaf area under waterlogged conditions
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compared to their control plants. Short-term waterlog-
ging triggered an oxidative burst, which corresponded
with increased activities of proteins, carbohydrates,
and proline, indicating a stress-induced metabolic
response. However, prolonged exposure had a detri-
mental effect on yield attributes. Although both Bar-
kote and Daringbadi showed decreased yield under
stress condition, Daringbadi suffered a comparatively
greater reduction of 19.8% than Barkote.

Keywords Capsicum annum , Waterlogging, Proline,
SPAD, Wilt.

INTRODUCTION

Chilli is a fruit of the plants ‘Capsicum annuum’ be-
longing to the family of ‘Solanaceae’ stands among
India’s most significant commercial crops. The coun-
try currently dominates global chilli trade, contribut-
ing nearly 56.4% of the total world exports. Cultivated
over approximately 7.75 lakh hectares, India achieves
an annual production of 14.92 lakh tonnes, with an
average productivity of 1.9 t/ha. In Odisha, chilli is
typically cultivated during the dry season by local
farmers. However, in recent years, erratic rainfall pat-
terns and unpredictable water distribution have posed
severe challenges to chilli cultivation. The crop’s
sensitivity to waterlogging, a condition of water-sat-
urated rhizosphere (WSR), is largely attributed to its
shallow root system, which makes it more susceptible
than many other crops. During waterlogging, root
function is quickly impaired by oxygen deficiency,
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leading to disrupted physiological processes, plant
collapse, and poor recovery potential. Among plant
organs, the leaf'is reported to be the most sensitive to
such stress but can recover up to 81.5% within a week
under favorable conditions (Sakagami et al. 2019).
Certain chilli genotypes and landraces with vigorous
root and shoot systems have demonstrated better
resilience, maintaining turgor pressure and osmotic
balance during short-term flooding episodes. Under
waterlogged conditions, plants often experience an
oxidative burst, characterized by the accumulation
of reactive oxygen species (ROS). This triggers an
increase in total soluble proteins, carbohydrates,
and proline content, which serve as key biochemi-
cal responses to stress. Despite these observations,
there remains a significant research gap regarding
the physiological and biochemical mechanisms of
chilli under waterlogging stress. Hence, the present
pot experiment was designed to explore the short-
term effects of waterlogging on chilli, focusing on its
overall morpho-physiological development and yield.

MATERIALS AND METHODS

The pot experiment was conducted in the net house
of College of Agriculture, Bhubaneswar, Odisha, in
two sets during the study period. In the first exper-
iment, a total of 80 pots were arranged following a
completely factorial randomized design (FCRD) with
two replications. Eight chilli genotypes namely BC-
28(V1), Barkote (local) (V2), Deogarh (local) (V3),
Utkal Ava (V4), Daringbadi (local) (V5), Kenduguda
(local)(6), Utkal Ragini (V7), and Utkal Rashmi(V8)
were evaluated out of which four released varieties
and four local landraces. Plants were subjected to
five waterlogging durations of 0 hr (W0), 6 hr( W6),
12 hr (W12), 18 hr (W18), and 24 hr (W24). Healthy
seedlings were transplanted at 30 days after sowing,
and standard management practices were followed
throughout the experiment. Waterlogging treatments
were applied at 35 days after transplanting, maintain-
ing a 2 cm water level above the soil surface and root
zone for the specified duration. Once each treatment
period ended, water was carefully drained through
the pot base. Plant responses to waterlogging were
monitored for 15 days post dewatering, and adaptabil-
ity screening scores were recorded based on various
visual indicators.

The degree of wilting was assessed using a
modified 0-5 scale proposed by (Yeboah ez al. 2008),
where 0 indicate dead plant, 1; 100-75% wilting from
tip to base, 2; 74-50% leaf wilting, 3: partial leaf
undulation, 4; recurved leaf margins, and 5: com-
pletely green plant without symptoms. Adventitious
root formation (ARF) under waterlogging stress was
visually rated on a 0-3 scale (2), where 0 indicate no
AREF, 1: low, 2; medium, and 3: high. The yellow leaf
percentage was determined using a 1-6 scale (Mohan-
ty and Ong ef al. 2003), where 1: no yellow leaves,
2: 10-30% yellow leaves, 3; 30-50%, 4; 50-70%, 5
; most leaves yellow, and 6: all leaves yellow.

The second experiment was carried out under
identical environmental and soil conditions, using
the same soil type, fertility status, NPK, and FYM
applications as in the first trial. Based on the initial
screening, Barkote and Daringbadi were used as two
local chilli landrace and subjected to five waterlog-
ging durations (0 hr(WO0), 2 hr(W2), 4 hr(W4), 6
hr(W6), and 8 hr(W8)). This experiment followed
an FCRD design with four replications and a total
of 40 pots. The shorter waterlogging durations were
chosen to minimize plant mortality observed in the
first screening and to facilitate physiological analyses.
Seedlings aged 30 days were transplanted and upon
reaching 45 DAT, plants were exposed to waterlog-
ging with 2 cm of standing water above the root zone.
Following stress removal, recovery percentage and
biochemical parameters such as total soluble protein,
total soluble carbohydrate, and proline content were
measured at 7day intervals for three consecutive
weeks. These estimations followed standard meth-
odologies like Lowry’s method for protein (Lowry
et al. 1951), Anthrone method (Yoshida et al.1976)
for carbohydrates, and (Bates et al. 1973) for proline.
Morphological attributes, yield and harvest-related
observations were recorded after plant recovery, and
the data were statistically analyzed using the FCRD
model with procedures outlined in Statistical Proce-
dures for Agricultural Research” by Gomez, K.A. and
Gomez, A.A. (1984).

RESULTS AND DISCUSSION

After dewatering, individual chilli plants were eval-
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Fig. 1. Effect of waterlogging on wilting, yellowing percentage and adventitious root formation of chilli.

uated for tolerance (Fig 1) between 7 and 21 days
following stress removal. The local varieties Bar-
kote and Daringbadi exhibited comparatively better
tolerance, characterized by fewer adventitious roots
and a yellow leaf percentage ranging from 10-50%,
whereas other genotypes showed 50-100% damage.
Based on this preliminary screening, Barkote and
Daringbadi were selected for further physiological
and biochemical studies.

Second experiment

The second phase of the experiment focused on evalu-
ating the physiological and biochemical alterations in
the selected genotypes, Barkote (V2) and Daringbadi
(V5), under controlled waterlogging conditions. Ob-
servations from the preliminary screening indicated
very low survival rates when plants were exposed to
waterlogging for more than 12 hours. Therefore, a
modified treatment regime of 0, 2, 4, 6, and 8 hours
of waterlogging was adopted to examine both mor-
phological and biochemical responses in chilli.

Morphological responses

Among plant organs, the leaf proved to be the most
sensitive to waterlogging. Parameters such as leaf
number, leaf area, chlorophyll content, and plant
height were recorded 10 days after dewatering
(DAD) (Table 1) and subsequently monitored up to
120 days of plant growth. The results revealed that
treatment V2W6 (Barkote-6hr) had the highest leaf
number (145), followed by V2W2 (143.3) and V2W8

(136.7), showing an increase of 14.3% and 14.4%,
respectively, compared with the control,

Table 1. Effect of waterlogging (120 days) on morphological
attribute of chilli genotypes to duration of waterlogging.

Treatments Plant Number Leafarea SPAD Dry
height of leaves (cm) value weight
(cm)  per plant (g)
V2WO 72.10 101.33 41.40 1223 37.13
64.20 143.33 48.27 16.23 2440
V2w2 (10.9) (41.4) (16.5)  (32.7) (34.2)
63.40 113.33 51.07 3253 21.50
V2w4 (12.06) (11.8) (233)  (165.9) (42)
69.90 145.00 49.20 16.30  15.90
V2W6 (3.05) (43) (18.8)  (33.2) (57.1)
67.60 136.67 34.63 1537 11.80
V2W8 (6.2) (34.8) (16.3)  (25.6) (68.2)
V5WO0 70.10 135.67 46.37 23.17 3793
56.60 121.67 52.97 2377 24.50
V5W2 (19.2)  (10.3) (142) (25 (354
62.40 149.33 61.70 19.07  20.30
V5W4 (10.9)  (10) (33) (17.6) (46.4)
63.10 166.00 46.27 1043  14.17
V5W6 9.9) (22.3) 0.2) (54.9) (62.6)
63.37 137.00 45.93 11.50  10.40
V5W8 9.6) (0.9) 0.9) (50.3) (72.5)
SE(m)+
A% 1.161  4.739 1.907 0.812  0.339
w 1.835  7.493 3.016 1.284 0.536
VXW 2.595 10.596 4.265 1.816  0.757
CD (0.05)
\Y% 3.42 13.98 5.63 NS NS
w 5.41 22.10 8.90 3.79 1.58
VXW NS NS NS 536 NS

WO- control, W2- 2hrs, W4- 4hrs, W6- 6hrs, W8- 8hrs of waterlog-
ging, V2- Barkote (local), V5- Daringbadi (local), ()- Figures in
Parentheses indicates % increase or decrease over control.
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Fig. 2. Effect of waterlogging on total soluble protein, total sugar and proline content of leaf.

A notable reduction in leaf area was observed
at 10 DAD in both genotypes, which persisted up
to 60 DAD. Beyond this period, leaf area showed
a significant increase in most treatments, except in
plants subjected to 8 hours of waterlogging, where
recovery remained limited. Both Barkote and Dar-
ingbadi displayed reduced plant height compared to
their controls (72.1 cm and 70.1 cm, respectively).
The most sensitive treatments were 4-hour water-
logging in Barkote and 2-hour waterlogging in Dar-
ingbadi, showing the lowest plant heights relative to
the control. These results align with the findings of
(Molla et al. 2022), who reported that reduced plant
height under waterlogging is a typical stress response
mechanism.

The leaf color also changed markedly up to 60
days after dewatering, with plants exhibiting yellow-
ing or deep-green pigmentation, followed by gradual
recovery as adaptation mechanisms strengthened.
Similar results were noted by (Liu et al. 2021), who
reported that root hypoxia disrupts substance trans-
port, causing visible morphological symptoms such
as leaf discoloration, wilting, or abscission.

Shoot biomass and biochemical responses

Under waterlogging stress, shoot dry weight declined
significantly in all treatments relative to the control.
The highest values were recorded in Barkote (V2)
with 24.4 g, 21.5 g, 15.5 g, and 11.8 g, followed by
Daringbadi (V5) with 24.5 g, 20.3 g, 14.1 g, and
10.4 g, indicating reductions of 29.6% and 43.3%,
respectively. While the duration of waterlogging had a
significant effect, the interaction between variety and

treatment was statistically non-significant.

Analysis of biochemical parameters (Fig 2) re-
vealed significant variation in protein, carbohydrate,
and proline content. Total soluble protein levels in
Barkote (V2) increased by 17.7%, 21.4%, and 4.6%
at 2, 6, and 8 hours of waterlogging, respectively,
compared to the control. Conversely, Daringbadi
(V5) showed a reduction of 37.2%, 30.4%, 41.8%,
and 43.9% at 2, 4, 6, and 8 hours, respectively. These
effects were found to be statistically significant for
varieties, treatments, and their interactions.

In terms of total soluble sugar, Daringbadi (V5)
exhibited a 14.96% higher sugar content than Bar-
kote (V2) at 10 DAD, though the greatest reduction
occurred in V5 under 6-hour waterlogging (16.6%).
Similarly, proline accumulation recorded at 45 DAD
decreased progressively with increasing waterlogging
duration in both genotypes, ranging from 10.8% to
46.6% below the control (837.50 pg/g FW). These
data also showed significant differences among treat-
ments and genotypes.

Yield response

Consistent with our earlier report on physiological
effects of stress related enzymes in chilli under wa-
terlogging condition (Pragati ez al. 2025 ) and reletive
studies on tomato by (Mohanty et al. 2020), short-
term waterlogging at the early growth stage signifi-
cantly reduced yield and yield components in chilli.
Waterlogging led to a sharp decline in fruit number
per plant and overall yield in both genotypes, with
Daringbadi exhibiting the most pronounced reduc-



Table 2. Co-relation coefficient between yield and different bio-
chemical parameters.

Character Yield Sraw  Protein  Carbo Mda
yield

Sraw yield **0.959

Protein 0.359 0.456

Carbo 0.236 0.310 -0.169

Mda -0.516 -0.411  -0.068 0.030

Proline 0.135 0.194 0.240 0.150 -0.084

>(.632significant at 5 % *, 0.765 significant at 1 %**

Table 3. Co-relation coefficient between yield and morphological
parameters.

Character Yield Straw PLht Leafno Area
yield

Straw yield **0.959

PLht 0.335 0.371

Leaf no -0.580 -0.539  -0.182

Area 0.023 0.046 -0.537 0.183

Spad 0.215 0.285 -0.274 -0.405 0.405

* significant at 5 %, ** significant at 1 %
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overall yield is presented in the accompanying (Table
2-4). Results indicated that fruit yield exhibited a
strong and significant positive correlation with all
fruit-associated parameters, including straw yield,
average fruit weight, fruit length, fruit girth, pedicel
length, number of fruits per plant, and number of
seeds per fruit.

Compatible solutes such as proteins, carbohy-
drates and proline showed a positive association
with fruit yield. However, these relationships were
statistically non-significant within the scope of the
present investigation.

Furthermore, plant yield demonstrated a nega-
tive correlation with leaf number, while exhibiting
a positive but non-significant relationship with plant
height, leaf number, and SPAD value, suggesting that
their influence on yield under water logging stress
conditions was limited.

Table 4. Co-relation coefficient between yield and yield parameters.

Character Yleld S. yield Fruits/plant Avg fwt Seed/fruit Pedicle length Fruit length
S. yield **0.959

Fruits/plant **0.995 **0.949

Avg f.wgt **0.933 **0.897 **0.933

Seed/fruit **0.945 **0.909 **0.959 **0.876

Pedicle length **0.983 **0.953 **0.983 **0.971 **0.958

Fruit length **0.938 **0.913 **0.939 **0.989 **0.919 **0.984

Fruit Girth **0.985 **0.958 **80.983 **(.952 **0.959 **0.994 *0.970
*significant at 5 %, ** significant at 1 %

tion. This reduction is likely associated with delayed ~CONCLUSION

flowering and poor fruit set, possibly due to ethylene
accumulation under hypoxic conditions that induces
flower and fruit abscission (Devaux et al. 2003).
Additionally, reduced photosynthetic activity under
stress limits assimilate supply, contributing to lower
yield. Consequently, it can be inferred that Daringbadi
allocates less energy toward reproductive growth
and more toward vegetative recovery during stress,
consistent with the findings of (Heeb et al. 2005).

Co-relation study

The correlation analysis among morpho-physiologi-
cal, biochemical, and yield-related traits in relation to

The study clearly shows that waterlogging stress
severely impairs the growth, physiology, and yield
performance of chilli plants. Exposure to root hypoxia
for extended periods (12-24 hours) proved lethal
for most genotypes, with the exception of the local
varieties Barkote and Daringbadi, which exhibited
partial tolerance and survived up to 12 hours of
water stagnation. As the duration of waterlogging
increased, a marked decline in metabolic activity
was observed, becoming particularly evident beyond
8 hours of exposure. This stress was associated with
significant reductions in plant height, flower and
fruit production, as well as substantial biochemical



72

alterations. Furthermore, yield attributes including
dry matter accumulation, fruit weight, and overall
fruit quality showed pronounced decreases under
prolonged waterlogged conditions. Despite these
adverse effects, Barkote genotype displayed superior
adaptive potential compared to other varieties. Its
ability to withstand hypoxic stress conditions sug-
gests the presence of physiological and biochemical
mechanisms that mitigate oxidative damage, likely
through the regulation of reactive oxygen species
(ROS). Thus, Barkote can be considered a promising
genotype for developing waterlogging-tolerant chilli
cultivars in regions prone to intermittent flooding.
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