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ABSTRACT

Duku, also known as Lancium domesticum Corr, is a plant native to Jambi Province, Indonesia, which is currently facing
a sudden death disease. The plant generally grows in the alluvial of the Batanghari River, which is among the widest
and longest rivers in Indonesia. Duku is consumed as a fresh fruit that tastes sweet and contains many antioxidants.
The phenomenon of duku disease has the potential to cause scarcity, as its population continues to decline. The disease
begins with root rot and is prevalent in areas that are often flooded due to the overflow of the Batanghari River. This
study aimed to investigate the physiological aspects of sudden death in duku seedlings grown at different water levels.
The study involved three treatments on seedlings, each repeated three times, using planting media with different water
contents - Field Capacity (100% FC = control), 150% FC (flooded), and 50% FC (drought). Planting media were derived
from heavily infested duku fields. This study suggests that sudden death syndrome is more likely to occur under drought
and waterlogged conditions. The results showed that stomatal conductance decreased significantly under flooded and
drought conditions. However, under drought stress conditions (50% FC), photosynthetic rate, intercellular CO2, and
respiration rate increased.

Keywords: Batanghari, Duku, Growing, Medium, Sudden death

plants, neck rot, stem rot, stem base rot, stem canker,
and sudden death.

Phytophthora palmivora is a soil-borne pathogen be-
longing to the water mold oomycete family. Various

Introduction

The Duku fruit, also known as Lancium domesticum
Corr., is a famous and native fruit of Jambi Province,

Indonesia. However, its production has significantly
declined in recent years due to various reasons. These
include the old age of the plants, improper cultiva-
tion methods, and most importantly, the presence of
die-back or sudden death (SD) disease. This disease
is found in areas that frequently experience flooding.
Available data show that waterlogging and recurrent
flooding are associated with SD epidemics caused by
Phytophthora palmivora. The diseased duku displays
symptoms such as root rot in seedlings and mature

studies have been conducted to anticipate soil-borne
oomycete spread. Erwin and Ribeiro' suggested that
water management and phenyl amide pesticides can
be used as control strategies. However, the use of
phenyl amide is no longer recommended since some
pathogens are resistant to it.? Therefore, managing
Phytophthora disease should include activities re-
lated to avoiding infection, reducing susceptibility
through good irrigation and drainage, and improving
soil health.
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Numerous studies have shown that there is a
connection between waterlogging and Phytophthora
disease, which affects crops such as cherries,® rasp-
berries,*° strawberries, citrus, and Quercus.®® In
addition, some studies have analyzed the impact
of soil moisture on other pathogens like Pythium
and Fusarium.®!'° Conversely, some reports suggest
a correlation between drought and disease exacer-
bation.'»!? Unfortunately, due to climate change,
the severity of droughts and extreme rainfall has in-
creased significantly in recent years.'® Phytophthora
epidemics are influenced by the duration of free wa-
ter in the soil, particularly the length of inundation.
This excess water facilitates the multiplication of
zoospores, making them more infective. +'°

However, there is limited research on the relation-
ship between soil moisture content and Phytophthora
disease in duku. This study was conducted to examine
the physiological response of diseased duku seedlings
at different soil moisture levels.

Materials and methods

Preparation of plant material

Phytophthora epidemics are influenced by the du-
ration of free water in the soil, particularly the length
of inundation. This excess water facilitates the multi-
plication of zoospores, making them more infective.
Duku seedlings were used as plant material, as all
stages of plant growth can be subjected to SD in the
field. The seedlings used were healthy 4-month-old
duku plants about 20 c¢m tall and had 5 or 6 leaves.
They were then transplanted into 25 cm diameter
polybags containing natural growing medium from
the infested rhizosphere, mixed with 30% (v/v) or-
ganic fertilizer.

Waterlogging procedures

To study the effect of moisture content on disease
severity, all plants were cultivated on three different
media with varying moisture content: drought (50%
Field Capacity = FC), optimal moisture (100% FC),
and inundation (150% FC). The soil condition with
100% FC was considered the control, as it is ideal
for plant growth. For each waterlogging treatment,
the plants were immersed in a bucket of water for a
week to a depth of 5 mm above the surface of the
soil media, after which they were allowed to flow
freely for a day. After the waterlogging treatment,
the plants were weighed to determine the subsequent
water content corresponding to the treatment. Dur-
ing the experiment, the plants were maintained in
a growth chamber with an air temperature of 25°C
and humidity ranging from 60% to 80%. Finally, at
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the end of each experiment, predetermined variables
were measured.

Observed variables

Disease severity

Since root rot is part of the sudden death disease
syndrome, the severity of the disease was evaluated
on affected roots at the final observation. Disease
severity was calculated using a scale of 1-3 (1, healthy
lateral and taproot; 2, lateral root with visible necro-
sis; 3, root system—lateral and taproot—with visible
necrosis and (or) plant death).

Physiological aspects

Leaves chlorophyll and carotenoid content

The chlorophyll and carotenoid content of duku
leaves were analyzed at the post-harvest laboratory
at IPB University following the protocol of Sims and
Gamon. 7 All collected leaves were placed in plastic
bags and kept cool until they were returned to the
laboratory for measurements.

Photosynthetic rate, stomatal conductance, CO,
intercellular, respiration rate, and relative water
content

Photosynthetic rate, stomatal conductance, CO; in-
tercellular, and respiration rate were measured using
a portable photosynthesis system (LI-6400, LI-COR,
Inc., Lincoln, NE, USA). Measurements were taken on
full-width, fully-developed leaves (fourth leaf) from
the top of the main stem. Measurements were taken
at the end of the research. Relative water content
(RWCQ), calculated by the formula, RWC = (FW -
ODW)/(TW - ODW) x100%, where RWC = relative
water content, FW = fresh weight of sample leaves,
ODW = oven dry weight, and TW = turgor weight.

Experimental design and data processing

Experimental treatments were arranged in a com-
pletely randomized design. The study consisted of
3 treatments (FC 150%, FC 100%, FC 50%). Grow-
ing medium with FC 100% served as a control; the
experiment was repeated thrice. The comparison of
observed variables was analyzed for variance and
further tested by Student Newman Keul at « = 0.05.

Results and discussion
Results

Disease severity
According to our findings, the symptoms were more
severe in duku seedlings grown in flooded soil (150%
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Table 1. Disease severity of duku plants at various soil water
contents.

Treatment (% FC) Disease severity (%)

(150% FC) 73.00 a
(100 % FC) 20.00 b
(50% FC) 45.00 ¢

Notes: The SNK test at a 5% level shows that numbers not
followed by the same letter are significantly different.

FC), with a rate of 73%, followed by the water short-
age or drought condition (50% FC), with a rate of
45%. In comparison, when grown in soil with a mois-
ture content of 100% FC, the rate was only 20%, as
shown in Table 1.

Physiological aspects

Chlorophyll and carotenoid content

The study indicated that the chlorophyll content
of diseased duku seedlings remained unchanged de-
spite varying soil water conditions. However, the
leaf chlorophyll content was lower when the soil
water content was at either 150% or 50% field ca-
pacity (FC). However, no significant difference was
observed between the two or with 100% FC water
content as shown in Table 2. On the other hand, the
carotenoid content of duku seedlings varied based on
the soil water content level. Soil moisture content
of 150% FC and 50% FC resulted in carotenoid con-
tent of 0.405 mg.g™!, and 0.410 mg.g™!, respectively.
Table 3 showed no significant difference between
the two, but both differed significantly from the
carotenoid content at 100% FC.

Photosynthetic rate, stomatal conductance, CO,
intercellular, respiration rate, and relative water
content

In this study, we recorded several physiological as-
pects affected by the state of diseased duku plants in
various soil water contents of the growing medium,
as displayed in Fig. 1.

There was no difference in the photosynthetic
rate of diseased duku seedlings at 150% FC soil
water content (23.01 g.cm 2.min™!), at 100% FC
(27.22 g.cm2.min™!), and x 50% FC soil mois-
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ture condition (29.78 g.cm™2.min™'), as displayed in
Fig. 1A. There was also no significant difference in
leaf stomatal conductance among these 3 growing
media: 0.33 mmol H,O0.m™2.min™! at 150% FC, 0.39
mmol H,O.m2.min! at 100% FC, and 0.42 mmol
H,0.m2.min! at 50% FC as displayed in Fig. 1B.
There was also no significant difference in intercellu-
lar CO; levels of duku seedlings in these 3 soil water
conditions: 203.4 pumol.mol™ in 150% FC, 216.32
pmol.mol™? in 100% FC, and 249.34 pmol.mol™!
in 50% FC as displayed in Fig. 1C. Furthermore,
the highest respiration rate was found in 50% FC
soil water conditions (8.40 umol CO2.g7}.sec™) fol-
lowed by 150% FC soil water conditions (8.36 umol
CO,.g71.sec™) and significantly differed from the res-
piration rate of duku plants in 100% FC soil water
conditions (8.12 umol CO,. g~l.sec™!) as shown in
Fig. 1D. The average relative water content (RWC)
of duku seedlings was highest at 100% FC soil mois-
ture content of 33.55%. Fig. 1E shows a decrease in
RWC at 150% FC soil moisture content, 32.31%, and
32.19% at 50% FC soil moisture content.

Discussions

Crops can suffer from soil waterlogging, a major
abiotic stress caused by excessive rainfall and poor
soil drainage, which can further affect the health of
the plants. These conditions are often observed in
the duku growing area in Jambi, mainly due to the
impact of climate change, especially in our research
location. Duku plants are primarily cultivated on the
river banks of Batanghari, where recurrent flooding is
common, and it can negatively impact various physi-
ological aspects of the duku plants.

The study found that diseased duku seedlings, sub-
merged in water (150% FC), had different disease
severity and levels of chlorophyll and carotenoid con-
centrations than those in the control group (100%
FC). Interestingly, the same results were also ob-
served in plants deprived of water (50% FC). This
led to yellowish leaves, which indicated a decrease in
chlorophyll concentration due to its degradation. This
finding was consistent with a report by Xu et al. '® that

Table 2. Chlorophyll content of leaves in various soil water content treatments.

Chlorophyll Content (mg/g)

Treatment (% FC) Chlorophyll a Chlorophyll b TotalChlorophyll Ratio (a/b)
(150% FC) 1,115a 0,469 a 1,584 a 2,380
(100% EFC) 1,204 a 0,497 a 1,701 a 2,430
(50% FC) 1,176 a 0,477 a 1,653 a 2,464

Note: The numbers in each column followed by the same letters are significantly different at the 5%

level of the SNK test.
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Table 3. Carotenoid content of leaves in various soil water content
treatments.

Treatment (% FC) Carotenoid Content (mg/g)

(150% FC) 0,405 a
(100 % FC) 0,428 b
(50% FC) 0,410 a

Note: The numbers in each column followed by the same letters
are significantly different at the 5% level of the SNK test.

found a decrease in chlorophyll content (a + b) and
the photosynthetic rate when soil moisture content
decreased during the tillering stage of rice.

In stressful environments, plants often lack Ni-
trogen availability, which affects the formation of
chlorophyll. This is because chlorophyll formation de-
pends on the citric acid and amino acid cycle, which
produces the amino acid levulinate.'° However, un-
der water exposure and N deficiency conditions, the
amino acid precursor for chlorophyll formation is re-
duced, leading to a decrease in chlorophyll formation.
Nitrate reduction requires energy and reducing power
from carbohydrate respiration, which is supplied by
photosynthesis. Therefore, photosynthesis increases
the supply of carbohydrates and NADH needed for
nitrate reduction.

Water is crucial in many physiological pro-
cesses involved in plant growth, development, and
metabolism. ?%?! This study found the carotenoid con-
tent in the leaves of diseased duku did not vary across
three different soil water contents. Phytophthora
species cause tree mortality due to environmental
conditions like warmth, flooding, and drought. De-
spite drought being a significant factor that affects
crop growth, carotenoids play a vital role in drought
resistance in higher plants. %23

Flooding and drought harm duku crop farming, and
this exacerbates sudden death disease in duku caused
by Phytopthotara with 73% severity in waterlogged
soil (150% FC) and 45% in low soil moisture con-
tent (50% FC), compared to FC 100% as a control.
These environmental events occur when excess water
saturates the soil with inadequate soil drainage. High
rainfall inundated the Batanghari riverbank, resulting
in flooding periodically.?* This was in line with the
finding that Phytophthora species cause tree mortal-
ity due to environmental conditions like warmth and
flooding.®

Several authors previously explained that anaero-
bic roots produce ATP mainly through glycolysis. This
pathway also incorporates pyruvic acid into ethanol
fermentation and lactic acid fermentation, especially
in the first hours of anoxia before the cytosol becomes
acidic.?>2® So it is hypothesized that this mechanism
allows Phytophthora to be supplied with oxygen to
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survive and thrive under anaerobic conditions that
cause the development of sudden death in Jambi
duku plants that have recently experienced recurrent
flooding. There was no relationship between disease
severity and stomatal conductance and intercellu-
lar CO,. On the other hand, Dron?° reported that
waterlogging of the soil minimizes the ability of P.
medicaginis to infect plants, and the pathogen cannot
reproduce under hypoxic conditions. Thus, water-
logging reduces disease resistance. However, both
inundation and drought conditions increase stomatal
resistance and limit water uptake, and further lead
to internal water deficit.3%3! Low O, levels can also
reduce hydraulic conductivity, which results in de-
creased root permeability. >

As hypoxia conditions develop in waterlogged soils,
increased by-products of fermentation metabolism
accumulates in the root environment, and levels of
CO., methane, and volatile fatty acids also increase. >
The decrease in available energy impacts cellular
processes, leading to water and nutrient imbalances
and deficiencies. In addition, these environmental
changes can also make plants more susceptible to
other stresses, particularly to pathogen infection.>* In
contrast, Zahra et al. *® reported that plants have com-
plex ways of responding to different types of stress.
Plants sense stress signals from living and non-living
factors and use these cues to decide how to adapt.
The combination of abiotic stresses can impact plant
performance and reduce the risk of biotic stress. To
adapt to various stresses, plants prioritize response
pathways and regulate feedback. This enables the
plant to adapt using minimal energy. *°

One of the mechanisms of plant tolerance to water
stress (waterlogging) and water shortage is the stom-
atal movement response or stomatal conductance.
In flooded conditions, the stomatal conductance of
plants often decreases due to the decrease in the value
of root conductance.®” In this study, the duku plants
did not experience a significant decrease in stomatal
conductance or show any notable differences, indicat-
ing that their stomata remained relatively open at all
soil water content levels. This suggests that this vari-
ety of duku plants has adapted to respond to water-
logging and water scarcity by maintaining root per-
meability, which ensures efficient water absorption.
The high water content that the plant roots can absorb
helps meet the plants’ needs, keeping the turgidity
of their tissues intact. When water is abundant, the
plant cells, including the guard cells of the stomata,
become more turgid, causing the stomata to open.
The increase in turgor pressure causes water move-
ment from neighboring cells into the guard cells. This
condition allows the amount of CO, that diffuses into
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the leaf through the stomata to be relatively the same,
thus showing no difference in photosynthesis rate.

The difference in soil moisture content affected the
relative water content (RWC). There was a decrease
in RWC at the soil moisture content of 150% FC
and 50% FC compared to RWC at the soil moisture
content of 100% FC, but the decrease was relatively
small. Nonetheless, this indicates an obstacle in water
absorption by plant roots at 150% FC soil moisture
content and 50% FC soil moisture content. It is sus-
pected that waterlogging at the 150% FC level started
to damage the plant roots, which is thought to be self-
poisoning by anaerobic metabolic products. The most
well-known toxin is excess protons that acidify the
cytoplasm and vacuoles.>® Another possible toxin is
acetaldehyde. In alcoholic fermentation, the activity
of the enzyme that converts acetaldehyde to ethanol
(alcohol dehydrogenase - ADH) usually exceeds the
activity of the enzyme that promotes the produc-
tion of acetaldehyde from pyruvic acid (pyruvate
decarboxylase - PDC) which can damage the roots, re-
ducing their ability to absorb water. In contrast to the
reduction in Relative Water Content (RWC) observed
under water-deficient conditions (50% Field Capac-
ity), the decline in RWC in this case is believed to
occur because the rate of water loss due to transpira-
tion exceeds the rate of water absorption by the roots.
Our results indicate that while the decrease in RWC at
both levels of soil water content did not significantly
affect stomatal conductance, there was a tendency
for stomatal conductance to increase, whereas the
photosynthetic rate tended to decrease.

Diseases caused by Phytophthora species cause tree
mortality due to warm temperatures, flooding, and
drought.® In plants that experienced water stress,
respiration was slightly higher at 150% FC soil mois-
ture content, than at 50% FC soil moisture content.
To our knowledge, limited studies have analyzed the
respiration response to water stress in duku plants.
Nevertheless, these observations are in agreement
with some published studies on tomato>>*’ but not
another like soybean.*!

Conclusion

The physiological behavior of diseased duku plants
at different soil moisture levels shows differences in
the respiration rate, leaf relative water content, and
photosynthesis rate. Both soil moisture conditions in
the form of flooding and lack of water (drought)
trigger an increase in the severity of sudden death
disease in duku plants caused by Phytophthora. In the
study, it was found that the root suffered damage due
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to low relative water content. The findings suggest
that sudden death syndrome is more likely to occur in
both drought and waterlogged conditions. Consider-
ing this evidence is essential when making impactful
decisions about duku plant disease management

Acknowledgment

The authors acknowledge the University of Jambi
for facilitating this research.

Authors’ declaration

« Conflicts of Interest: None.

» We hereby confirm that all the Figures and Ta-
bles in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.

» No animal studies are present in the manuscript.

* No human studies are present in the manuscript.

+ Ethical Clearance: The project was approved by
the local ethical committee at the University of
Jambi.

Authors’ contribution statement

I.LH was primarily responsible for designing the
study, analyzing and interpreting data obtained from
other sources, and contributing significantly to the
writing, critical revision, and overall structure of the
manuscript. S.N assisted in analyzing and interpret-
ing data. M.M. B.I., M.M., and N.N were responsible
to ensuring accurate data acquisition and supervision.
All of the authors participated in overall structure of
the manuscript.

References

1. Erwin DC, Ribeiro OK. Phytophthora Diseases Worldwide. St
Paul. Plant Pathol. APS Press. 2002. 592. https://doi.org/10.
1046/j.1365-3059.1998.0179a.x.

2. Kongtragoul P, Ishikawa K, Ishii H. Metalaxyl resis-
tance of phytophthora palmivora causing durian diseases in
Thailand. Horticulturae. 2021;7(10):375. https://doi.org/10.
3390/horticulturae7100375.

3. Wilcox WF, Mircetich SM. Effects of flooding duration
on the development of Phytophthora root and crown rots
of cherry. Phytopathology. 1985;75:1451-1455. https://doi.
org/10.1094/Phyto-75-1451.

4. Duncan JM, Kennedy DM. The effect of waterlogging
on Phytophthora root rot of red raspberry. Plant Pathol.
2007 Apr;38(2):161-168. https://doi.org/10.1111/j.1365-
3059.1989.tb02129.x.


https://doi.org/10.1046/j.1365-3059.1998.0179a.x
https://doi.org/10.1046/j.1365-3059.1998.0179a.x
https://doi.org/10.3390/horticulturae7100375
https://doi.org/10.3390/horticulturae7100375
https://doi.org/10.1094/Phyto-75-1451
https://doi.org/10.1094/Phyto-75-1451
https://doi.org/10.1111/j.1365-3059.1989.tb02129.x
https://doi.org/10.1111/j.1365-3059.1989.tb02129.x

1916

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Schilder. Excessive rain promotes Phytophthora diseases in

raspberries and strawberries. Michigan State University Ex-
tension. 2015.

Hardy S, Barkley P, Creek A, Donovan N. Impact and man-
agement of flooding and waterlogging in citrus orchards. Dept
Prim Ind. NSW Govern. New Zealand. 2013.

Reeksting BJ, Taylor NJ, van den Berg N. Flooding and
Phytophthora cinnamomi: Effects on photosynthesis and chloro-
phyll fluorescence in shoots of non-grafted Persea americana
(Mill.) rootstocks differing in tolerance to Phytophthora root
rot. South Afr J Bot. 2014;95:40-53. https://doi.org/10.
1016/j.5ajb.2014.08.004.

Contreras-Cornejo HA, Larsen J, Ferndndez-Pavia SPF, Oyama
K. Climate change, a booster of disease outbreaks by
the plant pathogen Phytophthora in oak forests. Rhizo-
sphere. 2023;27:100719. https://doi.org/10.1016/j.rhisph.
2023.100719.

Tada T, Kato M, Tanaka C, Shiraiwa T. Effects of Phytoph-
thora sojae inoculation under flooded conditions on growth
of soybean seedlings. Plant Product Sci. 2021;24(4):433-439.
https://doi.org/10.1080/1343943X.2021.1881408.
Martinez-Ariaz  C, Witzell J, Solla A, Martin JA,
Rodriguez-Calcerrada J. Beneficial and pathogenic
plant-microbe interactions during flooding stress. Plant
Cell Env. 2022;45(10):2857-3184. https://doi.org/10.1111/
pce.14403.

Hayati I, Marwan H, Wilia W. Biodiversity and microorgan-
isms variation of endemic duku (lancium domesticum corr.)
rhizosphere in the wet and dry main growing site in Jambi,
Indonesia. Baghdad Sci J. 2024;21(4):1191. https://doi.org/
10.21123/bsj.2023.9090.

Ahluwalia O, Singh PC, Bhatia, R. A review on drought
stress in plants: Implications, mitigation and the role of
plant growth promoting rhizobacteria. Resource Environ Sus-
tain. 2021;5:100032. https://doi.org/10.1016/j.resenv.2021.
100032.

Rohde MM. Floods and droughts are intensifying glob-
ally. Nat Water. 2023;1:226-227. https://doi.org/10.1038/
$s44221-023-00047-y.

Butler EE, Erwin R. Phytophthora: Its biology, taxonomy, ecol-
ogy, and pathology. Mycologia. 1984;76(2):380. https://doi.
org/10.2307/3793121.

Dron N, Simpfendorfer S, Sutton T, Pengilley G, Hobson K.
Cause of death: Phytophthora or flood? Effects of waterlog-
ging on phytophthora medicaginis and resistance of chickpea
(Cicer arietinum). Agronomy. 2022;12(1):89. https://doi.org/
10.3390/agronomy12010089.

Duniway JM. Role of physical factors in the development of
Phytophthora diseases. In: Erwin DC, Bartnicki-Garcia S, Tsao
PH, editors. Phytophthora: Its Biology, Taxonomy, Ecology,
and Pathology, St Paul: Amer Phytopathol Soc, St Paul; 1983.
175-187.

Sims DA, Gamon JA. Relationships between leaf pigment con-
tent and spectral reflectance across a wide range of species,
leaf structures, and developmental stages. Remote Sens-
ing Env. 2002;81:337-354. https://doi.org/10.1016/S0034-
4257(02)00010-X.

Xu Q, MaX, Lv T, Bai M, Wang Z, Niu J. Effects of water stress
on fluorescence parameters and photosynthetic characteristics
of drip irrigation in rice. Water. 2020;12(1):289. https://doi.
org/10.3390/w12010289.

Bennett MG, Lee SS, Schofield KA, Ridley CE, Washington BJ,
Gibbs DA. Response of chlorophyll a to total nitrogen and total
phosphorus concentrations in lotic ecosystems: A systematic
review. Environ Evid. 2021;10:23. https://doi.org/10.1186/
$13750-021-00238-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

BAGHDAD SCIENCE JOURNAL 2025;22(6):1910-1918

Zhao W, Liu L, Shen Q, Yang J, Han X, Tian F, et al. Effects of
water stress on photosynthesis, yield, and water use efficiency
in winter wheat. Water. 2020;12(8):2127. https://doi.org/10.
3390/w12082127.

Gibbs J, Greenway H. Review: Mechanisms of anoxia toler-
ance in plants. I. Growth, survival, and anaerobic catabolism.
Funct Plant Biol. 2003;30(3):1-47. https://doi.org/10.1071/
PP98095_ER.

Shin YK, Bhandari SR, Jo JS, Song JW, Lee JG. Effect
of drought stress on chlorophyll fluorescence parameters,
phytochemical contents, and antioxidant activities in let-
tuce seedlings. Horticulturae. 2021;7:238. https://doi.org/10.
3390/horticulturae7080238.

Zhang RR, Wang YH, Li T, Tan GF, Tao JP, Su XJ,
et al. Effects of simulated drought stress on carotenoid con-
tents and expression of related genes in carrot taproots.
Protoplasma. 2021;258(11a):1-12. https://doi.org/10.1007/
s00709-020-01570-5.

Public works and public housing office of Jambi Province.
management of water resources in the Batanghari River Basin.
Public works depart Jambi 2012 Prov, Jambi.

Zhou W, Chen F, Meng Y, Chandrasekaran U, Luo X, Yang
W, et al. Plant waterlogging/flooding stress responses: From
seed germination to maturation. Plant Physiol Biochem.
2020;148:228-236. https://doi.org/10.1016/j.plaphy.2020.
01.020.

Nakamura M, Noguchi K. Tolerant mechanisms to O2 de-
ficiency under submergence conditions in plants. J Plant
Res. 2020;133:343-371. https://doi.org/10.1007/s10265-
020-01176-1.

Jethva J, Schmidt RR, Sauter M, Selinski J. Try or die:
Dynamics of plant respiration and how to survive low oxy-
gen conditions. Plants (Basel). 2022;13;11(2):205. https://
doi.org/10.3390/plants11020205.

Tan X, Liu M, Du, N. Zwiazek JJ. Ethylene enhances root
water transport and aquaporin expression in trembling aspen
(Populus tremuloides) exposed to root hypoxia. BMC Plant Biol.
2021;21:227. https://doi.org/10.1186/512870-021-02995-7.
Dron NS, Simpfendorfer S, Sutton T, Pengilley G, Hobson K.
Cause of death: Phytophthora or flood? Effects of waterlog-
ging on Phytophthora medicaginis and resistance of chickpea
(Cicer arietinum). Agronomy. 2022;12(1):89. https://doi.org/
10.3390/agronomy12010089.

Pfliiger T, Jensen SM, Liu F, Rosenqvist E. Leaf gas ex-
change responses to combined heat and drought stress
in wheat genotypes with varied stomatal density. Environ
Exp Botany. 2024;228(A):105984. https://doi.org/10.1016/
j.envexpbot.2024.105984.

Yin J, Niu L, Li Y, Song X, Ottosen CO, Wu Z, et al. The effects
of waterlogging stress on plant morphology, leaf physiology
and fruit yield in six tomato genotypes at anthesis stage. Veget
Res. 2023;3:31 https://doi.org/10.48130/VR-2023-0031.
Pantha S, Kilian B, Ozkan H, Zeibig F, Frei M. Physiological
and biochemical changes induced by drought stress during the
stem elongation and anthesis stages in the Triticum genus.
Environ Exp Bot. 2024;106047. https://doi.org/10.1016/j.
envexpbot.2024.106047.

Huawei L, Shouwei H, Weibao Y, Bin Z, Lingan K, Fahong
W. Crop exposure to waterlogging stress: responses to phys-
iological, biochemical, and molecular levels, In: Liu F, Li X,
Hogy P, Jiang D, Brestic M, Liu B. editors. Sustainable Crop
Productivity and Quality Under Climate Change. Acad Press.
2022;59-72, https://doi.org/10.1016/B978-f.

Dwivedi P, Sopory SK. Unravelling the mechanism of stress re-
sponses in crop plants. J Plant Growth Regul. 2023;42:5961—
5964. https://doi.org/10.1007/s00344-023-11104-x.


https://doi.org/10.1016/j.sajb.2014.08.004
https://doi.org/10.1016/j.sajb.2014.08.004
https://doi.org/10.1016/j.rhisph.2023.100719
https://doi.org/10.1016/j.rhisph.2023.100719
https://doi.org/10.1080/1343943X.2021.1881408
https://doi.org/10.1111/pce.14403
https://doi.org/10.1111/pce.14403
https://doi.org/10.21123/bsj.2023.9090
https://doi.org/10.21123/bsj.2023.9090
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1038/s44221-023-00047-y
https://doi.org/10.1038/s44221-023-00047-y
https://doi.org/10.2307/3793121
https://doi.org/10.2307/3793121
https://doi.org/10.3390/agronomy12010089
https://doi.org/10.3390/agronomy12010089
https://doi.org/10.1016/S0034-4257(02)00010-X
https://doi.org/10.1016/S0034-4257(02)00010-X
https://doi.org/10.3390/w12010289
https://doi.org/10.3390/w12010289
https://doi.org/10.1186/s13750-021-00238-8
https://doi.org/10.1186/s13750-021-00238-8
https://doi.org/10.3390/w12082127
https://doi.org/10.3390/w12082127
https://doi.org/10.1071/PP98095_ER
https://doi.org/10.1071/PP98095_ER
https://doi.org/10.3390/horticulturae7080238
https://doi.org/10.3390/horticulturae7080238
https://doi.org/10.1007/s00709-020-01570-5
https://doi.org/10.1007/s00709-020-01570-5
https://doi.org/10.1016/j.plaphy.2020.01.020
https://doi.org/10.1016/j.plaphy.2020.01.020
https://doi.org/10.1007/s10265-020-01176-1
https://doi.org/10.1007/s10265-020-01176-1
https://doi.org/10.3390/plants11020205
https://doi.org/10.3390/plants11020205
https://doi.org/10.1186/s12870-021-02995-7
https://doi.org/10.3390/agronomy12010089
https://doi.org/10.3390/agronomy12010089
https://doi.org/10.1016/j.envexpbot.2024.105984
https://doi.org/10.1016/j.envexpbot.2024.105984
https://doi.org/10.48130/VR-2023-0031
https://doi.org/10.1016/j.envexpbot.2024.106047
https://doi.org/10.1016/j.envexpbot.2024.106047
https://doi.org/10.1016/B978-f
https://doi.org/10.1007/s00344-023-11104-x

35.

36.

37.

38.

BAGHDAD SCIENCE JOURNAL 2025;22(6):1910-1918

Zahra N, Hafeez MB, Al Shukaily M, Al-Sadi AM, Siddique
KHM, Farooq M. Influence of abiotic stresses on disease infes-
tation in plants. Physiol Mol Plant Pathol. 2023;127:102125.
https://doi.org/10.1016/j.pmpp.2023.102125.

Colangelo M, Camarero JJ, Borghetti M, Gentilesca T, Oliva J,
Redondo MA, et al. Drought and Phytophthora are associated
with the decline of oak species in Southern Italy. Front Plant
Sci. 2018;9:1595. https://doi.org/10.3389/fpls.2018.01595.
Haworth M, Marino G, Loreto F. Centritto M. Integrating
stomatal physiology and morphology: Evolution of stomatal
control and development of future crops. Oecologia.
2021;197:867-883.  https://doi.org/10.1007/500442-021-
04857-3.

Uald Lamkaddam S, Samri SE-D, Zerrouk MH, Aberkani
K. Effects of water stress on leaf photosynthesis and yield
of melon and tomato crops grown under mediterranean

39.

40.

41.

1917

of Morocco. Environ
https://doi.org/10.3390/

conditions of the Northeast
Sci  Proceed. 2022;16(1):42.
environsciproc2022016042.

Yin J, Niu L, Li Y, Song X, Ottosen CO, Wu Z, et al. The effects
of waterlogging stress on plant morphology, leaf physiology
and fruit yield in six tomato genotypes at anthesis stage. Veget
Res. 2023;3:31 https://doi.org/10.48130/VR-2023-0031.
Hassan H, Suleiman S, Dais M. Effect of potassium humate
spray on some biochemical characteristics in potato leaves
Solanum tuberosum under water stress conditions. Baghdad
Sci J. 2024;21(5):1483. https://doi.org/10.21123/bsj.2023.
8002.

Tada T, Kato M, Tanaka C, Shiraiwa T. Effects of Phytoph-
thora sojae inoculation under flooded conditions on growth
of soybean seedlings. Plant Prod Sci. 2021;24(4):433-439.
https://doi.org/10.1080,/1343943X.2021.1881408.


https://doi.org/10.1016/j.pmpp.2023.102125
https://doi.org/10.3389/fpls.2018.01595
https://doi.org/10.1007/s00442-021-04857-3
https://doi.org/10.1007/s00442-021-04857-3
https://doi.org/10.3390/environsciproc2022016042
https://doi.org/10.3390/environsciproc2022016042
https://doi.org/10.48130/VR-2023-0031
https://doi.org/10.21123/bsj.2023.8002
https://doi.org/10.21123/bsj.2023.8002
https://doi.org/10.1080/1343943X.2021.1881408

1918 BAGHDAD SCIENCE JOURNAL 2025;22(6):1910-1918

Lancium .) sSsall Jad¥ paliall @gall g2 sa o 4l (8 olsal) (g gina il
e B sl gmadl) (sp

3 sl s U Jla U jla 00 gl (Al g T sale sale o1 pbans g5 O gas g o1 (Sl 7 3a)

Lo 533 36361 ¢l cala Arals e 50 A e 3 L ) il 0 1

Mot 53] 23111 4al 12l ¢V S ol daalas e ) ) 51 48 cclilall dlas and 2

Qi 523 36122 (oaala s ol el Ao ) ) W AIS e ) 3 L o Sl 0 3
Ladal
ey Loalial) o sall (i e Llla 4l g el gl aalas Anlalia 8 ka5 il 8 cLancium domesticum Corr asts bile <o g yaall ¢ oS 52l
Shs (3130 3 A Sl 4¢SS oS pall llgiony L g03) b Sl sl (e (e dms (53 es leailil el Apnmadll J gl (8 Lo sae il
el oy mlaaiN) 8 ealaxd e Cum il 35 05 Cugan ) 255 8 oS all (2 ya 3 jall () 5 Cilalias (e el e (g giads
il gl 8 Gadall ) Al jall oda a5 jleailily el (liasd Gansy 8 Sl liliaill i 2 Al 3laliall (8 it s ) sdall ety
G2 e JS €y S el o ilalla G A jall i Adlia ke <l sie 8 sall Al S gall S 8 aliall ¢ pall dpa ) gl
FC %505 «(eballs ) 5030) FC %1505 ¢(4)5all dalas = FC %100) Alial) and) - 2ali80 dle iy ine i3 Aol ) Lol 5 aladiuly o) e
gk sl Yiaa) ST alial) & pall Lo 3Dle G ) Al 5l a3 5l Alal) sl oS sl Jsia (g el ) 3 dailas 5 GRS a3 (cala)
%50) iliadl slga) gk 8 clld pay calially jeadl Cag ks it sl Jaa g5 Us el Lalads) miliil) & jelal olyally yadd) 5 calial)
cosil) Jana 5 (LA U ¢ 50 ySU 2T g ¢ A aall Jiall Jasa oo 31 ((FC

salall gl ¢ e 5o ¢ gad ¢ S 93 o5 leRill sdalidall clall)



	Soil Water Contents Affect the Physiological Traits of Duku Undergoing Sudden Death Disease, in Jambi
	How to Cite this Article

	Soil Water Contents Affect the Physiological Traits of Duku Undergoing Sudden Death Disease, in Jambi
	Authors

	Soil Water Contents Affect the PhysiologicalTraits of Duku Undergoing Sudden Death Disease, in Jambi
	Introduction
	Materials and methods
	Preparation of plant material
	Waterlogging procedures
	Observed variables
	Disease severity
	Physiological aspects
	Leaves chlorophyll and carotenoid content
	Photosynthetic rate, stomatal conductance, CO2 intercellular, respiration rate, and relative water content
	Experimental design and data processing
	Results and discussion
	Results
	Disease severity
	Physiological aspects
	Chlorophyll and carotenoid content
	Photosynthetic rate, stomatal conductance, CO2 intercellular, respiration rate, and relative water content
	Discussions
	Conclusion
	Acknowledgment
	Authors' declaration
	Authors' contribution statement
	References

