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Abstract: To reveal the environmental regulation mechanisms of the formation of diversity and biomass of
the shrub and herb in shrub communities of the dry-warm valley in the middle reaches of the Lancang
River, the relationships of species diversity and biomass with environmental factors were analyzed through
field investigation. The results show that a total of 42 shrub species belonging to 36 genera of 23 families
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and 96 herb species belonging to 76 genera of 34 families. Based on the importance values of the shrub
dominant species, seven communities are identified. The importance value of the first shrub dominant
species is the highest (0.710) in the Vitex negundo var. microphylla Hand.-Mazz. community, while the
first herb dominant species include Eragrostis ferruginea ( Thunb.) P. Beauv., Arthraxon prionodes
(Steud.) Dandy, and Digitaria sanguinalis ( Linn.) Scop. Among the shrub, the Shannon-Wiener
diversity index, Margalef richness index, and species richness index of the Ceraiostigma minus Stapf ex
Prain and Caryopteris minor ( C. Pei et S. L. Chen ex C. Y. Wu) C. L. Xiang communities are
significantly ( P<0.05) higher than those of the V. negundo var. microphylla, Elsholizia capituligera C. Y.
Wu, and Excoecaria acerifolia var. cuspidata (Miill. Arg.) Miill. Arg. communities, while their Simpson
diversity index is only significantly higher than that of the E. capituligera community; no significant
differences are observed in herb species diversity indices between communities. The shrub biomass of all
seven communities is higher than the herb, among which, the shrub biomass of the V. negundo var.

microphylla community is the highest (176.72 g » m ™), and the herb biomass of the E. capituligera

community is the highest (61.77 g + m™>), but there are no significant differences in shrub and herb
biomass between communities. Elevation and mean air temperature in July are the common dominant
factors regulating the shrub and herb species diversity; the shrub species diversity is also affected by
distance to water source, slope position, and cumulative precipitation in July, while the herb species
diversity is also affected by slope aspect. The shrub biomass is mainly affected by slope, slope position,
elevation, mean air temperature in July, cumulative precipitation in July, soil total nitrogen content, and
soil organic matter content; the herb biomass is affected by slope position, elevation, mean air
temperature in July, cumulative precipitation in July, and soil total nitrogen content. Overall, the shrub

1s more sensitive to environmental factors than the herb.

Key words: dry-warm valley; shrub community; shrub and herb; environmental factor; Lancang River
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Table 1 Environmental factor data of different shrub communities of the dry-warm valley in the middle reaches of the Lancang River
\ o . ik YR Ay R 2R kS
aral Wm WOE/(0) D e FKIRER R/ TV 7 TR
C it N Elevation Slope Slope as ectz) Slone osition3) 1stance to ean air umulative
oty pe asp pe p waler source temperature in July precipitation in July
Vn 2 124-2 456 17-55 1,2,3 1,2 5-500 18.2-23.9 139.2-282.8
Cml 2 150-2 740 32-58 1,2,3 1,2 20-400 18.5-23.8 168.6-231.5
Ec 2 187-2 693 30-42 1,2,3 1,2,3 10-200 16.0-23.9 139.2-231.5
Sd 2 138-2 683 30-45 1,2 1,2 10-400 17.9-23.7 168.9-282.8
Ie 2 146-2 608 16—40 1,2,3 1,2,3 30-300 19.5-23.5 139.2-167.6
Cm?2 2 362-2 657 25-45 1 1,2 100-260 18.7-21.1 136.1-168.6
Ea 2 124-2 391 40-50 1,2 2,3 150-500 23.3-24.2 131.5-191.5
+ L PET  Soil physical and chemical property (X+SD)
HEIEY o . AL R PR AR i/ AR i/
&Jy\/ ’ﬁ'E/ -1 —-1 -1 -1 i
Communityl) L3 L3 (g-kg) (g-kg) (mg - kg™) (mg - kg™) pH i
(g+em™) (g+em™) eoe o . .
. . Organic matter Total nitrogen Available Available pH value
Density Bulk density .
content content phosphorus content potassium content
Vn 2.43+0.11 1.46+0.11 13.12+7.27 0.91+0.54 4.40+2.01 88.21+57.28 8.20+0.42
Cml 2.42+0.15 1.45+0.15 18.03+14.70 1.21+0.95 3.94+1.60 100.88+55.83 8.41+0.32
Ec 2.38+0.16 1.39+0.16 16.75+8.53 1.13+0.61 4.14+1.53 97.01+52.77 8.32+0.31
Sd 2.39+0.17 1.45+0.16 23.59+13.93 1.58+0.90 5.01+2.06 93.09+44.23 8.15+0.57
Ie 2.37+0.14 1.39+0.13 15.83+9.96 1.08+0.58 6.56+3.02 198.06+133.86 8.42+0.52
Cm2 2.39+0.16 1.43+0.16 18.95+10.99 1.24+0.67 3.50+1.63 97.66+55.22 8.58+0.36
Ea 2.47+0.10 1.50+0.10 20.51+4.21 1.22+0.30 3.35+0.93 102.58+39.04 8.30+0.35

D Vo /N3] Vitex negundo var. microphylla Hand.-Mazz. ; Cml . INEFAE Ceratostigma minus Stapf ex Prain; Ec: S TFZE Elsholtzia capituligera C.
Y. Wu; Sd: HHBILE Sophora davidii Kom. ex Pavol.; lc: JK# A Indigofera calcicola Craib; Cm2: /NWIKEIR Caryopteris minor (C. Pei et S. L.
Chen ex C. Y. Wu) C. L. Xiang; Ea: et +30F Excoecaria acerifolia var. cuspidata (Miill. Arg.) Miill. Arg.

D1,2,3; 812K B8 2F 3% BAYE Semi-sunny slope, semi-shady slope, and shady slope, respectively.

1 ,2,3. SR R Valley, downslope, and mesoslope, respectively.
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Table 2 Importance values of the shrub dominant species ( top 10 in terms of importance values) in different shrub communities of the dry-warm

valley in the middle reaches of the Lancang River

Wy TER BT HE B/ %Y Importance value in each community"
Species Vn Cml Ec Sd Te Cm2 Fa
JNIH38] Vitex negundo var. microphylla 71.0 0.7 9.5 9.4 6.4 10.2 20.7
INEEAE Ceratostigma minus 2.2 51.1 6.7 14.8 3.1 9.2 3.2
Bt L UTAF Excoecaria acerifolia var. cuspidata 2.4 2.3 1.4 10.7 7.9 4.1 49.0
FIHIE Sophora davidii 7.5 6.1 5.8 48.3 1.8 0.1 1.2
2B B Bauhinia brachycarpa 0.5 2.7 1.1 5.8 8.6
WEEARE Indigofera calcicola 1.8 16.2 3.5 56.5 5.0
NI IR FBIR Caryopteris minor 11.0 9.1 1.9 9.2 52.6

S AEFFEE Elsholtzia capituligera 1.3 6.7 65.8 2.4

MEM-SJEE Viburnum betulifolium 3.3 1.9 2.2 2.6
HOMRAMWFAE Jasminum nudiflorum var. pulvinatum 0.6 1.4 15.6 3.8
A HU Rosa webbiana 0.6 2.6

IR T B ZE Rhamnus flavescens 5.4 2.5
ZF VI Hippophae rhamnoides subsp. yunnanensis 0.3

BT T3 Leptodermis pilosa var. acanthoclada 1.2
LT Ligustrum lucidum 2.4

JIPEEEE L Caragana erinacea 1.4

WS Pistacia weinmanniifolia 1.0 3.5
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£iR2 Table 2 ( Continued)

Wi

TEARET h i T/ %

Importance value in each community"

Species Vn Cml Ec sd Ie Cm2 Ea
VM~ Terminalia franchetii 5.6
TR R Commicarpus lantsangensis 0.7

St Ak Prunus mongolica 0.1

=H KK Myricaria paniculata 1.6

1 111/NBE Berberis coryi

D Vi /N3] Vitex negundo var. microphylla Hand.-Mazz. ; Cml . INIEE L Ceratostigma minus Stapf ex Prain; Ec: SLAETEEE Elsholizia capituligera C.
Y. Wu; Sd. [Eyiyia Sophora davidii Kom. ex Pavol.; Ic: TR Indigofera calcicola Craib; Cm2. NG EEY Caryopteris minor (C. Pei et S. L.
Chen ex C. Y. Wu) C. L. Xiang; Ea; BN £U0F Excoecaria acerifolia var. cuspidata (Miill. Arg.) Mill. Arg.

RI MEIHHETEASHEARNEAFEESAMBEM(EREHEE 10)WEEE

Table 3 Importance values of the herb dominant species ( top 10 in terms of importance values) in different shrub communities of the dry-warm

valley in the middle reaches of the Lancang River

YrFh

Species

FE& RGP I EE A/ %"

Importance value in each community!)

Vn

Cml

Ec

Sd Ie Cm2

Ea

H P ILEE Arthraxon prionodes
LI Selaginella sanguinolenta
i} JE ¥ Eragrostis pilosa

FIRFL Eragrostis ferruginea
£ Eleusine indica

W EEE Corallodiscus lanuginosus
M Paspalum thunbergii

4198 B:AA Selaginella vardei

TR EL Setaria viridis

D J5 Digitaria sanguinalis

Y% B Bidens pilosa

FSZYE Lolium perenne

ZEFIE TR Piptatherum aequiglume
Pard KUK Preris wallichiana
B Selaginella albocincta
F12£ 5 Bothriochloa ischaemum
P Tribulus terrestris

JeTE = Agave americana

HH ¥ B 2 Arisaema tortuosum

FA] R ZE A EEAE Aster altaicus
BT BR Aleuritopteris niphobola
FAT Microstegium vimineum

HESE Houttuynia cordata

2 HEE Dysphania schraderiana
5EAE Juncus prismatocarpus
42248 Pogonatherum crinitum
#BE Salsola collina

BAAER Paspalum dilatatum
=545 Grona triflora

VI EYBAE Tripogon sichuanicus
I3k M-FE Chenopodium acuminatum
EED Imperata cylindrica

Bifs/NEF SR Z Fagopyrum leptopodum var. grossii

M EKE Polygonatum verticillatum

11.5

4.8
10.6
28.1

4.7

6.0

3.2
6.7
5.8

5.5

45.0
8.7

12.7

1.9

1.9

8.1

1.4

6.8
2.5
3.3

4.2

8.4

41.9

2.9
2.9
1.8
3.7
39
21.6
2.2

5.5 13.4 33.0
10.3 7.0 31.5
11.4
41.8 4.1

4.4
7.0
7.8
9.9 2.4
5.4 3.4
27.5
2.2 3.4
3.9

2.8
6.5
6.7
2.4 3.2

8.8

4.5

3.6
3.4
2.1

27.4
10.1
21.6
9.4
1.6

4.6

2.0

2.1

20.0
1.2

D Vo /N3] Vitex negundo var. microphylla Hand.-Mazz. ; Cml . 7N
Y. Wu; Sd. [Eyilyia Sophora davidii Kom. ex Pavol.; Ic: KAKRE Indigofera calcicola Craib; Cm2: NGy EEE A Caryopteris minor (C. Pei et S. L.
Chen ex C. Y. Wu) C. L. Xiang; Ea; &M +UTF Excoecaria acerifolia var. cuspidata (Mill. Arg.) Mill. Arg.

55

At Ceratostigma minus Stapf ex Prain; Ec: k{635 Elsholtzia capituligera C.
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Table 4 Species diversity indices of the shrub and herb in different shrub communities of the dry-warm valley in the middle reaches of the

Lancang River (X=SD)

BEVED TERYIFD ZREMETR L Shrub species diversity index?) BRYIFZREMEIRE®  Herb species diversity index®
Community") H D M S H D M S

Vn 1.398+0.165b  0.750£0.040ab 2.192+0.236b ~ 4.100+0.738bc ~ 1.516+0.415a  0.762+0.116a  2.421+0.576a  4.875+1.808a
Cml 1.924+0.167a  0.850+0.030a  3.006+0.404a  7.000+1.000a 1.962+0.311a  0.855+0.048a  3.164+0.604a  7.333+2.082a
Ec 1.287+0.354b  0.708+0.097b  2.092+0.477b  3.847+1.463¢ 1.576+0.404a  0.776+0.105a  2.515+0.603a  5.182+1.940a
Sd 1.709+0.478ab  0.796£0.115ab 2.756+0.771ab  6.083+2.503ab ~ 1.742+0.624a  0.787+0.151a  2.911+0.983a  6.667+3.284a
Ie 1.597+0.305ab  0.788+0.069ab 2.489+0.422ab  5.167+1.472abc 1.742+0.475a  0.808+0.096a  2.815+0.786a  6.200+2.588a
Cm2 1.895+0.089a  0.849+0.014a  2.986+0.170a  6.667+0.577a 1.243+0.777a  0.667+0.236a  2.117+0.953a  4.000+2.828a
Ea 1.426+0.404b  0.741£0.121ab 2.283+0.505b  4.429+1.512bc  1.582+0.472a  0.771£0.129a  2.543+0.657a  5.286+2.059a

D'V, /NI Vitex negundo var. microphylla Hand.-Mazz. ; Cm1; /NIEZFFE Ceratostigma minus Stapf ex Praing Ec: Sk{6F 7 Elsholtzia capituligera C.
Y. Wu; Sd: HHIAE Sophora davidii Kom. ex Pavol.; Ie: KA KW Indigofera calcicola Craiby Cm2: /NWIKEIE Caryopteris minor (C. Pei et S. L.
Chen ex C. Y. Wu) C. L. Xiang; Ea: B+ Excoecaria acerifolia var. cuspidata (Miill. Arg.) Miill. Arg.

2 H. Shannon- Wiener £ £ P35 %% Shannon-Wiener diversity index; D: Simpson £ #1445 %L Simpson diversity index; M: Margalef =F & J¥ 355 %
Margalef richness index; S: #JFh 3= & B 48 5L Species richness index. [ 31 H AN [6] /NG 7 0 36 7R 16 R [6) BE 9% 18] 22 5% W2 35 ( P<0.05) Different

lowercases in the same column indicate the significant differences (P<0.05) between different communities.
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REEREVEFAR (4451 g - m™) o BHRFE, 2 FE% 1]
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XE
2.5.1 BENFLSHABRIBHAERERATFHLE 4
(R S5) WoR HERL 4 DY SRR R R 5K
B3 (P<0.05) Bk 3% (P<0.01) IEAMIX, 5 7 AF
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C. Y. Wu; Sd: il 46 Sophora davidii Kom. ex Pavol.; Ic: TR A
Indigofera calcicola Craib; Cm2; INH IR B HE Caryopteris minor ( C. Pei et
S. L. Chen ex C. Y. Wu) C. L. Xiang; Ea: &M £ U1L% Excoecaria
acerifolia var. cuspidata (Mill. Arg.) Mill. Arg.

T L J5 B89 a” 8 76 A R 3 7% 18] JG 8.3 22 5 The “a’

column indicates no significant differences between different communities.
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Fig. 1 Comparison of biomasses of the shrub and herb in different
shrub communities of the dry-warm valley in the middle reaches of
the Lancang River
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Table 5 Spearman correlation analysis of species diversity indices of the shrub and herb and environmental factors of shrub communities of the

dry-warm valley in the middle reaches of the Lancang River"

HEARY TRV EAIANC R R

HEARYR SRR R R B

s T Correlation coefficient with Correlation coefficient with
En\j;ronmental factor shrub species diversity indices herb species diversity indices

H D M S H D M S
TR Elevation 0.301%  0.298*  0.305#%  0.310%x  0.388 % 0.385x% 0.39]1 #x  0.390 #x
Wi BE Slope 0.107 0.112 0.102 0.112 0.021 0.024 0.018 0.021
1] Slope aspect 0.247 0.251 0.242 0.231 0.153 0.153%  0.153%  0.155*
AV Slope position -0.212%  -0.208 -0.215% -0.221 0.031 0.034 0.028 0.031
K PR #E 25 Distance to water source 0.268 * 0.262 * 0.271 * 0.272 * 0.024 0.027 0.021 0.026
7 A5 Mean air temperature in July -0.316 * -0.312*% -0.319% -0.324 * -0.322% -0.319% -0.325* —0.324 =*
7 A ZitB/K R Cumulative precipitation in July ~— —-0.212%  -0.208  -0.215#* —-0.221 ** -0.176  -0.172  -0.179  -0.176
+ e H Soil bulk density -0.202  -0.198  -0.205  -0.200 -0.074  -0.071 -0.077  -0.076
3 Soil density 0.127 0.131 0.122 0.128 0.062 0.065 0.059 0.060
+ A HLFT S B Soil organic matter content 0.074 0.078 0.071 0.078 0.008 0.011 0.005 0.007
+ 34 F & i Soil total nitrogen content 0.046 0.042 0.049 0.051 0.041 0.038 0.044 0.041
+ A5 %% & B Soil available phosphorus content  —0.117 -0.112 -0.121  -0.119 -0.127 -0.124 -0.130 -0.126
A3 U A i Soil available potassium content  —0.061 -0.057 -0.064  -0.050 0.129 0.126 0.132 0.131
4332 pH {4 Soil pH value 0.120 0.124 0.117 0.136 0.126 0.129 0.123 0.124

D H . Shannon— Wiener £ £ 14 5 %4 Shannon-Wiener diversity index;
Margalef richness index; S: L) N = Species richness index.

ARG H B M EAY A 5 R 5(S) 5 7 H &it
R K 3 Bl W 35 A DG, BEARAY Simpson Z24F

PEFREL(D) M {EFN S Bk 53 1) 3% IEAR G,

) 4 AP Fh 2 T S I A M o 2 TG I 2 A
Kotk

252 BEAMFTEFMATHXEZ HEARLEYE
SRS 7 R R (B 2) oR . 14 D IREE

D Simpson ZREEFE 5L Simpson diversity index; M. Margalef FE R

#* . P<0.05; *= . P<0.01.
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Fig. 2 Structural equation model of shrub biomass and environmental factors of shrub communities of the dry-warm valley in
the middle reaches of the Lancang River



414

#

JA A5, A R I BRI A FE ATV R R 2R 5 AR i B R IR 4 HIL

29

SRR AA MU 2 XA A B e A R
E 1500 ( B% AR 2R 50 0.275 F110.227) , #uJE A
T A XA A i TR M L I I ) B0 (I
TRRBCH 0.244) | Y B RV HEA 2 Y ¥y B
A EL RO, B AR R B4 i ol - 0..094 il
-0.066; [F]I}, 35 B 5 - e At R e HL &
R A AL R BRAE

TR A Y 5 IR [N 0 25 4 R AR R ([ 3)
R 14 AR R F H AL 5 A5 AR A i 2L
A ERERER I, b RO B A Y B

WO K (AL R BN 0.498) ;55— AN I F——
Ik g WX AR A i A LR ) T [l SO0, A3 e 1 [
SENR e R B X AR A Y e AR [ S, R
R 7 AR 7 H BT oK E X R
AW B BB AE 0] 0N, B AR R4 1 0.080
F10.016; B, 7 AFH0RS S 2S5 IR
7 A BiTRoKEAATE IR, 7 H BitfEkES
TFRATAE R AR, HIER P e A & X
FOA A W) e B B O G RN (AR R
-0.027) .

B
Slope

THFEHAR

Mean air temperature in July

TH IR

Cumulative precipitation in July

0.291 %%

TS

Soil total nitrogen content

0.080%::

~0
-0
2 )**

*

0 ** ~0 s
‘7 * -4, A
d)/ ey Q ffl“ 22 Fitg o .\")

527

Elevation

—0.065%#x ALY

Herb biomass

0.01 6%k

[l B R b AR 1 B4 2B The values in the figure are standardized path coefficients. ***; P<0.001.

3

WL TR M EREEERENESHER TSR ERE

Fig. 3 Structural equation model of herb biomass and environmental factors of shrub communities of the dry-warm valley in
the middle reaches of the Lancang River
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