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Flood hits greenhouses in Mediterrain's: Plants response to extreme natural events

Global climate change causes the Mediterranean region to receive either more or less precipitation. It
seems that precipitation patterns are changing all over the world due to global warming. Especially as
a result of extreme weather events between 2018-2022, many greenhouses and agricultural areas were
damaged in the floods that occurred in the Mediterranean region in Turkey. Peppers grown in
greenhouses in the Mediterranean region, which supplies 70% of the pepper produced in Turkey, were
flooded. Waterlogging is an important abiotic stress factor that can affect a large part of the
greenhouses. Due to this stress, serious losses occur in agricultural production. In this study, the
changes occurring in Capsicum annum exposed to waterlogging stress for mild, moderate and
recovery were examined by physiological analyses (Leaf chlorophyll (SPAD), Proline and Lipid
peroxidation (MDA) content and also water statuses). Pepper seedlings were grown in greenhouses in
pots. MDA and proline contents which are important stress parameters, increased with the severity of
stress and decreased significantly during the recovery period. There was a decrease in photosynthetic
activity (SPAD) and an improvement occurred during the recovery period. Leaf water potential (LWP)
increased with stress and was improve during the recovery period. Results show that, waterlogging
significantly suppressed the development of pepper plants. The results revealed that waterlogging
significantly decreased the growth of Capsicum annum plants, especially by negatively affecting
photosynthetic activity. In this study, effective clues were collected about the waterlogging stress that
effect and recovery durations of pepper seedlings in greenhouses. especially as a result of flood
disasters.

Flood is a waterlogging event that inundates generally dry land. Floods are considered the second most
frequent and among the costliest and deadliest natural disaster in the world atter forest fires. Among
the natural disasters seen in our country (Turkey), the tflood disaster causes the greatest loss of life and
property after the earthquake disaster. In addition, as a result of floods, economic losses of billions of
liras are experienced. Climate imbalances and extreme weather events have affected the whole world.
The Mediterranean area is particularly exposed to flash floods [1,2,3.4]. Due to flash floods, serious
losses occur in agricultural production. As it is difficult to predict flooding, it is also difficult to take
precautions in this regard. The prediction that the frequency of water puddles will increase with the
effect of global warming increases the importance of studies on this subject [5,6,7].

Plants also are affected by natural disasters. Food sources are affected too. As a result of all these,
global climate changes are tuming into a global food crisis! Pepper is an important type of vegetable
widely consumed in different forms in the world and in our country. In our country, an important part
of greenhouse pepper production is carried out in the coastal parts of the Mediterranean region
(Antalya, Mersin, Adana). Peppers grown in greenhouses in the Mediterranean region, which supplies
D% of the pepper produced in Turkey, were flooded during winter and spring sezon 2018-2022.
During waterlogging stress, plant photosynthesis and aerobic respiration are inhibited. Increased
anaerobic respiration and hypoxia can result in an excessive accumulation of CO: and toxic
compounds, leading to accelerated leaf senescence and abscission [8]. Waterlogging cause anoxia
conditions in the soil, limiting root development, and atfecting plant growth and development [9].
With the increase in the duration and height of waterlogging, leaf chlorosis and senescence occurred in
pepper seedlings in field conditions and the plant dried out by 90% [10].




In this work, we analyzed of the the changes caused by flood stress in pepper plants by physiological
and photosynthetic parameters. The present study, revealed that flood significantly decreased the
growth of pepper plants, especially by negatively affecting photosynthetic activity and physiological
parameters. It also were emphasized the importance of rapid intervention for the recovery process and
that the effect may vary according to the level of stress severity in seedlings grown in a greenhouse
conditions. The data obtained from this study may provide effective clues were collected about the
waterlogging stress that effect and recovery durations of pepper seedlings in greenhouses, especially
as a result of flood disasters.

Flooding negatively affected development and growth in pepper plants (Figure 3). Pepper seedlings
are more sensitive to extreme changes (waterlogging, cold, heat, drought...), especially during
flowering period (Figure 4). Flash flooding was happened during the flowering period. Flooding
decreased plant growth in this study according to the duration and severity of the stress. Some
researchers reported that waterlogging creates an anaerobic condition in soil [13, 14].
3

Anoxia (an absence 5’nygen) is the major cause of limited plant growth in waterlogged soils. When
soils become waterlogged less gas diffuses to and from the roots through the soil pores; these changes
adversely affect growth and development of plants [15]. Despite increasing of element concentration
in soil under waterlogging conditions, some researchers also showed low element concentration in
roots and leaves [16]. Steffens et al. (2005) showed that even if there were enough minerals in the
soil, there must be enough oxygen for these minerals to be absorbed by the root [17]. In the light of
these findings, we can say that waterlogging may have reduced the growth of vegetables by preventing
mineral uptake to the roots.

Control Mild Moderate Recovery

Figures 3. Effect of flooding stress on development of pepper plants.
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Figure 4. Effect of flooding stress on flowers.

Suh et al. (1987) reported that in field conditions, the survival rate affected by waterlogging (10-20 cm
above soil surface) was not significantly reduced within 24 hours, but fruit yield was significantly
reduced in the same flooding. They showed that, the 48 hours of waterlogging showed about 90%
wilting, death of the hot pepper plant and the whole plant could not withstand the flooding treatment
for more than 4 days. In these experiment, leaf yellowing and falling increased linearly with length
and height of waterlogging treatment, indicating more than 90% wilt death at 7 days of waterlogging
[10].

Flood affected differently physiological parameters measured in this study [Table 1].
Table 1. Effects of tflooding on MDA, RWC, LWP, Proline and SPAD in Capsicum annuum. The
values (mean and standard deviation) followed by different letters are significantly different at least
significant difference test (p<0.,05). 0 (Control), 1 (Mild), 2(Moderate), R (Recovery)

Flood MDA LWP RWC Proline SPAD

0 0,934+0.01d  -0,633+0.06a 87+0.8¢c 1,488+0.00d 66,9+0.9a
1 1,390+0.07c -1,26740.25¢ 89+0.7b 1,552+0.02¢ 46.3+6.5b
2 2.657+0.08a -2,10040.10d 8940.8b 1,718+0.03a 26,7+5.0c
R 1,755+0.05b  -0,933+0.06b 91+0.8a 1,652+0.01b 51.0£1.0b
LSD 0.109%#* 0.266%%% 1.461%%%  (.032%%* 7.804%%*
VK 34 11.5 1 1.1 8.7
##¥p<0.001

Plant water status was the other parameter that affected by flooding stress in this study. Flooding stress
decreased leaf water potential (LWP) compared to control plants. LWP was -0.6 MPa in control, -2.1
MPa in flooding stressed plants (p<0,05). Leat water potential (LWP) was improve during the
recovery period.

Contrasting results have been reported by researchers on leaf water potential under flooding
conditions. Some esearchers have found that waterlogging has reduced leat water potential [18,19],
while others have reported, on the contrary, increased [20] or not changed [21]. Our results, supporting
the literature, indicate that LWP may vary depending on the duration and severity of flooding stress.

Malondialdehyde (MDA) is the end product of lipid peroxidation and is one of the good indicators of
membrane damage due to oxidative stress. In this study, waterlogging stress increased MDA content
with the severity of stress and decreased significantly during the recovery period. It has been
emphasized in the literature that the main cause of MDA increases is radicals (especially H202)
[22.23]. Proline provides protection against stress by maintaining cellular osmotic adjustment. MDA
and proline contents which are important stress paraffters, increased with the severity of stress and
decreased significantly during the recovery period. Tatar and Gevrek (2008) reported that proline
accumulation increased after lipid peroxidation content became higher and relative water content of
leaves became lower. They suggest that, therefore proline appeared to be mainly involved in
protection against oxidative stress than osmotic adjustment during initial steps of water stress [24].

In the experiment, it was observed th the leaf chlorophyll index (SPAD value) declined by about
40% during severe flooding stress, significantly lower than that of the non-flooded #int. Our
chlorophyll content results are consistent with Nickum 2010 literature results [25]. Similarly,
Kozlowski and Pallardy [13] attributed reductions of photosynthesis in flooded plants to be in part due
to reduced chlorophyll content of leaves, early leaf senescence, and abscission. Chlorophyll has a vital




role in the photosynthesis mechanism [19]. The reduction of chlorophyll content may also cause a
decrease in the photosynthetic rate. Reducing photosynthesis activity may also cause inhibition of
plant growth.

This research compares the growth, development, physiological and photosynthetic parameters of
pepper (Capsicum annum 1.) under flooding stress during flowering period. It is observed that late
reproductive period studies are neglected especially in studies on flooding stress. When all
measurements were taken into consideration, flooding stress reduced growth and development of
capsicum by affecting photosynthesis mechanism and also MDA and proline contents which are
important stress parameters. In this study, effective clues were collected about the waterlogging stress
that effect and recovery durations of pepper seedlings in greenhouses, especially as a result of flood
disasters. It is suggested in our study that food savings can be achieved with rapid intervention and
support in greenhouses under flash flood stress.
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