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WE. [ B8] RARD BN LI F D3R KK A QM Betula platyphylla # FER SR Y M T FRTF, SEAF
HRARREOHERRSEMHNNERSERSHRRERSRIE, [FEH] AFEARBEZERGRAREGHAA
Bt %, B A IRAR R A AR XK MR 20 /A 24 mx24 m AAREAEHL, ARAAE MO R T AW ER A S TR
F WSy EREH, Ry TR, LERS) HER MG Ya, [SR] OOATRLAERMY 24 441 5
47 %, P 2 %3 Lolium perenne. ¥ 3% Fragaria vesca. ¥k 3L Polygonum viviparum. 37t Galium bungei.
¥ Geranium wilfordii A H A, EFBMYMEH M A 19.52%. 1891%. 10.53%. 6.95%. 527%., QAN LERE
T TR, PR, KD RS A THEE 44.1%., 16.8%. 82% t9EAHM M TG, ¥R SHEY
FE RSB T AR Ak AT H) T 7.9% Fo 7.6% 9 ARKMY SR TS, RERGEEASS>AT. [ 4]
WM LR R EHrak TERZHR, TEaSHAERSTRLEH, KUK ZEEIRRRAIERAEFTX
RO TERSHEERKTE, B2 %4437
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Impact of stand structure and soil nutrients on herbaceous diversity in natural
secondary Betula platyphylla forests in eastern Qinghai Province

LI Rui'**, ZOU Xingchen'?*, CHENG Chang'**, SHI Zhengyang'**, PENG Xiaojing"**,
LIU Jingwen"**, LIU Qiangian"**, HE Kangning'*’

(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2. Beijing Engineering
Research Center of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 3. Engineering
Research Center of Forestry Ecological Engineering of Ministry of Education, Beijing Forestry University, Beijing
100083, China)

Abstract: [Objective] This study is to explore the dominant factors in stand structure and soil nutrients that
affect the understory herbaceous diversity of natural secondary Betula platyphylla forest, so as to provide
theoretical basis for optimizing the stand structure and improving herbaceous diversity of natural secondary B.
platyphylla forest in Qinghai Province. [Method] Taking the natural secondary B. platyphylla forest in Baoku

Forest Farm of Datong County, Qinghai Province as the research object, 20 standard plots (24 mx24 m) were
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selected by typical sampling method. The effects of multiple factors (stand spatial structure, stand non-spatial
structure, and soil nutrient) on herbaceous diversity were investigated by correlation analysis and redundancy
analysis. [Result] (1) A total of 47 species of herbaceous plants belonging to 41 genera and 24 families were
found under the B. platyphylla forest, among which Lolium perenne, Fragaria vesca, Polygonum viviparum,
Galium bungei and Geranium wilfordii were the dominant species, with mean important values of 19.52%,
18.91%, 10.53%, 6.95% and 5.27%, respectively. (2) Redundancy analysis showed that openness, mean DBH,
and size ratio could explain 44.1%, 16.8% and 8.2% of the variation patterns in herbaceous diversity,
respectively, and were the main stand factors affecting herbaceous diversity. Alkali-hydrolyzed nitrogen and
available potassium could explain 7.9% and 7.6% of herbaceous diversity pattern, respectively, and were the
main soil nutrient factors. [Conclusion] Both stand structure and soil nutrients significantly affect understory
herbaceous diversity. The overall level of understory herbaceous diversity can be improved by adjusting stand
spatial structure, optimizing stand competition and improving soil fertility. [Ch, 2 fig. 4 tab. 37 ref.]

Key words: Betula platyphylla; herbaceous diversity; stand structure; soil nutrients; redundancy analysis

FOMOE LK I B B K i B R AR R R G, Wb 2R SO OR3P [ R — R A 25 22 0 ) bt 5 4
s BARFEARZ AW AL S AR YR 2 1%, (B HADE YRR ECE 2 S AR R & 1 90% LU
P B ZHEMAE R FK 2P (RS IR A AR W 2 e S5 7 T B R P SR,
FE RN AE W B V5 )T 22 R 1 DG B K B TR 3R R AR B R G — R BRI R E AR R
HHOS. Mo S5 R R 0 4 SN RO JZ M Z AR R DIAE DG, SR M5 IR AR 2 i 52 e R DL J
FMAE R — BB RG4S, BRI AR BEA 7R B 3 S RKIR K A= FAME Betula platyphylla FKF ¥
AP Z R OGN R, L, X —SUR R A & i — PR AT

AR, 2B AT TR T MY ) 2R, EEIAED L. BabRE A TARFIR
WA Z e B2 H A B ERAEFIIMIR T T R G A Pinus sylvestris var.
Mongolica N TMICT % By, Bade . el A1 BEXT AT BAR Z AR R 52 5 XRS50 898 T AR
TV PR PR 53235 e % 8 Tl % e sl it AR RS AAR Py b Z PR MR s 5 AR B R AE N R ITUAR ot 1
R TR W) X5 5 1 = A2 Picea crassifolia AR BOMR N BEAR ZREME 200 . R, LAAEDT
RN TABAIRE . MO . RIS SR AR 28 R 2544 I A4k . 3 B S8 R I+ T, XELL 2T
TR LA AE ) Z VRS e ) ELSEMLEE o PR32 () S5 A R AR A A5 40 B B A AR 43, AN PR3 (R N
TEP AL LA W TP A AL, 0T HAERRARGEA AR 5 TR, FE b FRFE AR o 454 5 D) g
Z I H R PR S 2 CEZEMER.

i A B A R DRI R R R A S s T I Rl B MY, ARSI M R, ARSI V)
BLEP XA L, FIME RO X B RAR IR A M B e A, (i TR —, SR T EARZ M
fi%, FMAERRGNES . ESRINT , AR TREAFE SRR, T, AR RARRAA
HEMCR BN G, P AN AT AR i 25 Al 2854 . AE2S [ 454 . RIEFR IR0 DA S FEAAE ) 22 e 1 54
b, 8 HICAR AT 5 X BB R 52 R AR AR FTRERR R R ZRE v E RSN R, DU A IR X 5
DA MRS [ ZE R R | AR 2R el DL S A A8 s e KA PR LR A4 40

I AR 7k
1.1 HREER

WX AL T H A KB B R EMY, 36°55'~37°32'N,  100°52'~101°56'E, 3k K 2 660~4 600 m,
BTG R AR IR KR SRR, A AR, AR TR BRI = R R A
MARER, FFEHRIEH 49 C, =5 CHERIRHR 1908 C, LMK 60~130d, FFIHREKE N
549.9 mm, iz XY H DL - RERT PR R L RS ERNSEES o 32, HRIESE. SR R R
79.0%. W5 X EZE M R0 R 5 k2 Picea crassifolia. A83% R F Juniperus przewalskii . 1M Pinus
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tabuliformis % ; &M WA A K . 1UA% Populus davidiana . % Populus cathayana %5 ; FEARWFPAG
)5 8% Rosa omeiensis . 3% )L Caragana sinica. 4:#%M§ Potentilla fruticosa 55 . FAMEMR T 250 F 76 £ 15
T AR IR R R T R RS X S, B B RS M ZE AL, AR, HIRSFI S AR
ALIE M S Larix gmelinii var. principis-rupprechtii . 5 55 FE SRS
1.2 HMigESHIMNAE

2023 4F 6—7 H, TEEPEMIGIAERIRR A AMEM T IR UM 2 80 a, I mi B3, 7 Hb 4R A
—E( 20 1~ 24 mx24 m bFRAEHL, BWETEHR 2 m MM IX LIEBRD G . TEANIC SRR AL . 3
] R AR R E R, I IR >5 om BMORFI TR — R R, 4B . Bde . e . BCR e
FABI BSOS bR . [, ZEAAE DA A OO A S, BE 5D T mx ] m BYFA/NMET, JRRA
FNCSREAA YRS . Foa . SELUSERE (£ 1),

x1 FHHEXER

Table 1 Basic information table of sample plots

PSS WEUm LIEN) LI (E) MOV (bR -hm ) M CPRem FRE/m
1 2783 37°13'50" 101°56'17" 295 0.59 30.52 12.92
2 2936 37°14'47" 101°62'43" 312 0.59 14.46 6.54
3 2888 37°12"73" 101°59'93" 329 0.67 17.68 8.90
4 2881 37°11'86" 101°5120" 381 0.62 29.50 14.88
5 2894 37°11'83" 101°51'35" 399 0.55 32.93 16.91
6 2884 37°14"14" 101°62'69" 399 0.61 9.30 9.87
7 2788 37°13'53" 101°56'05" 416 0.65 23.94 15.90
8 2847 37°11'90" 101°51'37" 434 0.61 28.59 15.93
9 2803 37°12'03" 101°50'95" 434 0.6 23.72 12.44

10 2801 37°13'47" 101°56'17" 468 0.64 23.36 13.88
11 2855 37°11'90" 101°51'08" 503 0.68 28.75 14.27
12 2940 37°14'46" 101°62'39" 538 0.69 9.64 6.46
13 2850 37°11'92" 101°51'20" 572 0.57 28.22 14.64
14 2940 37°14'69" 101°62'75" 572 0.64 17.27 15.92
15 2773 37°13'51" 101°56'24" 736 0.63 21.11 13.48
16 2793 37°13'02" 101°59'50" 850 0.74 9.53 8.41
17 2946 37°14'47" 101°62'41" 850 0.76 8.16 6.01
18 2965 37°14"18" 101°62'67" 896 0.78 9.83 13.18
19 2853 37°12'85" 101°59'60" 873 0.68 11.21 15.29
20 2868 37°12"18" 101°59"72" 638 0.69 10.62 11.19

1.3 WRFE

1.3.1 #AoydMisic AWM BSEHRRE, SEC T MIRE . KNSR, Hegyi va 44550 T it
JEAEHE IR R RAE MRS 123 (B 2546 5 PR3- 25 (] 48 DL 3 o 0 AR B L ARPATEE . S XRt s LA ST 34
RESHOR AT . W Voronoi B HE AR AR 2 M5 BT, S22 BN U T3 28 [ 254 S50
I, THREARFEMARRMAIE . K/, Hegyi s 41840, JFHUE S 2S5 S5, W4T
PR TH AR PR D b AROR MRETH AT MR a9 B 5 (A IR AHAIL (WinSCANOPYTM 2010a) 3 B J2 B
iz JH XLScanopy AL R, 184S thABEABE 5 43 087 P e A RO g Sl s 1) bk 43T 349 Wi 2 -
BIRe o

132 RERERLE  FEL MR, R8BI 5 N EA/NETT 1Y 0~20 em TR B N #E1T 1
HORFE . MR ERERIRRAE, KRR RIRFEARIR AN 1 ARG 1A, W RIS = H AR T AT,
T 83 R 45 R (R D7 R 28 J (A T 3 I o W 2R P e 1 0 L G 3 5 SO R K e
PAAE ;. AHUBTR S R AR A k- T A g s AUk I8 A e 5 A RN S A il oo 4H 56
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133 ZAMIRICGTE AU, RAWAEZEAE SR E R, IR E
Shannon-Wiener ZFEEF8 4L . Simpson ZFEM:FEEUM Pielou 4] B 18 BUG B AR K W) 14 Z RV K 36T 4
TR

13.4 33432554 FIFH Excel 2019 Fl SPSS 22.0 HEATEIE B BAMSEHH/0471, K JH Pearson #HX R %k
AR R BA ZREPE S T B9 e . W CANOCO 5.0 FF Y TUAY /0T (RDA) HERF . 453 5 0 2
REFEEA EEH K . R Origin 2021 £,

2 HERAAA

21 HMTEREARSEEE

H 2 2 Al BRSR X I MERR T AR AL 47 B, 3@ 24 B 41 8. SIBRHE AHEMR R I B A 2 rh
JETLHR, 60w 7 M, AR 14.89%; YO BRI SR 5, L EAEY 10.64%; RS
3)@ 4R, [ EFEUY 8.51%; PEEARLE 208 4 M, N EMEN 8.51%; #AELE 3 )8 3 R, L R
1) 6.38%; ZFE 2 )8 3/, (HEFER 6.38%; HERIE 2828 . RARE 2@ 28 AMTRE
L)@ 2%, 43505 SRR 4.26%; HAy 16 BB RFRN, Hid, PN FAMY) LR E R Lolium
perenne . B} HEf Fragaria vesca. ¥k %2 Polygonum viviparum . VU7 Galium bungei . “E#5¥ Geranium
wilfordii NLFEF, HEBEHEIIES N 19.52% ., 18.91% ., 10.53% . 6.95%. 5.27%.

®2 HTEXEYRAMBIER

Table 2 Composition of species within the understory herb family

Tl B B2 (B BRI
=7 1 IR} Apiaceae (6/7)
4~5 3 P E B} Rubiaceae (2/4). %jF}Asteraceae (3/4). & EFRanunculaceae (5/5)
s S ARl Caryophyllaceae (1/2), 225 &l Boraginaceae (2/2) . AAEl Gramineae (2/2) . ZF} (2/3) Polygonaceae ,

Rl Rosaceae (3/3)

B4 )L B} Geraniaceae (1/1), Hi/K/NEEL Ophioglossaceae (1/1), &&} Fabaceae (1/1). ARMEAl Equisetaceae
(1/1), HAHIER} Adoxaceae (1/1), JEIEFR} Lamiaceae (1/1), H:32F} Violaceae (1/1). AjZ4H} Paconiaceae
(1/1). Z B8} Scrophulariaceae (1/1). KIJ4F} Asparagaceae (1/1), H#ERl Bryaceae (1/1). RFHFER:
Primulaceae (1/1). “*4EF} Brassicaceae (1/1), 548 A} Campanulaceae (1/1), ¥4 El Cyperaceae (1/1)

2.2 MROHFE

2 3 AT BFAE X AR R/ EE B 0.50, BEBA AR o> 20k S IR AS s MR M R 3 R
0.48, JB THIAMBENL AR s MO Se e8I 3.25, BHIMOARSE SRR s ARITIT LR S4ME
9037, REMNBCEATE . Hr, PFpFEE B2 R RECH 24.89%, Pielou 5 EHEEN A T R
BN 15.17%, X 2 MRS S5 R BRI ;. Simpson Z2REP: 38401 Shannon-Wiener 2 k£ 145 1) A8
S RBOWAXT RS, 43018 39.54% ., 33.48% . B4 /R 45 FEHIART BEAAE Y AT 1 22 0k, [l i —
R WA TTARTEM S S5 F A IRV - AE7E W AN TA]
2.3 MO TERS W ER SR

WE PR : PR ES NS PR B AN (P<0.05), STFHUE . @R . &
Bl OSBRI BAEAE E IE A G (P<<0.05); Simpson ZREVEFERC S MY B | ARKIE . X
P . K/NEEEL . SR B 3 A SE (P<<0.05), SHFMLEE . AL . SR . Bl U1 7 i IR A
K (P<0.05); Shannon-Wiener Z £ PEHE X SARM . FIM0AE . P& . R/ BB 35 1M ¢
(P<<0.05), SV . SR, A . AV . HRE R B EHC (P<0.05); Pielou ¥J5 EEHE 5K
YRR KON ER . SR EEE W A E (P<<0.05), SFFMCEE . A ML A B AR B3 R O
(P<<0.05). ffIREM+E pH 5 4 DR ZHEVERE R T I 3 AH O .
24 EXREYSHEENIREEF S

TORHTHEFEE R (B 2) Bon: 512 DN HEF 5 B & T SAK Y 2R T8 505 AR 54 7
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R3 HHEITEEREHE

Table 3 Basic characteristics of the variables in the sample plots

AE=s (Rl Z5 4 25 [R) 45 H4) TR
1 H Moy . THI TR B4 ; AL/
Gy WEE LS U b RIS D RRIE g L
Hfl 516.15 0.57 16.97 12.50 0.50 0.48 325 0.37 7.65 149.78
R 250.54 0.07 5.98 2.80 0.07 0.04 0.83 0.12 021 13.86
A5 5 K % 43.99 12.93 35.22 22.36 13.29 8.26 2551 31.75 3.19 9.26
4T HARZRENE
WH WA S wRAEY X 2R YIFPE  SimpsonZAkEPE  Shannon-Wiener  Pielouds) s
(mg-kg") (mg-kg') (mg-kg') (mg-kgh) (mgkg!) WE 5HU(D) ZHEVERRRU(H) 55
Bl 246.56 12.04 0.80 0.68 5.83 12.60 0.96 2.01 0.77
bR 76.74 9.12 0.09 0.11 1.11 3.14 0.38 0.67 0.12
AREM% 3113 75.74 11.69 15.67 18.98 24.89 39.54 33.48 15.17
s & 0“%@&0‘&% fo & R SES e ¢ NI o“’éw@o‘&% fo & Q SEs s
s> oeeeene (sesedR” AN YA\ W\ Y r I "
so ¥ @ rFd Y 038 so ¥ @ rFd ol Y 038
o P00 OO o P00 OO
e 4 VWO 06 e 4 VWO 06
MTH/ ' . ... 0.4 MTH/ ' . ... 0.4
oxes < @O VDOVWO oxes < @O DVOVLVWO
sep 5 ® ® 02 scp [ @ 02 o
a /9 /eWDe o % a /" /WO 0 %
keo & @ & z keo & @ rd z
pi A V4 02 pi A rd -02
som ¥~ @& & som ¥~ @ v 4
AK / ' —0.4 ) AK / ‘ —0.4
PR EE P (S) ap o6 Simpson ZFEEFREL (D) ar A o6
N . an .
™ < @ —038 ™ < @ -0.8
™ A -1.0 ™ A -1.0
e 0‘52‘@‘2‘0‘&% o feTEs e o Ve o FET o LT o o
eeeeesesosees 0B’ T N YL Y Y ) '
so < @ F 4 0% Y 058 so |« @ 4 20 Y 0.8
e P00 OO e PQRVO0 OO o6
e 4 VO 06 or " VO ‘
gl J ) (X X 04 i SO @ @ (X X)) 04
s X @O VOVOV oss @O PDVOVOV
sco ® ® 0.2 = ico ® ® 0.2 &
g Yl Y Y 0 & a B eYDe o
keo ¥ @ & z keo @ @ =
pH V4 -0.2 pH V4 -0.2
som " @ @ som " @@ @
wA D@ o4 w"ASOD @ o
Shannon-Wiener £ FEHEFEE (H) ar & -0.6 Pielou B2 EHR %L (J) ar -0.6
AN AN ¥
™ & @ -0.8 ™ @) -0.8
Rl ™ Tl

*RI) P<0.05. S.¥FEFE; D. Simpson ZFEVETES; H. Shannon-Wiener ZFEMEFEE; J. Pielou &) JE 5% SD. MO E;
CD. fi(#1: DBH. “F-¥fute: MTH. VR DXBS. K/NH#: JCD. R CL 3a4+48%: KCD. JFMiEE: pH. T3EERTHE
SOM. HEATHLG:; AK. SEACE; AP HUSHE; AN BfR%G TP 28 TN. &%

H1 RS HEFRLERSRTS 2R GEXHT
Figure 1 Correlations between forest structure factors and soil nutrient factors and diversity index
AN F R 91.54% WfF e, P e 1 4 Anss 2 R AR 553 7110 86.00% F1 5.54% ., SZ.0 i
KRERFEAIY) ZREVEFE R, 25O F KGR Z5H K 35250 R - 8k K iy 24 B 1 5
ZREHAR B RSO R SRS , Mk 1 SRHE P il e f #a 7 I — DR T S HE P R A DG . e A /N
KAERLE , e ff/NT 90°FIRIEASE, I KT 900N Ferm f A S0, bRy (B 2545 B 7 Hh P R EE 5 R/
FOAR TTRR R, STk AT 51k 47.2% T 9.6%; AEZs M5 F R T P M2 ik ek, b 17.4%; H
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AN QRSN Y/ E A S A Y R T N DS
(P=0.002, F=14.8); VMg FIR /N A A HE
Yy 2 VAR Ak B W3 AR OC (P=0.010, F=7.8;
P=0.042, F=4.2), 35575 P v i 20 SR e
SRR Y Z R B A B HiE LK R
K, BOHAD RSN F B ERK, 25k
10.1% F1 8.1%, ¥ 5HAIEY Z A4 2 B2 I
K (F 4, P=0.036, F=5.4; P=0.05, F=4.8).

3 itk
3.1 BMHRTEREYY AR

WFTEA R RN . MR A A, DL
FHEABH . BRI I, D AREAINS], HAZHE
WArfe e, Hp R R | BPha | R ZSMEY)
JEMT EEALHR, X ATRES EA TR A
YA oG HARR B . MR w oA P o) BE 1 fiE
T3 R HUIE LA SR 0 f4 A RE Y PR

RDA2 (5.54%)

.
Sr

e
e

NN
R
T Y B i
alife

1.0

RDAI1 (86.00%)

SRR AR Y 2R R, 2SO EER AR E R A
FHEEFRE T, S YR FE R D. Simpson ZFEHEFEEL
H. Shannon-Wienerd ZHEPEFREL: J. Pielouly 5] EHEEL,

B2 WoydME-F. LERTFE5EREY SHF
% RDA 2 #74 R

Figure 2 RDA analysis results of stand structure factors, soil factors

and herbaceous plant diversity

R HARKMEZE, SEMRE S, a7 SR
IR ok, FLOCT A D L SAR AR 5™ s BREFEUE MR Sl iy, TSRS, XS A B
A EERIIENRE NP AFRZ BRI, Xl fESE FHE B B i E 6T R S MR MO E B T
B, BRI LS S MOE 2 IR AT R i, S HAR B IR S B,

x4 MAFEMET. TEFSETHREESREFSRRE

Table 4 Explanatory degree of stand structure factors and soil nutrient factors and Monte Carlo test

SR FH R % TR /% FR5 P AN Sl RERE /%0 TR/ % FR5 P
FmiEE 44.1 472 14.8 0.002 LB 2.1 23 0.7 0.462
R3] e 16.8 17.4 7.8 0.010 £ 1.5 1.6 0.5 0.496
BB 7.9 10.1 5.4 0.036 £ 0.6 0.7 0.6 0.590
PN 8.2 9.6 42 0.042 RGP E 0.5 0.6 0.4 0.596
LG 7.6 8.1 4.8 0.050 P 0.3 0.3 0.2 0.726
CIzi)E 1.1 12 1.1 0.322 SEATRER 0.1 0.1 0.1 0.988
R 0.7 0.8 0.6 0.454
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ST IRAFEP TSGR . TF MU R BRI E MR A RO . SEIRBEAC R FRFIAR T A
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HPIRAAIE R, BEMDEZ AR SR Z R ot RIS, R Z 3E i, A
ZM AR YRR A M SIS, MM se 483, R RAEY Z RN /DR
MBI RN URRSE . ARRFTE A R/ SARI) 2 2 T A7 A 38 SR DG A o fEMOARR
AN, KRBT AGE R S N, HIR R WAL, afeEs SEURAZ ML SR
FIK 3 BRI L 52 3] — 5 BRI, BEMTRZ W A AR R LR AT . AT AR ™ R, FEMROAR R8s
INEIRRIT R, AR OCIR AR OB, AR T RAEY R A K EAT . AN, BFERMIT AR B R A
SEAMY Z RN Z AR R E O OE R o Xl BB P T AR i M A R, HOE IR o, i
TR FARY R RE ST, S ECE A A BCE B #T A 535h, TRARRS TSR A 5T
X RMSOINEN T AR REAAR I A A 38 40, HETE M AR T B b = 5 A AR
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T B A RO RS L R BT R AR, e RN RO AL, SRS AR,
T o AR AR A ) A RO A A R B A, Sl S e A pe e, AR RS ST 4 il 1o A
FIPRE SRR DAL, O B 05 e R P AR ) SRR B B Y AR I . AT A
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ORISR TR RN, FBOER E X R 2R RS2 AT R

4 Hi
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