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Abstract: Soil waterlogging has become a major natural disasters affecting cotton production. With a view to 
provide theoretical basis for the cultivation of cotton (Gossypium hirsutum L.) resistant to adverse circumstance and 
increase production, pot experiment was conducted at the cotton seedlings stage and in the greenhouse to simulate 
the  subsurface waterlogged field combined with high temperature synoptic condition after the rain. The 
experimental material was Jing hybrid cotton-88. Results indicated that: subsurface waterlogging significantly 
influences functional leaf's photosynthesis of cotton;  chlorophyll SPAD value in cotton leaves changed slightly in 
the early adversity; on the sixth day, values of sub-9 days treatment increased abnormally; when the waterlogging 
stresses relieves, the chlorophyll SPAD value reduced significantly; red-green ratio responses to waterlogging stress 
is relatively lagging; with the prolonged of waterlogging stress, it decreased and then increased; Malondial Dehyde 
(MDA) content increased rapidly and lasted to a certain time; after release of the waterlogging, MDA content of 
sub-6 and 9 days treatment still maintained a higher level, and it had the remarkable difference with other 
treatments, indicated that the seedlings had suffered injury seriously; subsurface waterlogging stress could 
significantly decrease the activity of  Superoxide Dismutase (SOD); after being transferred to outside the 
greenhouse, along with the arrival of new turn precipitation, the SOD activity of waterlogged plant showed an 
increasing tendency; Peroxidase (POD) activity had no significant difference between the 3 and 6 days treatment in 
the early adversity, as the prolonged waterlogging stresses, which of 6 days treatment remained at higher level. The 
POD activity expression times of sub-9 and sub-6 days treatment were in initial period and later period, respectively. 
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INTRODUCTION 
 

The subsurface waterlogging is a natural disaster 
due to the long-term high groundwater level or perched 
water in the soil surfaces which has led to the crop root 
zone excessive moisture and produces the imbalance of 
water vapor, deteriorate soil environment, dipping crop 
roots, influences the normal growth of crops. In the 
middle and lower reaches of the Yangtze River and 
China's southern plains, because of the impact of the 
subtropical monsoon climate, there is usually more than 
one strong precipitation process accompanied 
waterlogging disaster in spring and summer (Liu et al., 
2011; Zhu et al., 2011). Soil waterlogging caused by 
flooding has become a major natural disasters affecting 
cotton production (Le et al., 1999). Waterlogging 
damage to the plant was not because of too much direct 
harm caused by water, but because of flooding caused 

by secondary stress (Gao et al., 2010). Waterlogging 
stress mainly affects the seedlings of cotton normal 
growth  and  development  and  stress  tolerance (Wang 
et al., 2001; Li et al., 2005). Waterlogging can cause 
the inhibition of root growth and mineral element 
uptake, thereby affecting main stem growth. High soil 
moisture will also increase the occurrence of cotton 
seedling diseases and epidemiology (Sun and Chen, 
1999; Stephen et al., 2009) and causes cotton's insect-
resistant capacity reduced (Wu et al., 1997). The root 
system oxygen deficit caused by waterlogging usually 
reduces the chlorophyll synthesis ability (Zhao, 2003). 
Cotton would produce a certain adaptability to soil 
waterlogging stress and restore growth, but prolonged 
as  waterlogging,  restoring  growth  slows down (Liang 
et al., 2008). In the middle-lower reaches of Yangtze 
River, rain-induced waterlogging farmland is common 
in the summer. Usually there are two typical situations: 
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the crops suffering the waterlogging stresses under non-
high temperature weather and high temperature weather 
after rain. In view of the above two cases, research has 
important practical significance for scientific 
management of farmland water. But as yet there are few 
related reports of composite conditions of high 
temperature and waterlogging on cotton growth and 
development. Therefore, on the basis of the previous 
isolated studies, under subsurface waterlogging coupled 
with high temperature synoptic conditions, some 
physiological characteristics of cotton seedlings was 
studied in this study, with a view to provide theoretical 
basis for the cultivation of cotton resistant to adverse 
circumstance and increase production. 

 
MATERIALS AND METHODS 

 
Experimental design: Pot culture experiment was 
carried on in greenhouse at Yangtze University 
Agricultural College experiment bases. Experimental 
crop was Jing hybrid cotton-88, cultivated seedlings in 
the nutrition bowl mid-April of 2011, at 3 leaf stage 
transplanted one plant to each plastic bucket with 45 cm 
high, 20 cm diameter and a flooding hole at the bottom. 
The plastic buckets were filled with 2 kg of soil which 
was sieved to 2 mm on an oven dry basis. The soil is 
loam, pH value is 7.6, contains 15.4 g/kg organic matter 
and 56.7 mg/kg soil available phosphorus and 185.6 
mg/kg available potassium. Conventional crop 
management was applied during the recovery period. 
When the main stem red and green ratio is 6/4 or 7/3, 
place buckets into the 10×1 m pool on June 8, and 
maintained soil moisture saturation, to simulate 
subsurface waterlogging stress situations， with the 
management of normal soil moisture (The relative water 
content is 60-70%) as a comparison (control treatment, 
ck). Cotton seedlings were placed in the greenhouse for 
9 days to analog high temperatures synoptic situations, 
where the average temperature was 30ºC higher than the 
natural environment around 3ºC. The experiment was 
arranged for three levels of subsurface waterlogging as 
3, 6, 9 days and laid out in a randomized complete block 
design with 8 replications in each case. 
 
Sampling: Using ice box, fully expanded leaves of each 
treatment was selected every 5 days on morning 6:00-
8:00. All analyses were performed on the main stem 
down 3 or 4 fully expanded functional leaves, each 
treatment took 3 plants, and parallel determination 2 
times every time. 
 
Index determination:  The main stalk red green ratio 
surveyed with tape measure. Chlorophyll SPAD value 
of function leaf was determined by SPAD-502 
Chlorophyll meter. The activity of POD was determined 
by the more invasive wood phenol method, the activity 
of SOD with NBT method, MDA content with 

thiobarbituric acid color method (Chen and Wang, 
2002).  
 
Statistical analysis:  All data presented are the mean 
value of the replications. Excel 2003 and the DPS v7.05 
are used for data processing and statistical analysis. 

 
RESULTS AND DISCUSSION 

 
The characteristic feature of leaves chlorophyll 
SPAD values: Subsurface waterlogging stress 
significantly influenced functional leaf's photosynthesis 
of cotton under high temperature synoptic conditions. 
The visual damaged symptom was found in the plants 
exposed to subsurface waterlogging treatment, being 
characterized by leaf chlorosis. Chlorophyll SPAD 
value in cotton leaves changed slightly in the early 
adversity. On the sixth day, values of sub-9 days 
treatment increased abnormally. After release of the 
stress, the chlorophyll SPAD value reduced 
significantly (Fig. 1). 
 
The characteristic feature of red-green ratio of 
cotton main stalk: Red-green ratio is the ratio of 
cotton main stalk red section and the green section. To 
a certain extent, it is often as a form of seedlings 
diagnostics indicator in field which reflecting the 
growth of cotton plants (Zhu and Li, 2006). The red and 
green section of seedlings stage main stalk, respectively 
takes accounts for 50%, when red section is too long 
indicating the weak growth, on the contrary, green 
section is too long indicating the exuberant growth. 
Red-green ratio responses to waterlogging stress is 
relatively lagging. At the beginning of waterlogging, 
plants are growing rapidly red-green ratio decreased 
gradually. With the prolonged of waterlogging stress, 
red-green ratio increased (Fig. 2). 
 
The characteristic feature of MDA content: 
Malondial Dehyde (MDA) content is the membrane 
lipid per oxidation of most direct indicators (Halliwell, 
1981). MDA content increased rapidly and lasted to a 
certain time (Fig. 3). When waterlogging stress 
removed, plant growth recovery gradually, content of 
MDA in leaves decreased to a certain extent. After 
release of the waterlogging, MDA content of sub-6 and 
9 days treatment still maintained higher level, and they 
had the remarkable difference with other treatments, 
indicated the seedlings suffered injury seriously.  
 
The characteristic feature of SOD activity: Under 
high temperature synoptic conditions, subsurface 
waterlogging stress could significantly decrease the 
activity of SOD. After being transferred to outside the 
greenhouse, along with the arrival of new turn 
precipitation (on June 19), the SOD activity of 
waterlogged plant showed an increasing tendency to 
cope with excessive free radicals in the plants body.  
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Fig. 1: Characteristic feature of the SPAD value 
 

 
 
Fig. 2: Characteristic feature of red-green ratio of cotton main 

stalk 
 

 
 
Fig. 3: Characteristic feature of MDA 
 
SOD value change tendency of different waterlogged 
treatment was consistent (Fig. 4). 
 
The characteristic feature of POD activity: Peroxide 
enzyme (POD) widely exists in the plant different 
organization as higher activity adaptive enzyme. It can 
reflect the characteristic of plant growth, metabolism 
condition   as   well   as   the  compatibility   to  external 

 
 
Fig. 4: Characteristic feature of SOD activity 
 

 
 
Fig. 5: Characteristic feature of POD activity 
 
environment. POD had the dual function, and the 
expression time of different waterlogging processing 
was distinct (Zhang and Kirkham, 1994). POD activity 
had no significant difference between 3 and 6 days 
treatment in the early adversity, as the prolonged 
waterlogging stresses, which of 6d treatment remained 
at higher  level.  The  POD activity expression times of 
9 days  treatment  was in initial period of adversity, but 
6 days treatment was in later period of adversity (Fig. 5), 
and which perhaps belongs to two different 
performances of protection and injury, respectively. 

 
CONCLUSION 

 
Through the study, the following important 

cognitions can be acquired: 
Subsurface waterlogging stress impact on crops is 

usually due to the different length of time. Short time 
waterlogging will not bring greater harm to the cotton 
seedlings because these crops would produce certain 
adaptability to resistance adverse circumstances and 
restore growth through the self-adjustment. But 
waterlogging stress for a long time would produce 
irreversible harm. Waterlogging stress influenced the 
photosynthetic performance of cotton and lead to the 
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chlorophyll SPAD value and red-green ratio of cotton 
main stalk reducing significantly. When cotton seedlings 
are subjected to subsurface waterlogging stress 
conditions, the capacity of leaves for active oxygen 
generation is increased, often resulting in oxidative 
damages. MDA content is the most direct indicators of 
membrane lipid per-oxidation. In this experiment, MDA 
content increased rapidly and lasted to a certain time. 
Specific activities of some antioxidant enzymatic almost 
changes significantly during prolonged waterlogging 
treatment. Subsurface waterlogging stress could 
significantly decrease the activity of SOD. The POD 
activity expression times of 9 days treatment was in 
initial period of adversity, but 6 days treatment was in 
later period of adversity, and which perhaps belongs to 
two different performances of protection and injury, 
respectively.  

Therefore, subsurface waterlogging stresses 
combined with high temperature weather after rain 
significantly inhibits plant growth and affects some 
physiological characteristics, it is very necessary to 
select proper regulative measures to resist the damage. 
More research would be necessary to further understand 
the mechanism of subsurface waterlogging stress on the 
cotton seedlings under high temperature synoptic 
conditions in order to take proper regulative measures to 
resist the damage. 
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