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Abstract

Aim In the loess hilly region, drought stress frequently occurs during the late spring and early summer as a re-
sult of insufficient water supply and asynchronous changes between temperature and precipitation. Our objective
was to quantify the characteristics of water-consumption through transpirations and their responses to precipita-
tion in the dominant plantations in this region.

Methods Thermal dissipation probe (TDP) was used to measure the sap flow density (Fy) of Robinia pseu-
doacacia and Platycladus orientalis from April through October in 2009 in Ansai National Ecological Experi-
mental Station. Environmental variables, including meteorological factors and soil water content, were simulta-
neously measured.

Important findings The diurnal variation of Fy exhibited a single-peak curve during the growing season of R.
pseudoacacia and P. orientalis. The maximum Fy was three times greater in R. pseudoacacia (0.120 68
m3-m2-h™) than that in P orientalis (0.037 37 m*-m™-h™%). Except in the rapid-growth season (July to August),
the Fy of these two species during the post-precipitation period were significantly higher than that during the
pre-precipitation period. The Fy of P. orientalis and R. pseudoacacia was well fitted with transpiration (V'7), an
integrated index calculated from both vapor pressure deficit (¥PD) and solar radiation (Rs), using an exponential
saturation function. Generally, Fy increased in response to rising V7, while these values tended to be stable when
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VT reached about 50 kPa (W-m )2 Furthermore, R. pseudoacacia showed more sensitive to precipitation (p <
0.001) than P. orientalis, according to different hydraulic conductance model coefficients (fitting parameter b)
between pre- and post-precipitation periods. Therefore, R. pseudoacacia could be considered as a precipita-
tion-sensitive species, while P. orientalisasa precipitation-insensitive species. Through analyzing the different re-
sponses of plantation species to precipitation in the loess hilly region, this study provides a scientific basis for the
local plantation management from the aspect of tree water use during ecological restoration.
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T EASHE MR T EERE R ER S
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e oM, DA MK S 77 1 ) B 3 b e R X
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FMIZEEZ | 2009). Burgess (2006) %} 5% 5 Z= 4 7K 50 1)
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VBCIAT NS FA 55 TR 2K R M 7 455 ik (Campbell & Norman,
1998; lida et al., 2006). Pataki%%(2000){EX} Populus
tremuloides 11 Pinus thunbergiili} T 5 F2 F& T 5T
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Table 1 Stand structural characteristics of two plantations

AR N P ] s A s b 2 M 550 5 3R AR AR
HiAR ), F-19824F Ak, #h5% B A2 2304k -hm™,
I 1£8.8 cm, IR ES m. MORHIAE FEE N
8-10 cm, HEAIAT186%; M TR/, Hige
s %

1.2 MRFEE
121 WFRFNE

FERIFRAUAAAR Y 73 1 B 20 m x 20 miJFF
H, EREAFRFN . AKRE. WARBE. i
T (R SR AG BE AR & ARR (1), BT B 250
11(TDP-10, Dynamax, Houston, USA)F20094:4 H
20H-10 H 31 H AT W T30 AR S 00« Ay i e oK
PHELG SR M &R 22, BRIk .
ARSI Bk 22 B 40 s (1) /N JIAE BE R B 1 1T 30
cm (MIF) 5130 cm (RIFE) ALK A8 AHAE B2 255 (2)
FHEAN2 mmiP gl S EaRE 30 B F IR 24
10 mmiE KN, PEFLIEIEE 15 cm, 10 mmK
PR FNBESLEREL 43 T3l 1B W 4 N LA R
FL; (3) B IS K e S 22 11 i 2 B s R T U,
CABH IER 30 7K o S 4% el (4) FH e 40K
PRET I ATE I g 2 /N O e AW T b, RS
W12 VHLIEDERC #8)iEHE; )BT B 5k
SKETAE IR T30 23 0 B2 B R (6) 15 FH CRI000% 45 %
£ 4% (Campbell Scientific, Logen, USA)¥ & KFEFE
JP sk HAT A, A0 R RIBE N30 s, fth i
s RN IME (T 5 RS, 2000b; 505 4%,
2010). AR} i# H ) Granier i 7t 11 5 2 2 (Granier,
1987) i+ Fy:

Fg=0.000119 X [(4Tymax — AT)IAT])* x3600 (1)
A, Foe i FR 3 B (me-m2h™); ATmedt BT
TREF 2 [A)[ B A B KR ZE A AT A2 iR 254
122 "|EERNE

PR € FE 200 mAb A Hi R} B 22 2E 100 ik

e HAFS ER0 WG T e/ DT
Species Sample tree No. Stand age (a) Tree height (m) DBH/DGH (cm) Sapwood width (cm)
JIKE Robinia pseudoacacia 1 41 135 20.5 1.2

2 41 13.0 17.3 1.0

3 41 13.0 18.0 11

4 41 14.0 24.0 13
WK1 Platycladus orientalis 1 27 5.2 8.7 2.9

2 27 5.3 9.6 3.2

3 27 4.0 9.5 3.1

4 27 4.6 10.2 33

DBH, diameter at breast height; DGH, diameter at ground height.
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2 #R

21 E£KFRIMEERRHTFHE

S B 3 (4 H 20-10 H 31 HN W78 X B 2 [ K &
9492 mm, BEKATAI A (L), HA270%r) %
IKEFIET-9H, HBEARMEVINHER L. BMEK
25 ) A AR (A A b 38 B K B AR AR N T
AT (4-6 H) LI EIKEBUK, 7H W IFHZE D [E T,
9t LIS K EIA B A KB i =K T, 104
Py NFFUEREAK, 22105 H6.8%-10.6%.

Ba 7K AR B2 K i B AN O A A #0-200 em -+ )2
- 397K 43 i JE TR T 3 o S IR A A [ 114 28 Ak
e PNEERB0-120 cmt )2 AR S OK B AR L
R F120 cmbh R 12 1 H IR AR RS K B AR IR
JE(E2). BEKTEZNRZE BRSP4 m, K
ZYIH(4-6 H ) MK G LIRS K B KA
BRI, AR KREREZR(7-8 1), BT Fr ik B %
KB, BT 3K o s mth i, BEK R
B K BT 3B S K B BB, K ZFEARBI(9-10
RN NG EE - e

TR RE T W RS K, RS
DR 2R e 7 W B[R] A8 3l . 329410 H fiTidk
W FE i BERAN H ¥ VPDASALREAE o 753X 34N B[] B
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[} [ /K 5t Precipitation

. AR 45 K B Soil moisture content of Robinia pseudoacacia plot

o MFAEE D - HE 5 K Bt Soil moisture content of Platyeladus orientalis plot
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Fig. 1 Changes in precipitation and soil volumetric moisture content in the studied plots during the growing season. The marked
time of three rectangular boxes on X-axis are the study periods with the center of three precipitation events during the growing season

on May 27 to 28 (30 mm), July 26 to 27 (7 mm) and September18 to 20 (9.2 mm). The soil volumetric moisture content data are av-
erages in the depths of 0-200 cm.

RIS KA Soil moisture volumetric water content (%)
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B2 AT A R A KR S R (A-C) MR (D-F) ¢ M /K T S5 3R AR S /K B R AR CP BB £hR HE 1R 22)
Fig. 2 Soil volumetric moisture content in the Robinia pseudoacacia (A—C) and Platycladus orientalis (D—F) plantation in pre- and
post-precipitation conditions, respectively (mean  SE).
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Fig. 3 Daily sum of solar radiation (R;) and daytime mean vapor pressure deficit (VPD) in the two plantations measured on pre- and
post-precipitation conditions during the selected periods, respectively. The study periods which with the center of three precipitation

events in different growth periods were separated with dotted lines.
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Fig. 4 Changes in sap flow density in Robinia pseudoacacia (A) and Platycladus orientalis (B) measured on pre- and
post-precipitation conditions, respectively, during the different growth period. The different growth periods in growing season were
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Fig. 7 The relationship between sap flow density (Fy) and transpiration (V'T) of Robinia pseudoacacia (A—C) and Platycladus ori-
entalis (D-F) measured on pre (@) and post-precipitation (O) condition, respectively, during the different growth periods.
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Table 2 Sap flow density (Fy) in relation to transpiration (¥'7) of pre- and post-precipitation days in different growth periods during the growing season

W Fp A4 R KA Bk fE A SHRE
Species Month Pre-precipitation Post-precipitation Difference between coefficients
Hil}2 Robinia pseudoacacia 4-6H a=0.07597 a =0.08689 p <0.001
Apr.—June b=0.01751 b =0.02463 p <0.001
R?=0.93595 R?=0.90636
p <0.001 p <0.001
7-8H a =0.10655 a=0.10735 p =0.064
July-Aug. b =0.06804 b =0.07429 p =0.064
R?=10.85815 R?=0.92151
p <0.001 p <0.001
9-10H a=0.0665 a=0.10192 p<0.001
Sept.—Oct. b =0.08483 b =0.06069 p <0.001
R*=0.8779 R*=0.67764
p<0.001 p<0.001
A Platycladus orientalis 4-6H a=0.01478 a=0.01916 p<0.01
Apr.—June b =0.01808 b =0.02917 p<0.01
R?=0.27474 R?=0.39464
p<0.001 p<0.001
7-8H a =0.02437 a =0.02851 p<0.05
July-Aug. b =0.05265 b =0.05112 p<0.05
R?=0.64406 R?=0.83689
p <0.001 p <0.001
9-10H a=0.02438 a =0.03512 p<0.001
Sept.—Oct. b =0.01681 b =0.02075 p<0.001
R?=10.81975 R?=057574
p<0.001 P <0.001

BH: BASEAE S KA (Pinus pinaster) F1104E2E R AR EL,
Fy I % 1) ) B 3 52 08 P b (2 35 08 (I, Dunn
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