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Abstract: Although many studies have studied the effects of single environmental factor ( temperature, precipitation, CO,
etc.) on plants, the interactive effects of changing precipitation and temperature on plants, especially of multiple
precipitation and temperature regimes have drawn few attention to date. Stipa breviflora, which is one of the dominant
species of desert steppe in the arid region, would be highly sensitive to changes of temperature and precipitation. Our
objectives of this study are to determine the interactive effects of changing precipitation and elevated temperatures on
biomass and its allocation of S. breviflora, and to discover its sensitive organs, in order to provide a reference for the
biomass change of S. breviflora in the future climate scenarios and the adaptability of desert steppe to future climate change.

In this paper, five artificial control chambers were used to simulate the elevated temperatures ( control, 71.5, 72.0, T4.0,
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76.0) and changing precipitation ( W=30% , W—15%, control WO, W+15% and W+30% ) (based on the average monthly
temperature and precipitation of 6—8 months during 1978—2007 in Siziwangqi county, Inner Mongolia). There are six
replicates for every temperature and precipitation treatment. The seeds were sowed and well watered before control
experiment in greenhouse. Then, 150 pots of plants (four plants per pot) with consistent growing vigor were randomly
selected and placed into five artificial control chambers as different treatments. Temperature treatments were controlled by
artificial control chambers with different daytime and nighttime temperatures, each precipitation treatment was converted to
irrigation amounts of every month and then divided into 10 times to water. The biomasses of S. breviflora were measured
based on leaves, stems and roots after 3 months. The results showed that the interactive effects of elevated temperature and
changing precipitation on biomass and its allocation of S. breviflora were significant. Total biomass, leaf biomass and root
biomass increased due to warming, stem biomass and root shoot ratio (R/S) decreased with the increase of temperature
when warming was more than 1.5 °C and 4 C. With the warming of 6 °C and decreased precipitation of 30%, total, leaf
and root biomasses decreased significantly, but stem biomass and R/S were not affected significantly. With warming and
increasing precipitation, total, root and leaf biomasses of S. breviflora increased, stem biomass increased only when warming
was less than 2 °C, so warming and increased precipitation within an appropriate range might promote biomass
accumulation. Under interactive effects of warming and changing precipitation, the sensitivity of organ biomass allocation of
S. breviflora was ranged as shoot mass ratio (SMR) > leaf mass ratio (LMR) > root mass ratio (RMR) , the stem was the
most sensitive organ. S. breviflora would adapt to the future climate change by adjusting the biomass allocation into different
organs based on its sensitivity. There was difference between the interactive effects of temperature and precipitation and its
single effect, therefore we should consider the scene of interactive effects of temperature and precipitation in predicting the

adaption of desert grassland plants.

Key Words: changing precipitation; elevated temperature ; interactive effects; Stipa breviflora; biomass
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1.1 SEEeAhR
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1500 m) , BES256G A% ke A5+ 20 52 A 1 R AP A5 515 31
1.2 SL9erik
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R K DRIV O LA W i Je A BE A s e AR L 58

Table 1 Average daytime/nighttime average temperature and daily

?‘fﬁﬁlﬁﬁﬁﬁ 5% E/‘J %%ﬁgﬁﬁ{ﬁ{&xﬁﬁ%{ﬁ% 8 min, ﬁﬁﬁ average temperature of 6—8 months during 1978—2007 (30 a)

HKMPEE &7, TR OIGEEREZE (056 L), Ap B/ EESp)
W?‘j‘iéﬁq‘ﬁﬂﬁu%ﬁﬂ( , W% 0.63 kg HX E W%E%%M Month Daytime/Nighttime Daily
SRR B SR T A | R ST JR S A B jg jl zjjgj 12‘3‘3 ;?jj
f= 5 N uwy : . .
12.3 g/kg, BR 145 g/kgo TR TARTREMAT August 22.30/16.30 19.31

S, MR JE AL A 26 R M D Sl 1 2 A B D
6.7.8 H 30a(1978—2007 4E) it I 24736 5 F 7 #4957k
it Rt HR L HEAT 5 AN IREEREEE RN 5 AN KSR BE A A B L 5 AN RR EE 435k 6 BRTRLEE (CK, 30a H ¥l
JE) 3R 1.5 °C(T1.5) ;3836 2.0 °C (72.0) ;1476 4.0 °C (T4.0) ;38 6.0 °C(76.0) , HIEFBRIRFMET,
ST AR vE A B RCRE R R > BT IR AL B 26 1 A IEES AR AR TR A B E R R, 54
IKG3HB BE 53511 R < %o BEREZK (WO, 30a H YREIK) s BEKIE N 15% (W+15%) ; [ K 3G 30% (W+30% ) ; K8
D 15% (W-15%) 5 FEKIED 30% (W-30%) , #5345 ab3AE A (6.7.8 A) METEK R, 5 H ¥4 10 I
A, A BB K AR o A BRI Pk B 3% 2, Ak 6 N EA

R2 1978—2007 £ (30a) 6—8 A AHMEKREFFELEHFRZEKE/ mL
Table 2 Average monthly precipitation of 6—8 during 1978—2007 (30 years) and the irrigation amount every time
k) R[N

Month Precipitation/mm -30% -15% X} B8 Control +15% +30%
6 51.20 31.00 37.70 44.30 51.00 57.60
7 97.20 58.90 71.50 84.10 96.70 109.30
8 98.60 59.70 72.50 85.30 98.10 110.90

FEIEAT R KRR B s i SC IS W S A T B LRI SR T, B R R RS 00 B LR R B
R 5T ATl 28 h e T3 B (R OROGIR 1000 pmol m™? s, B IR BE 26—28 °C/18—20 °C , +IEAHXS & /K it
60%—80%) . [HITH BTl . M 255 1 At ss BRI A7 R 0, BB 26 3 At e &R Pt (3—4 &
W) EW B 4, BRRE 150 2R RIS A 5 4 RXZ 2 B A £ Begm 2 T304 ( RXZ- 500D, T
WARFAER AT AT 3 AT BY7K S LB b 2 (43 RS ) A= B 6 .7 . 8 1 Al B IR K A8 4k ) o #5
Tl SEIR TG IS, B0 3d B[R] — A TG PN R — )23 PO AR AR 57 8 A 7 X6 4 ( 32 B2 SR 9 oo o B R 2
I B ) AR 1 LR Rl — N T AR P9 R 62 AR R A T3 40, 4306 2 RIS TR T34 i R vk 1
FEX 4, DA/ NS B 2 22

FERRAEN TAMAR A 3 A H R WOGR A0 7 ZE R, R BEAE T 80 °C At 2 18 5 J5 FH RS- FRH T i,
Y RARECT H, ZEFAREANALEE 6 NEE R A 3 AN ER (B3 AEERH TR HALSEIE) .
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" " N e ’ o Fig.1 Effects of temperature and precipitation changes on total
lz%ﬂ( iE. j]ﬂ Wﬁia j]ﬂ . H%’ﬂ‘fi IETJ ﬂ]ﬁ E%“% 7T ( [3,% W- biomass of whole plants in Stipa breviflora
15%) (P<0.05, 1), AN FRER R Rl — R T AR K A 3 2 (] 72 P<0.05 7K-F-
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72.0.74.0.T4.0, W+15%F W+30%ALFE T, S Fommok it xR 1 -30% .~ 15% .+ 15%F1+30% ; CK 777
TEABE AN T 5 CK A H 238, H3 = 6. 0°C I} NFRIEE  T1.5, T2.0, T4.0, T6.0 535271 IR 8 70 XF IR KLl |- 3
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Table 4 Two-way ANOVA on organ biomass of Stipa breviflora under different temperature and precipitation treatments

sk TR AL HH Temperature [% /K Zb i Precipitation A2 H AR Interactions
Variables dr F P dr F P df F P
S Total 4 9.247 0.000 4 16.468 0.000 16 3.213 0.001
W 43 Leaf 4 17.894 0.000 4 17.012 0.000 16 1.985 0.036
ZEA: Wit Stem 4 29.289 0.000 4 29.325 0.000 16 1.940 0.024
HRAE R Root 4 25.649 0.000 4 24.180 0.000 16 5.183 0.000
HE3E . Root shoot ratio 4 10.546 0.000 4 2.100 0.097 16 2.561 0.007
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Fig.2 Effects of temperature and precipitation changes on leaf bi , Stem bi , root biomass and root shoot ratio (R/S) of whole

plants in Stipa breviflora.
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Table 5 The coefficient of variation (CV) of LMR, SMR, RMR of Stipa breviflora under different temperature and precipitation changes

Ak IR AL Temperature

Variables CK T1.5 72.0 T4.0 76.0

AW L Leaf, mass ratio/ % 17.16 11.98 6.25 15.10 13.09

£ Shoot mass ratio/ % 22.76 14.80 27.95 33.86 25.31

MRAEY)E . Root mass ratio/ % 9.33 4.86 3.75 6.16 4.59
3 itig

31 JAEE S AR R R K B LR A P A 1

T B2 AR AL AT LS R AR )R AT B 6 ORI iy 45, 1k 2 W R A 0 i 9 0 G . AR AR K R T
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W] TEREKEIG AN 30% I S AR FE 5 B A Wy it B i B 384 P mi 35 m , ELZERS IR 6 °C i AR W) i 1k 3] e K fH (1A
1), 33 PRI A B K 70 A IR, — 5 Y0 BT %) T I T AR AR 200 B ) N A WP A 2B AT — s B 2R T, AT
BT AR ARBE AR SR AL A R A W RN AR LU AR TR 4 °C S BRI T U0 (R
1, [&12) 33 id W A0 AT 20 R A0 1 iR W R A A ] el 7 AR i 43 I SR, DAk PRAIE S AR W s AR 2R AR T
A A A Sk BB RS (938 I, 33X 5 Carlen 25500 Sof Wi Y 6 e 2 A A1 4 (1Y Dactylis glomerata F15fa) .55
Festuca pratensis) WIF5¥ 45 5 — 25, R WAL Pl b B A ) 1k 53 e SR MR 3 1y i B AR 4K

R /K IR BRI T 5 T R XAl K DGR R 2 — . 3E FE S Rk S HE s e A ae Y
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