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Effects of drought and shading on growth and photosynthetic characteristics of

Pinus massoniana seedlings
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Abstract: To explore the physiological response and adaptation mechanism of Pinus massoniana to drought and shading
stress, we investigated the effects of growth and photosynthetic physiological characteristics in control ( CK), drought
(DR), shading (LL), and the interaction of drought and shading ( DRLL) environments on 2-year-old P. massoniana
seedlings. The result showed that: (1) under drought, shading and their interaction treatment, the increment of the basal
diameter and height of P. massoniana seedlings significantly reduced, and their interaction aggravated the respective
negative effect of drought and shading alone. The influence of the interaction conforms to the “Interaction theory”. (2)
Under drought treatment, the length of needles and specific leaf area decreased. The net photosynthetic rate (P, ),

transpiration rate (7,), stomatal conductance (G,), and intercellular CO, concentration (C,) significantly decreased. The

EE&WA =1 ERE LRI H (2016 YFD0600201)
rfm HH7:2019-01-31; ™ £& t ki B #A : 2019-00- 00
# W IRAER Corresponding author. E-mail ; xiaowenf@ caf.ac.cn

http ://www.ecologica.cn



2 JAE = 40 %

water use efficiency (WUE) significantly increased. However, there was no effect on photosynthetic pigment content. (3)
Under shading treatment, the length of needles and specific leaf area increased. The P, T., and G, significantly decreased.
The photosynthetic pigment content significantly increased, while the WUE and C, had no variation. (4) Under the
interaction of drought and shading treatment, the length of needles and specific leaf area decreased. The P, T , and G,
significantly decreased and the decreasing degree was higher than drought alone. The photosynthetic pigment content
significantly increased and the increasing degree was less than that in shading alone. We found that both drought and
shading inhibited the growth of P. massoniana seedlings and their photosynthetic physiological characteristics showed
different response mechanisms. The P. massoniana adapted to the drought environment by sacrificing the length of needles
and specific leaf area and adjusting the stomatal conductance to achieve the purpose of water retention. By increasing the
length of needles, specific leaf area and the photosynthetic pigment content, the P. massoniana adapted to the shading
environment. While under the interaction between drought environment and shading environment, the shading environment
not only relieved the decrease of needle length, specific leaf area, and stomatal conductance caused by drought—stress, but

also weakened the ability to synthesize photosynthetic pigments. Furthermore, the drought combined with shading may

generate greater risks on the growth of P. massoniana.
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Fig.2 The difference of morphological features in current-year needles of P. massoniana seedlings under drought and shading treatment
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AEFE N AEAR AR (P,) FEBHAR(T) SILFE (G,) FIAiiE R B CO, M BE (C,) 3 W358/, 43 s
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Table 1 The difference of gas exchange parameter in P. massoniana seedlings under drought and shading treatment

$8F5 Indexes CK DR LL DRLL
HOLAHF (P, ) Net photosyntheic rate/ ( wmol m™2 s™1) 14.82+1.03a 9.26+1.62b 8.56+0.63b 5.25+0.78¢c
SILFE (G,) Stomatal conductance/ ( mmol m™2 s7!) 0.36+0.05a 0.09+0.03¢ 0.18+0.04b 0.05+0.02¢
HAEEIBE COMIE (C,)

Intercellular CO, concentration( pmol m™> ™) 307.79+11.72a 212.09+37.67b 307.43+12.04a  213.77£39.31b
Z& I F (T, ) Transpiration rate/(mmol m™> s™!) 3.97+0.32a 1.51+0.42¢ 2.38+0.36b 0.90+0.26d
K3 R (WUE ) Water use efficency / ( mol/mmol ) 3.75+0.42b 6.29+0.87a 3.63+0.30b 6.03+1.10a
ASALBRHIME (L, ) Stomatal limitation/ (% ) 0.21£0.03b 0.47£0.10a 0.22+0.030b 0.46+0.10a

CK . X%} | Control ; DR : T 5, Drought; LL: SR, Shading ; DRLL; RS Drought plus shading
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MAFR 2 AT TR AN A AR RN, SXTRRAR L, AR a MHERER b JEHE MR A
SRR MERE a/b LIRS MR/ B SRE SRR LA AR, SRR R S A R S BRI, 5 X}
HEAHEL 2R3 a MFERE b A N KRR S R0 & 55038 n 54.02% . 71.10% .38.63% F1 58.45% , 4%
K a/b FIZEHE N/ RIS 3R B 000N, 2008/ 10.48% F1 12.17% . 3 #7532 5. 4 T4 [7) 388 197 4b B — 302
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59.48% 41.58%F1 48.02% , M4 % a/b B EFW/N, /N T 9.63% , MZEHE N E/ B FE AR L B A,
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Table 2 The difference of pigment content in P. massoniana seedlings under drought and shading treatment

548 Indexes CK DR LL DRLL
4% a Chla/ (mg/g) 0.76+0.05b 0.82+0.11b 1.16+0.12a 1.09+0.18a
M-4¢% b Chlb/(mg/g) 0.26+0.03b 0.28+0.04b 0.45+0.04a 0.42+0.08a
FIAY M FE Car/(mg/g) 0.17+0.01b 0.17+0.01b 0.24+0.02a 0.24+0.03a
BIEEE Chly/ (mg/g) 1.02+0.08b 1.10+0.14b 1.62+0.17a 1.5120.26a
4% a/b Chla/b 2.87+0.16a 2.97+0.23a 2.57+0.05b 2.5920.13b
HIAE N E/ BMEE Car/Chlt 0.17£0.005a 0.16+0.01ab 0.15+0.01b 0.16+0.02ab
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JeB OR S EZOCHEE N T B AT IBPERE ) LK 73K 440% (P, =0.05 Pl =0.27) s UHRSZIS R OL IR
i) A ] AP RE 7 HK 43/ 53% (P, =0.50 (PT,, =0.24)
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