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The interaction of drought and slope aspect on growth of Quercus variabilis and

Platycladus orientalis

WANG Lin', FENG Jinxia', WANG Shuangxia®, JIA Changrong’, WAN Xianchong'**
1 Chinese Academy of Forestry, Institute of New Forestry Technology, Beijing 100091, China

2 Jiyuan Meteorological Bureaw, Henan Jiyuan 454650, China

3 The Siate Da-Gou-He Forest Station in Jiyuan, Henan Jiyuan 454650, China

Abstract; Quercus variabilis Blume (cork oak) and Platycladus orientalis (L. ) Franco (arborvitae) are widely used as
afforestation tree species in the rocky mountains of northern China, and they play important role in ecological restoration in
this region where there are a fragile ecological environment with thin soil depth and remarkable precipitation seasonality due
to monsoonal influence. However, in recent years, we found the two species differentially performed on the different slope
aspects. In this paper, we measured tree-ring width and the corresponding area increment by dendrochronology, and leaf
8" C of the two main afforestation tree species growing on different topographic slope aspects in the dry season. Combining
with weather records and the soil moisture,, we analyzed the effects of water status on tree growth to study variation in growth
of the two species on the different slope aspects. The main purpose is to explore effects of seasonal drought on growth and
development of Q. wariabilis and P. orientalis forests, and the soil carrying capacity of the forest density. The results
showed that the tree-ring width of the two species on shady slopes was significantly greater ( P<0.05) than that on sunny
slopes. The corresponding basal area increment on shady slopes was also significantly ( P<0.05) greater than that on sunny

slopes. The 8" C values of the two species on sunny slopes were significantly (P<0.05) greater than that on shady slopes,
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with cork oak 1.17 greater and arborvitae 0. 56 greater. In day time, especially at noon, there were higher air temperature ,
lower relative humidity, and greater vapor pressure deficit ( VPD) on sunny slopes than those on shady slopes. The
maximum differences in the air temperature, relative humidity, and vapor pressure deficit all occurred at 1400, by which
the air temperature on sunny slopes was 1.5 °C higher than that on shady slopes, the relative humidity was 1.6% greater
than that on shady slopes, and the VPD was 4. 1kPa greater than that on shady slopes. The air temperature on shady slopes
in the early morning and evening was slightly higher than that on sunny slopes. The soil moisture on sunny slopes was
significantly lower than that on shady slopes in the dry season, however there was no significant difference in the soil
moisture between sunny and shady slopes in the wet season. The soil moisture in the dry season was only half of the wet
season. Correlation analyses displayed that the precipitation in dry season was significantly (P<0.05) correlated with the
annual basal area increment of cork oak, especially on the sunny slope, the correlation coefficient reached 0.7. However,
the precipitation in dry season was not significantly correlated to the basal area increment of arborvitae. Those results
indicated that drought condition more severely inhibited growth and water use efficiency of cork oak than that of arborvitae,
reflecting that there existed variations in tolerance and responsive strategy to drought stress. With shallow soil thickness and
low capacity of water storage, the higher evapotranspiration on the sunny slopes exacerbated the adverse effects of drought on

tree growth.
Key Words: Quercus variabilis; Platycladus orientalis ; topographic aspect; tree-ring width; §°C
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Table 1 The thickness of soil/cm

FH3% Sunny slopes/cm B3k Shady slopes/cm
R ER Q. variabilis 22.7+8.8 a 16.7+4.5 b
WHI P. orientalis 23.943.8 a 20.8+4.2 b
x2 HEHKEZE
Table 2 The plant density of plots
FH3% Sunny slopes BHY% Shady slopes
W25 Q. variabilis/ (#k/hm? ) 1770+152 b 2060+531 a
WA P. orientalis/ (#k/hm?) 2150+153 b 23702208 a
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20 .00 WA AEPTAS /NI W 1 ok, Sk E SR 1.4 my, FIREE AR B 2815 = ik, AR T

12.27xTa

VPD = (1 —@) x 0.611 X e T3
100

http ; //www. ecologica. cn



2428 A E = 33 %
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Q. variabilis P. orientalis Q. variabilis P. orientalis

1 #EE MRS IEE
Fig.1 Height and diameter at breast height of Q. variabilis and P. orientali.

T Rz B B3 A B 3 S B AR A S 18 20 504 1,41 mm 1 1. 16 mm , B3 BHSSAAA BOAF R 56 43 50 1. 57 mm
A 1.46 mm([E12) o 35 FHBOMRUREAS ¢ 46 50 7 BHIR RS B AR ANAT 35 12 2 (P<0. 05) IR T B3, BRI A% B2 AR L
AR 11. 6% , BHSBEAMIAA LU B AR 7. 5% o e B AR AR A6 T B #7022 20 118 6 AR % 1 385 I AT 5 1 /IS 1)
A A OR R (B 2) o # BEARATS6 90 B A8 SR AR K, 78 1993 4F LU A 56 9 B 2RI/ )N | T AT 47
6 vE BE AR ] A8 (LA X P92 (11 2) o BRAFSE N A 8 e FRURIAR 48 5 B2 AL 85 M AN IR (181 3) o #4 BZ BRAE 1985
RIS i R LT, 25— BRI AR 0 AR A R 3 BRI 1% B A e s 1 PR , 0 R i
T 8—9a( &l 3) . MIAITE 2006 45 LARYT , — B AR R R b TH 38 K a3 e Se 4R 40y, BA 3k i s 5 5 BH 33k ( 1B
3) . 2006 4 LS5 PSR PR T RRLE T B 1) # T R  32 FH OV BURE AR ¢ 6505 58 7 BH 33 B2 A R A0 A 4
B INAR AR 2 (P<0. 05 ) (KT M1, 433K 34. 4% F1 13.8% .,
2.2 M RERERINIER

Fa B AR FIAUATI AR 22 BE s BH Y i - 8% C {BL 1 35 8 T 913 (P<0.05) o #4 B2 ARAE PRl ) Z [H] 1) 81 C 22
SR 1,17 AR 0. 56 , 4 K AR W 3% ) Z 8] 1) 8 C E 22 5 F Mk (E 4) .
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Fig.2 The annual ring width of Q. variabilis and P. orientalis on different aspects
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Fig.3 The cross-sectional area of annual ring of Q. variabilis and P. orientalis on different aspects
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Fig.5 Annual rainfall and mean annual temperature from 1981

to 2010
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Fig. 4 The leaf 6°C of Q. variabilis and P. orientalis on

different aspects
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Fig.6 The diurnal variation of air temperature, relative humidity, and vapor deficit on sunny days in early June
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TR FUA R 2R T R R 398 1 R B 22 S A O -

(R3) . BEMRAFRRERMPFRENEZEEIE 5 7 Soil volume water content of 0. variabilis and P.
A& R HSE FHI e e bR, HAIC R BGK 0.7, M orientalis in dry season and wet season

FAAT 14K T ARUR 2 2 [ R A W G R RV BT Y

SRR R TR S R R I W IE A G H . JEIR R AT TR R R o AR5 T A I
AHSEAE | 241 B3 TR 25 o T 2 R 8 T BT 3 Rt A oG

®3 BE(IA-SH)KRRESKHTEEREEKENEXE

Table 3 The correlations between the cross-sectional area of annual ring and precipitation from November to May

AARAE(R) BENE(p) HARYECR) BEVECP)
MIFIFE3E P. orientalis on sunny aspects 0.20 0.35 IR P. orientalis on shady aspects 0.35 0.09
¥ B ARFAYE Q. waribilis on sunny aspects 0.70 <0.05 e B BRBABY Q. wvaribilis on shady aspects 0.53 <0.05
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