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Development and growth of root suckers of Populus euphratica in different
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Abstract: Populus euphratica forests are the dominant ecosystems in Ejina Oasis, which play an important role in keeping
the fragile ecological balance in the vast northwest areas of China. However, P. euphratica forests are undergoing severe
degradation in recent years as a result of water shortage and pollution and human disturbance. Due to the failure of seed-
originated seedlings, the regeneration of the forest mainly depends on the clonal growth of root suckers. In this study, we
examined the relationship between the development and growth of root suckers and the environment factors in different forest
gaps to gain a better understanding of the regeneration dynamics of this forest. The results of principal component analysis
(PCA) indicate that environmental factors in the forest gaps can be classified into five components; the density of Sophara
alopecuroides, soil moisture and compactness, size of forest gaps, human disturbance, and amount of P. euphratica adult
individuals (DBH >15cm) at the edge of the forest gaps. However, the result of Spearman Correlation Analysis shows that
these environmental factors have no significant influence on the density of P. euphratica root suckers. Therefore it seems
that the root suckers of P. euphratica sprout randomly. Meanwhile, results of another Spearman Correlation Analysis suggest
that the density of Sophara alopecuroides and human disturbance and the amount of adult individuals of P. euphratica have
significant influence on height and basal diameter of root suckers. Based on our observation, we put forward a hypothesis of
randomicity and resource heterogeneity to explain the mechanism in developing of P. euphratica root suckers. At the same

time, we think that enormous tending to root suckers is indispensable to improve regeneration of P. euphratica forests.
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1% ( Populus euphratica) JZ3% PGt 524 X ME— REGS M B BIAKIO TR AW A o H K BEUR BE = Ak
TS LB B A\ R , T E S AR AR B, kb SR Ak . B AT RIBR SR MK A AR A
FH AKNEBERERERS 7 QUKRREBLSAGRRBES M, BGIHEBRIKE AR ERNA T
IKERBEARR A IR o TR B B 1A, B F R . Weller 2538 Hi 4R YN O S48 A 5 IR T
KON G YRS E BRI E RS B B A 3 . David' ! X FE B K 2 A Cottonwood
( Populus deltoides ) FIBFFE 2  iZ WA X 7K 3G 2 72 1 5 A ( Natural flow regime ) 45 ) B 58 38E I X 3R A& HL 52
P H LB $A%5 Cottonwood TEA: FRAFIE K A A7 9085 56 J5 TR AR R B AR R , B LASE T /K S R
K BE AR JRy ek AR DA K E ST A 14 T 24 R A RS B ) R 3R R A 1) B BELE X R 6 R B ST R AR DA R AR
P SRR LA B E B /K R O . TEA R D+ S5 S8 i T UK BN A F L 20 R A5
F BBtk T S, B TSR 3 3 B BAR BESE ok 4351 o (B B A6 T 9945 To btk %55 07 T P 5 RO 4R 18
R BFE )R BR T A AR BEA SR 5K A AR F RIS R e ba FARBE & AR L 5 sh S U O3 o

ARG N GG AR AT A, AT SR BESE B A2 R B AR A S R TR R =
HREEM AR AR R 5 RTEA AR A A RIARBE S, S AR BEEE H AR K225 . RIVTEA [R] A AR B
Hh, ARBR R T ER A ARG , PRER AR FP S RN 25 BE | 13 R A FCR LRI A R TR OL 46 , X S AR BRARAE 7]
RESE S ARER N AT ER AR BES B R AE A K F B R . A SCRIT ST e B P A B B I8 MR
ANRIARBR FIAR BEL B & A A R RS I R R AT 4, X S0 (R B S IR BEE T Y . @ AR A&
WEFE AT LAMARBR 4 # BERD 2548 s e A To e S A B INTERLAR , D N R AR IR S AN B 7 A6 SE BREOR 1R it T 38
W
1 WRMEIRSMRAE
1.1 FF5E ksl

PFRFEHALT A S BT A R A E AR E R B R R XN IR AAR NI LS 41°30 ~
42°07", 7R 4 101°03" ~ 101°17", ¥k 900 ~ 1600 m, HRIX P 138 DIARRE B fa) + O 3, 5 F- 3R /K &y 38mm,
FZER B IE 3700mm DA b ARIX 7K RME E R AGT AT AR M K . SETFHRIRS.2 C, TR
BER13.7, J8 LA W S I b . I KRB AR AR E i, 2 0 b Ak, AT B K 2 9 B M ( Tamarix
ramosissima) , BL A |2 £ B i ¥ § T ( Sophara alopecuroides ) . §§ ¥ ( Suaeda glauca bge. ) Fl i B ( Leymus
secalinus ) 4 RALHF .
1.2 HRTE

2007 4E7 A3 8 AEBMTTHAMME RS B AR XA F G # 8T UIE AL E RS A A
H P BEALIZEEX 60 M EHAARER (forest gap) o Horp 30 AW EF 18, BVE # 2 FHE;30 MR EFH,
BP TG G ARBR . TAZEARBR N SR BEL B 1 & A A A HOIR B, FF e SR A 6%«
1.2.1 MRERAEEH F 45

MRBRTEAR (GPS 8 Jo P R 4 v AR H B sth 4 4y 1) ol 28 R = B LA SRR B JL s B AR B (M2 =
15cm) AMAE$, HAPARBREFRA GPS {7 B ¥/ GPS M i , b he w1 52 BE LA B k1 & .
1.2.2 MREERTEIR

T IMBEEL T MFE TSRS TG AR 5 B B2 B 2 s R BAR AR BE R A S B BE S . %)
1.2.3  +3EEFEHR

HRBEAN B & A s 3R LRI 2F i 300 B LA R AR B P Y 3 RS B, 3R+ ORE AR BE & AR bR
0 ~Sem FREEH) T3, B 2R TIEBURE B 28 R BEBE WA 28 5 Som JEEI A 138, D3RR AT RIE,
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RSB 3R E RS AE 105 CARMF T HLT , EEMEE , IS R R EERR LIRS KE. .

TR E = % x 100%

TR SRS EMEANT - (1) AR5 i L B 157 5 T RARMEREA AR, B ok 4 7 o sk Ho
75, ST RBIATIERE . T4 S5 R R RO HOIR AR R T30 5 (2) 5K BB 57 A 50 IR LAk, Indek
HIIA BB (B BEBEAARTR ; (3) B 552« 14k 478l L TG B LK (BB AR ETIA K ; (4) Bi
- 28 B TIIRE A BREER, 5
1.2.4 ARFIE

LA N T — B PR — A F .

LAk B A 2 ) SPSS13. 0 Geit BRAFHEATGE AT , SRS A RIARBR 45 15 T 4% MO AR BES) 1 119 2 A A
HE R R R B S AR B R R R
3 BRESH
3.1 WIAREEA Y A ML
3.1.1  FRERPIARBESE TR M R R

BT AERER RS, X E 2 A AR — K, T ERRA ORI 2, R T 28
SATEMBTRER AR SR PRI GG IR UET TRE B AE 2 AR ERZRER X598 ke
ARA KK EFH T

®1 EREHENSEERZENSNTERMEMRMATHKE

Table 1 Rotated component matrix, % of variance and cumulative % of five components in principal component analysis
843 Principal components

A % Factors ) 5 3 . p

E G T Density of S. alopecuroides 0.894 0.145 0.007 -0.131 -0.077
JA i KA %L Individuals of adult P. euphratica -0.214 -0.113 0.059 0.052 0.962
AR T4t Human disturbance -0.033 0.137 -0.095 0.889 0.046
+ 3 E 2 Degree of soil compactness 0.269 0.648 -0.190 -0.352 -0.038
F BB Soil moisture of surface 0.043 0.894 -0.114 0.179 -0.142
W S5 XBE Soil moisture of sprouting plot -0.034 0.919 0.117 0.153 0.009
4435 BE Coverage of ground cover plants 0.915 0.228 0.071 -0.101 -0.118
FRBEAAY Type of forest gaps 0.854 -0.174 0.017 0.148 -0.114
MBRIEFL Area of forest gaps 0.437 0.002 0.776 0.255 0.221
+ 1A types of soil -0.144 -0.087 0.899 -0.272 -0.058
T ZETIHRER (% ) % of variance 30.372 21.472 14.316 11.931 7.829
B ZTHE (% ) cumulative % 30.372 51.843 66.159 78.089 85.918

WA TR EROE; RS T R 2Z ek, SR E 6 X Extraction Method: Principal Component Analysis; Rotation

Method : Varimax with Kaiser Normalization; Rotation converged in 6 iterations

TR (R 1) R BT 10 NMEFREET R 2047, i 6 Wk AT/ 2l 5 A~ Efar. X5 4
FEW ) RN TTRRARIAEF] 85. 918% , X 5 N F I BEARE T E2MIEIREAKER . HPE 1 AFHS
fRRET BAESRIN 30.372% MRBRISEY MY s AR G TN R EERN T B RBIMER ARSI REE
S, B LT R 2R ST B, XA R AT AR — M TS E R 58 2 D ERMERE T SR
f21.472% , LIRS R AW B RIRESE 3 MR T HEER T, H X A W w UAEE— L
ROLHERE R 5 3 DEMM R T BAER K 14.316% K EEA0 & K H T RARBE RN T IHER ;5 4 1
EWMER T BT 11.931% , HEZAEHETRAN T H S A ERMET SRR T.829% ,%
R P ARSI R BOE W R, AT R R O R i ) AR A AR BRI
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3.1.2 1 AR BEL T 94 B 5 45 I R IR SRR AT

XA AR BELI B A AR FOPR BRI EG) 1 4 A 4 W B2 BE SRR SR R AR BE R A R A AR B 45 133 1
JBE PRI JE L B B A A AR B (AR SO R T8 AR KT 15em I IMA) A THI0IE O L4
SCRE ¥ BT B ) o B SR R R AT A R AT . A RINR 3 PR o

R2 1 FEHGREYBRTESERTAXI

Table 2 Correlation coefficients between density of 1-year old root suckers and factors investigated

2 T Influencing factors of density of seedlings investigated *E;E/%ﬁ . i%j@lz
Correlation Coefficient Sig.
G5 Influence of S. alopecuroides FRBEZEHY Types of forest gaps 0.238 0.263
Hb kW) 35 B Coverage of ground cover plants -0.183 0.391
W G T Density of S. alopecuroides -0.16 0.454
FHER M Soil condition 'S Degree of soil compactness -0.19 0.375
B S5 B Soil moisture of sprouting plot -0.078 0.717
F 418 B Moisture of surface soil 0.203 0.341
+3EA Type of soil -0.222 0.194
FRBRTEFR Area of forest gaps -0.298 0.077
AR T4t Human disturbance 0.053 0. 806
JRAE %L Adult individuals of P. euphratica -0.244 0.251

I 1 FERSARBEL B L S LR & R B AT 45 R AT LUA H g 56 BE AR B 51 1k
BWETHEE HRARENTREALESFHRRES | FAENWHREDEEEAR MK ER (r 23504
-0.183, -0.244, -0.160, —0.078 1 -0. 190) , R BX LL R Z % TR BEL o (9 R AL A AR L (B2
TEREARRBE (p>0.05) o X—E5 SRR IRBEL 1 19 2 25 32 B B iR 22 AU AR IR P 45 TR FR) 32 TR A X
B/ho XA R MARBE R A IR R TE LSRR T USRI R R , 07 A AR BE AR AR B RE 25 B i e R B
i, 2SN T iR B
3.1.3  ANFEMBRRMF T S IREELh ) 1058 B S A7 R i

BB ER , B LSS E7 S Bk TR & R ARBR 7 P 28, BV & AR AN TG
EETAABE . PIFARBRARIET , B4 AR BES) v 4 BE A7 15 RAF DLATTHIE DL LR 3 (T il R = 5 A4 i 915
B (&S + FET AR x100% )

x3 TEEXHEOHBEZGTARERPHHHNBEENTER
Table 3 Density and survival ratio of root suckers in different types of forest gaps

Tty TR A ST ARER
Gii& Forest gaps without S. alopecuroides Forest gaps with S. alopecuroides
Statistics 1A 2 A 3AELL R 1 4EAE 2 A 34ELL B
1 year 2 years =3 years 1 year 2 years =3 years
SEH 9% B Density of average( M/ /A ) 514 +896 489 +938 76 +117 357 663 348 +770 65 +90
K Density of max( A/ Z3Hi) 3792 4740 454 2275 3125 344
153 Survival ratio( % ) 93.02 95.42 86.46 91.34 88.37 79.50

M3 R AT AR BT Y, U4 v o BE 75 T A LU BT =, P AP 2S 2L AR BIR W A AR B 4l i F) % A L
FRARARML, 1 AF A SRR 4 B A9 BEAR LR, U AR S B B ARER o 22 , S 293K B 514 N ABIT, 2 SRR 4
5 1R BEZEMNAK, T 3 SFEL RS | A4 2 SF R4 E R A LT B, PIAPARBR A%
7T BB AF TG SR AR R Bt R AR B MU, 265 3 A MOAF TG SR AR LT N AR, BUAR 1.2 SR T R ERAR
%o XARERAREEL HTEE RGP, AFRMREEZ 6], 5 7 — AN RIARBEZ 18] 38 S iUd ik, e 8 ¥ 85
T, TR R T HRE R, HIRRMATE TR R o 55— 5T, t i B AR BE A S 52 B PR 5l AR
P ZE RN BOMARBE R A 0030 1 ~2a PN
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3.2 I EIREEL B AR KR DL
3.2.1 HiREELE A AR A A R BL e i
TEPIRIA FIARBRARAE T , 20 A GE T T S AAR BELh v ) B = ANRAR R A AR O, IR 4 AT 1

x4 PEREHHNBSMERERRRILCE
Table 4 Height and basal diameter of root suckers

AR (a) TG & FHRBE Forest gaps without S. alopecuroides A 75 G FHMERE Forest gaps with S. alopecuroides
H k(a
Age of seedlings W (em) #4242 (mm) 75 B (em) 4242 (mm)
Average height Average diameter Average height Average diameter
1 32.9+£21.4 3.32£1.07 42.0+23.9 4.19+1.16
2 45.2 +27.5 4.57 £1.75 69.8 +24.4 5.28+1.52
=3 83.2+29.1 6.54 £2.03 113.6 +18.2 8.55+0.58
Ji 3t Total 46.7 +30.4 4.32+1.90 61.33 +34.8 5.21+1.97
O Jo3& 5 1-#KB Forest gaps without S. alopecuroides
B A3 ST HKE Forest gaps with S. alopecuroides
10 - 140
i 120
100 -

112 Basal diametre (mm)
[SS IS S W (=)} ~ o O
T
T B Height (cm)
5 o o
S 3 3
T T T

353
S
T

0
v I I il v

SR Age of seedlings

B PIRhRELBRBR T S5 Sl i AR L

Fig.1 Comparison in height and basal diameter of seedlings of two types of forest gaps
[ 1 4414 One year old seedlings; II 2 4EAE 1Y Seedlings of two years old; II 3 4ELA F 14 Seedlings of more than 3 years old; IV &A1) Total

K 4 BRI | AR E R R T 7ESARBRATE S ARBE P RA RIR PR T SRR BES ) B AR KR DL Y
25, WETHEIRRE , 75 ST T MR EEL B 15 DLARPUR T AR T ROIRBESINS . XU A K
ROLEFRBIN RN R T IAESC R R TR T SR BIGE R AR 5 TSk 6,

x5 PHHERESEXMARNEXSNER
Table 5 Correlation coefficients between height of seedlings and influencing factors

Al FHRREL B E AT
Influencing factors Correlation coefficient Sig.
W ST B Density of Sophara alopecuroides 0.250 ** 0.000
4435 BE Coverage of ground cover plants 0.235** 0.003
F 1B Soil moisture of surface 0.053 0.518
B 25 12 Soil moisture of sprouting plot 0.078 0.336
+ 3B S Degree of soil compactness -0.097 0.209
JA i BAESAREX Adult individuals of P. euphratica 0.094 0.248
L% E Density of seedlings -0.430** 0.000
F KB ES Average distance to trees nearby 0.170* 0.035
A ATt Human disturbance -0.370** 0.000

* % FNFAFEEALE 0. 01 17K B3 (W) Correlation is significant at the 0. 01 level (2-tailed) ; * F/RAAEM:AE 0. 05 /K82 (NE)

Correlation is significant at the 0. 05 level (2-tailed)
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®6 MHHENERERKEEMNARMEXSH

Table 6 Correlation coefficients between basal diameter of seedlings and influencing factors

AR R R BEHKF
Influencing factors Correlation coefficient Sig.
W ST B Density of Sophara alopecuroides 0.25** 0.002
i) 25 B Coverage of ground cover plants 0.221** 0.006
ZF 1B Soil moisture of surface 0.082 0.313
B 45+ 3B EF Soil moisture of sprouting plot 0.126 0.119
+ 338 52 Degree of soil compactness 0.018 0. 827
JA i BAESAREX Adult individuals of P. euphratica 0.163* 0.043
417 % Density of seedlings —-0.437** 0.000
B KA FE Y PEES Average distance to trees nearby 0.109 0.178
A ATt Human disturbance -0.048 0.555

w % FRTHIEMETE 0. 01 7K B 32 (MR ) Correlation is significant at the 0. 01 level (2-tailed) ; * F/RAHICM:FE 0. 05 HIKE B EH (UE)
Correlation is significant at the 0. 05 level (2-tailed)

FARAHT RIS R R AL B AR R EZ N TR 5 B9 gt =5 5 A B s
AR T Hor 35 5755 gy 5 BE M4 4 B B2 R W AR BE A B AR RN LRI R (p <0.05) ¢
BB PR A ARER T g PR LA BT S K B R SR A N E T R B RN
WA MR AR RAE R SE ST RREIEMRT, MSSHHAEHE AR X —BG AT B Fh A A F
[EIZEFHIGER . R ASE FHEUIAREESN W Z M 25, S B AR R AR FER LLBOE 25, AR K B B &k
REBTIRAEF A PR, 24 7 — AR I AR BER) B 4 A 3 2 6 B4l 5 B B o 281 B BE U A X i 2, S B3O vy At A
AR RARDUAR RS AL 22 s T[] SE 4 35 WA AR BELN B 5 [R) — AR SR N I & T 0SS 4, B id Se 8 — 3R S i 1
TEG B ST R AER LA KA A B, XL B T W BT R SR EELh B 1 = A A
REIEMRX. WA, MR EES A TR A DKW HEEEBEXR (r 20510 -0.370 A
0. 170) , AR IE 5 L M BEF I MABER IEM SRR R (r=0.163) .

4 Hit5itit

BARRUL, BTN LRI B A AR LR X A WA (AR BE 40 v B SR 1 DL B A LBty , 7E TG & TR B AR
B P AR BE ) B4 7 A BTE 2007 A AT IREIFE AR A 514 M\, T f5e 22 918 DLIR 2 3792 I\ A ¥ B 7 AR B
HIB KRR LR T 2275 Mo (BFEHEG A Kad AR P, 48 AR SR AP TG A= — IR B R . FEARIX A 1
SRR 2 AR R BE T 3 R ERAEE R, A — R MR E T RER ST . X T RERAR
BEL e AR R B AN AIARBEZ (8], 2 F] — A\ YA AR BEZ [ 8 S A oK, 7R IB3RSE A 1, a5 3oy
SR T, BRI, U AR BE R f5e 5 52 2SR IF 8 AN A 58 G B SR i BOAR BE A2 AE W1 2a
Wo BTLA,7E7%5 BF IS AR BEUEAT & I, 030 O T TR 4R 1o 40 v BRTS R  SK E

E G AT R R WA BAE R O (PRERSS R ey s E AN B ) W B 1 HuOh 3%
MR TS — A SR BRI A R 5 IR IR A S 7 W 4 R R WX B R R X TR
BEL I B R AEAE AR AR B3 . X — SRR AW IR BE R A4 Z 2 iR 2 AR 9 4% B T B2 A B/
X A] BE R MR BE A AR IR IAE L3R R T AN R R Roma , andiAs B 5 A M2 e bk, 93 7= AR BE AR R
AR IR R A R EILE , I T B PR AR A B3 5 R, o AT RER PR A I A IX 26 R 5 5 AR BES)
HAERHRRLE A BE . XSG UG T SR BE & R AL 7 T304 T35 i 8 Bk

U R AR A KR 35 E AR 93 AR BE i 9 AR RIS 28R A TARIE B 0L T S ARER . LA
ERBFFAERR IS E T3 TS A M, A X RSB RBERSEMR R 22— e
ST HMHEIERT , — L5 R E IR, EET N EPWRNERE, AR D — 0 A KA
AR EAFTE TR X8 BUT 74 5T BARB T W35 AR BEL ) 1 s B MRS R TG BT W ARBR T
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MLEROUEF FBIR . TEX — 3R, WS T T HERTRM G SR, 7R KS RS RE T, 4
AB NSRRI EEREMT.

SHARBESE A Kol b E T IR EUR A LU, S S AR BE A B ) R AR S AR IR R AN
To X—HARMFZRAETE TG RREREA SRR, WHRREZHEAZEEY TR M ZFE
FH 07 XAAT AR A K . BRFMT ISl R K T BUER AR A ARBEZF T - A B
Ve i ST A K B T BT AT 30 R 4 1 B A B 4 A N A A AR R B X PR A Y R A TR
R SRR AR A e A I — R R T B, WR B R R AT . “RAfT N —
P Bray T 1954 48 YO THEY) , oA R BVBUAE B9 RE SONA HUATE LA 58 AT (9 02 26 Xk 6 75 BE U 3R B
I RE MBI WV AR BES TR i K —Fh B8 RAT R AKX P B R S Stk g — b SR, 3
a3 — 47 Ay S A A A () 43R B B bk 22 I B e SRR A7) o AR LUK, il A 17 25 2 4 R TR 9T,
A8 A W R BT A R BE IR AE B AR S B o A B — 1 3t R R A ML AR, B BT R SR IR 1 (resource
heterogeneity) \"* ", VYRS B ML BRI A W A K BTTR  VE IR AE A3 [B] L (9 40 A RBEBUIR G, T CO, 54
B IR RIS . Wik T @R A R R R, 7 A S PR A (IREEG I R 4
fE) o FEAVYCRZES , WM AR BESN A S ARBR A 2 KW B~ S BB 39 7E 12m DA b, T 2 3t A7 AR A A4
B R TR AR IR B 10m x 10m EE DL E KK XARB TG TOLRBEERN R RIT N, AR
SRS EREISSI RO T R BRE BRR RS B BB, ASCBX Bl AR A XS5 5H
ARIFEE ) X BB IR ARG 1 A 2 P A 75 2 AR BT ML 1 V2 o 75 1 M 590 — B

B ARSI B E S W E T  DIRRMFFR R EARK RN EVIRE , 98 AR BE R £ S
FENTE ERRTEAGAKRR M TR —HR B, AT LR IR MR -

(D) RBELERBELIE  SIHIRBE ™ RS R RR B A A E 2SR L AR BE R ) & A 52 R85
AR BRIy B S YRR RENLIE o

(2) WUESIRIER SR BB A AR 6T VR A 25 ] 43 A RN B , T L+ 555 43
7K 7 B BESRETE R [B] bt 2 22 500 o il Ui e 5 4 R AR B i 7 HL A A AR — /N B[] P 2 i e —
I EIENST , BIE LIRSR A MUK IS5 2  (BIX — R A R EE U B ) T R A2 AR . ABCT X
Be R R U T FE R ) Bk S R P E R A o
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