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Effect of grazing on the plant functional group diversity and community biomass

and their relationship along a precipitation gradient in Inner Mongolia Steppe
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Abstract : There has been a rapidly increasing interest in the effect of species diversity or functional group diversity on ecosystem
productivity. In order to search a general diversity-productivity pattern and find the mechanisms underlying the pattern,
ecologists have undertaken many empirical studies. But the diversity-productivity connection still remains unclear. The main
purpose of this study was to examine the effect of plant species diversity and functional group diversity on productivity of
different communities in the Inner Mongolia grazing steppe. Four typical plant communities Stipa klemenzii, Stipa grandis,
Leymus chinensis and Leymus chinensis + forbs, were chosen along a precipitation gradient. In each community 2~ 3 grazing
intensities were chosen, a total of ten experimental sites were selected. Aboveground biomass by species was sampled on each
site using twenty 1.0 m X 1.0 m quadrats. Belowground biomass was sampled in three layers 0~10 cm, 10~20 cm, 20~30

cm using ten 25 cm X 25 cm quadrats. The Shannon-Wiener index was used as a measurement of species diversity and
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functional group diversity. The plant species of the ten sites were classified into functional groups based on differences in life
form, water requirements and photosynthetic pathway. These factors influence their performance, resource requirements,
tolerance to water stress and seasonal growth. The life form functional groups were shrubs and semi-shrubs, perennial bunch
grasses, perennial rhizome grasses, perennial carexes, and perennial forbs and annuals and biennials. The water ecological
functional groups were: xerophytes, xeromesophytes, mesoxerophytes and mesophytes. The photosynthetic pathway
functional groups were warm season plants and cool season plants. The life form functional groups responded differently to
grazing iﬁtensity in different plant communities; in the Stipa klemenzii community, perennial bunch grasses decreased while
annuals and biennials increased with increased grazing intensity; in the Stipa grandis and Leymus chinensis communities, the
perennial bunch grasses and rhizome grasses decreased while the perennial forbs incrcased with increased grazing intensity and
in Leymus chinensis -+ forbs community, perennial rhizome grasses decreased while perennial bunch grasses increased when
grazing intensity increased from un-grazed to moderate grazing. Grazing decreased cool season plants and non-xeropytes while
the warm season plants increased. Results on the effects of grazing by sheep on species and functional group diversity have not
been consistent across all plant communities: species diversity, diversities of life forms and water ecological types decreased as
grazing intensity increased except in the Leymus chinensis + forbs community. Grazing reduced the aboveground biomass of the
communities except in the Stipa klemenzii community. In this case the annual warm season plant, Salsola collina, became the
absolute dominant species in the community. There was no significant change in 0~10 cm belowground biomass except in the
Leymus chinensis community and grazing reduced the 0~ 30 ¢m belowground biomass in the Leymus chinensis and Leymus
chinensis + forbs communities. The relationship between diversity and biomass in Inner Mongolia grazing steppe can be

described.

Key words :grazing intensity; functional group diversity; aboveground biomass; belowground biomass; Inner Mongolia steppe
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GZEBRMRAPVEEEERAFEENHEESEN. RERBAMRARERZMMARITLLGEHBAHLDRE By FE T
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Table 1 The characteristics of experimental sites
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Steppe type
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E116°41°
E116°33'18"
E112°40'
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Fig. 1

The effect of different grazing intensity on different community C3, C4 composition

BE¥k Stipa grandis community, c: £ HHIE Leymus chinensis community, d: FH 4

KEBEIE Leymus chinensis+forbs community
X2 ARERBEEARNRBEEETEWAEFTN M EHFER g/
Table 2 Dynamics of aboveground biomass (g/m?) of plant life forms in different grassland communities under different grazing intensities
NS N L ZIEE KL ZiFE — T 4F
HERRE & &L g
. . /PR R MEERE BERE BEXK REE A
Community Grazing , , _ _
_ _ Shrubs and Perennial Perennial Perennial Perennial ~Annuals and
type intensity , , o
semi-shrubs bunch grasses  rhizome grasses carexes forbs biennials
U 2. 2a 80. ba 0.0 1. 4a 4, Oa 20. 6¢
SK M 3. 7a 19.1b 0.0 0.1b 5. ba 92. 3b
H 1. 9a 19. 7b 0.0 1. 1a 3. 8a 187. 5a
U 3. 4a 69. 4a 32. 8a 11. 3a 14. 2a 2. 5b
SG M 0. 1b 41. 6b 9. 2b 1. 6b 0. 2b 6. 3a
U 22.9a 111. 5a 7. 6b 11. 6a 13. 2b 27. 6a
[.C M 0. 0b 49. 5b 20. 2a 5.1b 0. Oc 0. 2b
H 0. 0b 31. 5¢ 5. 5b 4. 9b 31. la 0. 0b
U 0. 4a 26. 0b 141. 7a 25. 2a 84. 2a 1.3b
LC+F M 2. 4a 66. 1a 39. 6b 18.1b 86. 3a 18. 9a

U A # Un-grazing intensity; M §9 E B4X Moderate grazing intensity; H 2 B U % HUBGR B Heavy grazing intensity ; 32 CF R #

JR) — R & A [R] 0B B 18] /9 AL AN ]
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Table 3 Dynamics of aboveground biomass (g/m?)of plant water ecological types in different grassland communities under different grazing

intensities
HELR i & Y B4 B4 R4 A
Community type (Grazing intensity Xerophyte Xeromesophyte Mesoxerophyte Mesophyte
U 106. 6b 1. 4a 0. 7a 0.0
SK M 120. 4b 0.1b 0. 2a 0.0
| H 212. 9a 1. 2a 0. Oa 0.0
U 121. 4a 11. 3a 0. 7a 0. 2a
SG M 57.0b 1. 3b 0. 3a 0. Oa
U 147. S5a 13. 5a 32. Oa 0. 3a
LG M 68. Ob 5.1b 1. 9b 0. Qa
H 68. 0b 4. 9b 0. 0b 0. Oa
U 150. 3a 14. 4a 58. b 54. 3a
LC+F ) M 89. 2b 40. da 91. 3:} 10. 3b

£4 FRERRERAMUEE FOMANDERSEENTL

Table 4 Changes of species and functional group dwersnty in dlfferent communities under different grazing intensities

T WO ) 25 A 1 EEBERE  KAESKRERE Nt A RT L RN
Community Grazing Species Life form Ecology water type Photosynthetic pathway
type intensity diversity diversity diversity diversity
U 1. 74 1. 14 0.16 0. &6
SK M 1. 31 1. 08 0. 03 0. 58
H 0.75 0. 69 0. 05 0.21
U 2.18 1. 87 0. 48 0. 24
SG M 1. 90 1. 28 0. 21 0. 90
U 3.18 1. 91 1. 01 0. 55
L.C M 2.23 i. 20 3. 53 0. 82
H 2. 09 1. 59 0. 36 0. 81
U 3.13 1. 70 1. 64 0. 00
LC+E M 4, 35 2.13 1. 70 0.10
£S5 AAERHETEAASNEETHELHGERNETEDROTN (g/m?)

Table 5 Changes of above- and below-ground biomass in different communities under different grazing intensities(g/m?)

i R R BE W ERFES # T P& Belowground biomass
Community type Grazing intensity Aboveground biomass 0~10cm 10~20cm 20~ 30cm 0~~30cm
U 108. 7b 404. Oa 143. 2b 64. 8b 612. Ob
SK M 120. 7b 554. 2a 155. 4b 86. 2b 795. 8b
H 214. 1a 582. 9a 203. 0a 125. 4a 911. 4a
U 133. 5a 617. 9a 194. 1a 115. 5a 927. 7a
SG M 58.7b 538. 2a 183. 0a 96. 3a 817. 8a
U 194, 3a 1127. 0a 355. 2a 223. 0a 1705. 3a
LC M 75.0b 664. 8b 186. 2b 134.1b 985. Ob
H 72.9b 675. 8b 185. 9b 122. 6b 984. 1b
U 278. 7a 1007. 4a 721. 6a 286. 6a 2015. 4a
LC+F M 231. 2b 1070. 2a 341. 6b 198. 4b 1610. 2b
2.4 ZHEENMAYROXER
B ER T ARBENEE IMEEERNTIBENR, M FHE  ZEEERBCRE A IERT T R, WAL TR
BOIR B AR BR T T, = LR S I s 76 3 BB R 3 BV B 0 P ) OO B RO R A T a3 — 3 R
FRBEBE A AP PERB L EESEAR MEZH THEBEHER (R4 RS  XRAZHFEMET HERIMXRERE K
FERBEAEEAFEN., KM, MEEKTSERIBERT ARG ER 4 MEBEEOZREESE #ET SRR E 29, M &2

WEERUEHINCRAKNGE 6. AE6KETLIFH,
HEEMEZHEKFEARHER, HP

ENGCEZ 3% -2 NI Y NG
KESEUERESHT i BT 52

KA BB KERRNEZBARILRAGT, H
R E R R G?=0. 85,7

=0. 84, p<
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A ARARME— (o C MY H &3 HHNABA

RS BB B AR B F (p<<0.001),
= R R . EE1E
R R EHENC, A

1B IR L H

H, HKrESRBAES/ERERIERZ &
SR ENAMAEAEAANSFLEREBEERASE
Yy TR RER /DR . BEE™ IEE;

-

MM LIRS,  BENE=HRE. AINEEHERRLSEESETIRNXAN,  EERBTAYEREFTINE
2.
*e6 ERESEHRPIEXSH
Table 6 The relationships between diversities and biomasses
SRR I I 7 R R BEHKF
Diversity index Regression equations R® P
i fh £ B Species diversity () Y,=71.1+34x 0. 21 0. 180
Y, =330+ 353z 0. 61 0. 008
Y;=401+4387x; 0. 57 0. 011
H 3% B 2 FE M Diversity of life form functional group(axs) Yi=69.7454. 1x; 0.10 0. 360
Y;=1494676x; 0. 43 0. 039
Y;=219+730x; 0. 39 0. 052
7K 44 A 2R L1 Diversity of water ecological type(x3) Y;=095.7+86.4x; 0. 50 0. 021
Y;=713+688x;3 0.85 0. 000
Y;=809+774x3 0. 84 0. 000
Y41 g 22 8 B Diversity of photosynthetic pathway (x4) Y 1=249—193xy4 0. 81 0. 000
Y;,=1567—831xy 0. 40 0. 051
Y3;=1815—1025x4 0. 47 0. 029

Y,: #h B F B’ Aboveground biomass, Y3:

and Y

3 itig

Z AR BN BUE

To BB P o U AR 8] 55 G R M EHORVE R,
BRI BRI 5 T 8%
EFPPIENTREREA ARLREERSZT 8a AYR .1
MR AT EA  XS5XEMNEEERE RS BHFENELIER X, Marc Proulx"2 & LA T 30 B XEH 3

RF B B2 0 R BE V% BT Ab R 45 B9 2255 (nutrient-poor) F1 B A& (nutrient-rich) F &, 7E£
R RN RS R R EERBEANERERREREINT, FERKERS

e HAIEH
WAL ; MP

BT ) F &
WY ERE, RZ B mEY) =
.U KENEZEENGRS
AR E BN RE W TSRS X 5FAXER B, BRI FMERERE, FAES
H R ER, 253 10a(1993~2003 F) M ELERN . EX T BETHEEF
S EMERENBEET R, EES BB HEY B R F E (Cleistogenes squarrosa)  ¥¥ &
= K {2 7
CHTHEE . ERFEEYS E R BT — A T 1k B RO
NGRS &6

3:‘
SRR,

R ERRFRERGEETE, XV RBIE T B
B A X A2 2 WA X
(Artemistia frigida) B EBRFF  FKE LR HBTHED -
TR, ERT 2N
U . BT L, HE 4 2 0 B T BE B 25 i B R BORR
%, 1 H ik 5B
R HNEHERE
FHAFRLER,HYEZH

ARER#HE M RFEES T H R PR
HooREmKE ./ M FERERXERBRRR FRTA
“BLEX D F HBERESRFRELAK . EHEUARFES
R A T B . AR b - B B R CBOR BE A AR A LR
PO (25 A P 5 Ay B R R X b 4

mAEE,
(F5).,TF

£ 7% v 3 B 7 2K BB 9K % I D A ML
FETERB AN P A K L B A D 1Y 2

SE

KL

) RRAR , A FFB P BE S

P S84 5%, A [ B9 B0 S T A

Y RE B A R B A

4 ) b 8] 32

- BRAERESE

B AR LS
| B85 AH 10 B9 OB

)

T 4 # & Belowground biomass, Y3:

B FAKEF R MY R R E TR R I 32 HE R R BUBON A
BB IR, R T KRB BRI A

4, A 9 il 4 B 4
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