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Abstract; Although projects undertaken to return farmlands to forests and grasslands has achieved remarkable results, it has
aggravated the soil water deficit, soil desiccation intensity, and has also restricted the vegetation restoration. Five different
vegetation types ( Armeniaca sibirica., Pinus tabuliformis., Robinia pseudoacacia., Populus simonii., Hippophae
rhamnoides.) and a grassland were selected to analyze the soil moisture and soil desiccation in 0—10 m soil profile. The
results showed that the moisture differed significantly in the shallow soil, as well as deep soil between the vegetation types.
Compared with the grassland, soil moisture was excessively consumed in all vegetation types, the Robinia pseudoacacia
forest consuming the most, and the Armeniaca sibirica forest consuming the least. Soil desiccation appeared in all vegetations
types, and the desiccated soil layer of Robinia pseudoacacia forest, Populus simonii forest, and Armeniaca sibirica forest had
reached below 10 m, implying that the vegetation is the primary factor influencing the deep soil moisture. The average soil
desiccation index of the five vegetation types was 39.26% , which is much higher than that of the grassland (=9.57%). The

order of soil desiccation intensity was as follows: Populus simonii ( 80.19%) > Robinia pseudoacacia (78.03%) >
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Hippophae rhamnoides (55.38% ) > Armeniaca sibirica (37.94% ) > Pinus tabuliformis (32.34% ). This result can be
attributed to the comprehensive effect of tree species, tree size and density, stand biomass, tree age, etc. In the future, for
restoration of vegetation, we should pay attention to the rational selection of water-saving tree species combined with a
design for stand structure according to the local soil water conditions, so as to avoid or reduce soil desiccation and maintain

high vegetation stability.
Key Words: Loess Region of Northern Shaanxi; artificial forestlands; soil moisture; soil desiccation
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ZRAT RS PR AR w1 52 1) T A e e H RITHE D)5 SR i OGS )R, I SEAE R AT 9T AR B AR B i AN
v b, XM b 30 1 IR TR AL IR R SRR T L+ T2 . R T R RSB IR LT (%
AB M 2 m 224 AHBIRZ K ASRERL K I A B ANA 1)+ HOK IR 2 . £ Ib & 3 80 bR
Ak, AR T IR P 2 AR DROUE N A, BELUSTT by R 7K b T 7K PR, DT Ak 2 b i A2 2SR 8, 60 AFAX i 7
BV R 30l F R e B - ST R LUK I TR IR H 5 7 O A A S A B T A 1) R A DGR
T — ), T R A E X A 4SS DA BB A T A T R AR RS — R B ST AR
XL SY B A X B — R Y 3 TR AR ALY, B 40 4% ( Caragana Korshinskii )" 3 3l ( Malus
pumila) "' & (Medicago Sativa) "™ SEWIEEE L SR, 78 [R]— HLIE 2% A AS [ R 9% 1) -+ 19— 08 A 2k o 1
S fif DR IE

AHIFFE LABR VG 4 S B Gk PR IR AE I oE X, S B A (Armeniaca sibirica) A ( Pinus tabuliformis) |
JUME ( Robinia pseudoacacia) ./NW4% ( Populus simonii ) ¥Vl ( Hippophae rhamnoides) PR}, LA 22 4F 558 B AR N
XFBE 3 HT A AR AY 0—10 m (Y9 3K 70 7 A RRAE 8 B IF A TR TURALR B2 | B 7E N 3 iz s X A A A A
FEME R A3 R G T RS e A SR AR A BB 4R

1 HRXER

WS XA T B 7 48 918 22 T S B 4 B 3 ek, M Ak 107°38757"—108°32'49"E, 36°33733"—37°24'27"'N 2.
B, 4= EL AR RN B 4 e VA AR X, J W iy i 1 2 R, 4K 1233—1809 m, 4R34k 7.8°C , Z4F
SEIREIK A 478.3 mm, BEIK ZENT AP BOARI  AEBRARAL K IR AR ThAE 7—9 H | 24 V- 4R R 1H SEPR 7% &
7 400—450 mm, TIEH A RRYT R RIS R B AR LR LRSS 1 e X ST R 97.6% , it
oM HR e THIE)FE KB 20.9% , JZEIRE 4.7% ,1 m UL E+ )20 HIEEEEE N 1.3 ¢/em’, S ORI A
1998 4 St iR BHA AR LK B B T LA JhAS SRR /N4 55 2 B AR B CTRR, LR VD Ay 5545 R B
FRAGHEAR, LTS (Stipa capillata) SR (Poa annua)) S REARMLY) . % EABIREROR B, MR AL
B 5 RIK 49.6% , K I ARAT B S5
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2.1 FEHbERE

AR /N4 RS RIS TR AR MR R AR MR LA Je 2 AF TR R A RSx4, 0 T8 Lk
AREAER A | A O (3 B RS 1)) AL, FRARMHBSR FH 20 mx20 m B9REH , E AR AKHRF 5 mxS m (RE
H, FEEHER 1 mx 1 m ARE R A A B AR RORBL (FR 1)
2.2 RHE - SRR I
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R OO R W28 1) R4 T 3B IRURE | IBORE A S i A S S T s B 2, RIVIBORE ot 5 ) L 30 ) A 8 R
M, AT EEER0—10 m A3 ,0—1 m LJZEEIFE 10 ecm BUEE, 1—10 m )2 5B 20 cm HUHE | &
JEWATHES RN RINE H R FK R, BRI K I E BB R CRUERT 7 H RBER, 4K
A3 5 W e 4 TR 7E 2017 4F 10 H 25 H—2017 4E 11 A 10 H,

F1 TRAMITTEFERESR

Table 1 Basic situation of different forestland and grassland

M7 AT il /é | . -
A LT ot/
b 3 e . - T Average INic3 P
FE LAY R b, 4[] 333 . Canopy MRATHE
X . Average diameter at K Tree age/a .
Vegetation types Altitude/m Aspect Slope/(°) . density/ % Planting
high/m breast densit
height/cm ensty
WA Armeniaca sibirica 1410 FR 23 3.10 2.60 40% 8 2 mx3 m
INI4% Populus simonii 1434 R 24 8.90 8.60 85% 18 2 mx3 m
JMHA Pinus tabuliformis 1420 7R 25 3.20 2.20 60% 5 2 mx3 m
HIBE Robinia pseudoacacia 1410 Rt 20 10.90 8.60 80% 19 2 mX3 m
VI Hippophae rhamnoides 1425 K 25 2.50 1.80 90% 18 1 mx1 m
FEH ;L Grassland 1431 N 18 — — — — —

23 A PARLSRIE A )75

AT TR Ak R b < IR, 1R K R < SRR o B A I A
RSN R AR K F 09— O (0, — R Rk B 69 S0%—809% ) VR —
S PR TR . A I RS BE (ORI Rk 69 60% ISR 4.7% 1

A TSR AT HA 09 18 AR R P PR ALHEC SDI Csoil desiccation index) SMFF1
XFH S AR -5 PR >4

SM-SW SSM-SM
S 1K 100% = X1
SSM—SW) 00% = sqw—gw < 100%

A, SDI 2 HHETHRALAR R (%) , SM = HIEIRE (%) ,SW SR ZENRE (%) ,SSM 2 HIEREIRIE (%), +
S I BT K R (%) Fon o ARAE SDI KU/, R TR R 7 S 9 (R 2)

R2 TETHRURERSRE

Table 2 Classification standard of soil desiccation intensity

SDIZ(]

3T EALFE$L SDI I AR R R 3T AR ¥ SDI T AR i R
(Soil desiccation index) Soil desiccation intensity grades (Soil desiccation index) Soil desiccation intensity grades
SDI=100% e BE T4k 25% <SDI<50% TR
75% <SDI<100% SRET R 0<SDI<25% BT
50% <SDI<75% JUE TR SDI<0 T TR

2.4 TBOKSPAROCHEPR TR T

T HEAEK B (SWS) h—E R Rk & iR A

10 x SMC x BD x H
p

FHT, SMS(soil moisture storage) A 137K i (mm) ; BD (bulk density) i HIERF (g/em’) , BUEHN 1.3 o/
em’ ,SMC ( soil moisture content) N +3EF & & /KE (%) ,H £ HJZIEE (em) , pRam/KIEE, BUE N 1.0
g/cm3o

T IEERAE K I (ASMS) KR IS PRt /K o 5 8 22008 I - ek B 25 M8 AUl

ASMS =SMS-SMS,,,

SMS =
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#H, ASMS (available soil moisture storage ) A 345 R fif 7K 7 ( mm) 3 SMSy,,, 278 387K 73 A P8 2518 15 s 1) +
BEf#/K & (mm) .

K S FE R (SMO) 7R - HERG e 1 BE I 1 it /K B2 5 S PR - I fig K i i 2508 THE AU

SMO =SMS,,,—SMS

AT, SMO ( soil moisture overuse ) i FIEIK /i FE 8 (mm ) ; SMS, F 7R 3K 73 Ak F 72 e 105 1) 3 kK &
(mm)

IR E (SSD) Fon N T AR5 B 44E 0K g e i R A 0h

SSD=SMO/TA

U, SSD (speed of soil desiccation) Ay 13-4 B (mm/a) ; SMO ( soil moisture overuse ) A+ 387K 431 #E 1=
(mm) ; TA( tree age) FARMIE (a) o
2.5 BdEsHr

RT3 22538 \LSD £ 8 MU AU [RIAB # 2 BV 2 5 TR 2 - 3K 701 22 SV 0 A S [ b, = 38 AR Ak 507
il & F ] 7 Excel2016 H1 58 Y,

3 ER59H

3.1 ANFEMH 0—10 m +)2 HHEEKE

A3 X 2 M AN T R 0—2 m 1 2—10 m A9 BRI TSI T (£ 3) . AL EZ(0—2 m) 13
V(R Sy SR R Mt B A, S S4B AR 10.67% , T 4.16%—13.16% 2 A% 81 , Fe/IME (4.16% ) T AR T I8 2500 B
4.7% s /N AR LR 5, IR 17.11% B/t R bR LAAN LAt Ui T s R ARHE , 7F 0—2 m P34
BRI T (15.03% ) o )2 (2—10 m) 5810 B WA FrAS R, /A b b - 898 B8 S (A
6.24% , 7 5.30%—8.24% 2 [8) % 5l , & 3X JURP kb b Fe G . TR J2 - 33800 B e v 9 J2 07 B b, 7F 8.68%—
17.51% 8, F3ME R 13.25% , BRFERHLAL , TR MDY 1 39800 B 45 e

R3 FREHEEBTIHEKSGESSERE

Table 3 Soil water contents in different vegetations types by multiple comparisons

0—2m 2—10 m
RS - o ) AL 3 . o X AL F S
Vegetation types He/ME K AE B o R ESN 2} P
Min/ % Max/ % Average/ % L. Min/ % Max/ % Average/ % L.
of variation of variation
l
ﬂm . . 4.16 13.16 10.67¢ 0.31 4.20 9.55 6.41¢g 0.23
Robinia pseudoacacia
I i
{/Mi . . 5.18 20.13 13.32b 0.28 4.90 14.57 8.18f 0.36
Hippophae rhamnoides Linn
NI
I . . 8.63 19.90 17.11a 0.18 5.30 8.24 6.24¢ 0.11
Populus simonii
HIFA
. . . 9.15 14.99 12.93be 0.11 5.96 13.07 9.96e 0.23
Pinus tabuliformis
L
. o 13.46 15.27 14.14b 0.03 7.24 13.51 9.54e 0.15
Armeniaca sibirica
FEH M Grassland 14.38 15.80 15.03ab 0.03 8.68 17.51 13.25d 0.22
FAH F value 4.55"" 9.14™"

[f] —FAS [RIAB 1 S 22 ) S BN W] 26 7R 25 57 3 ( P<0.05,1LSD) , * * FRyR 25 A 35 (P<0.01)

B HL 0—10 m IR (£ 4) P T 7.57%—10.80% ,F-YI(EH 9.59% , +Hefi#/K 2 7E 984.1—1404.0
mm , -3 1246.4 mm; + AR AE K B2 TE 373.1—793.0 mm, -3 635.4 mm , % T 5% 50 4 %) - 5008
13.73% , IR TF LR E W 12.50% , A3 H [E) B2 W 1Y) 60.6%—96.4% , Ut B 45 Mt & A T AS [ F2 B 1Y
TET RS,
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B K A FE A T 221.0—640.9 mm, F-1 378.6 mm (35 4) , Ho IR K (640.9 mm) |, 23
FAMR(223.6 mm) FHLLATAR(221.0 mm) B3 =A%, /NHEA7IRZ (427.7 mm) | LA AR (221.0 mm) Fe/h, BARLL
AR A K K (1404.0 mm)  {HISSE/N T I, AS RO 38 T A0 B A T 12.3—44.7 mm/a
Z ]S4 27.1 mm/a, AA R, LA /)N,

R4 FREHMFITFEEM 0—10 m T EHIEE/KELLR

Table 4 Comparision of soil water in 0—10m soil layer in different forestlands and grassland

e T Y« S Y
HIBE Robinia pseudoacacia 7.57 984.1 373.1 640.9 33.7
/NHA% Populus simonii 9.21 1197.3 586.3 427.7 23.8
VPl Hippophae rhamnoides 9.58 1245.4 634.4 379.6 21.1
TS Pinus tabuliformis 10.78 1401.4 790.4 223.6 44.7
L7 Armeniaca sibirica 10.80 1404.0 793.0 221.0 12.3
RIS Average of forestlands 9.59 1246.4 635.4 378.6 27.1
Fe i Grassland 13.73 1784.9 1173.9 -159.9 —
JHZE1E Withering moisture 4.70 611.0 0.0 — —
43R5 2 W Soil stable moisture 12.50 1625.0 1014.0 — —
3.2 N[ - S R ) T 20 A RRAE T

ARTFBRHLFITE REHD 0—10 m - 93 A - 90380 , Somemeconenle
BEA T2 R A AE S FRAR S THE i R a3 (1) o 0 T e
BRImAS TP S E b AR R B K TR R 3K B B 100 ’/;P
it 10 m, HA A AR 250 em AR TR, 200 |- —— i
HIBLARAE 75 om LUFEDYESECTR AR PR | o
fiF 130—750 cm 11 870—1000 em, Wbk Seitse 2 NG
+IET)Z BT 130—850 ¢m,270—610 cm, HIFEAL = Tk
W+ KA BRI AR . MR 2 | i
MR RGO T R R s MR & 0T : e et
2 K B R R e T oo -
TIET Z R WA IR 0 IE 13 T2 800 |- o HRAE N
BRI, 75 em YRRFIIMAS AR IR Z, 920 130 em; ili# 900 |-
MU, 29 170 em, LA BREEE, 2 250 em, 1000 L ( Z

33 ARG IR

TR R R (10 A R L FERBSRERLAREARAE
1) 5 Bk A FIRE T AN M BF 5 1 T Fig.1 Distribution of soil moisture profile in different forestlands
X LRI AN AR E — B 1—2 m" 7 AR SCH 4y
Hras AR H R (2—10 m) HIETRRALERE . FEA R MM, R (2—10 m) R C R AR
AN AR (TR TR ECH 80.19% ) AR AR Hb ( 78.03% ) , 156 FH VR 12 -+ HE/K 43 R FH 4K 5 5 HL Al A g 2 A8
AHEE, RIRRAR D B T A B TR 2 JRERE X 140 em , (T 160—300 em )2 %22 R 3 24K E . H
AR 2—10 m 209 TR BT 5 TP bk 55.38% (J™H T4AL) (1LIAYFk 37.94% (HhEE T84k ) il
PAAR32.34 (T HRAL) SRERIHL-9.75% (T HRAL) (3 5) o IRBERAUPL b A U2 R B AR /MR
/N7 A 580 em HIBEAKHE 380 em VDAL 360 cm JHAASKHE 100 em,, LA ARHR H PSR ZIAR L) |

and grassland
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TR P ERR LA B TR 2R IR E) 240 em, TR B HR SR LD BT RE R 160 em, LAY
R RN A7 b ) T R R AR T 10 m DL b AERXJUME SRR S R Y 3 12 R
/I, 4 340 cm,

x5 FAEAEHEEREQ—I10m) TEFREUES . TRUEENIELETREEE
Table 5 Soil desiccation index ,desiccation density and soil desiccation thickness in different forestlands and grassland in the deep(2—10 m)

AL E JeE LR L b

SPE T pR TR S

A \ 7 7 2 TR
ey i L Extreme TRE T Tz B
. L. . .. . L Strong Severe Moderate Dried soil

Vegetation types Soil desiccation Soil desiccation desiccation . L. L.

. . . . desiccation desiccation desiccation layers/cm

index/ % intensity soil layers/cm K K K

’ soil layers/em  soil layers/em  soil layers/cem

FEHEH Grassland -9.57 Tt Al 0 0 0 160 340
M Pinus tabuliformis 32.34 rf R AL 0 100 140 220 750
N4 Armeniaca sibirica 37.94 TR T AL 0 0 240 340 >750
YR Hippophae rhamnoides 55.38 JeE TR 0 360 240 80 720
Fil#E Robinia pseudoacacia 78.03 ST AL 140 380 260 100 >925
/N4 Populus simonii 80.19 SRELT AL 0 580 220 20 >830
4 g

4.1 AFEFEYE 0—10 m + 2+

F KA R A XA A BRI P 2 AR S e R v, A R R K o G H B R [R A
BERTULEAR R0 A , B HOK TR DAFAEZE S, B 2 U v J2 30000 38 AF X 48 vy, 2% PR BBURE i [
JEFN AN 10 A FAAN 11 A _LA), Z W 2R AN R, XA 26 4347 S8 EL R [ Rl 26 8 4 1 )2
W] RN REZE MR R )R LUK T B SAR SO R 25 R — B, FER)ZE K s b N A b ) - 4
TR R, TRE R T/ N A MRS VR 3 R, A7 R T sl D M R AR TR, 3 A LI 52 38K o s W ' A i
3T UR o T RS R A 2 AR - 3K 3 B R AR 5 (e WY, AR RIS R 25 R T, R SR T B Ml 1 K 73 45
HAFRNENG R A /INAZ (Triticum aestivum) ) VPR 21 555 ( ( Onobrychis viciaefolia) ) FHALS , 5 A SCHF 5% 4%
AR —F, T RESE PR e it - 3K W LK R B K, B K AR T/ N A pkt SR /N A b ) 2
T HER AL, HHE TR Rl R R 3T BB B TN R MR R R K S AR R BRE K SRR, 7R U
R T HEZEZ 50K, BRI AL, AR 2 R B 5 &, 32 B TR AR MRS AR /1N, AR 5
A KA BT B BITE R, FIBEAK 0—10 m )2 A/ FE i fe K, 3 =5 5 DR SR BRAMRR R A RS K
Rof R A 70 37K 4320 | 35 DAHCAR 23 4 30 J3E S AR = 48 1 2 0% B e v T 1 S e 5 LA, A ST 58 6 I 3l
MR TR A AR, e R A2 80K BTk,
4.2 N[RIAFBY Y A M R I A R AR

- HET 2 005347 52 3 A e R 4 A BRI , R HEK A T AR BB R AR R0 R R e YRR
AW AR, W S R R RO £ AT R Y oK A B RE K R, Bl
F KA T T SRS K IE T R RSB MR T 4 EE A B A A i g, R EOMOACGE AR R R
)2 0 RZWMOR) VR 2 - HEK 43, B0 ™ 5 (4 7 i, e 2 R H T2 . SRR o R 0, i 4
RIZERZ  HIE R0 396K 5 BOVE 2 B0, ARl i 398K 20 A V8 F 72 0 it s ol R > b 7 ik i
ROETF AR B 2SR 0 + 58T 2 0928 (0] 43 A, IF 98 45 A 3R BT, A A2 028 5 T R 2 - HE K 4343 A 1 3 25 T
7, SRS 25 R —3k, i 1, RIET2 A0 o8 XOR R R 2R R Y787 R RO A — e s R R
TIMEAETZE, EEERE BT 2SS A A S IREE, R T2 T Z 2B K 05 Ak, 18 57 31 R 6
() AR B A S ARAE | R R AR R A oK BE T AL EE Y R
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4.3  AFEAEBAERZ TR AR

B b T R IR U TRORTER M S K R b BE T RE LK M i 2 21 BRIt 45 %
o o SO [ IR B KR B S T A i 2 20 A 2 T EARY e 80 4 22 TR B8 By 349 o, A [R1AB Bk M ol - S+
e P30 P T2 L PRSI 5 2 2 A A3 T AN ) R R 28 DN b T 09 Al 3R SR T B ARl
ST A A TR AR I AN 5 AR O SRR TR T R LXK 4,8,12,15 a YRR A K 2 - 3EK S
A, AT 0—6 m ST JEE W Sk it 5 AR e 1 i i/ N B R, B AR SCRIR T A R AR — 2, HAp 1A AR (8
AR FIARAR (5 AFAR ) T ARAL SR O R E UMK TBRRR /N it A bR R f iR B L A M E L L
FETF) — Hb s 14 L P T R A5 PR RE AR IR 1 B0, A A S 28 1 K 435 it 2 S 1 SR AR AIE
g 225 SN RGN AE S . AROETE T T 4 R IR 2 3 TR AR, AR B g b, 1o % )
R MZES RS

5 #ig

TE 2017 AF AR FEARIIAL T 8 g Jrof 5 XA R PG 48 SRR B A9 32 ZEAAE BRI 0—10 m £ JZ Y L0
JE B — U METR AR ] R SRR R S A7 A 2 25 5 R R /NS > LA > TR ks > JIRE, TR
JZ AR S A S YR JURE > /INHA7 . SRR L, 2 2SRy H B T 8K o B2 A, FE R B AR I e
HERK, IR/

PRI LT Z R RRAR A AR LA AR R TR E IR E] 10 m LUR  HHOR IR 15
KT FEESEMA R

5 ZEMH IR IRAL IS BT 30 39.26% , R i T W H-9.57% , SR AL R B D /N A > AR > v
TS LA STl AL SRR AR ORI/ INFIE JEE PRI A e e S5 A R AB AR ER B AR RS R, 724 IR AR
R LT AR 2 b K o SR S PR KR B RS BB bR o A b S ke el R T AL
B R RS E
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