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Soil water use and balance characteristics in mature forest land profile of

Caragana korshinskii in Semiarid Loess Area
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Abstract; Compared with sparse native grassland ( CK), soil water content and exchange range, as well as balance
characteristics were investigated in the soil depth of 0—210 c¢cm with 20 cm interval in mature Caragana korshinskii
shrublands located in different topographic locations in a typical semi-arid loess watershed during growing seasons in 2009—
2011. Soil water content ranged from high to low as CK, north, east and south slope in the depth of 30—130 c¢m, while as

upper and middle position of south slope, CK, north and east slope in the depth of 150—210 c¢m, as well as upper, middle
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and lower position in south and north slope. Seasonal soil water declined in sequence of September, August, July, May,
June and October. No regular change of soil water range value and variation coefficient was found under different terrain
conditions. However, soil water range value and variation coefficient is active in the depth of 0—50cm, while relatively
stable in the depth of 70—210 cm in vertical scales. No continuous soil water deficit was found in the drought years in
succession, which serious soil water deficit was found in the first drought year, profit and loss balance in the second drought
year, and slightly surplus in the third drought year. Obviously, terrain condition difference influenced soil water variation in
a small watershed scale. But in a particular type of vegetation, plant factor would be key factor influencing soil water
movement in the stable soil layer. The resplendent and consumption of soil water kept a balance status in mature Caragana
korshinskii shrubland in this study. Results indicated that the response of vegetation growth was later than the soil moisture
deficit (about one year) , and vegetation growth can adapt to the soil water condition. This was mainly because relatively
high soil water content in initial period can promote the vegetation growth conditions due to high available soil water
resource. However, the relatively good growth conditions of Canagana korshinskii plants would consume more soil water
than initial period and lead more soil water consumption. On the other hand, low available soil water would inevitable limit

the vegetation growth and lead relatively lower soil water consumption.

Key Words: the Loess Plateau; Caragana korshinskii; soil water storage; soil water balance

TR FRE X, KRR R RE AT AR A SR aR s A 11 e i bl A 4 R AR A R B )
B ER O3, HES WA AR K R B SR LA SRRV iR P | W] I ABAO0T 138K 73 i 28 At A 365
PERUAEFIIRSIE | KA & KGR A+ K SR ) A RN A, — B2 38 Z s 1
T HOK >SSV 5 N TAE O R 7 T AT A e AT B AR B2 4] K 73 5 SRS AR R AR 1 1Y
PEFBRSE ) Bt N TObR i 4l 3 bk 8, 38 T2 248 LB R 48, K40 2 A8 T B 1 A B TR
JE R AR SR R R e e, LA R 432 ) T AR R R, B VR 0 T 5 A s i — 2P i, XN
TARE B 2 AR B, H AR Z K I FEFIAME A BN P A7 AR SCEFEA [RIHDIE 2508 T BUET 2R AE
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Table 1 Basic information of experimental sample plots

HARZEE % HEANZEE %

#ﬂﬂ @%z/m jﬂzrg/( ’ ) iﬁrﬁ]/( O) )H(ﬁﬁ}/a ﬁ\j%—/m ﬁmg/m gg/( Ek/hmz ) Coverage Of ‘Shmb la}’er Of
Sample plots Elevation  Gradient Aspect  Forest age Tree height Crown area Density herb layer coverage
AR YA UPES 2116 36 EI2°E 29 1.42  1.69%1.80 1386 75 36.50
AR PP MPES 2084 27 NI2°E 29 1.42  1.55x10.97 1798 45 39.65
RYF YL LPES 2034 29 NI2°FE 29 1.79  1.83x2.47 2766 55 67.85
R E3f UPSS 2052 25 S 29 1.22  1.80x1.45 2373 20 39.52
P AL MPSS 2021 32 S 29 1.34  2.05x1.64 2689 21 46.58
TN LPSS 1946 30 S 29 1.31  2.01x1.60 2102 26 43.27
dedk F3efr UPNS 2209 30 W30°N 27 1.51  1.57x1.65 2388 30 43.77
dt3k ik 7 MPNS 2064 27 W84°N 27 1.68  1.79x1.44 3337 25 71.39
b3 T Y7 LPNS 2042 24 W60°N 27 1.72  1.76%1.69 2521 35 58.24
Xof HR (S ) CK 2211 23 S 90

R YA Upper position of east slope (UPES) ; A 3% H 3 £ Middle position of east slope ( MPES) ; ZR3 N3 fi Lower position of east slope
(LPES) ;mi3_F34 Upper position of south slope( UPSS) ;M3 H13 /i Middle position of south slope( MPSS) ;Fg3 T 317 Lower position of south
slope( LPSS) ;b3 34 Upper position of north slope( UPNS) ;b3 1354y Middle position of north slope ( MPNS) ;b3 T34 Lower position of
north slope( LPNS) ; %} # CK

2.2 HIES/KEWNE

458 5% 7K 5 2K H ThetaProbe M12x 1 48 7K 43 S A 52 , AME T35 54T ThR @ WM EEN 0. 1%, T
2009—2011 4FAERK T (5 A LA 2 10 H N A)) XF 45 [ A b 4= JE K 20 R 4700, D IR 2 210em, B
20cm A—I)Z B 15d WE 1 0, B Wl s Ak g )2 A 3 AR AR, IR O BHEAE iz il 12 i 45
PSS KR (%) .,
2.3 PR E A

T Y SR TR . KR FEAS )2 (AL 55 0 FRARE L ) P8 2 7 e R AE bR vERE ML N U X fa 2k 174 2/4 3/4
AVERE 5 H2mx2m BIRETS, THA NASALSE YR s BE | o B AR ORI
2.4 PEWRMZER G

ARZEN (S A1 HZE10 A 31 H) B EEER0N . e 58I, 53971 78 5 3 R AR BERE | 6350 H B 3
AU B 2O G TR AR B 3 T A | Wk I A T 51T 78k s AR AR 2 B TR e i (11
H—34 4 7)) RIET I 2 A M 19km 195 PU T K B PRRFDF ST T 42l . BRI 3a FERT 34/ T 24
A2 PR 386mm, T LASA R ROKAE (£ 2)

F2 20092012 FEFZETEKE
Table 2 Evaporation and precipitation in 2009—2012

iy WH H 4y Month &t
Year  Item 1 2 3 4 5 6 7 8 9 10 11 12 Total

2009 ZE&f Evaporation/mm 41.4 53.4 105.6 158.8 175.7 259.8 220.7 138.1 96.7 76.4 56.4 40.5 1423.5
[% 7K & Precipitation/mm 4.1 11.2 17.9 14.8 25.0 18.9 51.1 111.3 13.1 42.2 4.1 0.9 314.6
2010 Z§ K f Evaporation/mm 40.5 61.5 108.1 150.6 182.0 183.3 191.1 186.4 106.2 85.8 62.7 40.2 1398.4
F47K & Precipitation/mm 0.7 4.9 22.5 40.5 94.6 28.4 9.2 7.8 27.0 43.0 1.5 3.4 283.5
2011 7&K Evaporation/mm 24.2 59.5 100.6 129.6 165.6 191.3 216.8 169.7 99.1 69.3 54.2 42.1 1322.0
F47K 2 Precipitation/mm 6.5 4.7 13.1 6.1 31.0 50.5 63.7 66.4 79.6 20.5 30 2.6 374.7

2.5 Bl
PZE(E (R) B 3K 730 R K e KA S foe/ IMELI 22 5 A8 5 R B ( Co) = B2/~ 248 ; Ak 2=
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W= 3 W W, = b, S W, R RE ) o, SR AR (% ) b, RRIRRE 4
IR = W o0 =W s o ZIARABHARIE = W= Wi

3 EREHH

3.1 H KA 25 -~ UPES =< UPSS ——UPNS —o- CK
K SPSS17. 0 G4 E 1) One-way ANOVA 3 15 S ipE  o-1ms —Ies

WAE IS 3a 1Y 1 980K 2 BUHE R 7 07 22 0 b, 45 2R b Presi%ﬁﬁﬂﬁﬂii/%

TN B RE R 2Z (8] DA AN TR RE AT 2 22 8] 3 S K B 1 X: 7 8 9 10 11

AP 3 225, ANFEAEHL, 10—210em i [l X) I8 20 b

(CK)>m¥i 37 (UPSS) >EEH R (MPSS) >db E:K

Wi AT (UPNS) >Jb3l R (MPNS) A R 2 gl

(LPES) >t F¥efi (LPNS)>Z58E F¥ifi (UPES)> = 100}

TRYEHHAL (MPES) >BI3E F oA (LPSS) s il I&l 1 AT iiﬁ:

DU 45 BE Hb 90T 2K i . 30—70em FEBEREIBIE 5 1o |

SR T A AL R B REME 70— 1300m A REILE T O

FAR T, ¥y S5 kR b 22 (8], a3 T 3 07 e A1, AR B 20 L

YA AR R A e, LAt A b 2 R 22 SRR R B A
130—210em REHE (L oL FF M W v oAby 2 Fig.1 Variation of soil moisture in different profile of mature
FEML,EE 2 5 TR, 3K 50 T B 22 R AFIE 30— forest land profile of Caragana korshinskii
T0em % FF H i 2 T 4 K R T I 70—
210cm , Jio T B 25 S AN 7E 8. 5% Z2 A AEAY S5 3R I HH AN [R)ARE A5, AR RIA G 38 33 57 A b V82 A A dd
225 M6 T.5% Ao, MmN b b 6 A e 2 2 TR B B I B S e T LA TR R,
KA 1] 22 SARRAE - 18 2 FTLATR ) e SR F b 30 T 43 Sk i i 2 5 b A AR SR F D4 R 9 H > 8 H >
7 H,5.6.10 AKX, K3 0TLLAE X AT 3K 22 AR R R & (RS R R I 6 H 4%
)2 1385 K B, B W 2Rk 2,7 H 29 7 80K & 5 B 7S, 10 J 7 80—140cem i B — i
BRI DX H 28 AR5 (5 1) |, ik — 3 BBl - 498K 43 S ImT 21 1 3 A AR K R4 3 v 1K T B 25 47 2% I 3l
AR XK B R B HAE , B K BEAIL, BRI (7 A) AR -,

LA R ALK

. . " . .
Preserve soil moisture/% Preserve soil moisture/%

pt & & 8 M LD 42 13 i 6 7 8 9 10 11 12 13 14
T T T T T T T 1 0 T T T T T T T 1
20 + 20 +
£ 40 + 40 +
EQ 60 | \g 60 |
2 80t = 80
=100 + [} L
= 12 -5 2 100
2 I =6 B 120
140 | -8 140 |
%160 | 58 &
il A ® 160 L
+H 180+ - 9H I¥ 180 |
200 - \ - 104 H 000 |
220 + 220
240 L 240 L
B2 HEKRMHETEKSSETE B3 mEMHELEASSETE
Fig. 2 Time variation of soil moisture in different profile of Fig.3 Time variation of soil moisture in different profile of
sample plots of Caragana korshinskii sparse native grassland ( CK)

3.2 HHUK 2SRRI N T
M N AR () Ml 3K o 19 28 53 IR e/ N O B R 20 B AAE B 9 1 PR iy TR OR B
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RS ARG AOPE ], — BN A I Y 7 K o B R, SR R R R TS, N T R
At B A A R IR R T RUEE R A R K 43 R K 43 B 88 AR i F s R, 4G
IEA 5 R AMA BT, AR AR VR, i R BA B i 3K o S Lo de e ) e
JEU X, A AR AL A A b 398 5K e T P BRI RAR 4R 0 AT R TRR I K 4375 BT
RE B> BRSBTS R Tt — 20 TSR 2 R K S SRR (bR SR VR MBI
(rm B A7) I5EFR SR SPSSI7. 0 GEit B FE AT 45 I J= A S 5 i A2 i DR B AR G 0 B, 265
AT (3£ 3) :10—30cm ,30—50cm —F A /K B-55 kg 73 31 52 B A0 25 1 P 2 R AR G B R R K
SRR S IEASE . B TE 10—300m 5 SRR K AR SE PR 225, BB > AR > B

£33 TREEFZFRMEETEKSSESMETFHEXRY

Table 3 Correlation between soil water storage and impact factors in water active layer in different slopes of forest land of Caragana korshinskii

HIET +3E7K 535 312 Soil moisture active layer/cm

Impact factors 10—30  30—30  50—70  70—90  90—110 110—130 130—150 150—I170 170—190  190—210
PR Height 0.881**  0.752" 0.618 0. 498 0.215 -0.392  -0.450  -0.446  -0.545 -0.599
FE Coverage 0.572 0.480 0. 486 0.352 0.271 -0.107  -0.162  -0.139  -0.221 -0.261
W Density 0.230 0.165 0.279 0.235 0.357 0.341 0.303 0. 344 0.286 0.250
Pl Aspect 0.813**  0.527 0.516 0.364 0.008 -0.394  -0.340  -0.271  -0.319 -0.352
Y Gradient -0.386  -0.426 -0.241  -0.252  -0.330  -0.135  -0.029 0.011 0.108 0. 160
WAL Slope position  0.074 0.084 0.089  -0.113  -0.167 -0.389  -0.519  -0.541  -0.559 -0.568

* P<0.05," " P<0.01

3.3 R 5K AR S
3.3.1  AN[RIEE R T 3K o 5S4

FHIESE 3a 337K 7 I e B0 11 S 25 (8 M A8 S R A, W2 (EERIN A - 10—90em X JEFE b R 5y, KA
IRYGEAE D, mE BN SRR M B IR, 110—210em JU3ERE Hidse 57, O BB AE s, X R ZR Sl A s e (IR, B R &R
BERILN . 10—90em JUIEAE 5 57, R 6T REFIAAE ML | BB AE M 541K, 110—210cm JLIEAE AR SR e i,
YR Ry A, TR BRI AR MR . FR T DA R T 32 20 K PHAR ST R RO - 49845 20tk 2 5 A
RINEEGREm BT R K i 22 (AN 5 RBUS AL AL E AN SR . DR 4 AT LUA . &7 S5 FE
K o R 25 AR S RECZE RN 0—50em 2 JZ 7K 73 38 # LU BR , 70—210 JUIAH X Eb 3 A2 e 5 X REE
i A= 3K o 22BN S R BN ZR7E 70em 240 H BRBH S 5 453 05, 38K o0 38 302 2 2 % HE#E 0—T70cm, 1
90—210cm M2 +HE/K 5378 S AR E |
3.3.2  A[FEREHBE T 35K 505 32 SR FRRE

B A = RN T 38K 43 R P 2 LA R Al i BE T AS b 3R 28 8 FIE ) 25 I ok A, R g A8 3 T 1 A
H KA SRS R I —E W ZWAE | TR TSR E EW AR Z 0 3K 4, BRIk 5 K
SRR IR RN ol YR A MO 5 1 K W UG8 i — P I IR S IR e A AR A K, B R A SRS 1)
AER . BTG N TGN 2 UK 20 3 285, X PR AR 9T N T MBS R e v s A s S Y, +
/K 43350 3 A2 S+ HOK S Sh AR ST A BB AL G M A KR B R (AR EE ) Cv% >
30(SD>1.5) MIHIRZ , Cv% 7E 12—30(SD 78 1—1.5) HKIGERIE , Cv% <12 (SD<1) AR FEE R 2 &
WFFERE MG BRZ R T X B AR T A7 AL 3 1 395 40 45 b+ 338 /K 438 BB oA 0—50em , HoAtbr S5 RE L3 oy 0—
30cm  RIGERIZ AR L7 B R 3 50 em, Jb3% 1 YA 53 WA 70em  70—90¢m . ,ﬂ\:f@ﬁéfﬂ( (ol
FEXT ) UG ER)Z (R 4) . MK 4 AT LLE 4500 2 1 587K 3 s 5 HAPE Y S oK A — o A a M R IAE .
THERIZTERETN T8 MR8 R A YIZE G s ZE R T, 2 B ) 585 /K G s RAIG 5 IRIG BR)Z i T b e 2%
RAEF B85S , FERNAMNATT S, FEAEY) ZE I nm ZUVE R 385 /K e I YR I BRZ th TAE Y 28 5 VR A8 /N S [
W B HEZR KA E— 055 , 135 K S BE )2 R BB g i T s s e B AR 5
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FIEARE 7K E Preserve soil moisture/o,

7K 4378 S5 2 ¥4 Variation coefficient of soil water
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24 N - 1.00 24 — — 1.00
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Fig.4 Soil water variation range and coefficient in different profile of sample plot of Caragana korshinskii
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55 3 ANRIKAE R 4REH AR |- 0—150em ZEPLAY,170—210em WIS A 7 it

x4 HHETEKSEECE (R R C0% FriEZ SD)

Table 4 The range of soil water active layer of profile in sample plot( Variation coefficient Cv% ,standard deviation SD)

b TEERZ Active layer KIGER)Z Secondary active layer HIXHERE 2 Relatively stable layer
Fied| FEn el FEiE|
Sample plots Co/% sD ! Co/% sD Co/% )

Ampe o v Range/cm v Range/cm v Range/cm
UPES 44.20—69.12  3.88—6.99 0—30 15.64 1.20 50 6.85—10.33 0.44—0.76 70—210
MPES 41.14—68.21 3.44—6.64 0—30 15.19 1.21 50 7.74—12.91 0.54—0.99 70—210
LPES 23.42—62.82 1.99—6.68 0—50 - - - 7.82—13.90 0.51—1.09 70—210
UPSS 37.36—64.89  2.82—6.00 0—30 - - - 7.17—13.70 0.52—1.09 50—210
MPSS 37.35—68.35  2.92—6.03 0—30 18.88 1.38 50 8.49—13.33 0.59—0.95 70—210
LPSS 44.70—66.29  3.23—5.78 0—30 15.08 1.01 50 7.47—1.22 0.59—0.74 70—210
UPNS 23.47—61.86 1.80—6.88 0—50 19.65 1.45 70 12.20—14.32  0.86—1.06 90—210
MPNS 36.85—63.43 3.24—6.66 0—30 - - - 11.16—13.55  0.92—1.07 50—210
LPNS 37.44—59.70  3.37—6.94 0—30 16.52—17.27 1.21—1.32  50—9%0 12.04—13.92  0.92—1.08 110—210

CK 25.07—67.36  2.29—6.12 0—50 - - - 8.40—13.33 0.71—1.13 70—210
50.0 i
[ 20094 0.0 20104
40.0 | 400 |
300 | 3
I 30.0 |
200F L
- 8. 200 |
100 | g 2.1 6.7
[ T 8-113-70 57 27 L4 % = [9.2
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Fig.5 Soil water balance state at the measured layer in profile of sample plots throughout the experiment
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x5 AREMEFEMTEFKERBSFEEHXR
Table 5 Soil water storage and profit & loss balance status of sample plots throughout the experiment
2009 2010 2011

Kb ok WA ARAR 3K ok WA ARA R LK) ok WS ARAES L3k
Sample  PUCS RORE Ok el Vol RKIE KR BfR Lo BOKE KR M
plots ) ESWM ESWO SWC Y ESWM ESWO SWC Y ESWM ESWO SWC

mm /mm /mm /mm mm /mm /mm /mm mm /mm /mm /mm
UPES 175.58 4.75 23.85 19.10 179.83 28.00 28.70 0.70 167.70 5.90 35.50 29.60
MPES 173.58  21.32 15.02 -6.30 170.98 15.10 22.50 7.40 167.20 3.80 41.20 37.40
LPES 180.94  35.03 31.85 -3.17 183.28 40.10 36.60 -3.50 169.51 17.00 40.90 23.90
UPSS 196.09 41.75 37.93 -3.82 196. 48 47.30 47.91 0.61 169.39 17.50 51.10 33.60
MPSS 185.13  24.00 20.20 -3.80 190. 83 53.80 24.90 -28.90 157.80  22.10 34.50 12.40
LPSS 167.22 18.80 3.20 -15.60 172.91 13.60 19.50 5.90 148.69 -6.70 -0.20 6.50
UPNS 165.58  45.40 27.60 -17.80 189.51 31.00 58.10 27.10 157.68  22.80 41.60 18.80

MPNS 173.35  40.60  25.50 -15.10  192.34  25.40  30.00  4.60  179.96 15.10 35.30 20.20
LPNS 167.22  53.00 39.24  -13.76  172.91  35.20  16.10 -19.10  148.69 -11.20 22.20 33.40
CK 200.72  40.75 43.34 2.59  200.66 55.85  43.80 -12.05  182.89  30.60 54.80 24.20
£t Total — 178.54  32.54 26.77  -5.77 184.97  34.54  32.81 -1.72  164.95 11.70 35.69 24.00
SWS fi#i 7k fit Soil water storage ; ESWM 4745 %k it /K &t Effective soil water at may ; ESWO KA %A /K & effective soil water at october; SWC +
K525 fE L Soil water change

AR T, N TR A 3K 7315 3l A — e R, 136 R M 2 2% S T R e it oK T e i 2 5
FEAR, TS BRJZ M AR 2R 2K FHTZ e 50K 0728 e o E (A W HE RIS RE ) A K 73 A1 Y Rl 5 3
MR E RO R B, AT FI08], AR J2 1Y LK 732 N TAE SR V& 4E 3 R MO & Y B SR
HAR SR FEAFAE— B TR e . BARRIUE AR ERZERE T T8 MR8 R AR 280 1 s 2 E R A £
S K R A UG BRZ h TR T8 MR 28 R A T BT | AR AN RED M AR R B I TE ALY
ZRME SR AU R 1 S K S PR — M B AR A0 KV, 728 S B AR AS 7% R S22 8 20 5 Wit %2 19 38 A )
ZEME RS /N S TR T8 (MR AR R WA A E— D005 , b3S K B B b SR TR BE SN T e EOE I A S
AR S5 B L B S AR TG R R ARG BRUZ

MR UEE SRR 25 B 3 A 0 2 5 A7 SR K S RIS P AN A7 DR M 2 32 52 ) AR R 5 e, SN AT
TEZESER T AL AR o X UL 27 2R A 3 2 A B, 3K I 7 — i I E) ROBE T B PR — P R s
FEX— A R, RSO 50 E—Jar AR IR T i 32 B0 il 1 3 A M R A R ML ) 26 1 | e 28 K S B g
AP R , AR 15 25 5 o K P87 A9 ) T2 2SR A - S KR R e R ) A A A B i 2
25 IR K o BOTH G R, 3K S AN R 2 AR ) A R 2R I Sl s 2 it — AP AR 3
Ko HITHAR R

N TR AT B B2 g Be, 21838 B Be i B fe | 2 B — > R OK o fif i oy 5 i 1) 107, 7
P T2 ) A P A R B I ), TEASIFTE AT AR bR M vy R 3 o7 b B/ i i g, 3k U W Ay
ZEENCTR BN K 7 AT AR I | BT L30T 2 I, 80K 28 ey U BURE 1] 1 3K 3K 52 1Y)
BB B, T AR AL AT MR AL T 3K S FE S # b2 RE RS 117 1) 355 B Bt o
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