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Table 1 Basic conditions of plots of different age groups
W2l T2 373 W Filiva 5 P i PA P
Age groups Plots number Altitude/m Slope/(°) Litter thickness/cm Canopy density

#J#4HK Young aged forest(1~3 a) 19 1489~1 568 6~36 0~2 0.6~0.8
HHi¢Hk Middle aged forest(4~5 a) 23 1437~1 568 9~46 0~2 0.6~0.8
JE#Ak Near mature forest(6 a) 25 1510~1 685 11~39 0~3 0.7~0.8
MR Mature forest(7~8 a) 22 1496~1 702 8~42 0~3 0.7~0.9
it #Hk Over mature forest(=9 a) 17 1522~1671 12~44 0~3 0.6~0.9

e WAL S5 (LYIT 2908-2017 F M PSS S H LRI 53 ) AT AVARHE, Z5AHUR ARG T2 Bt
Notes: Age group division was determined by referring to industry standard LY/T 2908-2017 Age Class and Age Group Division of Main tree

species, combined with quantitative maturity and process maturity!"

2.2 HEAE

JUAR ST HT (RDA) & —Fh 25 AL 19 32 185353 A
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T BOAEE T R AN ECE AR E B9 BRI
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. Pielou 5] 4%k, A5t
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S
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S
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Pielou 35] BEfa i 2 FE VTR ()
S
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PR B DDA A B K NG AR A Db v ) 2
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3 ZERE54T

31 AERABEEZRAIMKERKRR
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MR AR TRGR B S e O R Y
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Table 2 Survey statistics of different age groups in sample plots
o o Wi A BB PRIAAF 15 fRIAARF I 12
Age groups Him DBH/em Living woodsgroy:nng stock/ Av_erage H of Ave_rage DBH of
(m*-ha™) dominant trees/m dominant trees/cm

4k Young aged forest 8.5+ 146 2.9+0.49 8.19+0.08 103+ 1.41 4.1+1.04
Hi#s Hk Middle aged forest 16.9 £ 2.08 6.8+0.46 73.51+0.09 20.5+2.12 7.3+£1.26
JE#Hk Near mature forest 21.8+1.74 10.2 £ 0.51 202.19 £ 0.10 253+1.75 11.6 £ 1.51
Ak Mature forest 25.6 +1.21 14.3+0.44 449.93 + 0.06 28.8 +2.53 17.2+1.34
L ¥k Over mature forest 27.9+2.36 18.1 £ 0.54 765.27 £ 0.14 32.3+2.82 21.1+£1.72
BOARWE, ARERRARN S R, SRS R AWK DI R TR ORI R R
Al TR TSR E . HIEALBRE . A SEm, 2SRRI

AU & i e, AT RO S Sk 7L

®3 TRKREARERAN MMM T EEHMR

Table 3 The physicochemical properties of soil in E. urophylla x E. grandis at different age groups

W2 4R GRS R D% % BuR W
Age groups Young aged forest ~ Middle aged forest ~ Near mature forest Mature forest Over mature forest
+ 3% Soil density/(g-cm™) 1.09+0.17b 1.16+£0.14 b 1.21+£0.09b 143+0.15a 1.27+£011b
F /K& Water content/% 25.38+0.81¢c 30.51+£0.77 b 3457 £0.98 a 29.54+0.84b 23.31+£0.69¢
L3EFLIREE Soil porosity/% 2275+x121¢c 2513+1.41b 29.32+1.15a 26.41+0.87b 2347 +0.93¢c
4% TN/(g-kg™) 0.93+0.08¢c 1.18+0.12b 1.34+0.11a 1.28+0.09a 1.12+0.13b
&1 TP/(g-kg™") 0.96+0.11a 0.84+0.09b 0.63+0.07 ¢ 0.87+0.15b 1.01+0.17 a
A7 TKI(g-kg™) 18.83+0.73 a 16.54 + 0.65 b 15.27 +0.57 b 12.07 £ 0.46 c 10.37+0.49¢c
A %% AP/(mg-kg™) 3.74+031a 2.83+0.27b 2.57+0.23b 1.93+0.31¢ 2.06+0.28 c
AR AK/(mg-kg™) 144.5+6.89 a 117.6 £551 b 94.2+4.87b 103.6+5.02 b 111.2+3.98 b
AL Soil organic matter/(g-kg™) 9.74+2.13b 1443+3.35a 15.12+3.12a 10.23+£2.76 b 9.81+1.86b
A3 AB/(mg-kg™) 0.26+£0.03 a 0.19+0.02b 0.14+0.04b 0.16 £0.02 b 0.23+0.03a
A 2EE AZnl(mg-kg™) 0.98+0.11a 1.05+0.09 a 0.52+0.07 b 0.82+0.12a 0.92+0.08 a
A %47 Available Cu/(mg-kg™) 0.86+0.09a 0.65+0.07b 0.71+0.08b 0.59+0.05b 0.92+0.08a

Ve RSIBRIE AR NS F R EEP<0.05KF LR EER, FH

Notes: Different lowercase letters in the same column represent significant difference at P<0.05.The same below
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BPASs LARAOL SO KGR B R
TE PR ERI N B e SRR R .
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NTHEARZHIH T FEREARZF, ghilph,
BRI AR RI D Y . HBEAE AN ER KA 5

A AF A HRAE . R TR B 5 i
PR AFI A I AR T

¥ B R A R AR 4 AR R HEAR FI R A S,
D. H Ji#F1TIr 208, B 5T, BREAR
Simpson F8 84, H A 2 HE 148 B0 A A i4 41
(B AP 5 25 5, R E RN TR IS 4 A A 2
KRZNEE OB E R HEAZREMES 1S
hnm B B R A, A2 R T
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Wiener 840 FIEi 42 Shannnon-Wiener 1844754
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Table 4 Dominant species and relative importance of undergrowth plants of E.urophylla x E.grandis plantation
in southern Yunnan
AR B AR
Relative importance value
B Py \ : :
Layer Species LIS LRNCYS PR YN AR R AN
Young aged Middle aged Near mature Mature ~ Over mature
forest forest forest forest forest

L F 22 (Eupatorium adenophora) 17.82 19.05 18.12 19.72 23.11
#i P45 (Tadehagi triquetrum (L.) Ohashi) 11.19 16.32 21.17 17.07 19.21

B o o

e I p& (Digitaria sanguinalis (L.) Scop.) 31.27 23.12 19.42 18.45 15.72
Y& E (Bidens pilosa L.) 9.73 13.81 12.84 25.69
KXY % (Leontopodium leontopodioides Willd.) 9.15 15.78 20.57 12.27
HuBk{E( Urena lobata L.) 27.45 25.17 29.59 17.73 22.87
#HIKA (Rhus chinensis Mill.) 18.12 21.64 19.45 22.47 25.18

, . 745} (Melastoma malabathricum L.) 34.22 25.16 21.45 23.48 19.71

AR

Shrub layer #1F (Lespedeza bicolor Turcz.) 11.17 15.61 16.48 21.29 13.15
M4 (Rubus alceifolius Poiret) 17.34 21.72 18.33 15.96
4H-F( Phyllanthus emblica L.) 15.37 2411 16.76 11.82

WM LA I 2 2 ) 2 5 2, LAl 2L ) 25 5
AN HEAJZ Pielou 355 18 807E bk 5 i
AR, R B2 AN, S A A 2%
SR, EEE, HEK Simpson #8451, Shannnon-

Wiener #5510, Pielou Y2 BUR R (EH . 4k
A TR AR RO THAMRY A, L2 Wi )
HaB, MR A SRR R i, 22 ei
I R FER S

*5 ARBRAERERNTENSHEEERZEILR
Table 5 Multiple comparison of understory plant diversity index of E.urophylla x E.grandis
plantation in different stand ages

el L kAR IR D% R RPN
Stand age Young aged forest Middle aged forest Near mature forest Mature forest Over mature forest
HEAS Shrub S 11+1.82¢ 17+£3.13b 21+351a 16+£3.24 b 14 +£2.91 be
LIRS Herb S 18+2.96 a 14+421b 14+477b 12 £ 3.48 bc 10+2.76¢
#EAD Shrub D 0.51+0.02b 0.65+0.05a 0.68+0.03 a 0.67 £0.04 a 0.65+0.03 a
gD Herb D 0.64 +£0.04 a 0.60+0.03a 0.59+0.02a 0.58+0.04 a 0.56 +0.03 a
H#EAH Shrub H 3.2+0.08b 45+0.08a 4.7+0.07 a 44+008a 43+0.09a
FiAH Herb H 56+0.08a 44+0.07b 43+0.05b 41+0.04b 40+0.49b
HEAJ Shrub J 0.29 £ 0.03 cd 0.33+0.04 ¢ 0.42+0.03 a 0.41£0.02 ab 0.37 £ 0.02 bc
HiAJ Herb J 0.41+0.02a 0.34+0.04b 0.35+0.05b 0.31+£0.02b 0.30+0.03b

Xof R EAR A K AR AR T A Z FEEIEF T AH O
Pt ik 6 s, BEMMNAERKSKFHYZL
FEVE R W AR — B W SR, MEAREE .
Shannnon-Wiener #5 %t 5 B F #e bk B . A3
KAE . MAERRARKE W E IR, 50
1 RN AR B4R S 35 i A2 SO I 3 IE A G BEOR

Simpson. Shannnon-Wiener & %t 5 J& B ¥ #k 43
Wi BRIy BN B 3 TG
3.4 WTHEHSHEEMEBELIERNXR

F B R MR A Bk 2 4 09 A R R A B
(DCA) 7R, B—HEsERKE R 247, /T3, &
W% 154 RDA, RDA (iR 1T R E /A
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Table 6 Correlation coefficient between growth and plant diversity of E.urophylla x E.grandis plantation
YET I\ EEEO e N S 44 B N ST A Hi A
e Wi i e AveragoHol  Average DBHof
growing stock dominant trees dominant trees
WEAREEE Shrub S 0.341* 0.312 0.495* 0.359* 0.306
FARFEEE Herb S -0.231 0.109 -0.095 -0.082 0.217
SHERIEE BE Shrub-herb S 0.229 0.127 0.283 0.317 0.198
A Simpsoni#i% Shrub D -0.052 0.091 0.024 0.032 0.037
L7k Simpsonig ¥k Herb D -0.314 -0.272 -0.109 -0.207 -0.193
#EA Shannnon-Wiener#i%1 Shrub H 0.327* 0.105 0.318* 0.364* 0.313
A Shannnon-Wienerf&%t Herb H -0.103 0.182 -0.083 -0.203 0.196
H#EA Pielou¥s 51 454 Shrub J 0.033 0.051 0.045 0.113 0.049
A Pielouds) 5] BEHE %L Herb J 0.008 -0.015 -0.038 -0.112 0.002

KE5M T ZHEMEAERZ MR, &7 0]
F, O BhRES 2 8RR AE{E 2 4 0.846 6 Al

xR7

0.108 7, ZFEBE N 95.53%, REicly-Hb s ek
AR AR S TR R R

RE&MNTEYSHES LB IS4 RDA E

Table 7 RDA ranking of understory vegetation diversity and soil physicochemical property of
E. urophylla x E. grandis

ZH LN #h2 3 Hha

Statistic Axis 1 Axis 2 Axis 3 Axis 4
FFE{E Eigenvalues 0.846 6 0.108 7 0.016 2 0.011 1
PEAR- -3 7 1A 51 Correlation of trait-soil factors 0.8950 0.8015 0.7211 0.814 1
MR 24246 Cumulative variation of trait /% 84.66 95.53 91.15 98.26
SVRFE{E Sum of all eigenvalues 1
S LR Sum of canonical eigenvalues 0.572
1 53 MG 50 (FREEE) Permutation test on first axis (F test) F=19.27 p=0.003
JT A o 55 2 PEAS 56 (FIE %) Permutation test on all axis (F test) F=4.935 p=0.004

WL TUAR 7 B (RDA) 3145 T3 FL 55 5
R TR R E R, S Sk ol B B AR
TEA, EAREEE, Shannnon-Wiener, Simpson
MRS BEAREL, 250 F ko T b oy . FikZ
)& A ARRAGBR AT A AE OGP, 067 A TE A G T e £
F e, FE A AT, R MR AR L
M B AR AL . BRI SRS LA L. A
BB IEA DG, HEARMFE RS RIS K
ARA. ARG IEADG, BT AR Shannnon-
Wiener f8 41 5 HIER AR EAMAH, 5 HIE%E
pH 2B R TAAHIE, F#EAR Pielou ¥ EHRES
TIEAAHRIEADC, Hr, TGP R B R
T Z AR S B R, R L B 18.3%

(F=13.21, P<0.05),

4

it

MO AR MO AR R S A 1 S A
JRZ I B F S N TR E A I 2 E IR,
HRAEAE W 2R P - S PR Jo ) 2 S RS M P
IMERIRHEIN T, O N R 2 B R pt g
HRAEET2 WP R L R E AR N T E K AR
TR, R MR Es B Y0 K BE R 2 Y
SIS, e P AR (45 a) AFaE R,
PN (7~8 a) I ER S, 5) 70 PR T
bl DX FE AR N TARTESEMEAE % 6 a IPAHLL , AR
038 PR IR B HU N 8~9 a JEfS 1~2 al™l,
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Shrub J
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Shrub H
Herb H

Shrub S

-1.0 b
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T MR EARE (Shrub S); HIARTEF AL (Herb S); BHERIE
& BE 48 #% (Shrub-herb S); #E K Simpson 1§ %¢ (Shrub D); # A<
Simpson 5% (Herb D); J# A Shannnon-Wiener $5%{ (Shrub H); #t
7% Shannnon-Wiener 15 %t (Herb H); #E K Pielou 4% B 5 %t (Shrub
J); HZR Pielou Y5155 (Herb J); +4E% % (BD); & /K (WC);
T HEALBEE (SP); L3 pH {H (pH); LIEAHLEE i (SOM); ek
Ao (TN); IHERAS = (TP); LA &R (TK); LHOKMEA
A (HN); MR RS i (AP); LHERREN & (AK); AR &
Ht (ACu); AAGES R (AZn); AR A i (AB)

Notes: Shrub richness index (Shrub S); Herb richness index (Herb
S); Shrub-herb richness index (Shrub-herb S); Shrub Simpson
index (Shrub D); Herb Simpson index (Herb D); Shrub Shannnon-
Wiener index (Shrub H); Herb Shannnon-Wiener index (Herb H);
Shrub Pielou index (Shrub J); Herb Pielou index (Herb J); Bulk
density (BD); Water content (WC); Soil porosity (SP); Soil pH value
(pH);
content(TN); Soil total nitrogen content(TN); Soil total potassium

Soil organic matter content (SOM); Soil total nitrogen

content(TK); Soil hydrolyzable nitrogen content(HN); Soil available
phosphorus content(AP); Soil available potassium content(AK);
Available Cu content(ACu); Available Zn content(AZn); Available
boron content(AB)

B 1 EE&KTEHSFESTEBUERZ B
RDA 53 #ft

Fig. 1 Analysis of RDA between understory
vegetation diversity and soil physicochemical index
of E. urophylla x E. grandis plantation
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Soil Physicochemical Properties and Dynamic Changes of
Understory Plant Diversity at Different Growth and
Development Stages of Eucalyptus urophylla x Eucalyptus
grandis Plantation

LU Hai-fei'?, XU Jian-min', LI Guang-you', MA Ning®, SU Guo-lei*, ZHANG yun-dong"

(1. Key Laboratory of National Forestry and Grassland Administration for Tropical Forestry Research/ Research Institute of
Tropical Forestry, Chinese Academy of Forestry, Guangzhou 510520, Guangdong, China; 2. College of Urban Construction,
Zhejiang Shuren University, Hangzhou 310015, Zhejiang, China; 3. Yunnan Yun-Jing Forestry and Pulp Mill Co., Ltd., Jinggu

666499, Yunnan, China; 4. Weiguo Forestry Bureau of Pu'er City, Ninger 665100, Yunnan, China)

Abstract: [Objective] To study the growth status, soil physical and chemical properties and understory
plant diversity of Eucalyptus urophylla x Eucalyptus grandis pulpwood plantation of different age groups in
southern Yunnan for providing theoretical basis for sustainable management of eucalyptus pulpwood plant-
ation. [Method] In this study, 106 plots of red soil or red soil developed from coarse-grained crystalline
rocks, muddy rocks, and carbonate rocks, with similar site conditions at an altitude of 1400~1700 meters,
belonging to 5 different age groups. The differences in growth indicators, soil factors, and plant diversity in-
dices among different age groups were analyzed through variance, multiple comparisons, and redundancy
analysis. Correlation analysis was also used to reveal the correlation between them. [Result] The height,
DBH and living wood growing stock of E. urophylla x E. grandis plantation in different age groups in-
creased with the growth of the stand. The growth rate was faster in the middle-aged forest, but slowed
down in the mature forest (7-8a). There were significant differences in soil porosity and soil moisture con-
tent among different age groups, and the overall trend showed an increase and then a decrease with the
growth of the stand, reaching the highest value in the near mature forest. There were significant differ-
ences in soil total nitrogen among different age groups, and the growth of tree height, diameter at breast
height, and stand volume were significantly correlated with total nitrogen. The richness index and even-
ness index of herbaceous and total shrubland under the Eucalyptus urophylla forest were positively correl-
ated with soil organic matter and available zinc. The richness index of shrubs was positively correlated with
soil moisture, available nitrogen, and available copper. The Shannon Wiener index of herbs and shrubs
was positively correlated with soil total nitrogen, while it was significantly negatively correlated with soil
bulk density and pH value. The evenness index of shrub Pielou was positively correlated with soil total po-
tassium. Among them, soil organic matter had the greatest impact on the understory vegetation diversity of
Eucalyptus urophyllus, with the variance accounting for 18.3% (F=13.21, P<0.05). [Conclusion] There is a
competitive relationship between the growth of young E. urophylla x E. grandis plantation and herbaceous
plants. The influence of plant diversity on soil structure and physical properties is greater than that of
chemical properties. At near maturity, the total shrub and shrub biodiversity reaches the maximum, which
reveals that the eucalyptus plantation ecosystem enters self-restoring succession after near maturity.
Keywords: Eucalyptus urophylla x Eucalyptus grandis; plant diversity; soil physicochemical properties;
redundancy analysis
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