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The effects of plant density on soil water and plant growth on semi-arid loess
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Abstract; Caragana korshinskii Kom. is widely distributed on the Loess Plateau, China, and it is a very ecologically
adaptable shrub with an extensive root system capable of adsorbing large amounts of water and resistant to adverse
environmental conditions. Moreover, Caragana korshinskii Kom. is the main shrub species for semi-arid loess hilly region to
create of soil and water conservation forest. Therefore, it is necessary to explore the influence of Caragana korshinskii Kom.
on the soil water resources in semi-arid loess hilly region. Plant density is one of the most important factors affecting the soil
water resources, there are many studies on relationship between plant density and soil water resources, and also some
researches about the effect of plant density on plant growth. However, rather less attention has been paid to the effect of
plant density both on plant growth and soil water resources. The influence of density on soil water and plant growth has great

significance on forest vegetation restoration and ecological construction. The effects of Caranaga korshinskii Kom. forest
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density on plant growth and soil water volumetric content under the same site condition were conducted by long-term in-situ
observation and analysis. The results showed that there are significant differences between the different density treatments of
1 to 5-year-old Caranaga korshinskii Kom. woodland. The soil water resources increased with the increase of plant density
from the third year. However, the Soil water resources were negatively correlated to plant density of 10 to 12-year-old
Caranaga korshinskit Kom. treatment (except Treatment 4,T,) and the differences between the different density treatments
were not significant. The plant height growth was positively correlated to plant density for 1 to 3-year-old Caranaga
korshinskii Kom. treatments. The excessive high density restrained the plant height growth from the fourth year. The basal
diameter increased with increasing density of the 1 to 5-year-old Caranaga korshinskit Kom. woodland, but the differences
caused by density were not significant. The plant height and basal diameter growth were both restrained under the condition
of excessive high( Treatmentl, T, ) or low density (T,) of 10 to 12-years-old Caranaga. The soil water resources of the
maximum infiltration depth layer in high-density experimental treatment ( both T,and Treatment 2,T,) dropped to the soil
water resource use limit at the fifth year of Caranaga korshinskii Kom. growth, meanwhile, the plant density should be
reduced by cutting according to the soil water carrying capacity for vegetation in order to reduce the soil water consumption

and realizing the sustainable utilization of soil water resources in this situation.

Key Words: plant density; soil water resources; growth; soil water resource use limit

¥7 2% ( Caragana korshinskii Kom.) J& T S RHEAS LS, VA MHEAR . dHEE S FIEERE s B Eh MR A K
iR, WK RE 75 Frai i, i AR 9 IR Rl AR R R R R IR R A e R B —
(2GRN (R, FTABCR R A2 DA B i ) 9 FL — R AR o TS R RDRE SRR T A SpR BB Bl IR
U FERE K M T AR, I Ik B0 > + HEFR Ay BOK AR, R K £ 2 B R R A B 5
Rt o

FEBE - B DX, A ARG5S, FARVEIREE = A RIS R BRAE R 52 0 8 1 B B 2 T R b XA AR SR
PR FE R S AR R G e R, — 3 e R Al 1 Ao e 2 Sl ik ) T 5 7 o R A H Y
(IS 5 5 R RO MET TG Fedk b R T2 TR X % B 4 5K 4 A5 i K T [
T L XK o S et DX LA R S, H R OCTAR A B EE HHEK R B SR O A B R TIZ 6
TV GBI AR S T S R B 5 R S KA R R W o SR A B i XA ]
R P BORT SRR K AT S, A TR R HIX, M A K A BRI Kk 4, T dE 3k
O3 BRGNS K S (S E— 25 S A A A R MR B AR AR A A KSR g | T R S
H RO T2 5 e B DX R A X AN R AR B By 25 26 K5 R IR A2 i i) R GEMERF T30 AR S
X B B T 5 DO [R]85 B N AT SR bR A8 - I A RS K i R A A LI RN 43T, ZR 8 s bF o %
AL 5 - K G IR T 25 AR R SE A, SRy 4 b AR AR B Pk 5 R AR S TR A v o B TR AR AR R R

1 HRF*

1.1 B XA

I A T3 & b T 5 XA B e A Sl ae ol (7 B2 [ ) |, iz 67 T 35°59'—36°02'N, 106°26'—
106°30'E 5 FE N, K 5 B2 1534—1824m ., FEKAEN M BCANEY), 2 e 6—9 H {0y, W Z=RK i (5 4 F
K T0% VA 1 AABERCE LK, K AEHLTE 259.9mm (1991 45 ) —634.7mm (1984 45 ) Z [i] , B /K (4 B 72E
B . T HERA d A T AR A A AR i o) AR B Jir el AR e DO A SRbR AR R B PR
BRI (Stipa bungeana ) | B /R Z& ) I A€ ( Heteropappus altaicus) %8 & ( Artemisia giraldi) . A B3 ( Thymus
mongolicus) 5§ .
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1.2 #5075 i 5
1.2.1 KT
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PRSI A ) T4, 2 B A SEEATICEAE e H3K 4, 85 FEH T 00 e 3K 5, AT X
ST . M VR EE A 0—390em, BRI AL 5 em AAFRIREE 0—10cm , HA I S AR B R S VR BE £10em
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y=55.76x+1.89
Ry MR G KR v AP TAGEE, 2011 4EXFAR LI 37 K AR WA 25 P AN 55 AT R R 15
H T 10 AR A BE/NX dm AR S 4 4 8 8m B9 PVC 455, 2011—2013 45 0 a2 % B 34 i 2] 0—
770cm,, A5 F S PIRPAN [ A B T - e AR S K& TR A I ) HIEA RS KEME Y, 5T PVC
B R K Y AR R
Y,=0.64Y,+1.58
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R K SR G PR ORI T IR 50 M PG b S0m 1) 18 A= 253000 A 5 il R X 6 B 0T 2 8 1 T o T SR
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KA 279.4mm (Hirp 1—4 A0y I TIIAE ) , 2012 4E4F K BN 370.9mm , AR FE P48 FH 0 K
AF IR A3 o200 ot WA A7 A 7 WA K AR B R 43, W AT 53 P A 2003 411 2013 4F- S SE 7K A4F, 2002 45 T 2005
AR IKAE 2004 2006 2011 4EF 2012 4E1 R T 54
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2.1 FPAMMLE AR

I 1 Al B I (R 22 4K, 10a [P 2R 3 AR . 55 2002 4FAHEE, 2012 4F T, | T, | T, T #7405 7
BT 29,2224 2 #k/m*  FBEARIREE N 43.3% .33.8% 47.1% 8%, LA UL, % BE/NX il T8 i i,
ATRE T TR AKAESE A BN, NRIE T8 2 | DNy 2% B0 7 AR NS AR AR B2 /N (T, ) U PR R A
G IR FE R E SR AR, A A K HE B 58 S A AN, IR AR ST T/ 43 B AR AN

R1 2002 F£52012 i ERBTERER
Table 1 Density of Caragana forest in 2002 & 2012

Wi H AbPH— Qb Qb P = Qb3 Py X BE
Item Treatment 1(T,;) Treatment 2(T,) Treatment 3(T;) Treatment 4(T,) CK(Ty)
#& 5 Seeding rate/ ( kg/100m?) 2 1.5 1.0 0.5 0
2002 4F % FE Density/ (#£/m?) 67 65 51 25 0
2012 4E% E Density/ (#k/m?) 38 43 27 23 0

2.2 BEEEXT KA

PETE ML (O R ) 3K 53 A8 3 8 37 [ TN RN 28 K I 52 ), 22 4F 48 T b 7E A7 4% 28 K W IR oK 3 T - RS R 5
KT A S ULIE 1 B 2, A 5 T K A — e i N 25 RN 3 (P>0.05) , 327
K RBER AR, 398K /328 Ak £ B R AR 180em HJZ W, T KIF TN ABIRIE (290em) N2 I, #255E
b A7 ZE IR 1 ) 38K 4340 2k AT LUE S K R A TS B R

TR AR R TR A KR
Volumetric soil water content/% Volumetric soil water content/%
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0 0 T T T T 1
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1 2002 FEFRMEKPBARTEFTREGKE B2 2012 FBTEHA KRR TESHREAKE
Fig.1  Volumetric soil water content of abandoned land at the Fig.2  Volumetric soil water content of abandoned land at the
beginning and end of the growing season in 2002 beginning and end of the growing season in 2012
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KIS T SR ST A A AR AL B b B R K R B W ORI 2 05 A RE E A BT — B
JK, 75 I 2 3 A - K BE IR B (E SR AR A AN RE T BR i s A P 3K B, AR A K B AT LR
SRS KR N ORI K g AR T 5 R K 005 A RIS i 98D M SR AR, O T K B A
FIGFAFIHOP ) 3R 2 B W REFCYAERR T,/NX A oAb 3 AR 3K BE R 3 TR . 2003
ARTR ST AL, AN TR E /N DX SR B IR 4 1 B A, 4%/ IX b K B i 2 () 22 53 AN B 2 (BR T, /XA )
3—5 ARAFT AR K BEIRER T, /NXAR T T, /NX AN BRI 5 48 DRI o, A [ 28 B ) - H K 5 i
A 2E SR Ko T T,/ X BRI, PR 28 A 3 B K SRR 22 0 A 26 A KR 0 A
1—5 SE2EFY 200K T, /INX 0 K B8 P 351 T HoAl 4 /NIX, 10—12 AR AR 20 ARER T, /NMX - 30K B8
AR T Ty/NX KBTS, 10— 12 4F A7 00K L 0K BE P A 22 3L 2 B AR Ay /D IX K B i
7o, R /N X K BRI R PR S K BRI R B2 T AL 4 DR FUINX 10—12 AEAEAR
[ %% BEAT AR Z IR SRR B IR 22 S AN 3 AR R TEAT 2 A i 00 AS [ % HE A7 2% /N X SR B 22 (1]
2R IR R IR 2 ) 22 e A

F2 ARAZBENRTBEKBRRHESTK

Table 2 Changes of soil water resources in different density plot over the years

AN[F) % BE/NX. Different density plot

A Year
T, T, T, T, T,
2002 487.1124.68a 466.32+4.58¢ 477.7346.9b 401.16+3.6e 455.56+4.04d
2003 476.96+39.76a 483.43+38.03a 487.34+41.02a 426.96+36.5b 482.81+36.16a
2004 482.83+24.84h 488.79+23.63ab 463.37+34.73¢ 419.19+28.42d 503.38+13.54a
2005 439.71213.22¢ 451.13£11.24b 399.94+14.82d 373.87+11.14e 485.75+11.42a
2006 383.72£15.61c¢ 400.77+14.37b 341.01+16.63d 329.61+12.11e 453.03+8.57a
2011 268.61+18.12¢ 272.09+20.07¢ 287.03+17.89b 281.85+18.14hc 353.67+17.01a
2012 285.68+19.49h 288.68+22.82b 298.55+18.58b 294.37+19.07b 358.73+19.16a
2013 299.06+33.62b 298.78+30.23b 316.18+30.49b 313.67+29.9b 375.8+29.74a

[T AR ) 5= R 22 52 AN B35 (P>0.05) | [Al47 P REAR ] 3R 22 57 .35 (P<0.05)

FFT 2R M, AR A e Ok ) vy i B2, A ) 033 D' BRI XU X il 2 g/ 0D - 3Kk 2 e
AU A W R T T A 2 b - 3K R IRIG I, iz 2003 4FJ2 /K AR, PRI 88 — AR A7 Sopth - K BRI &2 E 7t
HaH, BEEFT AR AN K R A FEALL T I, 1 2 B A R A DL BTk R b A A i Y
K GEIRATHAG , K A EAT SRR 1

SRR IRA B e e I T B B, A 2 ) PR S 5 4 K W DR £ B L B ) bRt 28 T R AR B A
ELEIFy 2 E A TR DT B, Ay SR AR R ORI TREE | eI K B R B2 B S, xR 2 h A s B
BEAT I M e B L K BE IR B I [R] G S BT Bt 3, 5 B R  TE AR A N TR 2RI R 20 i
Y T HOK BRI SR T 3 5 K BE B SRR AR AT E
2.3 AT AR A KA

KT B A KB RARZ . A 158 D B B i AR KA S (E LR ) A i
BT AR TE R X AR R S AT eI SN A v A R UM DG G R R
K, A K R AT TS DR A 18 A K 2 (W B RT3 IEAH DG OG R, ARBHF 5Tk
N AR AR A Y MR — S BEAR IS 1 A2 A i S 2R 7

N 3 o  TERE R , i /N HOAT 2R MU AN BRI B BE 15, A7 26 LR RBHF . A7 2648 S 3
AR R R ok v 2 OB, RS PIAT DN S () 2 B 22 TR R e A R 28 5N 3, L —A4F T /D X B g 4
KR T TN, AR 4 R4 R FTTIR 8 8 e e A/ DR A I BAR RO R A B o 2 88 el R A9 2
KACHE TR, % 3 Bn Ty/NX kR 8% 5 T T,/MX T T /DR AR T,/NX 2 B 3—5 4R A4 2%
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MRAE— 52 3 BEVE LN (IR T 65 Bi/m? ) | 3 I s B 2 (e v 2% i AR A, 8 B2 i JROu e A 4 SR 1 il R
P, 10—12 RAEAP R T /NX S Ty /MR bR A K B AR T HABP AN, T /N R 22 S DR %)
X 0—290cm 4 JZ f - SR B ULk B K G IR FH R EE o 8 JEE ol vy 2% =2 18] K 70 5 4P 3020, DT (8 2% A2
KAZBIRWG T, /N A K G A St R SR bR o 28 B A AR HE LS B 45 v 10 5 B2, DRI AR K 73 78 4 7, PRI R
A PRI B E AR B A 2 BRI A B AR R

K3 TRFEEFERMERTW

Table 3 Growth variation of Caranaga woodland with different plant density

SRy P Height/cm $:4% Diameter/mm

Year T, T, T, T, T, T, T, T,
2002 14.124.49a  14.1x4.29a  14.5+4.51a  12.7¢395a  2.86x0.53a  2.71x0.66a  2.78+0.85a 2.53£0.67a
2003 27.9+8.57a  24.6+5.64a  24.0x4.51a  25.7+3.95a  3.61x0.82a  3.45:0.9a 3.42+0.85a 3.35£0.61a
2004 32.048.51a  29.8+8.46ab  25.8+6.68b  27.6x6.08ab  4.13xl.la 3.96+0.94a  3.89:0.62a 3.85£0.75a
2005 40.6+7.43a  43.8+8.97a  38.1x9.59ab  34.5:9.73b  4.43x0.79a  4.27+0.93a  4.12¢1.02a  4.34=0.88a
2006 452+7.8la  457£10.25a  40.9+11.68ab 36.6+9.65b  4.83x0.82a  4.82x0.97a  4.95:09la  4.62x1.08a

2011 114.3£15.69b  126.8+15.9a 131.0£19.32a  117.3+15.06b 7.98+1.15ab 7.86x1.38bc 8.56+1.35a 7.33x1.41c
2012 128.5+18.79bc 145.8+18.97a  136.0+18.65b  124.2+16.84¢ 8.70+1.56b 9.34x1.37b 10.10£1.76a 9.41+1.56ab
2013 134.2+17.5b 150.3+24.37a  153.7+21.72a  132.4+21.56b  10.15+1.72b 10.54+1.96b 11.93+1.77a 9.72+£2.01b

WIS MATAE VIR, 36 3 I 1—5 FEAr A B bRy, AR AR Kby s 2 o/ N2
Kbz R BE/NK IR AE K 2R AN B E 10— 12 4P A T/ DX SR K B3 w8 T HAh 3 A~/ B X, X
10—12 FFAERF AR U, %5 B i m i IR S AR A K, Bl T, /N Ah 7 55 5% B IR S8 2R K AT, AN ) 2%
JEFF S /NR IR K E R
2.4 RI[AIE T St - K IR A HEK B IER R R

BEE P72 K B S K R &, SR oK S IR TS R B S AR TR
FHIR R ABIRE LT B E ) HIE RS, SR T2 B A T2 A TARE L, Z1m LA
T EREKIERABREIEFEN, ST 20 B SR ESTEES RZ R RKRABRENTA 288 T
JR B % B A AR K AR KGR A B BE (SWRUL) U370 BRI, Sk 1 AT R ) P K S U5 2 Bl b X
SRR TR ARAT %5 3B K 5 1 1) S B ot - 33K B VR A R B B . 7EAS SCRIFSE IX I, B 7K o
ANBRE R 290cm

WK 3 fizR, LS AEAFT bt 0—290em 387K e IR 4F PN AR Ak 5 4 39 7K W JER) FH BIR B2 119 5% 28 A 19104
Ui B[R] 3 B Ay 253k 81 K A R BR BE A B ) 22 5. i 18] 3 mT1, T, /X FE 2006 4F 6 H 1 H iR 2 i

350
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Fig.3 Variation of Soil Water resources in 0—290cm soil layers in 2006

http ; //www.ecologica.cn



34 SRICSC A58 B 5 DR AR B 1 K 3 AT 45 A K A ST 731

KB TR ] N A 3K 3R 2 I T - K B8 U R A PR A2 (221.6mm ) , 7 2006 4F- 6 H 15 H, T,/NX 0—
290cm 2 P+ HEAK G A R IR T K SRR A P BR B A 4 (222.5mm) |, A 7 32 B B K 4 387K 43
HEWOR R T AT IR DORALAT AR - 38K T4 FE AR r= 4 3 e sl b, thol DUR BE AR oK AR R
) 2006 4EAK T,/INXFHT T, /NX IR K 3 43K G2 I8 A8 F KGR A R, BB T, /N5 T, /N X Rl - 45
KPR IR B A 38K 43 R FH B

IS b YK R T EA TR TR, —FEATEE K, BV A K i, 38 b A AR
KFE T — e K E T, RIMKHE 358K 2R, DR 400 104 2 J3 R B o7 T FEURE I i, LA A 4 ek 7%
FEREK Y DL 8 KA B e T DX D4 T S, T LA 7K GE 5 0 8 %) 85 - 1 I X 458 7 IR 5 fple s X b
Hh A K BRI B A S SO AT WFFE 0T LU B i AR oA K 5 38T DL DL - 8K A A 2
F1Jhr i | A i APR38R A K ot 2 IR AEN TR b R XN T A S o &
B, 10 AT Skt 38K 23 7R 3 Sl 48 BR/m?, 11 4E A5 12 AEAR Y 4 K R BIOR 8 13 43 #R/
m’ M SR (AT 2 TR A RN A HE K SR B AR R ST, B2 R K R A IR, 7E 2011—2013 A7 b
K IR AR N B RE R AN XA A A T

3 i

(1) AFERIGEE 3 4FTHIR  BR T, /INX AN Fr Zbiots 50K 5% R Bt bk 738 B8 1 T s in, A ) 4% 1 22 ) 22
SR TR BR T, /N X AN 10— 12 AFAAT Z AR 1 37K B 105 Bt 25 % B 08 o i sk /U, AS [+) %8 2 2 [] 78 22 5 A
3,

(2) Fr e AR A X R o 5 AR B RO M S MR AT G 4 BER IS 1—3 AR AR AT A bk mrie e E A T, DS 4
ARTT UG B TR A R A R A 1 5 15 AR AR AT 2R 0 P g AR AR AR 10— 12 AR AR AT 2R i e i IR 2
TR R S AR R AR RIS [R]85 B /N X AR A 28 S o S 3 B AR A [) % B A= K 22 53 1 W
ﬁ%o

(3) BEE FY 2R A AR 1 8K BT U50RE T e 38 L Bk B JUR) FHBR B2 . AN )8 B2 /N DX bl 1 3K BT
ek 81 - S /K USR] P IR BE A ST 1A 7 25 57 8 BE /N DX (T, /N DR T, /N D) 7R3 5 47 e J5 a8 31 3K B R
FHBRBE AR B2 /N (T /NXCRT T, /NX ) I Sa, S T ASREIRFT 221K 05 i i ZEAR 3K A iR 300
XHY AR AT IR CFAE) | ASEBE K B IR n] 3520
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