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Effects of low temperature stress on photosynthetic parameters and phys-

iological characteristics for seedlings of two pomegranate varieties

GUAN Sihui" ?, CHAI Yagqian', CUI Hongxin', SONG Jintai', ZHU Guangyu', LIU Huiying', HAO
Qing"*, DIAO Ming"

('School of Agriculture, Shihezi University/Key Laboratory of Physiology and Germplasm Resources Utilization Corps of Special Fruit

and Vegetable Cultivation, Shihezi 832003, Xinjiang, China, “Institute of Horticultural Crops, Xinjiang Academy of Agricultural Scienc-
es, Urumqi 830000, Xinjiang, China)

Abstract: [Objective] The aim of this study was to investigate the effects of the low temperature stress
on photosynthetic and physiological characteristics of Kashi acid pomegranate and Tunisia soft seed
pomegranate in Xinjiang. Meanwhile, the cold resistance and suitable growth conditions of the two vari-
eties were evaluated, so as to provide scientific basis for the introduction, breeding, and cultivation man-
agement. [Methods] One year cuttings of the two varieties with different cold tolerance types (Kashi ac-
id pomegranate: high cold resistance and Tunisia soft seed: cold resistance) were used as experimental
materials and placed in an artificial climate chamber with gradient cooling. Five temperatures (CK:
25 °C, T1: 6 °C mild stress, T2: 3 °C moderate stress, T3: 0 °C severe stress, T4: =3 °C very severe
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stress) and three durations (2, 4 and 6 d) were set. During this period, the photosynthetic parameters,
chlorophyll content, chlorophyll fluorescence characteristics, relative electrical conductivity, malondial-
dehyde and osmotic regulatory substance (proline, soluble sugar and soluble protein) contents of pome-
granates of the two varieties were measured. [Results] With the decrease of stress temperature, the
contents of the chlorophyll a, carotenoids, total chlorophyll, net photosynthetic rate (P.), transpiration
rate (77), stomatal conductance (G;), water use efficiency (WUE) and fluorescence parameters [F./F.,
qP, Y(1I)] showed a downward trend. Besides, the photosynthesis was inhibited by the decrease of tem-
perature and the extending of stress time. The proline content of these two pomegranate varieties
showed an increasing trend with the extension of stress time and the intensification of stress degree. The
Kashi acid pomegranate had no significant change under mild stress, while the Tunisia soft seed pome-
granate was sensitive to temperature and showed significant change. The increase of proline content
was positively correlated with the degree of stress. The soluble sugar content of the Kashi acid pome-
granate increased significantly after 2 d and 4 d of stress, then it decreased after 6 d of stress. The Tuni-
sia soft seed pomegranate increased firstly and it decreased after 2 d and 6 d of stress, while it increased
firstly and decreased after 4 d of stress. Under the same stress temperature, with the increase of stress
days, the two varieties showed an increasing trend except for mild stress. And the other treatments
showed a trend of increasing first and then decreasing. Under the same stress time, the soluble protein
content was significantly increased with the decreasing of temperature. However, under the same tem-
perature, the soluble protein content increased firstly and then decreased with the extending of stress
time. Furthermore, the soluble protein content of theTunisia soft seed pomegranate were higher than
that of Kashi. The level of increasing content was negatively correlated with anti-cold type varieties,
and positively correlated with the stress levels. The relative conductivity of the Kashi acid pomegranate
did not change significantly under the mild low temperature treatment, but decreased under the moder-
ate low temperature treatment, while that of the Tunisia soft seed pomegranate decreased under severe
treatment. Under other low temperature stresses, the relative conductivity of the two varieties showed a
significant trend of increase. And the increase of relative conductivity of Tunisia soft seed pomegranate
was greater than that of the Kashi acid pomegranate, the largest increase reached the highest value after
6 days of extreme stress. With the decrease of stress temperature, the malondialdehyde content of the
Kashi acid pomegranate showed a gradual increase trend, while the malondialdehyde content of the Tu-
nisia soft seed pomegranate showed a stable trend at first and then a sharp increase trend. The malondi-
aldehyde content of two pomegranate varieties increased significantly only under severe stress and ex-
tremely severe stress after 2 days of the low temperature treatment, and increased with the decrease of
temperature after 4 and 6 days of treatment. The malondialdehyde content of the Tunisia soft seed pome-
granate was generally higher than that of the Kashi acid pomegranate. [Conclusion] The cold resistance
of the Kashi acid pomegranate was significantly higher than that of the Tunisia soft seed pomegranate.
The mechanism of cold resistance could be that the leaves of the Kashi acid pomegranate were thick
and heavy under the low temperature stress, with strong anti-dehydration ability. Thus, the photosynthet-
ic apparatus had low damage. Besides, the leaves had strong ability to maintain chlorophyll content and
high photosynthetic efficiency. Meanwhile, they also had strong ability to maintain cell osmotic adjust-
ment and membrane lipid peroxidation. When the extreme stress lasted for 6 days or 4 days, the photo-
synthetic system of the Tunisia soft seed pomegranate would be seriously damaged, leading to the in-
habition of the leaf growth the cold damage would be cause.
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Table 1 Effects of low temperature stress on chlorophyll a, chlorophyll b, carotenoids and total chlorophyll for seedlings of

two pomegranate varieties

e ) e w4t % a) w(H4EE b) w(%‘éﬁﬂ? ) T4 B
Varietics Duration time/d  Treatment Chloroghyll a content/ Chloroghyll b content/ Caroterjmd content/ Total chloropljyll
(mg-g" (mg-g" (mg-g" content/(mg-g")
WEATERARE 2 X #E Control  1.051+0.204 a 0.309+0.078 a 0.205+0.069 a 1.360+0.126 a
Kashi acid T1 0.928+0.090 ab 0.271+0.022 a 0.197+0.050 a 1.199+0.076 a
pomegranate T2 0.660+0.023 be 0.276+0.090 a 0.098+0.012 ab 0.936+0.101 ab
T3 0.329+0.034 cd 0.121+0.042 a 0.049+0.013 b 0.450+0.033 b
T4 0.223+0.041 d 0.139+0.030 a 0.013+0.008 b 0.362+0.069 b
4 X Control  1.425+0.214 a 0.142+0.142 a 0.272+0.051 a 1.567+0.216 a
T1 1.058+0.181 a 0.307+0.229 a 0.189+0.108 ab 1.365+0.204 a
T2 0.514+0.012 b 0.185+0.109 a 0.090+0.058 ab 0.700+0.121 b
T3 0.266+0.019 b 0.164+0.003 a 0.0110.004 b 0.430+0.015 be
T4 0.137+0.028 b 0.083+0.030 a 0.017+0.012 b 0.220+0.049 ¢
6 %HE Control  0.857+0.010 a 0.467+0.033 a 0.172+0.031 a 1.324+0.023 a
Tl 0.838+0.017 a 0.351+0.060 ab 0.116+0.046 ab 1.190+0.044 a
T2 0.527+0.051 b 0.305+0.059 b 0.029+0.018 ¢ 0.832+0.099 b
T3 0.263+0.080 ¢ 0.087+0.013 ¢ 0.033+0.002 be 0.350+0.093 ¢
T4 0.100+0.008 d 0.077+0.007 ¢ 0.0050.004 ¢ 0.178+0.015 ¢
PN 2 X} HE Control  0.769+0.017 a 0.52140.023 a 0.036+0.009 b 1.29140.008 a
Lre ey Tl 0.631+0.097 ab 0.218+0.021 b 0.137+0.009 a 0.849+0.118 b
Tunisia soft T2 0.584+0.010 b 0.191+0.004 b 0.11940.005 a 0.775+0.011 b
seed pome- T3 0.144+0.025 ¢ 0.224+0.013 b 0.009+0.009 b 0.368+0.014 ¢
granate T4 0.079+0.023 ¢ 0.134+0.013 ¢ 0.018+0.008 b 0.213+0.019 ¢
4 XTHE Control  0.823+0.039 a 0.503+0.052 a 0.103+0.015 ab 1.326+0.090 a
T1 0.588+0.035 b 0.200+0.004 b 0.125+0.004 a 0.788+0.039 b
T2 0.356+0.046 ¢ 0.120+0.020 be 0.076+0.008 b 0.477+0.063 ¢
T3 0.222+0.014 d 0.024+0.012 d 0.043+0.006 ¢ 0.246+0.011 d
T4 0.138+0.024 d 0.037+0.007 cd 0.017+0.010 ¢ 0.174+0.017 d
6 X HE Control  0.849+0.122 a 0.420+0.072 a 0.158+0.082 a 1.269+0.051 a
T1 0.416+0.037 b 0.147+0.015 b 0.097+0.006 ab 0.562+0.048 b
T2 0.353+0.095 b 0.114+0.043 be 0.032+0.022 ab 0.467+0.052 b
T3 0.100+0.011 ¢ 0.028+0.013 be 0.027+0.007 b 0.127+0.006 ¢
T4 0.113+0.035 ¢ 0.015+0.004 ¢ 0.012+0.008 b 0.128+0.036 ¢
FEAMEARER 3 IRE L CPIEEbRHEZE) o [F]— FhFAH R B i (80 AS [F) (9 e 35 )% 383 Duncan #56 , ANF 1 F REROR 2 7 B35 (p<

0.05). FIAl,

Note: Each value represents (the average + standard deviation) of three repetitions. Through Duncan test, different letters of the same variety with

different stress temperatures at the same stress time showed significant differences (»p<<0.05). The same below.
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Table 2 Changes of low temperature stress on photosynthetic characteristics parameters for seedlings

of two pomegranate varieties

= iy I e iE ZNFI| FH 25k 322
. , . : H] CO Vi IRV EES
, e P T SIS Ml CORRE KSR
mi b . Jogi] . L Stomatal Intercellular CO, Water use
L Duration Net photosynthetic Transpiration rate, . .
Varieties . Treatment 5 5 o conductance, G/ concentration, C/  efficiency, WUE/
time/d rate, P./(umol-m?*-s")  7/(mmol-m*-s™)

(mmol-m*+s")  (umol-m?-s") (umol-mmol™)

WA AR 2 XTI Control  15.640+0.309 a 4.947+0.084 a 0.5460.019 a 240.590+1.601d  3.163+0.091 a
Kashi acid Tl 13.0110.151 b 5.483+0.080 b 0.473£0.006b  285.753+7.634c  2.373+0.028 b
pomegranate T2 8.164+0.166 ¢ 3.567+0.270 ¢ 0.358+0.018 ¢ 345.703£3.293b  2.300+0.155 be
T3 5.207+0.148 d 2.588+0.113 d 0.249+0.012 d 373.063£7.976a  2.018+0.145¢
T4 2.313+0.100 ¢ 1.6400.096 ¢ 0.170£0.011 ¢ 383.93749.534a  1.413+0.053 d
4 %f I Control ~ 16.168+0.171 a 5.253+0.101 a 0.515+0.009 a 307.957+3.461b  3.080+0.088 a
Tl 10.978+0.222 b 4.362+0.061 b 0.416+0.007 b 313.433£14.643b  2.518+0.086 b
T2 7.246+0.102 ¢ 3.141+0.146 ¢ 0.306+0.004 ¢ 374.970£9.643a  2.312+0.106 b
T3 4.169+0.271 d 2.281+0.103 d 0.240+0.029 d 326.880£4.270b  1.836+0.192 ¢
T4 1.520£0.198 ¢ 1.154£0.126 ¢ 0.141£0.014 ¢ 375.037+8.486a  1.314+0.032 d
6 Xt Control ~ 16.310+£0.051 a 4.992+0.161 a 0.516+0.015 a 296.563+£3.806 ¢ 3.271+0.105 a
Tl 10.072+0.546 b 3.492+0.186 b 0.3850.006 b 305.890+4.099 be  2.887+0.111 a
T2 6.309+0.246 ¢ 2.347+0.091 ¢ 0.264+0.011 ¢ 393.437£5.226a  2.691£0.121 a
T3 2.447+0.115 d 1.550+0.037 d 0.1890.008 d 376.663£3.554a  1.579+0.075 b
T4 0.808+0.139 ¢ 0.657+0.065 ¢ 0.105£0.012 ¢ 317.277£10.167b  1.262+0.336 b
L 2 %FHE Control  12.39140.524 a 5.263+0.061 a 0.3510.036 a 272.413+4.564d  2.354+0.077 a
iﬁfi *fift Tl 8.317+0.564 b 3.994+0.198 b 0.222+0.005 b 205.707£3.340 ¢ 2.093+0.230 a
seed pome- T2 4.593+0.284 ¢ 2.770+0.372 ¢ 0.194+0.009 b 328.626£6.967 ¢ 1.676+0.137 ab
granate T3 1.711£0.306 d 1.574+0.073 d 0.081:£0.008 ¢ 392.040£3.596a  1.097+0.236 b
T4 0.422+0.020 d 0.429+0.174 ¢ 0.135:0.009 ¢ 367.090+11.796 b 1.169+0.492 b
4 %fHE Control  11.01242.074 a 4.982+0.537 a 0.339+0.032 a 298.131£2.461 ¢ 2.206+0.283 a
Tl 4.163£0.564 b 1.663£0.303 b 0.259+0.003 b 217.275£6.150d  2.557+0.348 a
T2 3.284+0.233 be 1.694+0.067 b 0.164=0.005 ¢ 358.251£2.095a  1.937+0.065 a
T3 0.792+0.207 cd 0.725+0.256 be 0.042+0.012 d 327.9224£11.955b  1.127+0.097 b
T4 0.106+0.022 d 0.225+0.052 ¢ 0.066+0.018 d 373.190£12.852a  0.472+0.018 b
6 Xf I Control  12.806+2.145 a 4.481+0.361 a 0.35120.003 a 277.196£5.773 ¢ 2.862+0.442 a
Tl 3.392+0.172 b 2.111£0.027 b 0.157+0.023 b 317.806£6.771b  1.606+0.061 b
T2 3.109+0.133 b 1.207+0.148 ¢ 0.179:£0.006 b 386.968+7.867a  2.631:0.458 ab
T3 0.086+0.039 b 0.201+0.022 d 0.079+£0.017 ¢ 380.987+7.535a  0.427+0.194 ¢
T4 - - - - -

T RN BRI BUE RN AT e B

“_»

Note: “=” means that no value is measured, which means that photosynthesis cannot be carried out.
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Kashi acid pomegranate
F\/F, YCID NPQ qP

X Control 0.51 £0.019 0.14 £0.029 -
Tl 0.46 £0.030 0.16 £0.007 0.62 £0.007
2d T2 0.38 £0.011 0.17 £0.006 0.53 +0.004

T3 0.57 £0.004 0.37 £0.011 0.24 £0.014 0.42 £0.006
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Fig. 1 Effects of low temperature stress on chlorophyll fluorescence parameters for seedlings of two pomegranate varieties
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Effects of low temperature stress on soluble sugar content in leaves for seedlings of two pomegranate varieties
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