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Water Source and Water Use Efficiency of Two Typical Shrubs

in Different Seasons in Liudaogou Watershed
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Abstract; Water is the main limiting factor for plant growth in the water-wind erosion area of the Loess
Plateau. Liudaogou watershed was taken as a study area in consideration of its typical representative of the
Loess Plateau. Caragana korshinskii and Salix psammophila, two kinds of typical shrubs, were chosen
as the objects of the study to measure the §D of their stem water and soil water in different soil depths and

3" C of the leaves. And the IsoSource model was used to calculate the probable contributions of soil water
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to these two shrubs. In addition, the leaf water potential, stomatal conductance, photosynthetic rate and
transpiration rate were measured to compare the different water sources and eco-physiological adaption of
the two shrubs in different seasons. The results showed that: (1) the water use strategies of C. korshin-
skii and S. psammophila changed with seasonal fluctuations, and the soil moisture utilization ratio of dif-
ferent depths in different seasons were significantly different. (2) In the dry season, C. korshinskii and S.
psammo phila mainly used the water from 40—80 cm layer, and the ratio was 48. 1% and 49% respective-
ly. (3) In the wet season, C. korshinskii used more than 57. 5% water from the surface soil layer (0—10
em) and shallow layer (10—40 cm) s while S. psammophila used more than 76 % water from shallow layer
(10—40 cm). (4) The soil water deficit of the two shrubs were serious in the dry season, and the leaf wa-
ter potential, stomatal conductance, photosynthetic rate and transpiration rate were less than those in the
wet season. It indicates that the C. korshinskii and S. psammophila can obtain higher carbon assimilation
rate by reducing stomatal conductance to decrease water loss. And they can maintain higher water use effi-
cient to adapt the arid condition.
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Table 1 Growth status of two shrubs
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Table 2 Proportions of feasible water sources for two shrubs during the dry and wet seasons (min. -max. ) /%

T L7 Dry season(5 H May) T 2= Wet season(8 H August)

Soil layer/cm ¥ 4% C. korshinskii IS, psammophila P4 C. korshinskii IS, psammophila
0~10 13.6(0-40) 12.8(0-40) 36.8(18-51) 1. 9(0-9)
10~40 18. 8(0-58) 18.6(0-61) 20.7(0-82) 76(60-92)
40~60 24.2(0-84) 23.8(0-80) 14.3C0-57) 9.9(0-40)
60~80 23.9(0-82) 25.2(0-94) 16. 2(0-65) 3.1(0-14)
80~100 19. 4(0-60) 19.5(0-59) 12.1(0-49) 9(0-36)
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Daily variations of leaf water potential, stomatal conductance, photosynthetic rate and

transpiration rate of C. korshinskii and S. psammophila
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Table 3 Comparison of leaf §"C of two shrubs in the different months

ENLR 6 C /%o

1Y) Plant

5 H May 6 A June 7 A July 8 H August 9 H September
¥4k C. korshinskii —24.934a —25.871ab —26. 446a —28.568bc —29.605¢
VM S, psammophila —26.651a —27.018ab —27.058ab —27.974bc —28. 283¢

B FE AR F 8RR 88 C AR H A 1 Tukey £ 8 WAL S5 HRAE 0. 05 /K 2257 3%

Note: By the multiple comparison, §'°C at different height of different seasons with the different letters differ significantly at 0. 05 level ac-

cording to Tukey’s test
F 2 DM R 7K 335 /0N HG 3 2o B AR AR AL 5 B R
WK A B Sk iR B AR, Fr AR RPN Y
6 AR 75 I S R AE 5L RN 2 4 i) 2 AN TR Y
AR
2.5 2HEAMAEBEAMEAK R

Deines'’ # Xt k4 C, #9196 C (H AT
WG AR R AR C MR 8% C (H /A6 1
—22.0%0~ —34. 0% Z [a], o rfr 90% 22 A5 AH W) 1Y
3UC A AE — 24, 0%~ —29. 0%z 18], B3 3 7]
L ASHIESE A S5 R UD M 0 C A 1 43 A 3 LA T
2K C MY SV CHEEZ N, FrAmub a8 C
HTE 5~9 Hir 2R AR BHE.S HiKEH, 555
J—24.934%0 F1 — 26. 651%05 9 H &%, 4y 9k —
29. 605%0 1 —28. 283%0, Fr A& ANVPHWIA R H 15 Z 8]
1) o CEAEAE 22 57 I BAR KRB 5.6.7 H A Z[H]
ZERAREE(P>0.05),5.6.7 AR5 8.9 H4y
Z 2% S R E(P<0.0D) 1M 8 M5 9 A#h
ZEZERABFEP>0.05), LA 45 F 308 PigE A
MR 8" C A Y 225 28 A AR 2 52 B0 IR T o ) 34
H&NA Mz 8" CEER AN,

3w

3.1 2FERKGFRBERERETENK

MY AR T L A, K AR Y K 5 0
RS . FE P AR R A K oy 1) 2 AR A o K A3
RS VLKA 1 55 A il #2000 AR R 0 A 4 A
Yy 21 BE 1) 4k 45 5 OC B A L 0 L2 Ak F XUk K ol
DX ) 7 3H 78 3 A AT TE R A% 1F T A A SR BE A 1
o S U B X IR ) RT RE A AR R KA AR
FE 7K A3 RV . AW 7K 53 R IR AL 46 b R K bR K
- K AL E R KRR KA X B K A 1 D B R
P, BRI D, R 2 R R AR AL, KA
KR )E HHOK R Z b AR R T TR
WL IERZHNERE L HEK AN AT 8k 2 R
FHURZ 56K . W98 26 W8+ v SR XAy 2R AR R

FEHET 10~100 cm 2P0 vk kR &
) HAR R EEH A — A 1.5 m, HKFAR
RO AL A MR 3 A5 A AT, VO M A B o KO AR
PR Z A K AR L R ST
WIXE 0~100 cm 4 3850 1 45 + )2 19+ HEK ¥4 F
FH AH X2 (40~60 cm) FITE)Z (60~80 cm) 1 1
KB FIHAE Z o 33X 2 A 52 A 2 RV BN
FJZO0~10 cm) KR RERIEH IEH AR, T
FE ik B2 AR 2 (10~ 60 cm) FIE)Z (60 ~
100 cm) HR = M 48 P i il K 43, PR s 2 H R T
40~60 cm il 60 ~80 cm Ky 4 5K . F) H] He 451 43 51
ik 24.2%.23.9% 1 23.8%.25. 2%,
TR S - 2 FPRE ) (17 7K 53 S R X A AR 4, 7
R EREFHERZEA0~60 cm) FIEJE (60~80
cm) (1 - K AR Ry EEH HFR)Z (0~10 cm) FIIKJZ
(10~40 em) () + 58K, VI B & F 2 A H K2
(40~60cm) FITR)Z (60~80 cm) (1) 1 HE K A5 Hy 32 8L
FIHER)Z (10~40 ecm) () 3K, 2 Rl 0 £ 2
FI 2 K 40 0 R FE EL 451 B S 384 00, nT B P
AT 4 J5 D) . — T TR ZE R R K AR FE T R 2 R
A5 2 )2 = HEK o0 8 S0 3 s o — O T R
JERAXT R R R PR R T i Y A AT
B B A BILI , 7K 2 B 25 7 ) L 3R 2 0 PR AR Y 4L
EAKEBINY, B FRE R R WK 5 i #E fE
AR/ AB Y A S R R 2 K 43t e R AR
Xof U1 28 e g BT g L i DX f B A A A o A i
(Malus toringoides) ¢ HoA¥ A A8 ¥y W% )8 /N BE (Ber-
beris aemulans) [ 7K 73 | H 9 s 10 BiF 75 & B, 76 B2
AR i E BRI 20~60 cm JZ IR A K, 1
JE /INEE EBLF 40 ~60 cm J2 IR Y LK ; 76 W 2
7 Y 3 B 1 R 0~ 40 em (3% 2 1 387K, 1% JE /)
BE K 4y EERPEAE N 0~20 em + 2 +HEK,
Yang 5T L W AE K D LR E - HEE K
AR R YA B2 £ 3K s T K, 7ERE K
L )2 R K TR T R R 2R £
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ek . AR 3E E A A AT RSB M . Quercus gam-
belii TEREIK 1 H /D (4 DR i) #8802 TR 2 3
7K T B 7K £ e KA DR T % 0] = 2 2 0 2 b
TR,

M 2= FT 2R, 2 A ) 19 32 2K 40 ok U8 TR
AR BV K 43 ) s B 2= gl Y R ot
7RI AR ) R Y B L RE T I AN W] Y
A BRI N L G A R AR RS M A5 T A B A 2SR
ProkE LT 2 Bk D) i v R oK SR A K 73
7RO T ARSI SRR A IR Z R O A
RN 7% 1 8 A A LG T = AR L 3XR] BE 2 A 45 R T ik
IO BB B — SR 5 53 A o BRI R IR AR . K FH
R Ao, 25 s VR HI BRI 21, 2 A ) SR BRG] <
FL R 7 2 K 3 B o DTG A AR5 e S A 8
PNSE SR A FEAF 98 R AT 1L R R 1L XA AR (Quer—
cus variabilis) — Ji ¥ §F (Grewia biloba) 75 R 5
K G 1) FH SR If -, 2 3 A ) 2 il e R KR K R )
AL G A I K 5 R AT 75 i R HICA) 7K 2 R R R
FHRZFE R AR K. KRG 760 58 2R h
W o N o V8 4 Z2 8 B W (Tamarix ramosis—
stma) B[RRI o 25 7K 43 55 0 B 22 ), A ) 38 0
AL AR AH X B E 1Yk [R) Ak B g B v 7K o3 A
RO R BT 035 Y BE T
3.2 2FERMKSFIAME

AEDEG &R (C, Co 1 CAM) G A 2 1L i
(RuBP #1 PEP ¥2 1k i) 1 & A= ¥ 1k 19 i 1] 1 23 (1]
2 S X C A AR BN FTHE R, S B0 [FDE
FRENHEMEA R EARM CCH. #iit.5"C
B U HAFX S C Ml C, i dtt, A
HEY L Co HL 8 C AE AL TE — 20%0 ~ — 3500, CF
B —26%0) ,Cy MW ZBAAE — 700~ — 15000 CF- 3
K —12%0) 1 CAM AP K295 T ik 2 KAL)
Z A, — AR 7E — 10% ~ — 22%0 Z 18] (3P
—16%0) . MR HE AF & 00 C A AE Mk B K
(—29.600.90) %o~ (—24.9330. 92) %o, V>4 5"
C A AE b Bl o (—28. 28 4+0. 45) %, ~ (—26. 65+
0. 17) %o, Ut BT 25 FIVP MR T Cs Y.

X Cy A R Ry 8 C A REHE m W)
A K o3 R RO A Y 8" C BBk /N , HK
AR AR, — s 35 b I B e T
FHAE P R i 0" C B K 8 75 B 1+ 391 7K 43 1) 3%
R AT SRR T K 4 A R AR SO A v g
UCER TR T (A 7 | DR B & S = U i 7/
PO T 5 5 B0 PR 55 A AR A L oK a3 R R A 8

IR, ARWEIE A K F A A AT 87 C T
YAy 50 —27. 08%, Fll —27. 40%, . ¥ 4% 8" C {H W
RTVH0 BI K 53 R FHROCR S50 5 T U000, VoMl
FFFSRAE ST oV C IR T 2=, Ui 2 FhiE R 1Y
KRR E RTINS, FBKIERZ XA %M
UM B K 3 R IR B K D R A K
AR 2 FhAE Y A] R K 433870 Al g 43 5 80k 4%
FVD W32 B — 5 A8 BE A 7K 43 3 s DO i A3 5 4
1o 7K 0 ) FHCR R o X T R e . R K R R
2, FHES K = ALY T R K o B e R L
RN VDM 32 B AR BN B K A i H SR C S R
oA L /N B K 43 ) 80 S A A, ) i 8 4
Tk X S 0 2 Ml AN [R) AR S 5 AR (Saliz cheilophila
Schneid. ) {4 7K 73 F FH SR W B 55 £ B, B2 2% Sa 4 5
W T K 43 Sk PR EE 9a F1 25a A M0 4 7K 43 Sk /L
PR b SR JBCHR 185 7K 3 ) FH 2850 3 1 5 1 ok I T 5
8 LT 9a Fl 25a A= L4052 B AH X /N B 7K 43 kA
7K 43 ) FH 85 AR A1

L | R ) o S R OO [ R S ST A N K
HEATRE 5 0 B R R E BRI 2 AR FE A
Ko FEAERPIM, 4 K RIS BR L DA & K
A BT il A ) I kB R ) R A Y T L A
XFT T A0 N CO, W B Ab T “ YLK IR 25 5 R T
FEGEY A 8" C A U AN HE R A SO R
SUCHER R . BT ARSI, i R AR A RN R
GEM BT A AR BRI T RE R T e 4 A
Wy EL g T BT s A B A Ak RO R A BILD S BB A AR
AR S HERR 87 C H WU B 87 C HERAR. 5
Hb AT REA 5 2 SRR T & A % . Farquhar %5
5% K PR %5 25 SR B 10 T s A P 7 R i L <
FLATH LR A R N CO, ¥R EE T, an Rt
B AF 56 5 1 FH 238 AT 4 5 1 3 K P A % CO,
() 8 T S 38 i, DT A I e sk [ 57 3R A AIR
Garten 457" | By 5@ A0 031 g He 450 43 51 V8
MR (Quercus prinus) B IR V% T T5 A FIHE A VA0
MR 8" C(E B 58 o & I A K A0 300 31 2 KOR
11 6" C B A 2 W IR A a3

4 %5 B

CU Y 25 R 0 97K 53 0 PR 0 W B2 15 25 R
7 25 17 % 7R [ - 4 R 8 7K 43 9 P L 0 22 5
S R (B PR DR RS = w7 N AL L D0
10~80 cm + 2K 4> 9 F FI 33k 48. 1%, Y% 40
~80 em I KA BRI 3L 49% , FI% 2 R
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Xt 4% J2 R K A (0 R A T B AR kL B
SR X R 2 A HE K 43 0 R R A ) R 2
K o Ar S E Z AR 2 0~10 em Ak
JZ 10~40 cm { - 3EK 5, FI R Z) 2 57. 5% 1
BRI % 2 10 ~ 40 em B9 4 HE K. B T L 4 3%
76 0. P RIAE P 1E T 2 R R 2 58 A AN [ SR A 2R
FHZK VR AEHE B B 2, (0 H 4 0 1 A 25 2R 40 o 4 i
T 7 AU 7K o DX 55 00 AR S IR

Q) EEAERKRE AT 87 C HE
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