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W OE: [EM] WIS EEXT P Juglans mandshurica T HEYIFIE 51 . DyPh 2 BE0E R L3920 &
e, ERY 2R S RSN R [5%) CUEJLILA R % (840, 680, 480 Fk-hm )
BRI R SR UK AE MO A0 52, SR BT ANV R A 5 & N A e AT A 5 6 0 738, UE AR A A (R ) ol
M. EEAH. SRR AR LR g7 04865, TS, [858R] 1D 7ERAH T XA
BEAAR T ILR AR 65 FE . SR ARAHEY) 16 F, RIET 11 R 14 J8; FAMY 49 F, SR T 28 B 45 J&.
2) KAWL N F S T % Syringa reticulata subsp. amurensis, 8 3L {E 7 480 Fk-hm > (WK 2> 25 & o i
Ko N 8523%; HAZMIILHF N E Beckmannia syzigachne, . E EAGAE 680 Fk-hm * [IAK 4> 25 FF ek,
N 50.49%. 3) WP AR E EEIEMR SN S5 N 680 Fk-hm T i i, HOARARI R T AR Y I E R B BN 1
F131; Simpson. Shannon-Wiener 2 % 145 £ b 45 Ak 2 %5 B (98 /N I L TH = JE BRAR B 34, MR BN
680 Hk-hm > I ZPEMEFR B B s 35 5] BEFR R A6 bR o 35 BE IR0/ T K, bR 4% BE D 480 #k-hm * I B A
YIRS I AR B e, N 0.81. 4) HIEFREEAE 0~ 10 em L2 HE, UK E N 680 #k-hm T B, %t
FEHRMAENUR. 2% RN S RS T AR S . KA Z RS LIESA S B EME S
IEAG, 544 pH (12 832 A BAEYEFESE AR EMREE EAK. [458] 680 #-hm?” &
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Effect of stand density on understory plant diversity and soil nutrients in
Juglans mandshurica natural secondary forest

Wang Yutong, Lii Yuedong, Zhang Jianying, Kong Wenhui, Liu Zhongling, Ge Wenzhi

(Heilongjiang Forestry Institute, Key Laboratory of Fast-growing Tree Cultivating of Heilongjiang Province, Harbin 150081,
Heilongjiang, China)

Abstract: [Objective] To investigate the effects of stand densities on the structure of understory plant communities, species diversity
and soil nutrient content in Juglans mandshurica forests, and to reveal the intrinsic relationship between plant diversity and soil
nutrients. [Method] This study focused on natural secondary forests of Juglans mandshurica on Mao'er mountain with different
densities (840, 680 and 480 trees-hm?). Through field community surveys and indoor soil analysis, the species composition, importance
values, diversity index of understory woody and herbaceous plants were investigated, and soil nutrient indicators at different soil layer
depths were measured for correlation analysis. [Result] 1) A total of 65 plant species were surveyed under the Juglans mandshurica
tree forest throughout the study area, including 16 woody species belonging to 11 families and 14 genera, and 49 herbaceous species
belonging to 28 families and 45 genera; 2) The dominant species of the woody layer is Syringa reticulata subsp. amurensis, with a
maximum importance value of 85.23% at a stand density of 480 trees-hm *; the dominant species of the herbaceous layer is Beckmannia

WFSEHE (Received) : 2025-11-14 EITHHA (Revised) : 2025-12-29

EEWB: ML gmRR TR % 5 H  (JC-202506) + [E 5 E PR IRIBH (2017YFD0600605)

E—1EE. TWE (18249662623@163.com) , SZHFFLR, fiit.

BEEE: XL (30083936@qq.com) , FFFLLY, ffd; #3CE (49554190@qq.com) , WHFLHL, L.

SISCARE: EMIM, SERAC, TRERBE, & ARS8 FER BB OR AR U AR ARAR TR 2 R 5 SR 43 s (D). R AR R BOR 2
% ,2026,46(9):191-200.

Wang Y T, Lii Y D, Zhang J Y, et al. Effect of stand density on understory plant diversity and soil nutrients in Juglans mandshurica natural
secondary forest[J]. Journal of Central South University of Forestry & Technology,2026,46(9):191-200.



192 EME, S W E RO HIM R R UE AR T AR 2 A 5 R IR

%9

syzigachne, with a maximum importance value of 50.49% at a stand density of 680 trees-hm™; 3) Species richness is highest when the

stand density is 680 trees-hm >, with the richness indices of woody and herbaceous plants being 11 and 31, respectively; the Simpson and

Shannon-Wiener diversity indices show a trend of first increasing and then decreasing as stand density decreases, reaching their highest

values at a stand density of 680 trees-hm”; the evenness index increases as stand density decreases, and the highest evenness index for

herbaceous plants is 0.81 at a stand density of 480 trees-hm; 4) The nutrient content in the soil is highest in the 0-10 cm layer. When the

stand density is 680 trees-hm?, the contents of organic matter, total nitrogen, alkaline nitrogen and available phosphorus in this soil layer

are significantly higher than those in other density treatments. Woody plant diversity is extremely significantly positively correlated with

total soil nitrogen content and significantly negatively correlated with soil pH, while herbaceous plant richness is extremely significantly

positively correlated with the content of available phosphorus. [ Conclusion] A stand density of 680 trees-hm ” is the optimal density

in the study area for maintaining understory plant diversity in Juglans mandshurica forests and enhancing soil fertility. Stand density

indirectly regulates the composition and diversity of plant communities by altering the soil environment, this study will provide a

reasonable management density for secondary forests of Juglans mandshurica and offer a scientific basis for the sustainable management

of Juglans mandshurica.

Keywords: Juglans mandshurica; stand densities; plant diversity; soil nutrients
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FU 85% LA b, H AR SA Bk Juglans mandshurica
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J5 BRI B TE U R IR IR, A T rd i, i
R 375 mo MR PR AR D DL B Ulmus pumila Y
+, BA D= KN Fraxinus mandshurica. 111
¥ Populus davidiana 1 1 ¥M¢ Betula platyphylla.
AR TCE ERN, JEEUIK (MJ3, 480 #&-hm?) .
i (MJ2, 680 #-hm ™) . & (MJ1, 840 #k-hm*)

3 PR 2 25 FE (R SA B R A MO TS B, T 354K
Iy ERFEN Y HIVE 3 H 20 mX 30 m bR, P
A bR AT VLB B CRAH AR [ BE KT 100 m, FRim 25
MRS, DU KPR P/ D 100 2 380N 5 5 R B 1 T4
FE LA LR 10

R ERAHOR PR B ARAHE

Table 1 Basic features of Juglans mandshurica natural secondary forest with different stand densities

WorE

T WAL (F45= 4 cm) Stand density / g A SERIR FHfAE
Plot No. Species (DBH = 4 cm) ( Hﬁ'hm';)y Slope /(°) Slope position Mean height /m Mean DBH /cm
MI1 SEH3IMI 1K1 # 840 T 11.80+0.17 18.3040.09
M2 6 1 3 K 1 680 12 RN 18.204+0.28 19.6040.17
MJ3 6 1 4 ffir 480 iy 13.20+0.13 21.3740.38
T RPEI T IIME £ ARiEiRZE (n=3) . The data in the table are expressed as mean £ SD (n=3).
22 *E%%*i’l‘éﬂ"]lﬁﬁ H — —Zil Piz h’lPl ; (2)
S % i P Tk AR BR T R  T R VA A R=S: (3)
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BTSN AR AR, Bl R AR
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BEARREIT LR EAT 1A 1 mX 1 m BEANETT,
[0 e B AR VA A 2, DS AR RN, AR
B (MWERARGAED | RS S RS

23 TERFNSTENNE

KRR 0 B RAERETIERES, 5
B 20 mX30 m bR AEREHL N, BEMLAG X 3 > 138
KA R ERAKRFEA, %0~ 10 10 ~ 20,
20 ~ 30 cm 3 DM LEIRE N RE L, FER
£ 3AFES, FIRDE A — L 2RSSR G,
BERIARICHFFENCRFELR . T R B S = S,
ZHARNRNT. B IR, 2k [21]
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3.1 MOEEXAYMM TEYER R EZERN
SN

FEREANB T XN, SABROR T L & 2 65
FiEY) . HAARAEY) 16 7, RET 11 5 14 )8;
AR 49 B, RJET 28 B 45 /. B 2 A,
MI1 A MI3 ARAZ LI 5 5T 4 Syringa
reticulata subsp. amurensis, L H EE{E MJ3 H
K (85.23%) , fE MJ1 HEZE A 73%: MI2 K
AKZE I EF NI AR A Prinsepia sinensis, 3
AN 53.42%.

ENGIE R NN RN DS S N
3. IR 3 AN, ANFEIARSN RN EABRAROAR T B
KZEHAC A TN N B Beckmannia syzigachne, F:
FER B R (MI2) (N 50.49%, &
T MI1 (46.01%) F1MJ3 (37.1%) .
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Table2 Understory woody plant composition and importance

values of Juglans mandshurica forest at different W)l 52 BE T I T AR ) BE VK 45 K RD T BE 1
tand densiti -
- T, i 4 TR AR B 0 A,

o e S BT R NN
T St sion. gy vy aeyy | JEIVTIR HEAEHORTS, WALt LA 2 1
amurensis 680 Hk-hm * I o MI2 [¥ A A 49 il HORN 54 L)
RA6 B Euonymus sacrosancta 34.31 28.76 8.44 ﬂ] é:ﬁ ﬁj\ %lJ lj___( ):Ez‘,‘ *EI] ﬁ E[,(J 68.75% }Fu 63.27%; M2 E,(J

RALRIZ A Prinsepia sinensis 16.46 53.42 8.44

ARAWEMFEFERECH 11, =T MI1 (9) FlMI3

AL 24T Rubus arcticus 8.70 18.91 . N L
FKF L Pyrus ussuriensis 8.41 10.80 (7). MJ2 7'(2'.(1‘5% E/J %ﬁﬁ\ % ﬁéll@ﬂg iﬁf}]ﬂaﬁ fe
HWF Schisandra chinensis 8.27 23.70 Lﬁ MIJ1 *B tt, D, H jﬁ] J1 éj\ %IJ % Hj 46.97%.
T2 Prunus padus 819 2146 57.25% 1 44.10%; 5 MI3 ALk, D. H Al J{H 45
YTKA Pinus koraiensis 7.96 il 5 H104.13%. 115.69% F1 75.05%. 5 A FEH 4
% Rhamnus davwrica 731 M RIS H (DL D SAAHMIES 5,
AN B Rhams parviola 1630 [EHSIREIRY () BEARIY BRI TTT R 4 LT,
I”ES jﬁ"}’;”’wcwsze”f:"f”s 1‘:?? MI3 (351 FEHE RN 0.812 1, 5 MIT T M2 4333
Py BB amnus scnneiaeri . NN
8% Phellodendron amurense 7.54 BErH T 5.55% A1 1.86%.
L2 Lonicera maacki 74696133 MO BEERTAIHH T LM S & BRI
ZRALZ BT Ribes mandshuricum 8.79
% AL 1% Philadelphus schrenkii 8.68 EHPE 1 ], ERRAROAR T Rk S AR

®3 TREMSEBETHARHMK TEREMERNEZE

Table3 Understory herbaceous plant composition and importance values of Juglans mandshurica forest at different stand densities

(HES #ZH Importance value /% 4 #ZH Importance value /%
Species name MI1 MI2 M3 Species name MI1 MI2 M3
5 Beckmannia syzigachne 46.01 50.49 37.10 WA % Cystopteris sudetica 16.06
EE Ranunculus japonicus 36.95 16.41 8.08 AR S5 R Athyrium sinense 14.75 7.70
W-F ¥ Filipendula digitata 36.54 26.79 16.49 134 Liriope spicata 13.84
ZRALZE A T Aegopodium alpestre 35.06 19.19 33.39 K XE4 Saussurea grandifolia 8.08
BRI Potentilla fragarioides 22.90 14.24 W EES B Oxalis griffithii 7.97
WERRER 36 3% Athyrium multidentatum 19.27 31.62 51.75 595 HLE ¥ Carex ussuriensis 7.44 9.21
YR H 52 Viola acuminata 15.59 6.81 %% Helianthus tuberosus 7.44
FihifE Galium spurium 14.72 6.84 4% Convallaria keiskei 7.37
B JEE Metaplexis japonica 14.72 %L Trollius chinensis 7.32
K114 Asparagus cochinchinensis 14.31 R EMGE Heracleum moellendorffii 7.26
R E S Lathyrus vaniotii 14.23 BHMLES Artemisia sylvatica 7.20 6.90
HAEWE KT Cardamine leucantha 14.15 21.95 22.46 JK 4 Impatiens noli-tangere 7.20 13.86
Wi T Vicia amoena 9.24 7.14 7.42 JEFAEL Thalictrum aquilegiifolium 7.08 15.90
BIFK S Silene fulgens 8.15 AL ERE Paris verticillata 7.08
WA EL Agrimonia pilosa 7.46 15 Actinostemma tenerum 6.87 14.21
W32 Epelobium hirsutum 7.41 MK, Euphorbia lucorum 6.84
HAIKMME Geum aleppicum 7.35 ZHEEL Geranium wilfordii 6.84
JRE4 Saussurea japonica 7.23 14.22 W Cystopteris fragilis 18.86
VEFF Sium suave 7.23 & ME-F Chrysosplenium serreanum 15.90
MRERUE 7 5 Silene linnaeana 7.17 15.82 8.07 Wit F Brachybotrys paridiformis 14.38
IKEREL Circaea lutetiana 7.15 6.90 M FZ52E Isodon excisus 14.31
RALE & Lilium distichum 7.15 E4&E Chrysosplenium pilosum 7.96
93 Aconitum carmichaelii 7.00 6.96 K- THBR Actaea asiatica 7.00
I Equisetum sylvaticum 25.39 B2 K Lamium barbatum 6.95
R BR Adiantum pedatum 17.00
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Table 4 Species diversity index of understory species in different stand densities of Juglans mandshurica forest
Fe KAFY) Woody plant HEARHE Y Herbaceous plant
Plot No. R D H J R D H J
M1 9 0.5917 1.370 7 0.623 8 23 0.872 1 24126 0.769 4
M2 11 0.869 6 2.1554 0.898 9 31 0912 6 2.7379 0.797 3
M3 7 0.426 0 0.999 3 0.5135 23 0.894 2 2.546 3 0.8121
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Fig. 1 Soil nutrient content under Juglans mandshurica forests with different stand densities



196 EME, S MO BB IR R E AR R 2 R S I R A 9
300
4.0
3.5_iaa A a a 2 a a2 a ‘:;\D 700+ & a 2 .
o =4 ab a
Z 50 2 o0 ' . a
& < b 2
g 25¢ 1 5 r Lab
WE a0t P
ol % 3
WE st ®W 2 300f
i) bS]
<] &,
1ot & 200
E] =
kS =
= R L
05F 100
Z
0.0 0
0~10 10~20 20~30 0~30 0~10 10~20 20~30 0~30
+ E R Soil depth /em + E R Soil depth /em
oM M2 . MJ3
ANENEG FRFORTE R — L JZIREA FI bR 8 2 ) 22 5 i (P < 0.05) .
Different lowercase letters indicate significant differences in stand density at the same soil depth (P << 0.05).
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Continuation of Fig. 1
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Fig.2 Correlation between understory plant diversity index and soil physicochemical properties in Juglans mandshurica forests
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