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Abstract: Poplar (Nanlin-95) plantations with different stand densities and spacing were investi-
gated to study the effects of stand structure on understory characteristics in Chenwei Forest Farm,
Sihong County, Jiangsu Province. The results showed that the Shannon index of the understory
was higher under the low density stands than under the high density ones, while the distribution
of understory was much homogeneous under high density stands, with a higher Pielou evenness
index. The diversity index of the understory was lower in May than in November. The biomass of
the understory was higher in the low density stands than in the high density stands. Low stand
densities increased the concentration and accumulation of N, P, K, and Mg in understory, while
no significant effects of stand structure were detected on the concentration and accumulation of Ca
in understory. The concentration and accumulation of N, P, and Ca were higher in May than in
November while the concentration and accumulation of K and Mg were lower in May than in No-
vember.
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(33°32'N,118°36'E) , HuAbyT. 75 H At 5 i) it 35 i 7Y
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14.4 °C, LFEW N 197 d A, 44F H B E K
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YA T BRI AR SR i 50 05, 2007 4F
3 HRHP 2 M1 T 1Ak, Bt i i e k95
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Table 1 Basic conditions of the experimental stands

PRATHE Rg2lioke RS ARPA
(m) (em) (m) (%)
66 18.81 16.00 63.0
4.5x8 18.45 15.85 62.4
5%5 18.02 15.40 63.8
3x8 17.09 15.15 64.9

PSR AL FREHLIEE 4 A X2 & 14,
H5 41 mx1 m BYECAREETT, 70l s BN RE DT N
AU AE AR S AR BB L SR WAk
U5 RAEM AR 14 1 b 0y 1] S 56 28 AT ik —
AR BRI AR B RE D5 R A Y [ S A BORE AL
FIFH £ BRECHS AH AL ( Nikon , D8O) AR T AR 43 568
JZBEER S, BRSO R DUCE TR 1 m
U152 S S S 577 N T AN 7 N T Y =l N B € = £
AL TN B B0 T FA I8 SR B L AR 2 K
B BEARE DT BRI 2 5K R OR AL 3555, 2009 ) 18
i Gap Light Analyzer( GLA, Version 2. 0) {4 4b #f
PR ARAHE DR 2 BRI 247 0 b7, RIS MR R 25
B £ (gap fraction in canopy ) %4k

1.2.2 MTHEYIZHIERBOMT AT HEYZHE
PERY 3 A1 26 4% 9 B F & B2 45 %X R Shannon 45 £
Pielou 325 BE45 K, I 3153 454 M 3 2 21 79 1) ol

EZMH, SR ISEFE(2012) M5 (2013)
BT PR AR .
IR R R=S (1)
Shannon 54X .
H =- iP£XlnP£ (2)
Pielou J4] FE 8 %L .
E=H'/InS (3)
T = (FHXT 2 BE A 0T 55 B + A XA ) /3
(4)

2% h S ke W B KL, PO %R B SRR
(N) R P RAMAZ(N) BIELBIL BP P =N /N,
1.2.3 MMEYIEYENE REG 2R
TR 5 AR R 0 A2 W (X RUR R AR
2011) , TEZHEVET A Y [R] I, e 454 BE T A B b
MY R eI A SR A BT 65 C Mt
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SR AR B TR AR AR 3 Lo o A= W
L2.4 JRordmilE B YIRS TS
JETAE 3k 1 mm 7, SR FHBRLIR- i S RIS TR 2, U SE 57
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1.3 Hdlabs

K H EXCEL 2007 #47 Bl B0 i 4e 1 A 2,
K SPSS 16.0 43 B 8447 B0 IH 3R 5 22 43 #r , 3
it LSD K A AN R AR A 254 22 (0] Z e PR e 5 AR
Wit R FR 25T

2 HRE5HM

2.1 AR[FEBRGTEER AT HE ) A

2.1.1 MWTFHPHYIRAR fdEEST,s A
0y 4 FORRIBRST S5 F KT I R Rl 22 F, 408 F
14 B 22 J& ;11 LGP0 26 #4308 T 14 L 26
J&(F%2), MR ARAR HE R HE
BEPERIRL R (K3 K 4),

4.5 mx8 m 5 6 mx6 m MAFH YR E EE (R
MR E)EES T 3 mx8 m 55 mx5 m #4r,5 A
PR TR FEEERT 11 H. 5 AAT
FEYIYFh 22 20— AR AR T 11 H 2o A
— AF A, AR AR AT R D AR —

®3 5 ARRSEHENKS TR TEDFHEREEE
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Table 2  Species composition of the understory vegetation
of different stand structures

HRATHR 51 11 A

(m) B BE AR B BEr FhEk
6x6 11 15 15 9 15 15
4.5x8 11 17 17 8 18 18
5x5 7 10 10 6 11 11
3x8 5 10 10 7 11 11

AEAREY R S H I, S ARURE A i R o R RIS
W& ETA R R BRI T RS T,

2.1.2 MY EZME S H, w3 ik
SRAE 4 PR 4500 T3 B (3£ 3) , H B Z{E
XA, PR G AT DA 2 02 2 B4 I 34 b 5 1 S
ORGSR YRR NET R AR PR AR HiE
TEAE 3 FhARAY 4540 N A H B, 1T LR A W WL Al 32
BPAY ok BSEH) AR 1 AR i, 5 S A
bRy 18.18% , HEZEARA K, AT LIIA Ry 2 1% 2
TR T A WA, 11 7R B SR A
R T RLE 4 PR S N (k1)
CHE PR TR WERE NEITFE 3 AR SR
PR, HLAT 5 B E B, ] DA K ik S i b X A

Table 3 Species and importance value of understory vegetation of different stand structures in May

B4 4 T4 MATHE (m)
6x6 4.5x8 5x5 3x8
Eopes AR Bidens pilosa 0.307 0.070 0.197 -
AR Youngia tenuifolia 0.074 - 0.127 0.111
PeHAE Hemistepta lyrata - 0.020 0.024 0.037
7N Cephalanoplos segetum 0.056 0.027 - 0.093
I Lxeridium dentatum 0.089 0.143 0.054 0.107
KEKG Carpesium abrotanoides 0.066 0.028 - 0.049
—AEE Erigeron annuus - 0.067 - 0.026
RAFL EEZ Imperata cylindrica 0.031 - 0.090 0.055
BERk 4 Achyranthes bidentata 0.012 - 0.075 0.021
% Chenopodium album - 0.013 - -
B FLAR A Polygonum perfoliatum 0.030 0.037 - -
a3 Polygonum orientale - 0.013 0.070 -
e L R R LT Geranium wilfordii 0.030 0.035 - -
Rt L3 Duchesnea indica - 0.022 0.126 -
JEAER HIBEAE Convolyulus arvensis 0.154 0.052 0.202 0.092
EE 7 3 SR Mazus japonicus 0.026 0.283 - -
BIEE bi i) Mentha haplocalyx 0.029 0.111 - -
AR Tt Ji7y R Stellaria aquaticum 0.012 - - -
R Bl Metaplexis japonica - 0.015 - -
TR HEE Rorippa indica - 0.019 - -
HAER livg o Allium chrysanthum 0.061 - - -
PR FETIIR Galium aparine 0.026 0.045 0.035 0.410




FE R AR A AL B % 53 B R B XA IR ARG 2 4 g i i 1173
x4 11 AREEMERRI TR TENMEREEE
Table 4 Species and importance value of understory vegetation of different stand structures in November
(RE iiEA FIT 4 BRATHE (m)
6x6 4.5x8 5x5 3x8
Bk TH Xanthium sibiricum - - 0.052 -
BB Bidens pilosa - 0.046 - -
TSI Youngia tenuifolia 0.353 0.075 0.187 0.170
47} Eclipta prostata - 0.085 - 0.023
PR Hemistepta lyrata - 0.012 - -
INE B Conyza canadensis 0.023 - - -
N Cephalanoplos segetum 0.022 0.022 - 0.123
RAF i Echinochloa crusgali 0.102 0.014 0.191 0.147
b= Setaira viridis 0.043 - 0.027 -
2L Zoysia japonica - 0.129 - 0.043
M Imperata cylindrica - 0.031 0.101 0.057
HEor Poa nemoralis 0.031 0.031 - -
TR LSS Achyranthes bidentata 0.189 0.057 0. 145 0.025
HH Celosia argentea 0.035 0.026 0.020 -
BRI Alternanthera philoxeroides 0.022 0.265 0.126 0.249
"AEFR FA& Ophiopogon japonicus - 0.030 - -
P ER pLEN; S Paederia scandens - 0.013 - -
Kkt BRHEEE Acalypha australis - 0.049 - _
R} E®ES Viola pilosa 0.016 - - 0.098
BIER BIR Rostellularia procumbens 0.020 - - 0.037
HAR TEH Dicranopteris dichotoma 0.017 - 0.021 -
A LR 2 Geranium wilfordii 0.022 0.045 - 0.022
AR % Duchesnea indica 0.067 0.026 0.098 -
IER J P B Cayerus compressus - - 0.032 -
25 R A I8 25 BR Athyriopsis japonica - 0.043 - -
JEAER} e Ak Convolvulus arvensis 0.016 - - -
WOLRP, tH R XS JEWISE B YSE 2375A O Shonnonffifl W Piclouty SIEEH
e [ SR B O P e a
B SR L THREAE BRI i A LA 1 Bhobk 20} a 1
Hh R B EL R R AN, B ABEA R S WA 11 8 15t
FI IR LRI S A K g " R
2.1.3 HMHYZHPEIREC 5 H 4 RS gl Z ) ® 2 2
¥ e 0.5r
Shannon 88 L 0. & 2 R ,4.5 mx8 m 56 mx6 m
) Shannon F5E73 570 2.03 5 1. 94, = T =% 07"%x6  4s5x8 _ sx5 3x8
FEMTS mx5 m 53 mx8 m A9 1.86 5 1.88, 11 251118 a K
H ,4.5 mx8 m A3 Shannon FEEL(2.31) H i, & - b b b
At 3 FbR 454 Z B A7 A6 1 35 22 5% .5 mx5 m Ak g
g m 1.5 -
S Shannon HPHL(1.93) BUb. PR THRATALE 8
. ¥ S 0r A
Pielou ¥/ EHE KT Shannon $EECRATR IO M & 0] | 2 = &
B 5 H,3 mx8 m MAH Pielou ¥J2) BEFE B4, 05r
E{RE R 4.5 mx8 m 5 6 mx6 m Mo Z [AIFEFE 0 6%6 T 25x8  5x5 ‘ 3x8
HRATHE (m)

WEZS, 11 H,FFESE 3 mx8 m #k5 Pielou ¥
SIS R, T 6 mx6 m AR AR, 9 & 22 ()
fEEREZR, DK LE, BB ERSKTHEY
Pielou $4J5] BE 8 FU K, AT e S P oy 1y 85 BE PR 43 bR
T REY RN E S AT S

1 AEWHRSERHRTED SRR

Fig.1 Diversity index of the understory vegetation of dif-
ferent stand structures
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BRI A K, 5 A AR SR Y Fh £ 4 Al
—AEAAEY, 11 W 22 R R — AR AR R 1 AR A
O AOAR R A R4 AR R o 3, N
UE 11 A REEIM T Y A e 2T 5 H
2.3 RS EEM YT R A 25 5
2.3.1 MTHPFS TR HOARRHE, AT
MR 5 & e A7 BT R TR (1 3) . 5 A, NP Mg
SR PR E K A ECE A 4.5 mx8 m Mo
K, HT 4.5 mx8 m MAFH N & i 5 5% Y 3 mx
8 m 55 mx5 m M2 RIFEREZES ;K Ca T
TE 4 PO 45F 2 R 622 5%, ¥ 6 mx6 m MR35
1,5 mx5 m MR ERAR, 11 N Mg Z&Li4.5m
x8 m 415 3 mx8 m MATE K, 56 mx6 m F15 m
x5 m Z[AAF1E 0 35 22 5% P Ca & i AE 4 Fhbk 7> &5
2 E TR B R 5 mx5 m MRAF S R,
5 A 3253 & AR K/ NTFHEF )y Ca>K>N>Mg>P, 11
ANH K>Ca>Mg>N>P, 11 H Mg WK m, Al fig
JE T Mg TCEFEAE YA DI A2 B B R i — 2211
JEA

400r o5 m11A
o 4 i
E
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Fig.2 Biomass of understory vegetation in different stand
structures

ARVNG FEERR 5 H ARBTG5 AT ALY A Y 0 22 5 1 3%
(P<0.05) ;s NFIKE FRERR 11 HASFEMA SR TR A9 &2
22 5 B3 (P<0.05) ,

60r5sH O6mx6m M45mx8m HM5mx5m M3mx8m

FRaTR
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Fig.3 Comparison of nutrient concentration of understory
vegetation in different stand structures

RIING 7 4 3275 8 7 W43 585 MO bR T R 9 40 4 T M0 22 5 L 3
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2.3.2 MY BERE 5 H,4.5 mx8 m MK
YR AEY S Fh IR ) SRAR G Y T A 3 A ah
PRI (F25) N 1 R BUR 54 3 Fhbk sy 22 1]
FEAE 3 25 55 bR P AN, HoR SR 40 1) B R H A IR
BEMSE T REEMS, 11 A ,4.5 mx8 m M4y
N 1y R 5 HAR 3 FiobR o> Z RIAAAE 35 25 55 P
Ca 7257 BAERTE 4 PS50 Z W34 T 25 753 mx
8 m M K 1 BB R AR, 5 HA 3 bk Z a7
TERHEZER Mg 7750 BFUE 4.5 mx8 m Mo,
5 mx5 m MO RAL, BB EZS . & FbRor2
Wz p 3R B 5 R 2 B3, AT e 2
KA 4 MR 2546 1 AR W i AN AR AE 3 25 5%, i LA
F 0 RRR R B R A MR SR E

3 i i

3.1 TN

YIRh Z AR BUZ SR ASREL oA ek
G B G ER —AFit i, B8 it ) k4 rh
YR B AR R B S A (T AL R A,
2006) , PIFh A B T A U RETE AR AL SR
VIR shZS 5 ) S B b, (R B T BEVE 25 A 25 A
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Table 5 Accumulated nutrient of understory vegetation of different stand structures

Afy HATEE(m)  N(kg - hm™?) P(kg - hm™) K(kg + hm™) Ca(kg - hm™2) Mg(kg - hm™)  &if(kg - hm™2)
5 6x6 3.1620.65 ab 0.44+0.06 b 6.08+0.94 ab 6.93+1.02 a 1.40+0.27 ab 18.02
4.5x8 5.5320.51 a 0.74+0.12 a 6.44+1.00 a 7.06+0.94 a 1.74+0.26 a 21.51
5x5 1.93+0.38 b 0.50+0. 03 ab 4.26+0.80 b 3.93+0.76 a 1.09+0.27 be 11.71
3x8 1.88+0.34 b 0.28+0.10 b 4.48+0.72 b 5.45+0.75 a 0.86+0.16 ¢ 12.94
11 6x6 1.50+0.17 B 0.29+0.06 A 9.28+1.77 A 2.4520.65 A 2.05+0.07 B 15.57
4.5x8 2.55+0.57 A 0.26+0.07 A 7.31+1.80 A 2.0820.73 A 2.66+0.38 A 14.86
5x5 1.19+0.30 B 0.22+0.03 A 7.35+1.66 A 1.54+0.43 A 1.44£0.25 C 11.73
3x8 1.57+0.24 B 0.170.06 A 2.70+0.54 B 1.880.46 A 1.86+0.30 B 8.18

ARVNEFEZRTR 5 H ARSI T A4 970> RO 22 53 1.3 (P<0. 05) s RGP 1R 11 A G AR RIMR I S5 0T HEH #5557 50

KPR B (P<0.05),

LUK Rl B FeoE BRI AR 55 1) 22 S (#9507
FPMIEAR 2013 ) o AR AW B 22 PR 5 bR O %
R Y) B A2 JF T 18, AR, B
PR 5% B 250/ 1) i Z2 A4 ( Buongiorno et al. ,1994 ;
Nagai & Yoshida, 2006 ) , 5% X 4 # 2 1 TG 5% 10
(Reader & Bricker,1992) ,{HZ W5\ N, B
JEARST AT 3G 04 Fh oF RS RN 2 A M (CF AR AR A
2005 ; 2% XA ,2013) |, X AT AES5 4 18 B9 LR A
Ko BEEIRAE (2010 ) XFAS [R5 B2 AS AN T ARDE 5T
Je BB Bl PR P R O HAMR HE A2 2R
FEBEIE T80 ]S | FEA JZ2 0 S 15 T okl NS R
FAFEMA R E N 1717 ~ 1867 B - hm i, ZHEME:
TRBB BN R . AEFE b, AR AR P 4
B (RIR B S T AR X T AR
h BB R R AR 2335 JBE ) AT, AR RIS P B2 Ui/ | ol
TOMRIN A O R R TR I 2% 1, T R B Y R o v
(24 L5 ,2007 ) , AR AR T AEYI AT . R,
ANTRVC 7 AR BREE 25 7 A — s i, K7
TERC & i T HAR M 22N T 1E 5 B e & 7 =X, Fi A
HAR T A 2 FE 23 B AE D7 TE L bR o3 () Z2 e M4
om . T ARG R A B S AR T AR R R
EERRERLI(FE4), 8 Z 85— 1 EAH G
PEo RO 55 BEARAE S AR 3 el 2 25 B EE 3G o, T 2 1
ASPCE BRI Z N HR, A7 40 AR HE P 1 21
OB, SR AR A ) Z R AR R e
S A R R O, AR D6 IR SR ISR A &
A=A PR IN 2 (B PR T 5 B AR A BT AR )
Fhaft s T 5 — (2R AE,2013) .
AWFFER AR ERKTTIERER 4.5 mx8 m
MRIT SRR T HE ) 22 FE V8 B, e 8 BEAE T TR
PCE Y 5 mx5 m #K5) Shannon $5%dR /)N, X KK
S E M A ) T AR MY B9 A=K, H Shannon 45

RTINS, 5 4 Fibks 45K N R 1Y
Shannon FEEZ LA HEA K, XATRERZH N 5 A F
BURARINEY) A 2| Rl T4 RyE M AR
IR R AR, 11 ] 4 Fhobk o3 45 K bk
THEY Shannon FEECE L H I R, N iZO2H T 11
AT Y F 22 F AR AR R A, M 2 T
TMRARAANE B AR T IR Z AR Sk, 5 H
511 AR S WAHIFAS 2 ES X e
T 5 H IR Y ih 2 o0 & 8 — A A0, i
11 AN Z R F R AR, [FEE, T AR 25
MRAT IR EEAN ]  HAR R AR AR A i
KA —EZER

MR Pielou ¥ 5] B 48 05 WA B H C &R
K, 5 A R TERE VR N 40T B B4 S R A G ]
A AR R 22 S R BB/ TR DA 1 S R gl s
V2R W, Pielou $45) BE 4840 5 Shannon 45 £
FEA — 2, B A5 5% FE 09 B AT 3G (T A B A
2006 ; B K245 2012) EARFFE L I Pielou ¥5] B
& %05 Shannon$ £ 22 fb#a 4T A — 3, A Al RE 2

20

* 58
$=0.7032x-29.682 .
16 + R*=0.8599
2o,
s
& o
R 8 PR X 4
n—118
4t =1.0392x-53.798
R=0.8763
0 ‘ ‘ ‘ ‘ ‘
50 54 58 62 66 70

ZBRE (%)
4 HMTEUPHEEESHIBEZREXR

Fig.4 Relationship between understory species abundance
and stand gap fraction
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ATFFENS G R BRI, BRAT RIS R G ARk BIRRE
RS BT LA 4 B e B MO AR T AR A s A b A
K5, B, R T 4R R i fh 2 B0 7EAR
Oy KR —RE BB, AT LR A P 20 %8 1 it n [ 4%
eI B E
3.2 MMM & 50 0k R

FRART R0 A it o5 AOMR L b3 Ak i
B EE %1l 4R /)N ( Peichl & Arain, 2006 ; Maya et al. ,
2013) (HHAEDRMA S R G A & B LA (Gilli-
am,2007) . H A, ZRMAE Y AL P 5 0 0F 58 5 TR R
Z WS WA & BT N TR H A A=
D BB A K A MG GE i 4
Wk Ry = (X RUGE AP R 42,2011 ), ASBF5E 36
B AR AR 1 A 0 ik 5 R 986 B 22 ) 2 I 2 T A7
FHOCHE , 3 5 HA A5 SR 2L (H 2%, 2006 ; 5K )1
85,2007 ) , AT AE 2 B B I AR A B0 1) 6 R AR
5, A FI T A AP =R (Ares et al. ,2010)

W HEPENTMES RGP R EEHZ —
ERE RGN ANEYIRE, SREF R m R SR, T
ZHFFE (AR PR A, 20005 SCH: 4R 2012) B, Ak
YR Ay S AR, DL LA K Ca Mg JTTER W]
0] WA AR 3550 10 AR R ) s, i AR
YR E T 1R, KER TR S AE M IH IR 45 T
ARHL, PSR AT FE 5 B e N TARR G
T A A B L, ARBEIE 5 K% B ARy
M AR IR & B E S TR S M N ST R Ik
FELL 4.5 mx8 m MR, 3 W] B2 R R IR 25 B AR
IR B 37 43 WAL 2 A X 5 /0 R R 1Y
N ZESR, I IR Ry O B A S AR GO T 15 % B AR
o3 AP A ROR AR X B 4 RS B, 5 H Ak
THYIFES S EET 1A, TR T 5 AT Y
EBE RN N P Ca BFRKZ; 2 11 AT YA
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