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Abstract: Understory herbaceous plants are an important part of forest ecosystems and have important eco-
logical functions for maintaining the succession and development of forest communities. In this study, Pi-

cea crassifolia forest ( ), Betula albosinensis forest (Il ), Populus cathayana forest (Il[), Broad-leaved
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mixed forest (IV) and Coniferous and broad-leaved mixed forest ( V), these five different stand types of
plantations in Huzhu Beishan Forest Farm, which located in the east of Qinghai Province, were selected as
the research object. Typical sampling method was used to select four 20 m by 20 m plots in each stand,
and each tree in the plot was examined. Five 1 m by 1 m herbaceous quadrats were set in each plot. Un-
derstory herbaceous plants were investigated and recorded, and soil samples of five small quadrats were
collected and analyzed. Grey correlation method was used to analyze the relationship between understory
herbaceous diversity and stand characteristics, soil nutrient characteristics, in order to clarify the dominant
factors affecting understory herbaceous species diversity, and provide scientific basis for local plantation
management. The results showed that: (1) there existed 86 herb species belonging to 74 genera of 30 fam-
ilies. Among them, the number of families, genera and species in type V was the largest (49 species, 42
genera, 25 families), and that in type [ was the least (27 species, 26 genera, 17 families). In type [ , [l
and IV, the important values of Fragaria wvesca in herb layer were the highest (44, 42%, 20.29% and
23.05%, respectively). In stand [l and V. the dominant species were Parasenecio hastatus, Fragaria
vesca » and Lolium perenne, and their important values were 20. 97%, 13. 95%, 13. 68% and 8. 34% .,
16.83% and 27.82%, respectively. (2) The species richness (S), Shannon-Wiener diversity index (D)
and Simpson diversity index (H) of the five stands were significantly different (P<0.05), but the Pielou
evenness index (/) was not significantly different. These indexes were lower in conifer pure forest ( [ )
than those in the broad-leaved pure forests (I and [l ) and mixed forests (IV and V). (3) There were no
significant differences in stand density (SD), average diameter at breast height (DBH), average tree
height (H) and average crown width (CW) among different stand types, but these stand factors in differ-
ent forest types decreased in order: coniferous and broad-leaved mixed forest > broad-leaved mixed forest
> broad-leaved pure forests > conifer pure forest. (4) The contents of soil alkali-hydrolyzed nitrogen
(AN), available phosphorus (AP), available potassium (AK), soil organic matter (SOC) and potential of
hydrogen (pH) were higher in the mixed forests and broad-leaved pure forests than those in conifer pure
forest. With the increase of soil depth, the contents of AN, AP, AK, SOC decreased and pH increased.
(5) The species diversity of understory herbaceous plants in the forest ecosystem responded significantly to
the stand factors and soil nutrient characteristics, and DBH was the most important stand factor affecting
the herb diversity, alkali-hydrolyzed nitrogen is the most important soil nutrient characteristic. Therefore,
in the future forest reconstruction, we should improve the artificial forest construction mode, optimize the
stand factors and enhance the soil fertility, so as to improve the diversity of the herbaceous plant and main-
tain the stability and sustainable development of the forest ecosystem.

Key words: plantation; herbaceous plant diversity; soil nutrient; stand characteristics; grey correlation
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Table 1 Basic information of plots
Ik x - e e
Ms)?jig:] Speci f{j ﬁ)ﬁ ]f% sition Sﬁi{ﬁi fE Ir/lﬂo?zy A lﬁizﬁde Sli%rjg/ ° Ai%pr:]ct ;ﬂﬁ;};
type age/a  density /m position
=2 Picea crassifolia 36 0.70 2 487.75  0.70 LB Semi-shady slope T H# Down
A% Picea crassifolia 35 0.68 2770.00  0.68 Y Semi-shady slope T3 Down
! k2 Picea crassifolia 37 0.73 2 418.65  0.73 LB Semi-shady slope T3 Down
= #% Picea crassifolia 34 0.68 2 647.00  0.68  PHYE Sunny slope T3 Down
ZIKE Betula albosinensis 34 0.69 2 604. 04 0. 69 LAY Semi-sunny slope  F13 Middle
ZIME Betula albosinensis 35 0.67 2 711.14  0.67 BA3E Semi-sunny slope 3% Upper
I ZIHE Betula albosinensis 38 0.72 2 640.00 0.72 2L fHY Semi-sunny slope T3 Down
21 ME Betula albosinensis 35 0.67 2603.00  0.67  2£PAYE Semi-shady slope  F3 Down
H# Populus cathayana 34 0.72 2 589. 46 0.72 2L fH3 Semi-sunny slope T3 Down
H® Populus cathayana 33 0.73 2 468. 66 0.73 LAY Semi-sunny slope  F3 Middle
. F ¥ Populus cathayana 36 0.73 2595.00  0.73  2PPHYE Semi-sunny slope  F13 Middle
T Populus cathayana 35 0. 66 2 610.00  0.66 213 Semi-shady slope T3 Down
ZIHE + IKMECT  3)B. albosinensis * B. platyphylla(7 : 3) 35 0.69 2 644.00 0.69 BA$ Shady slope 3 Middle
) ZIME « FHH (8 2 2)B. albosinensis * P. cathayana (8 : 2) 36 0.70 2 586. 62 0.70 M3 Semi-shady slope Fiii Middle
: W 2 I8 2 2)P. cathayana * B. albosinensis(8 * 2) 35 0.67 2612.00 0.67 BA$E Shady slope T3 Down
Tty + MG 2 5P, cathayana * B. albosinensis(5:5) 38 0.67 2575.71  0.67 BA# Shady slope K 3% Down
=%+ FARE6 : P, crassifolia ¢ B. platyphylla (6:4) 35 0.71 2654.63  0.71  2PBAYE Semi-shady slope  H3 Middle
) =kt LLHE(T + 3P, crassifolia * B. albosinensis(7 + 3) 34 0.73 2 516. 64 0.73 KA Semi-shady slope T3 Down
! =A% HRET £ P, crassifolia + B. platyphylla(7 + 3) 37 0.70 2492.00  0.70  BH¥% Shady slope ¥ Upper
Z=FZ + LIHEC6 + P, crassifolia * B. albosinensis(6 : 4) 36 0.72 2593.00 0.72 BA3 Shady slope T H# Down
W L. HW b 1. o fealibh; 1. FAmaibh; V. R ASH; V. &R, TR
Note. 1. Picea crassifolia forest; Il. Betula albosinensis forest; lll. Populus cathayana forest; V. Broad-leaved mixed forest; V. Coniferous

and broad-leaved mixed forest. The same as below
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Table 2 The composition of species in families of herbaceous plant

S o R B4 O 50/ F0E0
Species amily o, cme (Cenne -t/ Species 5
number number Family name (Genus number/Species number)
=7 1 %A (19/23) Asteraceae
5~6 3 FERL2/5) AR (5/5) , BEFR(5/6) Polygonaceae, Umbelliferae, Ranunculaceae
3~14 4 JBIERL(4/4) R 3/4) BB 2/4) MM 3ER(2/3) Lamiaceae, Rosaceae, Rubiaceae, Onagraceae
INBERE(2/2) B (2/2)  RAFE(2/2) B RFH2/2), 2R 2/2)  JEIBRE2/2) M 4R LR (2/2) s T e R 2/
2 10 2) X BR(2/2) H KR (2/2) , Berberidaceae, Boraginaceae, Gramineae, Crassulaceae, Orchidaceae, Gentianacea.,
Geraniaceae, Brassicaceae, Scrophulariaceae, Urticaceae
BETRHC/ DL R/ BB/ 1D R BRER/ 1D ARER/ D BER RN/ D BARH/ D W ER /1D T4
1 12 B/ B RERQ/ D, BER(1/1), 2% FFH(1/1D) Plantaginaceae, Fabaceae, Violaceae, Cystopteridaceae, Equi-
setaceae, Linderniaceae, Caprifoliaceae, Cyperaceae, Convolvulaceae, Mazaceae, Papaveraceae, Rutaceae
R3 AEAMRIHRTEARAETEZEYHRESEEE
Table 3 The Main species and important values of herbage under different stands
MGy ST FEY R CE B R Z A

Stand type

Main species (import values)

Sum of import values/ %

PR (0. 4442) FERZEZE (0. 1334) + M (0. 0813) + B 55 (0. 0495)

1 Fragaria vesca -+ Polygonum vivi parum~+ Lolium perenne + Pedicularis nigra 70.84

I IR (0. 2097) + B FLAE (0. 1395) + B RE (0. 1368) + %k (0. 0770) 56. 31
Parasenecio hastatus +Fragaria vesca+ Lolium perenne + Aconitum carmichaelii :

m HFRERE (0. 2029) + A K (0. 1093) + DB 4 (0. 0680) + B H (0. 0946) 47, 49
Fragaria vesca+ Lolium perenne + Dichondra micrantha + Ranunculus japonicas .

v T HOAE (0. 2305) + BA R0, 1830) + 53k (0. 1167) + 1L AR T (0. 1094) 6396
Fragaria vesca -+ Lolium perenne + Aconitum carmichaelii + Parasenecio hastatus :

v SRR (0. 2782) + BFREHE (0. 1683) + 1143 T (0. 0834) 4 h B 4: (0. 0662) 50 62

Lolium perenne + Fragaria vesca+ Parasenecio hastatus+ Dichondra micrantha
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Table 4 Basic statistics for indicators of herbaceous species diversity in different stand types

W Z RE AR AR Moy 2R A £ bR R 22 I /ME ISP ] BT
Species diversity index Stand type Mean + SE Minimum Maximum CV/%
1 4.18+0.87b 2. 80 6.70 41.50
Il 6.60+0. 36ab 5. 60 7.20 10. 78
Siﬁﬁiiiss Il 6.45-0. 42ab 5.00 7. 80 13.03
I\l 6.70-0.17ab 6.20 7.00 5.17
\ 8.984+1.59 5.33 12. 60 35. 39
1 0.40-0. 08b 0.21 0.55 39.15
Il 0.65+0.05a 0.50 0.71 15. 46
Siggfggndfﬁiﬁ*f‘nﬁﬁx 1l 0.66=0.03a 0.58 0.74 10. 02
I\ 0.61-+0.04a 0.54 0.68 12. 60
v 0.6940. 04a 0.57 0.76 12. 24
1 0.5540.13b 0.27 0. 89 48.05
Il 0.69+0.05a 0.53 0.75 15. 35
. “Wiene 2 b B K
Sk‘?ﬁr‘l‘gggf‘wﬁlg;‘gfﬁiﬁ*ﬁix I 0.62-0. 04a 0. 54 0.73 13. 20
\ 0.67-0.04a 0. 60 0.74 11.33
\ 0.6440. 04a 0.56 0.73 11. 46
1 0.8240.18a 0.42 1.18 145.02
1l 1.2840.09a 1.04 1.47 14.15
H A =3
Pig;‘ﬂ?ﬂ?@?m%j”i%ex i 1.4240.07a 1.24 1. 60 10. 41
N 1.2640. 08a 1.11 1. 44 13.46
v 1.3540.13a 1.08 1.68 19. 61

T« A /NG 58] 3R AN R A3 26 8 i) 22 57 2% (P <20. 05)

Note: Different lowercase letters indicate significant difference between different stand types (P<C0. 05)

At pH {HIEE N 7.85~7.98; AN,AP,AK 72 &
ABAE 200 A RPEZSR., £ 0~60cm T2,
pH AK fTEARRI MR A E R EFE 2% NV E T,
Il .7 AN,SOC fF7E i % 22 5 (P <C0. 05) , WAL
e aERAT . M. N.VE I FEEREZER (P
0.05), 13 AN,AP,AK.SOC % # K pH ¥ %
WAN. V> . M>1.,

WE 1R EARF R 29,5 FOSTR AR
AN, AK EH A % 2 5 (P<0.05), 0~20 cm
JZ.AN AP AK.SOC & it ¥ fie 5, AR+ 2K &
R 38 0 T TG 5 18 pHL (L A A8 AL I A 55 22 A s, HE Bt
- 2 TR B 1 1S 0 TR 328 T 1S N, 40 ~ 60 em 0] pH {H
KK, F—+ 2 AR, F SRR,
[l — £ 2 R E ) pHELE EZER. 0~
20em Z, I IV, V 5 T # AN,AP,AK.SOC
WRM N FE 2R (P<0.05);20~40 em 2, 11 .
M.V.V51# ANAP.SOC fffE & 227 (P <
0.05), AK NAAAE R 3 25 %540 ~60 cm 2, AN,

AP .SOCFEAR R AR 7 h JE i 3 22 5 . A0 AK 7E 1T .
M.NV.V5 T i 25 (P<<0.05),

3.5 AEAMSHRTERADMESHEESERDIFE
MEEFRSHKEE

MNTEL 2 ALRD A8 5 FhAR IR JE BT AR S AR ) Ao
2 REVE AR B HOAR A AE 0 398 5% 40 22 A 0 K (556
BCRE R 0. 5063~0. 9572, REEFEEEI & K, H S,
D.J .H A ih e — 3.

TE 5 FlobR 43, 5 KR REAS 4 b 22 0 P DG 10 32
KBS B F45 DBH, + 8855 40 45 4F 56k F 22
AW 2R I G M A AE 22 5 BB B X AR
THEAY R ZREEE W R KM EFH 0~20 cm
AN, Hr, T 0~20 cm AN 5 S Y 6 B8 B 5
K,0~20 cm AK 5 D H.J BB B i K I
L SRR SR R £ B G I e Y TR 43 )
4 0~20 em SOC,AP,AN; Il Hf, X Ak T 5 A 4 Ff
ZHREPER R e KB R SR 0 B F 2 0~20 cm AP,
AN, AK.SOC; IV H1,0~20 cm SOC, AP 2 B2 %1 #k
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Table 5 Basic statistics for indicators of stand characteristics

MR 4R B a3 A £ bR o R 22 R/AME SN R 5 R
Stand characteristic index Stand type Mean + SE Minimum Maximum CV/%
1 851.91+116.07a 486. 11 1 012.50 29.67
Il 651.044+59.51a 555. 56 815.97 28.28
Stand@eﬁz‘s‘?‘:}{%:;{rjﬁmfﬁ I 648. 61483, 30a 329. 86 875. 69 26.61
N 659.72497. 43a 468. 75 868. 06 29. 54
Vv 755.214108. 16a 364.58 979. 86 27.32
1 14.42+4. 84a 5.75 23.90 31.42
Il 16.82+1.91a 14. 34 20. 05 7.05
ji:?a’]?jéD(BDP?/lir)n Il 15.50+3. 19a 9. 60 23.82 22.16
v 17.25+3.31a 12.25 27.22 17.21
V 17.65+3. 27a 10. 29 23.70 18. 55
1 10.59+2.83a 7.73 13.63 26.72
il 11.68+0. 61a 10. 43 12.87 5.26
Avcri’zzg?ji{?}gyg)ht/m I 11.76+1.01a 7.10 12.03 10. 38
I\ 14.13+1. 88a 10. 60 19.19 13.32
V 14.78+1.50a 12.01 17. 40 10. 17
1 2.9240.03a 2.73 3.07 19. 84
I 3.41+£0.50a 2.12 4. 87 11.73
Averzzg?f?oﬁi(iv‘?;)th/m il 3.15+0.07a 3.01 3.32 6.98
I\ 3.58+0.19%a 3.16 3.93 10. 64
V 3.88+0. 25a 3.28 4.32 12.63

x6 BMSBEFZEBIERXIN

Table 6 Correlation analysis of stand characteristics

MO REAEE bR MR35 -1 J R4 -1 5 1
Stand characteristic index Stand density/ (BE hm ™ %) Average DBH/cm Average tree height/m  Average crown width/m
A% Stand density/ (Bk « hm i) 1 —0.685" —0.514" —0.463"
A4 M4E Average DBH/cm —0.685" 1 0.716™ 0.615"
4B Average tree height/m —0.514" 0.716" 1 0.658"
S35 5 0E Average crown width/m —0.463" 0.615"™ 0.658" 1

o M (P<T0.0D); * ., BE MK (P<<0.05)
Note: * % , Extremely significant correlation (P<Z0.01); * . Significant correlation (P<Z0. 05)
x7 AEAHKSEE0~60 cm TEHFHEE

Table 7 The nutrient contents of 0—60 cm soil in different stand types

R Y 1 Il ik I\ V
Soil nutrient 18 Mean I Mez Bl M I M B M
- a - /U ean “ 0 = ean ~ 0 ean ‘/ 0 - ean - 0
content /(g + kg Iy CV/% /(g ke N CV/% /(g * kg N CV/% /(g ke N CV/% /(g kg Iy CV/%
—
B CAN) 217.58b  21.68  267.50ab  21.46  264.00ab  22.02  277.67a  21.29  284.42a  24.15
Alkali-hydrolyzed nitrogen
R CAP) 8.34b  15.26  10.57ab  17.69  11.03ab  17.89 11.38ab  22.19 12.74a  25.34
Available phosphorus
e
A (AR 132.17a  23.98  164.92a  30.82  163.33a  29.44  170.67a  31.24  176.92a  22.06
Available potassium
LSOO 101.90b  14.28  123.23ab  16.79  126.29ab  26.75  133.77a  20.34  135.73a  29.62
Soil organic matter
iR i % (pHD

Potential of hydrogen 7.85a 1.74 7.92a 1.83 7.90a 1.78 7.94a 1. 89 7.98a 2.15

EAF/NG FRRRAE 0~60 em 248 R AR 25 7] 22 52 .35 (P <<0. 05)

Note: Different lowercase letters indicate significant difference between different stand types in the 0—60 cm soil layer (P <C0. 05)
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Different capital letters indicate significant difference between
different stand types in the same soil layer, and normal
letters indicate significant difference among different soil
layers of the same stand type (P<Z0.05)

Fig. 1 Nutrient contents in different soils of

different stand types
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Soil nutrient and stand characteristics

OO SOOI LPLEEVN LI LRI
DRSS Pb%o@‘*‘%**

AN,AP,AK.SOC.pH #: W5 7;20, 40,60 434§ 0~20 cm,

20~40 ¢cm.,40~60 cm +J/ZVRE ;SD.DBH . H.CW £ L% 5
Bl 2 AREMRGEB TR EARYF LS
+ HEFE A MR RRAE 22 8] ) IR 2 G BR

Details on AN, AP, AK, SOC, pH are shown in Table 7, and 20,
40 and 60 refer to the depth of 0~20 ecm, 20~40 cm and 40~60 cm
respectively. Details on SD, DBH, H, CW are shown in Table 5

Fig. 2 Grey correlation degree between herbaceous

species diversity and soil nutrient and stand characteristics

in different stand types
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4.1 AEMHSEBRTEREWUHARS SH#
2 B4

BT P 5 Bl R E 0 R M 2 L) B R R
22 BN BBl (B R AR 2680 e, bR 4% 4 o 7R B2
A 2S5, | ek s SRy & 10 3, 7l fig 2
PR T bR e 2 A K S A X A L B
5 B MK M2,k 23 35 e 218 L M 1R L 16
LA I of L bR 55 BE R /N BRR 28 BRAR K
A R e O R L R T L A A )
AR B S B R AT RO BB A o
PhL RN EEL S, BARRBY, B R ER] K
B JD WG A E 0 B AT U PR S R A K
TZE Y 5 00 0 T A T R AR RS R
HRTE B2 Bk o R U7 50 A KO FE 5 R OR [ bk 4y
L R IR S AR R RO S M AR R B iR 2
TR IR A X 5 5 P T R B 4 R R
K —F B P AE X WAL L LRI 3 R OR [ A
LB 142 A T KBRS B, % B0 46 bR b 14 1 4
LB W 25 T 1R S MRRE Ml 3 T BiE R TR A R R 2
B ) B L A T I O A R B bR P A3 R A L R e
T 25 RE L 5o )2 45 4 T Ol A 2 I T A B e T
P TV B R TR 52 bk RT3 A 08 0 bk e 0 7K 4
o $2 5 bR L & Y 3R YR IR, DL o B b AR
3 R R AR A 0 A KA R T S

BF ¢ % B I 1R 58 AROMR T 5 A 49y ol 2 1k d
LK A A R Ak P B
FELE B, — 7 T AT RE S Rl 8 95 W A
TR B R 9 0 (9 20 R S T e bR S A g
SfE Y —J T ) TR R A YR S8 bR P AR K W i
TEAE S FAFE XS H B BREM X T At 5
5 e AR RS L A TG BRI A MR Ak BT
SR TS R AUARR Y R 2 R R A L R
TR AR, 3R B R AR OR B 4 LG 1R
P, SRR )2 SR A AR R 0 T
NP AR R B LA R R i NP AR
AR A A SR 2R ik X A5 o b A Y A 1
KT ik
4.2 AERDLBRSBERTERHSELER
S

AR FRY] L5 FOARIAR S SD.H.DBH.CW

Yoo 2 25 5 (A A IR S AR H.DBH.CW 25
T HABMASY ., SD 5 H.DBH.CW f£ 75 H¢ i 2 1 4
KHKFR (P <<0.01), BBl & B4 25 BE (14 3 i, 73
B P S AR 7349 5 R e B N Y R . R
LT AT AR L XS [ 5 B A N T 4l bR ObR R
AR BRI AR AL, X FEE RN
i N ORI W Nl 1D o ) 1 B
MR A K AR B G325 B B /N s BROR AN R 5 3k A5
HEHEFEFTASERKRKRSE.

AWFFEFW L 0~20 cm [[] + 5 AN, AP,
AK . SOC & & ¥ f i, HO Bl A+ 2 08 B A 34 n i %
I, 3x 2% B 4 HE 35 4y HoA 3R R AN, X5 00 0 AR
S IR —8, XN PR CONLP F 8
SRR T IRTE Y VRIS e A R )2 I 1
AP A RN A R T IR R
WFoE & B % X H IR Z itk +  pH 2N 7. 77
~8. 08, HFifi £ 22 % B A 3% it 3 . X 5 ] 5
ZELSE A4 L b Ll AR X 5T 0 R A R A
RS R — 8, W K EFhaidk 1) -4 AN,
AP AK.SOC &4, pH {E X W] @A T [ vt 2 Ak C1I
D TRASARCIV ATV ), Uk B B — 3 F 14 £ 0t 2k
X3R5 1 BRI RRAL 25 . — T2 R Ry B kAR
O i R R TR i I W o R R, o — 5 I B
I ) O V5 0 R B A R R R T BRI RO B R A
K5y or f 0y s
4.3 EXREMESHMERIIEFT

ARSI FE PR REAS ) P 2R 1 5 AR AT R AE
HEFR o YA B0 ) SR I L 16 B B SRR AR AR A R AE
AR T LIS A A R TN AR REAR A
ZREMERY IR . P DBH E R 5 Rk AR
AR ARV AR T X SRR ET
WFoREE B — 8. — Jr 0, AR Ar 1 35 I 42 5 bk 43 %% i
R b 2 O R G, PR % R SE o R R AR R R R AR A
NI AL RN/ EZ =S =R W 8 N I
Bk AR w5 — T T MR ) e AR
i PRS- X W T AR I 1 AR L D o R Y B
18 S A58 I 2 B M T B L PRI R 0 R R KT L A s e Y
LB AN I ([ A s S D U R =8 VA N
KA K G ROR ZREE 2 8] (14 56 & 2 M i, 25 AR
JE RS MR N AR T R 2R R A ST,
Foth A= 25 R 7 X0 LA s ma g /0 . 3l e R D I 5T
DMK M (AR A BE 47 0. 7 Z2 A7 BROF B A A 4 45 3
(14516 BECGE VR A ]

MHIH)Z T3, FK 2 (0~20 em) XA T %
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