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Variations of sap flow of Caragana korshinskii and Hippophae rhamnoides in hilly

and gully region of the Loess Plateau
BO Yongming', WANG Lijie', JIAN Shengqi* "
1 Research Institute of Soil and Water Conservation, Dingxi 743000, China

2 College of Water Conservancy Science & Engineering , Zhengzhou University, Zhengzhou 450001, China

Abstract: In recent years, the Chinese government has carried out a series of vegetation restoration work to prevent soil
erosion on the Loess Plateau. Understanding the water use strategy of afforestation vegetation is very important for effective
vegetation restoration in arid and semi-arid Loess Plateau region. However, unreasonable afforestation activities cause
damage to soil moisture environment, resulting in low survival rate, low preservation rate and low comprehensive benefit of
vegetation. The key to the problem lies in the use of water consumption strategy in the process of vegetation restoration. In
this study, Caragana Korshinskii and Hippophae rhamnoides were were selected as the research objects for large-scale
afforestation in Anjiagou small watershed of Dingxi City, Gansu Province. We measured sap flow in the branches and stems
of shrubs using sap flow gauges ( Flow32, Dynamax Inc., Houston, TX, USA), and studied the response of sap flow
density to the environment factors. The results showed that the effect of rainfall on water content in 10 c¢m soil layer was more
obvious than that in the other three soil layers. Soil water content and coefficient of variation were relatively low in deeper
layers. The soil water content in 10 c¢m soil layer responded to rainfall events with accumulated rainfall over 10—12 mm in

3—>5 days. For the soil depth of 20, 30, 40 c¢cm and 50 cm, a single rainfall less than 10 mm had little effect on soil water
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content. The average daily sap flow densities of C. korshinskii and H. rhamnoides were 1553 kg m > d™' and 1760 kg m > d™",
respectively. In most cases, higher sap flow densities were consistent with higher values for Q, and D_. For example, on 30"
June and 15" July, the sap flow densities of C. korshinskii and H. rhamnoides were 3129.88 and 2772.81 kg m™~ d™' and
3264.04 and 3234.32 kg m™ d™', respectively. For example, on 14" June and 5" September, the sap flow densities of
C. korshinskii and H. rhamnoides were 923.11 ,1140.24 kg m™~ d™' and 552.15.571.24 kg m™> d', respectively. In the
period of rainfall, the decrease range of sap flow densities becomes higher. There were different responses of sap flow density
to weather conditions. Sap flow density in C. korshinskii and H. rhamnoides was the result of the vapour pressure deficit,
photosynthetically active radiation and air temperature in August, and the sap flow density mainly depended on the vapour
pressure deficit. But the sap flow density was the result of the vapour pressure deficit and photosynthetically active radiation
in other months. When C. korshinskii and H. rhamnoides experienced long-term drought and no rain, soil moisture content
had a great influence on sap flow, and D and (), were no longer the main factors affecting sap flow density. On cloudy days
after rainfall, sap flow still maintained a large density, which was due to the long-term soil water stress of vegetation growth
in semi-arid areas. Rainfall enhanced soil water and had a pulse effect on sap flow density. The density of sap flow of
H. rhamnoides is higher than that of C. korshinskii, which reflects that H. rhamnoides consumes more water under the same
rainfall condition. As for the two shrubs, C. korshinskii has more advantages in vegetation restoration on the Loess Plateau.

This study can provide necessary scientific basis for vegetation restoration on the Loess Plateau.

Key Words:; sap flow;environmental factors;C. korshinskii; H. rhamnoides ;theloess Plateau
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Table 1 A brief view of sample areas of survey for C. korshinskii and H. rhamnoides plantations in the Anjiagou catchment

BH REAHE I {EARERE Mean+SD
Parameters Sampling numbers 2% C. korshinskii Y H. rhamnoides
ERYE 254 A =/ mm 80 1700+110 191+17
Biological parameters FA/ mm 150 15.1+£2.1 1.67+0.33
R/ m? 50 3.02+0.44 3.54+0.21
N 1.04+0.09,1.58+0.22, 0.9320.12,1.15+0.17
"B 320 2.15+0.16,2.16+0.15 1.87+0.21, 2.15+0.20
TS Fiki(< 0.002 mm) /% 3 9.17£1.20 11.04£2.3
Soil parameters *ﬁ*ﬁ( 0.05—0.002 mm)/% 3 75.59+9.21 76.69+11.34
FPRL(0.05—2 mm) /% 3 15.24£1.16 12.27+2.81
L/ % 3 0.68+0.08 0.7120.04
pH 3 8.1+0.94 7.9+0.75
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2 IEMPRRBRRE
Fig.2 Photographs showing the two shrubs of C. korshinskii and H. rhamnoides in the study
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X F ORI E (kg m™ h™') s CONRORBUK I LA (4.186 1 ¢ °C™1) s dT,, W INARER S A5 22 8] IR
22(°C) o BN Z A H R B
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Table 2 Diameters of the sample shrubs used for the sap flow measurements ( Mean+SD,n=9)

AL R AR TR ¥ 4% C. korshinskii YOIk H. rhamnoides
Gauge type SGB16 (%) SGB19 (#4%) SGB13 (2%) SGB19 (Hi%%)
B2 Diameter/mm 15.91+0.20 19.11+0.19 13.51+0.48 19.54+0.32
SGB: Wi LA Sap flow gauge
1.4 Bsotr

ML Z2 TC RUA S BT W 7 2 FUD R T W0 % B H AR AL S B R F (S, L Q, D, R TEZE Bl i
(ET,))WKFR, ETMMZE XTI, Fragitatry i SPsS 18.0 iitAs (1BM, 36 ) #E4T4RBE,
[ 5 J5 #27E Sigma Plot 11.0 IiUAS ( Systat Software, Chicago, Illinois, USA) 4T, X B M f# H P<0.05
FOETE S i S O

2 ERE55H
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40.2% 1 44.5% . FEFIXF 10 em )2 &K AL 3 A HRREF IS, R 20 S S KE AR
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15

P& Rainfall

20

25

1347k & Soil water content/%

30

H ¥ Day of year

B3 BEMSITEKDHNSETHEHE
Fig.3 The dynamic variation of rainfall and soil water content
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Fig.5 Daily values for sap velocity during whole experiment period ( Data represent the mean+SD)

F3 2020 F 6—9 ARSI RMTREZESHAERRNEXXER
Table 3 Partially adjusted coefficients of determination between sap flow and significant environmental factors in June, July, August, and

September 2020

T F HXCHE 5 A 1 Month
Environment factors Partial coefficient and significance 6 7 8 9
¥ 4% C. korshinskii
Qo R? 0.847 0.804 0.799 0.816
P <0.001 <0.001 <0.001 <0.001
D, R? 0.467 0.587 0.581 0.755
P <0.001 <0.001 <0.001 <0.001
T, R? 0.514 0.465 0.672 0.582
P <0.01 <0.01 <0.01 <0.01
S R? 0.505 0.306 0.415 0.426
P <0.01 <0.01 <0.01 <0.01
ET, R? 0.206 0.453 0.336 0.240
P <0.01 <0.01 <0.01 <0.01
VPR H. rhamnoides
Qo R? 0.855 0.822 0.806 0.841
P <0.001 <0.001 <0.001 <0.001
D, R? 0.381 0.591 0.604 0.793
P <0.001 <0.001 <0.001 <0.001
T, R? 0.505 0.419 0.424 0.394
P <0.01 <0.01 <0.01 <0.01
S, R? 0.487 0.512 0.375 0.347
P <0.01 <0.01 <0.01 <0.01
ET, R? 0.215 0.311 0.342 0.308
P <0.01 <0.01 <0.01 <0.01

D, : MFIKIKEZE Vapour pressure deficit; Qq: oA A 4RSS Photosynthetically active radiation; T

a

F 3K 3 Soil water content of 0—100 em; ET,: WETEZZHLK Potential evapotranspiration. FEAS KN 732

: K Air temperature; S, : 0—100 cm [
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Table 4 The multiple linear correlation equations between daily sap flow density and environmental factors in each month ( 1st June—30th

September 2020) for C. korshinskii and H. rhamnoides

Wb Ay [ 95 75 R P HEARL
Species Month Regression equations Sampled numbers
F 2% C. korshinskii 6 SF=2.034+0.502 D,+1.345x107 Q, 0.806 60.234 90

7 SF=2.037+0.366 D,+1.215x107 Q, 0.824 55.122 93

8 SF=3.345+0.157 D,+1.005x107° Q,-8.64x1072T, 0.836 50.475 93

9 SF=1.976+0.119 D,+2.304x107 Q, 0.791 63.120 90
VDI H. rhamnoides 6 SF=0.543+0.621 D,+1.522x107% ), 0.778 59.123 90

7 SF=1.132+0.843 D,+2.573x107 Q, 0.812 73.271 93

8 SF=2.188+0.331 D,+1.324x107° Q,—-1.231x107*T, 0.835 63.121 93

9 SF=4.239+0.662 D,+1.041x107 Q, 0.860 59.683 90

SF . Y% B Sap flow densities

R 28 AT LA Bl MR SR B (R 7K 3 i A T 78 B VR o 2 T) , vy 26 AR RS 180 Tt 288 B8 B AR T4k, W DA 280 2
A K A3 . BT AR AR AR 2R AT LALE B RSO i K 43 iR AT 25 IS VR dE R A P K o -l . A
WFFT RIS RS A AR 45 R — 30200 (H, YRR v B 5 e B, VD R A I A /0 B IO A 4 R R Y
17.78% , H1 T8 HY P ] 25 I e o A28 B 1Y 12.87%—12.84% %A HE I [R] — 6 ot 7 A< A A % T 5
DX B ) 28 W o 1 R Bl 4 R ZE M 1 A 43 LU RT RE 23 K T A1 il DX S P R g A B 5 1T g 2 A A 6T 7K 43 B
Tl PRI A P O R T A ZE AR X — B SR A R S AR AR , RNV R A AL S O H RTINS R BT LAG
FALW R 1R A i LML A A5 0 — 2B 5 RIS, Fang 250 76 5 4 w8 3 P8 38 /DN e dak A AR 52t 3 HE 0
FEAERL B AR IR0 , I HL =38k 2 R AR VR 22 S8 5 Y o (RIS i i £ R . TR E i T8
PV /N ) 22 AT S R T B R P AR IR 9 (4 e G /N R, 3 T R SR A 8% [ B I — B OR3P SR

RIS IIIR] A7 2 VDR T 02 B B A8 AL LA A 8, s RIS A AL AR EL . Giorio 26177 59T & 3R
A ( Canarium album ) WHRAERE R AEIEE R TR, fk TR %™ 15 M gre A K 25 0, 0L 20
AR S BAT AT AT I AR (R SR A TV 28 B R T RA R, Bl H 1) O BH 4 5 ok B Fn < Tl
(T TR B S AR i AR AL 3 T B SR AR R TR (Juglans regia) BRI FEA LA
WA, 76 78 1) 475 R A7 76 A% T W00, H VR0 0 o R R 3 MK FLfE 2 PR 00 W R W A #E ( Betula
platyphylla ) T B2 BEAL 5 K1) 11.47%—39.93% , HWE R IR & B RKTHK, AR5 R ARSI
P RF SRS B 00 2 B 1Y H AR B AR S AR AR — B, AW IR LB T — A i 3
G AERETN AL IS I B R IR A PR R 25 J3E 3 1T BB R TR 2 T R b Xk A 1A 8 22 - 498K 53 oy
I BERNAMA T 3K 53 RT3

PRI IYIIA] , V0 A A TR 2 K T 4k, X U VD B LU 2R T RS T T 297K 43, Jian 455V HF5E R
TE B+ 5 RO X Ry A VD R T A 3 A A A K A B SR AT, VD IO e A TR 4 22 1 A A Bl
LA I HAESOR A S5 A 7 8 - S R AR R R
3.2 BT IR B R PRE R e 1

R B T 0007 2 B S5 3R BE K 7 BB ¢, Nadezhda ™2 $5 HY  7ERE K BEE DA Q,B9BGIN , SRR ( Malus
pumila) RS TR BERA A, A6 P 05 7 5 R 0 e o DX a6 45 SR 6 I, A BHAR S R AR R
P e Aty A H 28R 3 DN E BB T ) FE S —IA ST Rk ( Eucalyptus robusta) N T HRAJF
) H YR T S8 Sk SRR IR 22 BRI AR ST & B, b A RV B 4 R YR O %
D, T, F1 Q,WIFE MK AH R A 0 2% BE 19 3 IR FIE R R A KA e 22 52 . AR IRl il 2 B,
MRS SUBAD TR TREIM AT, B8 K E X TR B2 AR, DAL Q) B /R P52 4 1
TR B EER R BRI BRI 22 5 S 4 8 BN T8 I8N S 2 TR TR I 5EA5 2 T 5 AR SCH ]
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2 e A % BRI S 5 SRR T X R 2, - MUK A R A 5 e, T2 5 R RS KSR
Y152 3 MR TS M, 5K 5 BRI S R T JEAT G 34+ UK S 5 B, 2 5 A
S KSR MRS MR TIOHDEE R, T 5K 7 ORI P T B R 2 B 5
03 5 TN BT 8 WAL H B SRR B 1056 KT , M A M1 T A6 A 2 P B2 AC
SEFFRATITF AR 10, (LR A3 26 7 (A AR S 4R, 9 EL 2 % — B L B 0 B, 206 T e
(AL H R RS K 3 b 74, 2N ] A7 R A
33 T L AT 1 5

AT 1 - I T AL 5 T MK S0 AT B i — Bk B QA T 5L I T 870
WS X B 2 LR B /IR S PR WAL B 60 S e/ T N 00 (<5 e 6O T L) 4
K FUAEAERO T, 4 AR 24 2 it ,— TS T /N0 PE TR SR AR 6 L SR, Schwinning
44500 5 BAERY B 2B, SR 1 o PR R, A3 BT B R A28 01 2—20 i, 7T 7
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WATHK B TR 1 A TR0 A P A — B (F3 AT 2 5 240y B BRI, 38 43
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4 Zig

AR VR T2 B A /K G AR a5 o 2 52 8 g it E e v AR XN T AR 19 0 2 R IE 5, T
VAR K A A A O B S A FR S5 | A ANV A IR TR0 5 JEE 2 23O A RR AT KR
J28 Al AN S R A PR TR R, AT AR SV T TR R AT, e K X
TR EEEEGRIE A T R DR AR KM 2 K M aa, BEFTRN GG 1 3Bk 0, AR 0 i 2
FEAERKIPRON VD IREAT 25 AT SR AR TR0 8 BE 55 — DN T s e 1 A ) B9 R 25 1F U0 BT
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Leitt—20 g2 SRR 2 B PR B PR S . R A FNVD A T I O ZE BB LN | LA fe 2 1) 2 4
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