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Abstract; In order to explore the key factors of maintaining the understory vegetation diversity in forest

light condition and canopy structure in the alpine region of Qinghai, we observed five typical plantations in
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Datong County, Qinghai Province, including Picea crassifolia forest ( I ), Populus cathayana forest
(), Larix principis-rupprechti-Picea crassifolia mixed forest ([l ), Betula platyphylla-Populus
cathayana mixed forest (IV), and Betula platyphylla-Picea crassifolia mixed forest (V ), to study the
characteristics of the canopy structure and light conditions and their effects on understory vegetation. Data
were collected using a canopy analyzer and combined with field investigations. The results showed that:
(1) the canopy openness of stands | and [[[ was significantly lower than that of stands [[ , [V and V (P
<C0.05). The order of leaf area index of each forest was [Il, I, II» V and IV. The canopy openness of
broad-leaved forest was larger than that of coniferous forest, but its leaf area index was lower than that of
coniferous forest. The understory direct PPFD, understory diffuse PPFD and total understory PPFD of
stands ]I and IV was significantly higher than that of those of forest stands [, [l and V (P<0.05), in
which total understory PPFD and understory diffuse PPFD were [[ >N>V > ] >[I, the understory di-
rect PPFD was [ >N>1>1>V; K of the stands Il , IV and V was significantly higher than ] and
[l ; broadly expressed as broad-leaved forest > coniferous forest. (2) The canopy openness of each stand
was very significantly positively correlated with the understory light indices (P<C0. 01), the leaf area index
was significantly negatively correlated with the understory light indices (P<C0. 01); and it had the stron-
gest control ability for understory diffuse PPFD. Canonical correlation analysis showed that canopy open-
ness of pure forest had greater contribution and interpretation of canopy structure than leaf area index and
mean leaf angle. The leaf area index of mixed forest had greater influence on the understory light than that
of pure forest. (3) The understory species Shannon-Wiener index ( H) and Patrick index (P) of mixed for-
est were higher than that of pure forest; The Shannon-Wiener index ( H) and Patrick index (P) of the un-
dergrowth herb layer were positively correlated with canopy openness and understory light radiation and
negatively correlated with leaf area index (P<C0. 05); there was a very significantly negative correlation
between Pielou index (J,,) and mean leafl angle (P<C0. 01) and significantly positive correlation between
Pielou index (J,,) and understory diffuse PPFD (P<C0. 05). It is more conductive for the maintenance of
understory vegetation diversity to replant associated tree species in the arbor layer, gradually adjust to
multi-tree mixed forest and increase canopy structure and the understory heterogeneity.

Key words: plantation; canopy structure; intercropping light conditions; understory vegetation; species di-
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HARG 5Ok, HZ AR W i 549. 9 mm,
T HESEA Sy v b BE B R E Y L MR R b A
T RIERE . PHRMBE S RN 79.0% . FiZih
XK SR B G B B IR L O A Ok R ) R N TR
T B EMRTT AR # A H 8 (Populus cathayana) , H
Mt (Betula platyphyllia) .7 = 1% (Picea crassi-
Sfolia) MAEALIE T #S (Larix principis-rup prechtii)
S LHEE FEE NV (Hippophae rhamnoides) | 11
H: M (Salix oritrepha) . ¥t 8% (Rhododendron sim-
sii) JEBEEL (Pyrola calliantha) . ¥R 23 (Polygo-
num vivi parum ) YA ZE (Carex duriusata )%,
1.2 MRF*

L.2.1 #HigE el Ay H IR X,
I 2 S M PR A — B AR PR R AR
RAEW T = 2 H AR ARILE - S 2
TR AR T - 1 HE TR SSMORT I ME-T5 1 = A2 1R AR 5
FPARIr 2 BEE 3 A 20 m>X 20 m AL, HE 15 4>,
A0 Sk HUIE 7 FIAK I3 R A JF 78 4 4 b 19 X £ 46
SR IE 9 AN A 1 mX 1 m BB A RE 7 AT

Ar 0 SR AE B A Bl S B RN A I OR
TRARYED . A AT 2018 45 7 A 58 W, b i
HEARFR I 1,

1.2.2 #HEFXRE KA WinScanopy 2010a For
Canopy Analysis & JZ 73 #1 A TE 2 4> FE Hb B9 0 A
Xof 71 42 0 430, Ak A 4 L SR AR AR R )2 IR R O
HEAT IR BT o FA B R R 8 Sk K P 5 1) A E D IEAE
75 B BE BN 1.0 moy DLGBE S bR T 5 4 A
BUEE K o A B DRORG B 0 At P L 30 PR 7R B R 58
KBRS H B H Y& g ) RS S 3
gk B R 18 RO — 5K A Ry 3 b % T s A T O 2 43
M BE & 4 F (XLScanopy) ) % 148 2E 47 3 A ik B
FRASHFRTE I JE (canopy openness) | M- [ FR 35 %k (leaf
area index) .3 i f4 (mean leaf angle) %5 7 )2 45
¥ 48 b s DL K45 6 & Tl 8 % ) (photosynthetic
photon flux density, PPFD) & Ak I+ 5 %8 5 (total
PPFD above canopy ). M T B 4 # 4t Cunderstory
direct PPFD) | K F Ht 4 % 4 Cunderstory diffuse
PPFD) FIAK T & %8 4 (total understory PPFD) 4%,

R1 BMERFE

Table 1 Characteristics of sampling plots
by S i 44 AN i
height/m DBH/cm /(ind « hm™?)
1 2910 14 NE77° Fii Middle 12. 6 14. 3 1700
I 2 2 960 13 NES2° Fri Middle 11.6 12.7 1705
3 2 949 15 NE72° Frlfk Middle 11.0 11.7 1825
4 2 863 25 NW11° T I Down 10. 8 11.2 1 375
11 5 2 944 18 Nw27° Fii Middle 10.1 11.7 1650
6 2 944 18 NW16° 3 Upper 11.5 12.0 1775
7 2 878 19 NW35 Fii Middle 10. 3 10.7 1650
il 8 2 987 20 NW45 Fii Middle 11.3 11.9 1720
9 2 940 17 NW35 Fri Middle 9.8 10.2 1 540
10 2 862 17 NW34 T3 Down 8.6 11.9 1 600
i\ 11 2 949 20 NW30° Fii Middle 9.3 11.8 1 850
12 2 877 17 NW40° Fri Middle 7.2 9.3 1 750
13 2919 17 NE26° T3 Down 7.5 9.6 1 850
V 14 2 956 18 NE10° Fii Middle 7.8 9.0 1625
15 2 940 21 NE15° Fr i Middle 8.2 8.6 1 750

He L HE M . B L ARAuE -5 s A2 R V. - AR V. A H B s 2R, TR. NE ZKILNW.

[EE]4

Note: [ . Picea crassifolia forest; [ . Populus cathayana forest; . P. crassifolia and Larix principis-rupprechtii mixed forest; [V.

Betula platyphylla and Populus cathayana mixed forest; V. P. crassifolia and B. platyphylla mixed forest. The same as below. NE. North-

east; NW. Northwest
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AR o« 24138 8t 3 Shannon-Wie-
ner F5%(H) ,Pielou $8 % (J...) .Patrick 8% (P) 3k
ZEE VRN IZ b DX B BB 3 R AR 1 1 b 22 A B
HERESM R, Kb H RomWrh 2840 T,
RRY S, PR EEE., ITHEAX
W

(1) Shannon-Wiener 8 8{ (H) .

S
H =— > P,InP,
i=1

(2) Pielou #8450 (J ) :

Jw = H/InS

(3) Patrick 8% (P) .

P=5

b S AR BB PR TN C DR
A S OND 5 RE D7 BT A S A B COND 1Y L 1
Bl P,.=N,/N,i=1,2,3,-,S,

TH 6 R KO A48 VG AE T 2 N 38 9 W5 5 A
T A AV 0 R B s T W't % 55 7 5 v 1) A% R
] By Beer-Lambert #2115 4 .

K =—1In(l,/D/LAI

o= v LN B Bl s B I i B N AP
LAT Jym AR5

H Kruskal-Wallis JE 2855 22 3 ke 4 56 5 Fp
A [ AR G 26 A ] 1) 5 22 45 AL SRR N DI 4 5 4% 2 80
25 51 , Spearman A PR K 55 43 BT H A S 500 G A
KK F S IF H BB AH OC 53 B ok BF 58 56 )22 405+ T AK
TR P AR TR ) 2 TR R .

A A FE 4 % B Excel2010., SPSS18. 0 52 A% »
HAE B A8 Origing. 0,

2 RSN
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WE L proR. ke 1L pR e 57 B B S AR T
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KUV Ta) i) bR 5 I B8 34 JE B 3 22 % (P >>0. 05),
Mo T VA E B S EE TV .V 5K
A3 A8 BOR /M R (2. 100, 1 (2.08), 11
(1.81),V (1.75) IV (1. 74) AH HAERS> T L0 7] LA
EN. VEEEZEZS(P>0.05, #4T.00.V
(725 i A S AR T LIV 9 22 S5 aA i i 3 KO (P
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0. 05) , Hor bR S 4 5 S B d S R B 1T > IV >
VT EEESENT >N T >V, Ek
b F A AR A

AT NOVELCREB R ER T I &
15%~27%(P<<0.05) . JE V.V P iy 2 5 Kk B F
K (P >0.05), HK/NIFE R V 0. 65) .,V
(0.63), 11 €0.60) MM C0.51), T (0.47), HAFfk#a
ST SR B AR — 30, 5 5k 2 S5 A 4R A (v T R
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[\
W
d

e 7F 1

Canopy openness/%

A e
Leaf area index

N
T

—_
i
T

PR I A
Mean leaf angle
(3]

—
(=]

1 I m v \4
M 4rZ87 Forest types

1. HW\ oM . EHAG . AAUE A5 1 = A2 1R 38 HK
V. E8-F RS V. AfE-H i s 2Rk, AFNE
FRERRE R BEP<0.05)  KEF N 2% FREFE
(P<0.0D, FH
B 1 R TRIAR G328 Y 56 J2 45 1 R Ak
1. Picea crassifolia forest; [I . Populus cathayana forest;
. Picea crassifolia and Larix principis-rupprechtii mixed forest;
V. Betula platyphylla and Populus cathayana mixed forest;
V. Picea crassifolia and Betula platyphylla mixed forest.
Different normal letters indicate significant differences
(P<C0.05), and capital letters are extremely
significant (P<C0.01). The same as below
Fig.1 Characteristics of canopy structure

of different forest types
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Fig. 2 Characteristics of light environment in

different forest types
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2.2 Mo BEEMERAXFENXR
2.2.1 BEZMEWRAAREMNEEREMEX WX
2 Jr 7 s ARGEE T B 5 PR O R S 4 28 AR 1% 1E AR
FetE (P <<0. 01), H Spearman #H % £ 30 1 ik 3|
0.707 LA b B it i AR 45 50 ORI B SRR Ot 4R
I ¥y A B 3 BRORH OC G R (P<C0. 01) . AH ¢ R AR
0. 713 DL b BUMKTR D6 4@ 5 i 5, bR e T 3 0 i T AR
T8 HC S AR IR SR 0% A DG 1 38 Oy d s, AH O R R
G351 0. 817 A1 —o0. 831, P35 i ffy 5 vt 1 B4
BRI R A A3 ) A 2 AR DG OG R AT I
FIEA K R (P<C0. 01) , (H 5 bR 5 IF B J HoAth S
AT IR PR A SR YE YR B B (P>0. 05), KU HE)Z 45
FEXE AR B 4 S 0 45 T R O R T H A AR S . AR
SRS SRR DGR B YR B A ek (P <<
0. 01) . H 5 M 5ef 45 #4 14 A5 ¢ M4 3855 (P>>0. 05),
3 A A AR G AR S ol AR R
SR o U AR TS SR SR A BT AR T 378 DK T R R A
2.2.2 BEZMERTAREMNARMEX HE
3 AL, 5 FlObR A3 1 e 2 G5 A8 5 AR Dl A 56 7 2H £ i
Z A BLRVAR OC R B IR B 0.9 DL b, R )R 4
T4 55 KT O 4 S T 2E 5 ) A A 5 A A OGP (P<<
0. 05) , A] F 76k 25 45 46 R il BEAR T O BE A8 5, HL
HEE 1A ARV B 5 SRR AR AR B o 4 R AE (R Y
80 %0 LA I U B HUES 1 A~ B RUAR LA T 40 M B AT

AT 2 45 7 5 PR O i S A i AR SG AR A W]
AL ARG 1L 2 450 0 25 — A RS 55 (U rh
W T AR B R RO T R H B A AR R 2 0 43
B 0. 871 F1 0. 9145 [NV IV, V ol 32 2 4E AT i 2
T R B, B far 2R B 46 X AEL 4 ) A 1. 48,10 132

7B 51 5 R ML IR T Spearman 18 X R

Table 2 Spearman correlation coefficient between canopy structure and forest light environment

#5538 & Solar radiation/(mol « m™* « d™ ')

WH MOETT B MEARE R P rHE A
Ttem Canopy =~ Leaf area  Mean leal 4k |- padgy  MOF8RST AT LSS AT B GRS
openness/ % index angle Total PPFD  Total understory ~ Understory Understory
above canopy PPFD direct PPFD  diffuse PPFD
56 )2 JE¥ Canopy openness 1. 000
10 FR4E $1 Leal area index —0.847"" 1. 000
S 2 {5 /1 Mean leaf angle 0.116 —0.541"" 1. 000
M B 5 Total PPED above canopy 0.361 —0.051 0.031 1.000
MR B4R 4T Total understory PPFD 0.737°"  —0.727"" 0.363 0.699" " 1.000
T HHH4E 5T Understory direct PPFD 0,707 —0.713"" 0.203 0.678"" 0.998" " 1. 000
M SR 3 Understory diffuse PPFD 0.817"" —0.831"" 0.470"" 0.655"" 0.963" " 0.728"" 1. 000

e % £E 0,05 FKP U BFHAEIE; * x £E 0. 01 K ORMD BFEAH G T

Note: * means significant correlation at 0. 05 level (two-tailed) ; * * mean significant correlation at 0. 01 level (two-tailed) ; The same as below
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0 MRF B AR MR B R A%TE%%
Understory direct PPFD Understory diffuse PPFD Total understory PPFD
167 A 16
141 14
E o 121 5 ET" 12
=l =l r
=E . 10F . =2 210
= a) =) F
S E 8f SE 3
L E - ol !
<< e 6 H <59 6
5E ER-I!
=4t =y
2 oo g0 2
0 1 1 1 O 1
16 18 20 24 1. 1.4 16 1.8 20 22 24 26 28
MR I RE NTIR R
Canopy openness/% Leaf area index
3 HEEEM ST ORI XER
Fig. 3 Correlations of canopy structure and understory PPFD
Fx3 HBBEXSWER
Table 3 Typical correlation analysis results
M 70 AR HL TR A 56 A Rord A (L L0 A 5 A 7R
Forest type Canonical root Canonical r Chi-square Eigenvalue Canonical correlation model
U;=0.871X,+0.249X,+0. 140X
! 0.970 47. 984 0.941 V1 =0.495Y 0. 459Y, +0. 158Y; 0. 474,
I Iy U,;=0.122X,+0.911X,—0. 741X3
z 0.703 19.048 0. 494 V, = —3.451Y, —1. 662Y, +5. 144Y;+ 1. 289Y,
3 0.377 2.103 . 142 —
U,=0.914X,—0.013X,+0. 328X
1 0.928 36. 338 - 861 Vi =1.812Y, 0. 611Y, — 1. 648Y; +0. 565Y,
Il 2 0. 454 4. 081 . 206 —
3 0.151 0. 369 . 022 —
- U,=—0.922X; —1.480X,+0.547X3
1 0.996 57.528 <992 V)= —0.177Y, +0. 093Y, + 1. 386Y; + 1. 006Y,
- U,=1.774X,+1.066X,—0. 127X
i 2 0.767 20.708 088 V,=8.838Y) —2. 357Y, —7. 286Y; +3. 404Y,
Us;=—0.215X;+0.622X,+1.128X;
3 0.378 18.779 - 143 Vi, =12. 644Y, —4. 650Y, — 8. 828Y 5 +4. 763Y,
y U;=0.505X;—1.132X,—0.101X;
! 0.978 42.049 - 996 Vi=—1.771Y, +0. 484Y, +2. 978Y; +0. 867,
il 2 0.819 12. 213 . 671 —
3 0.375 1.476 . 141 —
- I U;=0.374X,—0.531X,+0. 258X
! 0-995 26.555 <990 V) =2.332Y,40. 940Y; — 1. 707Y; +1. 130,
v 2 0. 862 4.313 .743 —
3 0.038 0. 004 . 001 —

He AR A U EREM HROEIT R Xy i AEE X SF i X s IR HEA V. AR LR ST CALBT R ST Y SO AR AT Y . SR Y

Y G RECY . 7R 1 2 M B ik () N A T R SRR 5 Vs U SR A S A ] A 2k 2

Note:Independent variable group U. Canopy structure(canopy opening X, leaf area index X, average leaf inclination X;); Dependent
variable group V. Forest under-light radiation(direct radiation Y, scattered radiation Y, total radiation Y3, extinction coefficient Y ) ;“—

dicates that there is no typical correlation model between two sets of typical variables; V; and U; represent linear combinations between two sets

of typical variables

-

m-
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A0, 531, XF LU AR G Ha 5 1Y 25 — SR AR 5 (V)
AR T IV Aot 3 S R 0 Sk B o HG ey 28 K fe
XHE S0 1.386.2.978, M4 T . T.VHhEES
PE R 2 B 5 4R Sk I A0 far R Bk s kB 4 ) R
0.495.1.812 1 2. 332,

2.3 BEEMERTARBESERTEBE D S

AR 3 JEHE R 2 i FUxE A AR oy 1 B AR
PEAT YR ZREE BT . AN 4 AT UL, B 2 ) ) Bl
R D TES MR AN >V >1> 1
> ABFEMA VIV LV EJE &35 22 55 (P>>0.05) 5
FEERBBPORAIKGIN>VM>1>11,
EAEMA IV OV Bk T 010 LI ) 25 50K B 3 (P>
0.05) s MR 51 PEFE B (T D) BB AT > 1 >
VN> AAHAERS T VIV E 25 K5 F
B K- (P>0.05),

HI 2% 5 AT, B3 ST- B 0 £ A1 L 5 J2 45 A8 R
SEHR B 5 R E R (P A BGRM K R Ho
MRS T B 5 L B A 3 I AH OG (P<C0. 01) , 7 AR
RS H B B F A L (P<<0.05), Y Fh iy sy
(J o) 57 B0y 22 0 B 3 1 AH DG (P<<0. 0D, 55
AR O R S R B IE A C (P<<0. 05) . XF T Fh
ZREEIR B CHD M & MOE T B T SR 5 =2
g3 9 2 d 2 (P<C0. 05) Fll fg 2% (P<<0. 01) IEAH ¢,
B T AR S W AR G (P<0. 05)

3w

3.1 AEAMSLBBEEMERALREER

XF LG 5 BORLAR 3 SR A5 L S5 R R I s
FEARCT D) ARALIE AL -5 1 2 A2 3R 22 AR CHID B MOE
TFEM AR TH AR CD - PR AR (VD
FIME-T5 18 2 A2 TR AE PRV ) o 10 B 75 K 53 25 3 AH X —
&2 QDR N N T = L N P
e I R ol A - 4 4 R R o R R RO I B AR DN
HUEZ BIPRBL AT BEH /N o 25 MR i TR ZOR /)
L1702 5 1| I RN | VARG 3 2 2 ol a5 By W TR A
b4 /N L N B B AT IR N7 e v R SR RS
S 5 R ORI B A TR AR R B . 1
P AR 56 2 5 R A BE 5 R MR 43 AN T4k
RN TR A bR AR R 51 B9 78 AL L S AR 12 B AR OE
JFEEZR /N i AR O i . X5 AT A
A B 22 5 L EUA AT BEAE T i 9F 5 bR 23 1) Fob 4 7
0 2 S - AT 1 I AR R TR SR I - AR R TR
BN TR AE R TR 5 N N B R T
SER TP OB S AE A R bR 23 ] 2 2 B i
AR T EF AR . AT BE SR R DA 6 3 - 42 {50 £ 82K )
ARG AR 4 O R G A 2 (B R R
22 0 Bl e TT B 3 F i S 2 6T A B I AR Rl
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Table 4 Different species diversity in herb layer of community types

2R E

#AS Forest type

Diversity index I 1

il v v

Shannon-Wiener ¥§%{ (H) 0.72040.061b

Piclou 188 (J o) 0.696=+0.087a

Patrick 88 (P) 6.000+0. 816b

0.36510.112¢
0.29620.103b

7.500%0. 500b

0.96040. 251a 1.176£0. 043a 1.027+£0. 180a

0.737£0.020a 0.59820. 043a 0.54220.070a

9.50040. 500b 17.667=E1. 247a 15.333£3.091a

T AT AN ) 5 B 7R 22 5 1 % (P<<0. 05) . 3 B S V-39 0 A 1 1%

Note: different letters in the same column meant significant difference at 0. 05 level, the data in the table is the mean & standard error

®5 BEEMNMELAEZHEENBEXESFT

Table 5 Correlation analysis between canopy structure and the species diversity in herb layer

Shannon-Wiener 3§ % (H)

Pielou 8% (J o)

Patrick 8 %% (P)

i H Item
M5 IF EE Canopy openness 0.565"
1 R FE % Leaf area index —0.514~
-2 - /5 Mean leaf angle —0. 349
MF B S5 S Understory direct PPFD 0. 341
MR B8 S Understory diffuse PPFD 0.247
AF B4R 4T Total understory PPFD 0.629"

0.429 0.632*

0.496 —0.471"
—0.749** 0.004
—0.253 0.490~

0.490" 0.454~
—0.262 0.501"
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