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Fig. 1 Soil temperature and soil moisture of Pinus massoniana (a, c) and Castanopsis hystrix (b, d)

in the control and the rainfall-reduced plots
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Fig. 2 Leaf anatomical structure of Pinus

massoniana (a, b) and Castanopsis hystrix (c, d)
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in the control and the rainfall-reduced plots
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Table 1 Leaf anatomical structure of Pinus massoniana and Castanopsis hystrix
W Fh LKt Xof sl
Tree species Index of leaf Control Treatment
b3 7 )2 FE Thickness of upper epidermis/um 12.77+0.21b 16.39+ 0.67 a
N 7 JE ¥ Thickness of lower epidermis /um 21.41+021b 27.82+0.75a

A L Mesophyll thickness/pm

= ]2 5 Endothelium thick /
s M} 2 )5 E Endothelium thickness/um

Pinus massoniana R Jig3E % Resin canals number

£ 2 Needle thickness/um
£ % Needle width/um

S FL% ¥ Stomata density/(number-mm™2)

104.87 +8.91 a
13.83+0.43b
11.33+0.67 a

507.94£3.71b

875.49+22.11a

119.96 + 10.48 b

99.79+12.30 a

15.00+£0.31a

11.00 £ 0.65a
549.22 + 30.94 a
854.03+14.81a
132.61+10.21a

3R B ) Thickness of upper epidermis /um
3R JZ )5 Thickness of lower epidermis /um
M1 41 Palisade tissue thickness/um

2L ) . HE4n2H 41 Spongy tissue thickness/um

Castanopsis hystrix
A/ 45 Ratio of Palisade tissue and spongy tissue
I JE /¥ Leaf thickness/um

I E Stomata density /(number-mm™2)

1744 £0.37 b
11.86 £ 0.37 a

53.43+1.78 a
4426+15a
1.22+0.04 b
140.10+2.44 a
468.71 + 16.68 a

21.7+054 a
13.27 £ 0.66 a

53.64+1.38 a
33.68+1.3b
1.60+£ 0.04 a
136.02+2.02 a
489.58 + 21.67 a

i AFENG TR AR N A (A AP FE B % 57 (p < 0.05)

Note: Lowercase letters indicate significant differences between the control plots and treatment plots (p < 0.05)
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Table 2 Gas exchange parameters of Pinus massoniana and Castanopsis hystrix in
control and rainfall-reduced plots

122 Wet season

WA SRS
Tree species

+F2& Dry season

Gas exchange parameters

*+H& Control A3 Treatment %1 Control KbFE Treatment
P,/ (umol-m™-s") 417 £0.18 Aa 3.92 +0.20 Aa 2.10+0.19 Ba 1.72+0.03Ba
G,/ (mol'm™-s™) 0.063 + 0.006 Aa 0.058 + 0.004 Aa 0.025 + 0.002 Ba 0.023 + 0.003 Ba

L Ci/ (umol-ms™) 29595+ 12.71 Aa  289.42 + 10.22 Aa 305.44 + 8.03 Aa 308.22 £ 22.37 Aa

Pinus massoniana T,/ (mmol-m2-s7") 0.89 + 0.76 Aa 0.86 + 0.06 Aa 0.48 +0.05 Ba 0.34 +0.064 Ba
WUE 4.88 £ 0.47 Aa 467 £0.41 Aa 4.79+0.52 Aa 6.08 £ 1.18 Aa

L, 0.29 + 0.07 Ba 0.30 + 0.02 Ba 0.33+0.044 Aa 0.36 + 0.065 Aa
Py ! (umol-m™-s™) 4.59 +0.38 Aa 4.42 +0.39 Aa 3.66 + 0.51 Ba 3.24+0.32 Ba

Gs/ (mol'm2-s™) 0.07 £ 0.01 Aa 0.06 + 0.01 Aa 0.02 £ 0.002 Ba 0.017 £ 0.002 Ba

oo Ci/ (umol-ms™) 289.10+12.87 Aa  273.31+ 11.09 Aa 253.24 +10.46 Aa  262.85 £ 13.63 Aa
Castanopsis hystrix T,/ (mmol-m™-s™) 0.85 + 0.09 Aa 0.67 +0.06 Aa 0.42 +0.02 Ba 0.35+0.02 Ba
WUE 5.79 + 0.62 Ba 6.74+0.70 Ba 8.65+ 1.08 Aa 9.26 + 0.66 Aa
L, 0.30 + 0.03 Ba 0.33+0.03 Ba 0.77 £ 0.02 Aa 0.80  0.03 Aa

M Py SOLEER; G ST T, AMEE; WUE: ROFIARE: Le SILIRE AR KNS 5B BRI AR 2 (A7 7E 2

FER, NAKKETRIORFTEFEREER (p<0.05)

Notes: P,: Net photosynthetic rate; G,: Stomatal conductance; T, : Transpiration rate; WUE: Water use efficiency; Lg: Stomatal limitation.
Lowercase letters indicate significant differences between the control plots and treatment plots. Uppercase letters indicate significant differences

among seasons (p < 0.05)

* 3 XEREEHAE WA D ERAIEN R RS
Table 3 Chlorophyll fluorescence parameters of Pinus massoniana and Castanopsis hystrix in
control and rainfall-reduced plots

MR RIS HL

L E ¥ Pinus massoniana

214 Castanopsis hystrix

Chlorophyll fluorescence parameters 8 Control

LLHE Treatment

X} & Control AbH Treatment

KK Fm 1.46+0.08 a
KA Fv 1.04 +0.06 a
R T 3E R ETR 28.91+0.99 a

1.31£0.07 a 1.62+0.13a 1.58+£0.10 a
0.98+0.06 a 1.28+0.11a 1.25+0.08 a
29.70£1.39a 3448 +2.03a 3452+1.28a

T AFRKNEG PRI IRAR R 2 MfAfE 825 2257 (p < 0.05)

Note: Lowercase letters indicate significant differences between the control plots and treatment plots (p < 0.05)
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Fig. 3 Chlorophyll fluorescence parameters of Pinus
massoniana (a) and Castanopsis hystrix (b) in the
control and the rainfall-reduced plots
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Notes: Lowercase letters indicate significant differences between the control plots and treatment plots. Uppercase letters indicate significant

differences among species (p < 0.05)
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The Response of Leaf Anatomical Structure and Photosynthetic
Physiology of Pinus massoniana Lamb. and Castanopsis
hystrix Miqg. to Throughfall Reduction

GUO Xin-wei', LIU Shi-rong', WANG Hui', CHEN Zhi-cheng', NIE Xiu-qing’,
ZHANG Jing-lei"?, MING An-gang®, CHEN Lin®

(1. Key Laboratory of Forest Ecology and Environment of National Forestry and Grassland Administration,
Ecology and Nature Conservation Institute, Chinese Academy of Forestry, Beijing, 100091, China;
2. Key Laboratory of East China Urban Agriculture, Ministry of Agriculture and Rural Affairs, Institute of Leisure
Agriculture, Shandong Academy of Agricultural Sciences, Jinan, 250100, Shandong, China; 3. Experimental
Center of Tropical Forestry, Chinese Academy of Forestry, Pingxiang, 532600, Guangxi, China)

Abstract: [Objective] To explore the response of leaf anatomy and leaf photosynthetic physiology to long-
term drought and analyze the relationship between leaf anatomy and leaf photosynthetic physiology under
long-term drought conditions. [Method] We conducted a manipulation drought experiment by reducing the
throughfall in the forest and measured the leaf gas exchange, chlorophyll fluorescence, leaf nutrient (N, P)
and leaf anatomy of the two typical tree species (Pinus massoniana Lamb. and Castanopsis hystrix Miq.)
in subtropical China at the 8th year after the throughfall reduction treatment. [Results] (1) Significant differ-
ences were observed in leaf anatomy between P. massoniana and C. hystrix in response to throughfall re-
duction; the upper and lower epidermis, leaf thickness and stomatal density of P. massoniana needles in-
creased significantly. However, the thickness of the upper epidermis of the leaves of C. hystrix increased
significantly, and the thickness of the spongy tissue decreased significantly. (2) No significant differences
were observed in the gas exchange parameters (net photosynthetic rate P,, stomatal conductance G;,
transpiration rate T,), chlorophyll fluorescence parameters (photosystem Il maximum photochemical effi-
ciency Fv/IFm, actual photochemical efficiency ®PSII, apparent electron transfer rate ETR) and leaf nutri-
ent contents of both species after 8 years of throughfall reduction. (3) Compared with P. massoniana, the
stomatal limitation (L) of the C. hystrix was larger and the water use efficiency (WUE) was higher, espe-
cially in the dry season. [Conclusion] There are differences in the strategies of P. massoniana and C.
hystrix to cope with drought stress. P. massoniana responds to drought by adjusting leaf anatomy to pro-
duce xeromorphic needles, while C. hystrix is more inclined to adjust stomata (Lg) and improve water use
efficiency (WUE) to adapt to drought.

Keywords: global climate change; subtropical region; leaf anatomy; photosynthetic physiology;
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