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Abstract: This experiment was made according to the rainy climatic characteristics during May to Aug in Jianghan 
Plain of Hubei province as well as in the southern plain of China, excessive rain and high temperature in the period 
often bring a severe damage for cotton growth and its final output, the purpose of this study expects to explore or 
indicate an effect of the coupled action of high temperature and waterlogging on cotton, the analysis focus on an 
influence of the coupling on cotton fluorescence kinetic parameters, SPAD and yield components. Results showed 
that: the F0 increased after waterlogged processing and was greater than the previous changes. Generally, at the sixth 
day of each treatment the F0 of the surface waterlogging and subsurface waterlogging had increased 7-20% and 9-
16%, respectively, rising rate was basically positive related to the stresses degree, but Fm, Fv/Fm and Fv/F0 decreased; 
Chlorophyll relative content of SAPD firstly decreased and then increased, at the sixth days got to the lowest, the 
decrease of SPAD amplitude was positively related to the degree of waterlogging stresses. Additionally, the 
influence of high temperature and waterlogging interaction on yield was affected mainly by the boll number of 
cotton, boll weight and lint percentage had a little influence to it. As a whole, the impact of surface waterlogging on 
indexes above was more than subsurface waterlogging compared with CK, the yield after treated 5 days nearly 
reduced 60%. 
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INTRODUCTION 

 
Strong rainfall generally produces excess water in a 

field and leads to waterlogging damage to a certain 
extent for cotton growth and yield (Bange et al., 2004). 
Because cotton is one of important economic crops in 
the middle and lower reaches of the Yangtze River, it is 
grown widely in the region as well as in south plain of 
China where main growth stage of cotton is just in rainy 
reason and waterlogging is the most primary factor to 
restrict the sustainable development for local 
agricultural production. As a result of subtropical 
monsoon climate, cotton in the flowering stage is 
harmed not only by surface and subsurface 
waterlogging but also by high temperature weather, 
which bring adverse effect on cotton physiological 
indexes (Chen et al., 1995; Zhang, 1999; Guo et al., 
2005; Pu et al., 2005) and yield (Chen et al., 2010), 
directly impact China's agricultural production level. 
Therefore, it has much great necessity to study the 
response of cotton photosynthetic physiology and yield 
components to the both of waterlogging and high 
temperature. 

MATERIALS AND METHODS 
 
Test facilities and materials: Experiment was carried 
out from May to September 2011 in Yajiao Irrigation 
and Drainage Station of Four-Lake Project 
Management of Jingzhou City of Hubei Province with 
concrete pit (hereinafter referred to pit); single pit 
(2.0×1.5 m) with an area of 3 m2, 1.5 m depth and the 
soil was medium loam with medium fertility. Each pit 
equipped with water level control device and freely 
regulate water level through the gears. Cultivar was E 
hybrid cotton 88F1, each pit filled with 8 plants. 
 
Experiment design and determination methods: 
High temperature and waterlogging treatment was 
Conducted by flowering and boll-forming stage on July 
5, surface waterlogging treatment arranged two levels 
of Tw = 3 and Tw = 5 days, hereinafter referred to as 
the L3, L5, after the end of it, groundwater levels 
dropped to below 80 cm within 7 days; Subsurface 
waterlogging processing according to the groundwater 
depth arranged four gradients with 0, 20, 40, 60 cm, 
respectively, total waterlogged time was 7 days, shorted 
for Z0, Z20, Z40, Z60 below, after the end of it, 
groundwater levels dropped to below 80 cm. 
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Waterlogging occurrence on the Plastic film was used 
for creating high temperature high temperature 
indicated daily maximum temperature 35°C or more, or 
the daily average temperature is greater than or equal to 
30°C 	 environment from waterlogging beginning, 
continuous high temperature for 3 days, 4 h each day. 
Normal management was used as the CK, each 
treatment and CK had 3 repetitions, used completely 
randomized block design. 

Leaves chlorophyll fluorescence parameters and 
SPAD were measured once every 3 days during the 
processing of treatments, front of hot season fruit, hot 
season fruit and autumn fruit were investigated on July 
15th, August 15th and September 15th respectively. 

Microsoft Excel 2003 and DPS v7.05 for data 
processing and statistical analysis. 
 

RESULTS AND DISCUSSION 
 
Effect of waterlogging on F0 and Fm of fluorescence 
kinetic parameters of functional leaves under high 
temperature stress: The chlorophyll fluorescence 
kinetics parameter have close relation with the degrees 
of crop stresses, reflects the leaves chlorophyll activity 
and are commonly and widely studied in stress 
tolerance of plants in response to important 
physiological parameters. From Table 1, under the high 
temperature and water double stresses, the initial 
fluorescence F0 generally increased, L3 was the earliest 
begin to decline, at the third day after the treatments 

appeared inflection point, at the sixth day began to 
decline, other treatments reached 5% level significant 
difference and L3 and L5 F0 inflection point time just 
was the end of surface water logging, waterlogging 
stress made the plant PSⅡ system structure suffered 
from reversible damage, rise rate from the start of 
treatment to the sixth days: L3 was 7%, L5 was 20%, 
Z0 was 16%, Z20 was 11%, Z40 was 3% and Z6 was 
9%, respectively, the F0 increased range positively 
related to the degree of various subsurface waterlogging 
and high temperature treatment, but it was not 
significant difference each treatments.  

The maximum fluorescence Fm is the fluorescence 
yield of PS II reaction center when it completely closed, 
which reflects the PS II electronic transfer case. In our 
studies, the maximal fluorescence Fm changes 
oppositely with the initial fluorescence F0, decreased at 
first and then increased, plant photosynthetic electron 
transport was inhibited under the high temperature with 
water logging. Under the water stress photosynthetic 
electron transport was constrained; the changes of 
chloroplast membrane complexes absorb light energy 
into chemical energy capacity, so the chloroplast 
quantum yields decreased. 

 
Effect of waterlogging on Fv/Fm and Fv/F0 of 
fluorescence kinetic parameters of functional leaves 
under high temperature: Fluorescence parameters 
Fv/Fm and Fv/F0 are two ratio value of variable 
fluorescence Fv and maximum fluorescence Fm, 

 
Table 1: F0 and Fm of functional leaves in the day after the adversity stress both waterlogging and high temperature 

Items Treatments 0 day 3rd day 6th day 10th day 
F0 CK 71.340 cd d 74.680 d c 70.920 e e 71.100 f e

L3 71.000 d d 86.940 a a 76.160 d d 71.430 f e
L5 76.070 a ab 82.330 b b 91.900 a a 79.600 d c
Z0 72.080 bc cd 81.770 b b 83.660 b b 81.230 bc bc
Z20 73.080 bc cd 76.260 cd c 81.540 bc bc 81.790 b b
Z40 72.320 bc cd 75.110 cd c 82.400 bc bc 77.000 e d
Z60 73.800 b b 74.740 d c 80.530 c c 80.280 cd b

Fm CK 283.41 a a 254.61 a a 300.25 c b 314.80 b b
L3 268.46 b bc 256.00 a a 307.66 bc ab 355.00 a a
L5 261.08 b cd 245.25 b b 343.58 a ab 317.91 b b
Z0 262.08 b c 249.50 b b 341.75 ab ab 335.70 a a
Z20 250.91 c d 237.75 b b 304.08 bc ab 318.41 b b
Z40 263.66 b c 246.50 b b 334.49 abc b 309.75 c b
Z60 283.22 a a 272.00 a a 348.89 a ab 340.69 a a

Lowercase and capital letter refer to the difference of each treatment at 5 and 1% level, respectively, similarly hereinafter 
 
Table 2: Fv/Fm and Fv/F0 of functional leaves in the day after the adversity stress both waterlogging and high temperature 

Items Treatments 0 day 3rd day 6th day 10th day 
Fv/Fm CK 0.748 b b 0.708 ab a 0.763 ab ab 0.773 b b

L3 0.735 b b 0.658 d d 0.753 ab ab 0.800 a a
L5 0.713 b b 0.663 d cd 0.733 bc ab 0.750 c cd
Z0 0.725 b b 0.673 cd c 0.753 ab ab 0.758 c bc
Z20 0.710 b b 0.678 cd bc 0.720 c b 0.745 cd cd
Z40 0.728 b b 0.695 bc b 0.750 abc a 0.750 c cd
Z60 0.740 b b 0.727 a a 0.770 a a 0.753 c bcd

Fv/F0 CK 2.973 b ab 2.410 b ab 3.233 a ab 3.430 b b
L3 2.783 d d 1.948 d d 3.038 ab ab 3.970 a a
L5 2.433 d cd 1.978 d cd 2.743 b ab 2.995 cd cd
Z0 2.638 d cd 2.055 d cd 3.080 ab ab 3.133 c bc
Z20 2.435 cd cd 2.118 cd cd 2.643 b b 2.895 cd cd
Z40 2.645 bc bc 2.283 bc bc 3.060 ab ab 3.023 c cd
Z60 2.843 a a 2.640 a a 3.333 a a 3.040 c cd
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variable fluorescence Fv and initial fluorescence F0, 
which noted that light energy conversion rate of PS II  
and PS II latent activity, respectively. From the Table 2, 
under the double stresses of high temperature and water 
logging, Fv/Fm and Fv/F0 raised a little. At the third day 
after the treatment, Fv/Fm and Fv/F0 were decreased, 
compared with CK, only Z60 had no significant 
difference, others have reached the 5% level difference, 
as the increasing of stress level, Fv/Fm and Fv/F0 greatly 
decreased. The results referred that PS II photochemical 
activity was inhibited under high temperature and 
waterlogging double stresses used in the optical 
response of the light part and photochemical efficiency, 
the heavier was in light suppresses with the increasing 
of stresses. The basic treatment return to the original 
state at the sixth days, there was insignificant difference 
comparison of CK. Explained PS II photochemical 
system returned to normal level That is to say that high 
temperature and waterlogging double stresses did not 
cause irreversible damage to PS II reaction center. 

Effect of water treatment and high temperature on 
fluorescence kinetic parameters of functional leaves 
SPAD indirectly reflects relative index of leaf 
chlorophyll content, generally the more yellow is leaf 
color and the smaller is their content. 
 
Effect of waterlogging and high temperature double 
stresses on fluorescence kinetic parameters of 
functional leaves: As can be seen from Table 3, after 3 
days the treatment, the SPAD of the treatment had 
varying degrees of declines, the decreased speed of L5 
and L3 were more than other treatments. We found that 
surface waterlogging was more sensitive to SPAD 
comparison of surface waterlogging treatment to cotton 
leaves. At the sixth days, the SPAD reduced to 
minimum, then the start and recover at the end of water 
logging, at the sixth days, L5 got to the lowest point, 
then Z0. By further comparison, L5 and Z0 and other 
various treatments had significant differences, At the 
tenth days, it rapidly increased and appeared obvious 
gradient changes: CK>L3>L5, CK>Z60>Z40>Z20>Z0, 
based on previous studies showed, cotton SPAD have 
significant reduce with the waterlogging degree deepen, 
from this research knew, the changes of SPAD was 
only different to waterlogging degrees under upon 
double stresses. Nevertheless, Z20 appeared contrary 
result, may be waterlogged plants at high temperature 
produced adjustment mechanism to adapt to the stress. 

In conclusion, cotton SAPD under the stresses 
declines firstly and then rose. Under those stresses, crop 
produced distinctively adjustment mechanism to 
etabolize and to recover to previous level. 

The Experiment results showed that high 
temperature and waterlogging double stresses had a 
serious influence on cotton yield at flowering stage. 
From  Table  4,  the yield had a significant difference at 

Table 3: SPAD of functional leaves in the day after the adversity 
stresses both waterlogging and high temperature  

Treatments 0 d 3rd day 6th day 10th day 
CK 31.2 a 30.4 b 35.2 a 41.2 a 
L3 32.2 a 27.5 b 30.4 b 37.8 b 
L5 30.3 a 28.6 d 25.7 c 31.6 d 
Z0 31.7 a 29.5 bc 27.7 c 33.3 cd 
Z20 31.5 a 29.1 cd 36.0 a 33.0 c 
Z40 31.8 a 30.2 b 35.1 a 36.2 b 
Z60 31.5 a 32.3 a 36.6 a 41.4 a 

 
Table 4: Analysis of cotton yield per plant under different 

experimental treatments 
T Fiber (g) Nb Wb (g) Wa (g) Rd (%) 
CK 35.6 a 20.00 a   4.58 a 731.5 a  0 
L3 36.1 a 15.76 b  4.52 ab 568.0 b   22.35 
L5 35.7 a  8.12 f  4.53 ab 294.7 f  59.71 
Z0 36.2 a 10.47 d  4.49 ab 372.5 d  49.08 
Z20 35.4 a  9.27 e   4.51 ab 334.7 e  54.24 
Z40 35.8 a 15.82 b  4.35 ab 550.3 b  24.78 
Z60 36.2 a 14.37 c   4.55 a 522.0 c   28.64 

T: Experimental treatments; Nb: Boll number per plant; Wb: Weight 
of single boll; Wa: Actual yield in 3 m-2; Rd: Percent of reduction of 
output 

 
5% level comparison of CK, L3, L5, Z0, Z40 and Z60 
showed very significant differences. Further analysis of 
its components, the high temperature and waterlogging 
double stresses had a little influence on boll number per 
plant, in turn was CK>Z40>L3>Z60>Z0>Z20>L5 and 
various treatments had significant difference, boll 
number per plant was a dominant factor causing the 
decrease of cotton production under stresses. At flower 
and boll stage under double stresses, the flower had 
varying degrees of losses before treatment so as to the 
decrease of boll and further yield reduction. Under the 
surface waterlogging condition, the reduction of output 
was 59.71% in L5, L3 was 22.35%, showing that the 
longer was waterlogged time, the deeper was the degree 
of influence on cotton. 

High temperature and waterlogging double stresses 
impacted directly on the boll number per plant, thus 
affected the lint yield per plant. Although single boll 
weight and lint yield of cotton also had a certain effect, 
but the final output including single boll weight, boll 
number and lint percentage was attributed from their 
coupling. Generally, boll number per plant produce the 
most direct effect on cotton yield, the second is single 
boll weight; actually cotton lint percentage is 
influenced by both genetic and relevant factors, in 
which environmental stresses may produce a certain 
influence on lint yield. 

 
CONCLUSION 

 
SPAD was more sensitive to surface water logging. 

Throughout the period of observation, the leaf color 
presented a tendency that its SPAD value decline firstly 
and then rise and recovered to normal state in the 10th 
day after waterlogging elimination. This indicates that 
there is a recovery period for cotton suffering from 
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severe water logging, which can provide a basis for 
cotton filed management after waterlogging and is 
valuable for cotton production. 

The double stresses of high temperature and 
waterlogging made F0 rose and positively related to the 
stresses degree, after relieving stresses recovered to the 
normal level, indicating the damage of high temperature 
and waterlogging stresses on PS reaction center was 
reversible. It was found from observation of the 
recovery time of the F0 of L3 and L5, L3 decreased at 
the third days, L5 declined at the sixth days, aligned 
with stresses time, so F0 can be judged as an indicator 
as crops are affected by the stresses. The maximum 
fluorescence of Fm is the fluorescence yield when PS II 
reaction center is completely closed, reflects the PS II 
electronic transfer situation. In our studies, the changes 
of maximal fluorescence Fm was opposite to the initial 
fluorescence F0, followed decreased firstly and then 
increased tendency, indicating plant photosynthetic 
electron transport was inhibited under double stresses. 

Fv/Fm reflects PS II maximum photochemical 
efficiency, use for indicating environmental stresses 
degree index and probe, Fv/Fm was reduced under 
double upper stresses, had significant differences 
comparison of CK, indicated stresses inhibited PS II 
photochemical activity, used in the optical response of 
the light part and photochemical efficiency was reduced 
and the heavier was in the stresses, the deeper was in 
the light was inhibited, basically recovered to the 
original state at the sixth days, there was insignificant 
difference compared with CK and PS II system had 
recovered to normal. In other words, the influence of 
high temperature and waterlogging double stresses on 
PS  II reaction center did not cause irreversible damage 
yet.  

By the test that the effect of high temperature 
stresses on cotton yield mainly through influencing 
cotton boll to come true, the yield reduction of L5 was 
59.71%, L3 was 22.35%, showing that waterlogging 
duration was longer, the deeper was the influence to 
cotton, Z40 was 24.78%, along with the previous 
results, boll weight and lint percentage had a little effect 
on cotton yield.  

Our experimental study was implemented in an 
environment close to the nature in farmland, by which 
the morphological and physiological indexes of crop 
under the adversity both waterlogging and high 
temperature, were observed and analyzed, this is a more 
reasonable method for the study, may avoid to limits of 
potted experiment due to pot with small size and its 
poor fringe condition for experiment. 
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