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Abstract

Aims Global climate change will increase the uncertainty of precipitation patterns and affect the growth and dis-
tribution of plants. In the sub-humid and semi-arid areas of central China, black locust (Robinia pseudoacacia)
plantations are widely planted in reforestation practices. These forests are vulnerable to climate change induced
water stress. This research aimsto clarify the responses of black locust transpiration to rainfall and soil water con-
ditions.

Methods To evauate the responses of transpiration to precipitation changes, we measured and contrasted sap
flow of black locust trees under throughfall exclusion treatment and the non-treated control in the Huaiping plan-
tation forest of Yongshou County, a sub-humid area in Loess Plateau. Throughfall and soil moisture for both con-
trol and treatment plots were monitored. Waterproof panels were set in April 2015 for the treatment plot which
excluded about 47.5% of the precipitation during the growing season. Stem sap flow in treatment and control plots
have been measured since 2014 using Granier-type sensors. Meteorological factors including solar radiation, air
temperature, and relative air humidity were monitored simultaneously outside the forest stand.
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Important findings Difference in soil moisture developed between treatment and control plots, the mean soil
moisture content in treatment plot was 23.76%, lower than 22.59% (p < 0.001, » = 31) in the control plot during
the middle growing season. Sap flux densities reduced following the treatment. The mean sap flux density under

general weather conditions for the treatment plot was 1.64 mL-m2s™, not only lower than 2.42 mL-ms™ of the

previous year (before treatment), but also lower than 3.38 mL-m2s™ for control plot during the same period. The
response patterns of sap flux density to solar radiation and vapor pressure deficit were also different, with the trees
in treatment plot showing lower sensitivities to meteorological factors than those in the control plot. Our results
show that transpiration of planted black locust trees was suppressed by the throughfall exclusion. The responses of
transpiration to meteorological factors decreased compared with a pretreatment period or control plot. These re-

sults suggest that decrease in precipitation will not only reduce soil moisture, but may cause decreased transpira-

tion, decreased responses to climatic variables, and lowered productivity as well.
Key words Robinia pseudoacacia,; Granier-type sensor; rainfall exclusion; sap flow; transpiration
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son, 2006; Knapp et al., 2008). [ A #h % Fik 7t % 9,
X 35y [l & W A = AR Ak, = 51 I A K = AR
1k, MTTTSZIAZE MG . BT 3E 0 51 A i I S K E T
R S R R 2N BRI D ) 2 T B G I
FAAK . Cermak % (1995) 78 Fit i o & (O BIF 78 2 B, BR
INIRKS (Pinus  silvestris) R & 2= A2 (Picea abies)Hk
43 AR IELE BT J5 0 338 in 7 3.514.5(% . Llorens&
(2020) % 7+ LU IS 22 85 R UH AR B4 BRAJE FE I, TETX
KAEME ZE, o HZE M & P F E 0 b 4
40%. Wullschlegerfl1Hanson (2006)i# i A T 42 i ik
BOUERH, M0 B R BAR 4 2= 28 T B 0 T 9%, 1T ek
/U [ TR R RE L BRAIR T 26%-30%. 76K 30 N T4 B 1%
RIS RRAK, K B ks> 299% 5 A 25 I 5 T Bf
23% (Limousin et al., 2009), ANid, A —LEHf 55K
BB B T 25 s A T RS, Wightman S5
(2016)7F 3 [l f# % HLIA P AL 50 i N T4 B3 B4 W ik e
SHe oA ot B AR fE A Y 2% 28 I B /K B 52 MR, RT R F JR
DR % X 38 A7 78 ] ) A b R 7K, N A B R T
8 1v8) R 0 AR 20 7K 43 A B = A2 2 .- Otieno: (2005)
TE 15 JE TR 2 b 75 A0 b 0 L 0 R, 24 3
TKE N —E BER, MRS T R, 3
-85 K B BRME I /MR A T B T 2 5 A AR

RIREA K. B, BRSO 38K 0 2 A 52
M R B 58 2 A AN R T e, 177 o 7K 8 5073 AR A B bk
53 75 1 () 52 e AN 5 388 K 70 A8 A B2 A O, T HL
SHA S B A BRI R RE V), o HEEREE &
YEFIVIIEE Tt — 2D I 5 i o

N 38 MR B v i b XA 4 Pk 1 3 A
Jiti. JUFRE(Robinia pseudoacacia)se—Fh $L7Y fy  A=
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Table1l Basic parametersof sample trees

Ehr B S ] Mtz LR
Year Sample Tree Diameter at Sap wood
tree No. height (m)  breast height (cm) thinkness (cm)

2014 1 141 13.8 3.6

2 17.7 19.5 4.6

3 10.7 10.3 29

4 10.4 10.4 29

5 10.6 10.4 29

6 18.7 20.0 4.7
2015 1 16.5 14.1 3.6

2 19.9 20.0 4.7

3 10.7 10.3 29

4 11.3 10.8 30

5 113 105 2.9

6 18.8 20.3 4.7

©U 00000 Chinese Journal of Plant Ecology



TR A 3 g S DR MR TR N LA B P O BN S A R T AL 469

VO B IR 3 e KA (14:00) 2 [R] i AV 4 K
WIREE, KA 2R B3 J7 FEAUA A iz i B34
WA I B S S UKIRE T BRI ROC R . A
SPSS 23.04% i1 73 A1 3 A WS H5 a3 i A Ak B, I
XA R AL BRI R AU 5 77 1 REOHAT 72 R A 5
YEE T H AN SigmaPlot 12.5.

2 #£R

21 #HEEMLEAISEBERLETRERER
i HIE Sk 2T LHFIE

9 ECHE A o4 I Ak 3L SIS it T AR A BRI A — A
H (2014F120154F7 H), W5~ INF B AR 71X F) e R
AP L35 K AR B &S W B LR o« A R AT B
B, RIESKEN TS SENEVI, B
N A4S RIS KBS 2 R 7S, (HAR %
A 2 X6 FEL OGS o 7 P o 2 AN IR ] o STtk
BA [ RN AL R A A] (20154E7 H), AbFE X 35K &
(22.59%) & Z K T (p < 0.001, n = L)X R X 135
K E(23.76%), H 6 R IX 435 K 270 B G
AN TR, AR B O B, T R Y AL X

50t A430

mm [% T Precipitation g
A~ 2 -
,g sl v H¥ 1S /KE Daily mean SWC 128 E
g
g -
=} Q
| 126 &
g% s
RS =
Q (=}
o 177}
& 20 _VV 124 ¥
] VVVV V. %
2 v v 2y
¥ i VVVV VVV 1 =
VVVV +H
VVVV
oLl N B A4 20
2014-06-30 2014-07-10 2014-07-20 2014-07-30
mmm [%T & Precipitation
507 o IRFANEE H Ak R B30
Daily mean SWC in treated plot S
g Daily mean SWC in control plot 2
5 s
2 30} 126 &
E Vvv vv E
g VY. v, >
£ 20} Vvv vav Vv, 2
DU V. vv ﬂ]m
nﬂ%d DDDUDD Vg “':":“:'“':'unu v, ¥
& 10} Oooo¥H | UEg Oopg 22 %
| +
ol . 1 . do L 190
2015-06-30 2015-07-10 2015-07-20 2015-07-30
H# Date

Bl BRI B R3S K E (SWC) KM E 3174 .
Fig. 1 Soil water content (SWC) and precipitation during the
two study periods.
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Fig. 2 Diurnal courses of sap flux density of sample trees and meteorology factors during two study periods (14 July 2015 was ex-

cluded from analyses due to overcast).
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F2 WAMRIGI BOKBRERSS . 28 UKRE T B, I8 5 % LU CP I AR HE IR 22, n = 6)
Table2 Solar radiation, vapor pressure deficit and sap flux densities (Fg) in the two study periods and their ratios (mean + SE, n = 6)

W5 I B SEYH K BAEE 5 SPREFOKRETE BR3P IIE R FA 46T I E B

Study period Mean daily solar Mean vapor pressure  Mean sap flux density of Mean sap flux density of
radiation (MJ-m=-d™)  deficit (kPa) sampletree 1-3 (mL-m2s™)  sampletree 4-6 (mL-m2s™)

AhEEHT Before treatment (2014) 20.62 + 1.69 0.65+ 0.03 3.53+ 267 242+184

AL Treatment (2015) 2196+ 1.51 0.53 + 0.0201 3.38+2.93 1.64+1.39
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Fig. 3 Response patterns of sap flux density to vapor pressure deficit for the arising stage in the morning.
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Table 3 Difference analyses on regression parameters for sap flux density
Vs. vapor pressure deficit

4 FERIL-3 FEM 46 AR 2 R
Year Sampletree 1-3  Sampletree4-6 Difference between slopes
2014 a=841 a=6.78 NS

R?=0.64 R?=0.63

p <0.000 1 p<0.0001
2015 a=1233 a=534 p <0.001

R*=059 R*=0.69

p <0.0001 p<0.000 1
ANFERNBRE % 5 S AOKA R TG B RR. NS, TR#

a refer to the regression parameter for sap density vs vapor pressure deficit.
NS, no significant difference.
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