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Effects of fire on the structure of herbage synusia vegetation in desertified steppe,

North China
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Abstract; Fire is a powerful and rapidly acting modifier of the environment, which is of global importance in natural and
man-managed ecosystems both as a destructive force and management tool. It plays an important role in moulding the key
plant features, population dynamics, community structures and plant species diversity, and contributing to the evolution and
maintenance of plant communities. The aim of this paper it to understand the effects of fire on the vegetation structure of
herbage synusia in desertified steppe and to offer a solid basis for scientific and sustainable management of desertified lands.

We take the herbaceous vegetation in desertified steppe occurring in the southeast fringe of temperate Tengger desert,
north China as a case study and collected the related data through field survey after artificial fire in the spring. The species,
individual number, height were investigated monthly, using these data, we analyzed the plant species diversity, the
abundance and the aboveground biomass, and elucidate the influence of different spring fire regimes on herbage vegetation
composition by introducing some indices, such as the abundance index, the Simpson index, the Shannon-Wiener index and
the Pielou index.

Results from this study showed that: in the first year after both late and early spring fire treatment, the species
abundance and the aboveground biomass of the herbage vegetation in burned plots was greater than that of unburned plots

(control) , but no significant differences were found between the early spring fire treatment and the control. In comparison
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with the unburned plots, the species abundance increased by 26% and 5. 8% and the aboveground biomass increased by
76.7% and 17.5% in late and early spring fire treatments, respectively. In the second year after late spring fire treatment,
the species abundance and the aboveground biomass in burned plots decreased by 10. 8% and 20. 5% , respectively, in
comparison with the unburned plots, and no significant differences were found between them. The species richness,
diversity and evenness of herbage vegetation in the first year of both early and late spring burning treatment and in the
second year of late spring burning treatment decreased in comparison with the unburned plots, and the effects of fire
treatment in late spring on herbaceous vegetation composition were greater than those in the early. The response of the
abundance and height of different plant species varied. The understanding of the influences of fire on herbaceous vegetation
structure in this study indicated that the responses of herbage synusia vegetation in the desertified steppe to fire treatments at
different times are far different, which implies timing of fire treatment and the careful management of desertified ecosystem

by using fire as a tool.

Key Words: fire; desert grassland; biodiversity; abundance; aboveground biomass
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2009 AFRAF JCBEAL IR YA 2R B FCAI B R 22 BE RN 5 o RTES /N JE R A D 22 R Sk A
PRI s T TCE e T R S 2 R TC B R

®1 REUEFERNEREEXREREMFHRARNTL

Table 1 Change of herbage synusia vegetation composition after fire treatment in desertified steppe area

2008 4 2009 4F:
Yfp 5 1 4F The first year %3 2 4E The second year %5 1 4F The first year
Species KEFEB XHC R kBEB XEC BnR kBEB XHC e
/A /A /% /A /A /% /A~ /A /%

ZARH A, polyrhizum 1183 644 84 721 577 25 487 224 117
HIE C. alaschanica 183 150 22 29 232 -87.5 130 122 6.6
Tt BaFHE C. songorica 181 120 51 40 36 11.1 121 113 7.1
HHIE A, membranaceus 50 70 -29 157 96 63.5 28 12 133
T E. brachystachyus 37 74 -50 62 248 -75 205 226 -9.3
BRE A, capillaris 15 265 -94 896 704 27 215 373 —42
/NIEE E. poaeoides 44 1 4300 - - - 2 6 -67
WS C. ermum declinatum 4 13 -69 2 1 100 2 3 -33
BRUETE P. harmala 4 - - 2 1 100 0 1 -100
KIT4 A. sprengeri 2 1 100 2 2 0 2 1 100
AR P. asiatica 15 12 25 100 295 -66 12 37 -67.6
MR S. viridis - - - 17 2 750 88 49 79.6
WL Rk E. gmelinii - - - 6 61 -90 1 36 -97.2
R H. glomeratus - - - 1 4 -75 1 0 -
W FE Z. lummucronatum - - 3 1 200 4 11 -63.6
Y A, mongolicum - 3 -100 1 3 -67 0 2 -100
NS 1L gracilis - - - - - 1 2 -50
WAL H. hispidus - - - - - 1 9 -88.9
HAb - 6 -100 1 1 0 1 3 -66.7
J3t Total 1703 1347 26 2040 2288 -10.8 1301 1230 5.8

B: &% Burned C: X Control

4.2 B[ E] KBS A YA R 7Y 2k 60

KR g o
BRI R R SRR BRI BB 2 S5

(Ao AR T R 45 W S O B A T Rl S 2, |

REIFL REREQ B> R B Jobe TARRPR e 2

L P2 RG] AP NI T Y NG DS Ao B e S S
BB Z ALY o AR R0 B2 SR WY, A [) 1 (] A i Month
KA FR | HA ) Z 46 P48 2K Simpson A1 Shannon- 1 2008 — 2009 & B oK 5
Wiener 45 450H X BEUREHBAIC, AN [7) Hef i) b A 25 Fig. 1 Comparison of monthly precipitation between 2008
ROIRNZREIER LN R KBS AT < IR KBEEE 2 4F and 2009
<A <X H(FK2), RUWIFFREERSFEEA
J2 R R R Z RN 33X 5 R B SRR S R — B

Y LI EEHE L Pielou evenness SCBRAZAETT A 2Rl o3 A1 19 X 51 R FZ , RV b A AR 2 ) 19 22 53, HG
BB R REO A4 57 Y S BERROR Y S i3 2 TTAHL, Pielou 3557 BEFR B (b A 3 55 Z R MRS H0H
[, RO A K PRI ) /N T LA KR, R i T A JOBe R 2R 20 i RS | Je v Ba 7 R L N 2 A i Vs
PAFTOALIAFD 7 B EERY 90% —92% , SIS FEREAIL, TR K befa H b 85%
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e 3 LT AN [ A ] K S AR R 25 1 25 4k, 2008 AR KBS SR AR 2 AR SRR R U 22 Sk A
BB DA RVD 2 N TR 5V 22 S S X Rt e A IR B A A A 24 A b v 4y A DL
2009 4RI KCBEIR , E JCHERE L H BURBEAE AN At sk, S ECHRY A ZHAPERT I, X2 — SR A HE
B HAR AN PR 2 A 5 i

®2 TR ENGEEYHESESFEEY

Table 2 Species richness and diversity indices after burning treatments at different times

R R
FEEL Index 2M4E The first year 5 2 4F The second year M4E The first year
K% B xR C KBE B XTHE C k4% B R C
Simpson F§%% D 0.4925 0.7065 0.6723 0. 8002 0.7840 0.8192
Shannon-Wiener $5 % H’ 0.4735 0.6683 0.6166 0.7972 0.7777 0.8599
Pielou 5] & J 0.3235 0.4469 0.3577 0.4607 0.4582 0.4999

B. k%% Bumed C. Xf18 Control

R3 TR ENEEMFHHREENL

Table 3 Change of species composition after burning treatments at different times

Gt IR T
PFh Species M4E The first year %5 _4F The second year M4E The first year
K% B XTI C Kb B X C Kb B X C
ZARZ Allium polyrhizum ++ + ++ + ++ + ++ + + + + + + +
H3% Cornulaca alaschanica + + + + + + + o+ + + + + +
Tet=FaF%E Cleistogennes songorica + + + + + + + + + + + 4+
I Astragalus membranaceus + + + + + + + + + + + +
TS Enneapogon brachystachyus + + + + + + + + + + + +
BT MRE Artemisia capillaries + o+ o+ o+ o+ o+ + o+ o+ 4o+ 4o+
JNIE Eragrostis poaeoides + + + 4+ + +
WS Corisp ermum declinatum + + + + + + +
U%BEIE Peganum harmala + + + +
K114 Asparagus sprengeri + + + + +
ZER Plantago asiatica + + + + + + + +
MR Setaria viridis + + + + + +
223k Echinops gmelinii + + + o+ + +
% Halogeton glomeratus + + +
Y T Zygophyl-lummucronatum + + + +
VP2 Allium mongolicum + + + +
Y72 Ixeris gracilis + +
LY Heteropappus hispidus + +

B. k%% Bumed C: Xf18 Control

4.3 BTN E] PN T BB A Z B A P R R

XT 2008 AR KB SAE B 2 AE I 2009 AE LR JCRERE Mk b AE Y R AT LA, BB 2 FTDLE Y
BB SE BAE  BAZ e B AR R TR REAE L (P < 0. 05) , A 2 4R b R A= 4 S5 0 Bk A
85 TR CRE S AF T v T X0 BEFE M, LR PIARE R R K it R B (181 1) ,2009 4F 7 H 3] 10 H KT
2008 4F, T2 2009 4F 10 J 350 D H F AR Py it SRR, iR A AR be b b AR M e e T B R
PR T AR L T A TRl Rf ) 480 T BH Y A ST i 1 AR, 224 A AR 2 BN 5 i I AR K e
W F KRR IE 00 T M 5508, O — B85 4 S8 55 M Ah S A T AR A7 2 0], HE G 1 22 AT 80 135
A RN (B ICBEJE S 2 4F KPR TR A T RIS, B B A i S R R T A A
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