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Effects of interactive CO, concentration and precipitation on growth

characteristics of Stipa breviflora
SHI Yaohui'?, ZHOU Guangsheng'*** | JIANG Yanling', WANG Hui'?, XU Zhenzhu'

1 State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Beijing 100093 , China
2 Graduate University of Chinese Academy of Sciences , Betjing 100049 , China
3 Chinese Academy of Meteorological Sciences, Beijing 100081, China

Abstract: Although lot of the studies on the effects of single factor, such as atmospheric CO, concentration and
precipitation, on plant growth characteristics have been done, the effects of interactive CO, concentration and precipitation
on plant growth characteristics have not been studied yet. Those restricted the comprehensive understanding and accurate
prediction of the effects of global change on plant growth characteristics. Stipa breviflora is one of the dominant plant species
in desert steppe and a kind of forage grass with high quality. Investigating the sensitivity and adaptive capacity of S.
breviflora to climate change is significant for maintaining the stabilization of desert ecosystem and the security of
stockbreeding. We had studied the effects of increased CO, concentration and varied precipitation as well as their
interactions on the growth characteristics (such as plant height, leaf area, survival rate, leaf number and biomass, etc. ) of
S. breviflora based on the simulation experiment using open-top chambers (OTC) from June to August (the main growing
season) in 2011.

In this paper, three levels of CO, concentrations ( control, 450 and 550 pmol/mol), five levels of precipitation
(=30% , =15% , control, +15% , and +30% based on the average monthly precipitation from 1978 to 2007 in Siziwangqi

county, Inner Mongolia) and their interactions were studied. There were six replicates (i. e. , six pots with four plants per
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pot) for every CO, concentration treatment and precipitation treatment. The seeds were sowed on April 18" and well watered
before control experiment. Then 90 pots of plants with consistent growing vigor were randomly selected and placed into
different chambers as different treatments. High-purity CO, was pumped into those chambers with high CO, concentration
day and night, regulated by a CO, automatic control system. Each precipitation regime was converted to irrigation amounts
of every month and then divided into 10 times to water, i. e. watered every three days after 4:00pm. The chambers were
covered in rainy days to avoid extra water input. The whole experimental site was covered with sun-shading net to lower the
temperature in chambers at 9:00—16:00 on clear days.

Plant heights were measured in late July and late August, respectively. Leaf number, leaf area and biomass were
measured at the stage with the biggest biomass. The results indicated that, comparing with the control, the growth
characteristics of S. breviflora did not change significantly under 450 wmol/mol CO, concentration. However, the biomass,
plant heights (in July), leaf area and single leaf area of S. breviflora increased significantly under 550pmol/mol CO,
concentration, while leaf number and plant heights (in August) did not change significantly. The changes of precipitation
obviously affected the biomass, leaf area, leave number, plant height and survival rate of S. breviflora. The interactions of
increased CO, concentration and varied precipitation had significant effects on the biomass of S. breviflora. CO, fertilization
effect could offset the adverse impact induced by decreasing precipitation, but the effect of increasing CO, concentration
would be reduced markedly when the precipitation decreased about 30% . This result would help to understand the

adaptation of desert steppe to future climatic change and to make countermeasures to cope with climatic change.
Key Words: precipitation; CO, concentration; interaction; Stipa breviflora; growth characteristics

KA CO, He i Bl TOlALTTZY 270—280 mol/mol 34115 2009 4EH 387 wmol/mol" | #iit %] 2050 4Kk
F.CO, WPEEFIEF] 550 pmol/mol Ze47"1 KA CO, WRIE T4 — 7 il EL TP A E R A K & F B
M), 53— T, e RS A < Y 38 RO ™ 75 4 R 2 5 I /KA Jm 5 0 AR | ) 422 5% T ABL ) Ol G VR T RAE
kE,

KT KA COMRBET " Kok 43246 3R i g i N A E 261 J T R 9T, (126 T €O, FK
4338 AR X HE Y 5 MBI IS A5 A 2 i 24026 R A o A BR AR Ab i 17 B 27 4 PR S 0, & T €O, M
T FOARAELE B R 700 }.Lmol/molw'x] 550 pmol/mol a B R A RO R Ay AR AR 22 L S 4 K
/RS TE R PIBKE NS R T R AR SCIR BT K SR B S EERIN TR TR AT
PRI XT K 43 0 B K BB R A B R i Y R RIS CO, e B T i K 40 W 2 A SRR A A
[vl , R 22 A7 AR R R R ), e AT 32 B A st ] BEAE AR R I 22 517

FIAEET 5P (Stipa breviflora) 2 VY FHES Wz 5 78 376 88 00 Jt p) e Al 76 3R 1 S 200 A 7 N 58l v B g S )
L ik AR B SR PR A M X R AR O L SR ORE B T TR GRS DR AR
FELARAEET S5 TR 4, R IF T A A6 (OTC) B CO, ¥R 3 T i AR /K B 28 Ak Wb [m) VE HI AR5
A R ARG I SR AR S AR AR A Pk |, R A SR S AR A% 5 T S SR A Bl 2245 HIL S B ol
A P BB AR
1 SEEHRIGE
1.1 Stk 5T

SCEF 2011 4F 5 A 2 8 A e ERE B AEYI NG AT ARE SR T TSR AT — AR AR T b Rl
BEAR I IF I T 12 22 B2 AT i A S FFE 3% (41°43'N, 111°52E, 4K 1420—1500 m) , 48 0. 5% & % 1R 40 15 W T
# 8min , K 0P RJ5 #4% . ORI T P9 52 B MRS e o J LAY AT -

SCEEE 3 S CO, WRIE K XF BE ( Control ) (450 wmol/mol F1 550 wmol/mol , BEA4NU BE /K- 3 AR St
9 MFIAAZE(OTC) , LRI &2 Co, MR, FIH CO, A Ml REIAT 24h Wids, 14080 W 1
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WEN CO, AT, JHEAS CO, WEEAKSF, LU AL £ 50 Fh VB M N 520 2 22 28 U 7 £ 6 .7 .8 A
f 30a(1978—2007 ) H YRR 5 Xt BRI E 5 NREK R . -30% (W,) .—15% (W,) XTI (W,) . +15%
(W) F1430% (W) , B AR R K K & P T AL FE AR SR 2 0 RSB A 38 [k e 5
R AL BRSSP A 3d BRHE 1 R, A AEARSE R IR D 30 4F H K B 4% 7K A3 Ak B A R B TE K L
#1,

F1 EIEHFFIRK 30 £ (1978—2007) A FiEKER EKF L EEKER
Table 1 Average monthly precipitation during 1978—2007 and water supply for the five water treatments

Ay H YK FFUE 7K Trrigation amount/mL

Month Precipitation/mm W, W, W, W, W,
6 55.50 36 44 52 60 67
7 92.73 55 67 79 90 102
8 67.58 44 54 63 72 82

Ws AXHR, W, W, W, B W 3 AR BK BT BRERAL E-30% ~15% \+15% F1+30%

FEHEAT CO, WREEFI/K AR M S AT e T B A JE T, (1) B4 H 18 HEER K -4t i 22 B
HA sk R A5 AR IR BR D, B AR R AL A SR T 10 B e (EARE PR T R 2R
94.4% ) , /K 100 mL, FfiJ5, AR E B (R ROGIRZ 1000 pmol - m ™+ s™", B A il & 26—28 °C/18—20
C),EMBEK, (2) B SET AR ES 1 g 2R P a3 TR, BRI SE 3 B kot & R Jr et it
TTRE W, B A U A b H— B 2l B R B 4 bk

5 H 23 HH# 90 @ci b BHEPLEE A OTC <=, BAMA% 10 4, 2011 425 A 31 HIFmRIERISLE . s
SR B FEAE S HEATRREE MK AR A6 K 43 A5 — 3, # I SE I T iR 5 B Rk A — Ik CO, IR,
LRI E MBI NAMEE B 3d 7E 16.00 J5 587K 1 IR, TR B0 BRI, iR T 9.00—16.00 H3H FH
PSS 4588 5, FH 3 XUBTLAS [ B [) A<C2  s XUA B 1k R S i 5,6 .7 .8 A NI H 39535018 27. 8
27.7 CHI26.5 C,
1.2 WL bR

(D) TESFHERAATESR 27 M8 H N AJSE T AR pR s W, YRR i 48 11 A8 [ b 2R 4l AR B A A2
RO EERR R, A WinFOLIA ( Régent Instruments Inc. , Quebec , Canada ) A4 F 73BT 22 G0 7 5 RK 6
AR,

() Aa RAWGRIEAE 9 A 2 HHATIE , D E A G AR A SR AR 1 i 25 AR (Zead 0 o 4 Ao
o) WA (75°C P B E G R HERGE 0.01 ¢ P RFFRE) .
1.3 Hdaadr

RS HT A SPSS16. 0 [ B 2 7 25 AT 2 TR R 220 M 5 ik, 4T AR TR CO, ¥k BRI 7K o
JE B D R PO ORI b s el 1) S 5 . A 0 2 ISR A Duncan 22 5 LA /0 AT 45 A 3R] 11 S 35 P 22
5, BEMKFEHR0.05,
2 RN
2.1 MEKRAFIER

R K A A AR JLAE ST S AR AR A 16 R M R (3R 2) , B [ /K A A DA AR AR A T35 6 1 I, e K g 2>
30% (W) M AT RAL N 66. 7% 330 IR (W, ) AR RIEAK 14. 6% (£ 2) ;CO, e Th i X HARAT 1 R
A B R
2.2 FHEMRERS

FALET AR WI(T A) A Co, BT, B MK I 2 Rl (0 W, AW, B Ab B2 )Rk =
ERANEE(FR3), FEMHFEFEKEZET, 548 (Control ) A Lt ,550 wmol/molCO, ¥R FE Tk & i &3 = , 7
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W,—W.5 PR P AR G 14.4% 33.7% 20% 20. 4% F120.3% (HFEFE KR 30% (W, )
FUEF CO, TR SRR S ZRARE

x2 CO, REASTEAETUIEEH FEKETENZIN %

Table 2 Effects of elevated CO, concentration and changing precipitation on the survival rate of S. breviflora

[k s 4k CO, #J¥ CO, concentration ( wmol/mol)
Precipitation change Sif 1R 450 550
W, 66.7 62.5 65.0
W, 66.7 58.3 70. 8
W, 81.3 75.0 75.0
W, 87.5 83.3 87.5
W 85.0 87.5 87.5

K3 EEHFEKRKSI CO, REFATMPEKEZLHIIME cm

Table 3 Responses of plant heights of S. breviflora to elevated CO, concentration and changing precipitation

CO, ¥/ ( wmol/mol) [ 7K F 784k Precipitation change
CO, concentration W, W, W, W, Ws

7 A July Xt B 11.58+0.63d 16.38%1.45¢ 21.98=1.38b 26.55+1. 70a 26.92+0.45a
450 11.20+0. 10d 15.25+0.85¢ 23.21+2.89b 27.89=0. 40ab 25.4320. 14a
550 13.25%1.80c¢ 21.90+1.11b" 26.38=1.24b 31.97+1.78a" 32.39+1.60a"

8 H August it 25.55+0. 67b 30.74+1.55a 32.45+1. 11a 32.15+1.40a 33.06+2.27a
450 25.67+0.73b 30.000. 43ab 33.14+3.40a 33.61£2. 14a 31.77+1.24ab

550 25.52+0.67b 30. 870. 86b 35.03%1.11a 35.260. 60a 35.13£2.27a

bk m R S B AR R 22 (n=3—6) s AR I/NE TR TERHR] CO, WRBET i TRk BB S EE P<0.05 K L2253, =
FEAR K KT CO, IRETHRITE P<0.05 KF 12250 3%

BRSSP AE KRG8 ) A CO, MEETR , SXTR(W,) AL, Bk sz (W, W) B B AIR T A 464t
IR KIS 2 (W, W) — @B EE B3 TRk = M2 AR (R 3) . FEMFIBKEZMGT,
5% BEAH EE 450 pmol/ molCO, ¥ B Rk 5 25 AL S i R (35,550 wmol/mol CO, ¥ JB T A Bk bk v s A5 44 i HL
ERARRE,

2.3 e
2.3.1 RS TR

FHIA CO, WREETR B MoK B3 2 A ik S AR I a2 K B34 15% (W) & i TR i 2
o (E 1), MRS T, A CO, e BESE N, A bk St ARG 3G a3, 5 X7 B LT, 450 pumol/
molCO, ¥ & T AR sk i T A BE IR 182,550 wmol/mol CO, &8 T AR Ak B - i AR 2 16 . W, — W, 5
AR SR A AN 14.5% 20.1% 18.7% 18.3% F113.2% . FEKEW 15% %44 F,550 pmol/mol
CO, M5 XTI CO, R BEAH EL bR K, CO, MRBE T+ 4578 T (550 wmol/mol ) , BEZK I 15% (W)
Ly ISV NI AN o
2.3.2 HHEA

HHIE] CO, WRBET , B AR A X 4 A6 BT 25 B T AR M S 25 Bt 25 948 7 e 84 T oo i P 7 44 K {H
K Z (W, W) Az m) 22 5 A 2 (K1) . MFFBKESAET, SXHR CO, WREEARLL  RifEH 55
T FRAE 450 wmol/mol CO, e JE T A B 27284 76 550 wmol/mol CO, ¥ T W) i E 4 K 78 W, —W, 5 4>
Ra K 5 R A3 s N 5. 6% 14% 13.5% 9. 4% F18. 6% ,fH KR/ 30% (W, ) &4 F, CO, HeFE K550
pmol/mol 5 XA CO, WKEEM L 2ZRARE , CO, WREF AT, /K 3G N AT DUE 2 50 A6 5125 S i i AR
PIIE R,
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£ 2
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Es a2
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£ 2
Eg 20 § 0.5
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0 0 4
W W, W Wi o Ws W, W, W Wi W

gk 822 4k Precipitation change &K &2 4k Precipitation change

1 EESFEE S ERMERERI CO, REFTMEKEEL AN
Fig.1 Responses of plant total leaf area and single leaf area of S. breviflora to elevated CO, concentration and changing precipitation
ANF/NE FERIREAER CO, WeBE T i TREK RS EE 0. 05 K- 125 B3, » FRTEAH Rk Bk F  Fixt By BEAR L €O,
JETHAAE 0.05 /K b2 57 k3%

2.4 WHEL
FIE] CO, WRIETS , A MK, Je AEAT P Rk I e B R T 22 | KR 0 15% (W) Ja S i
W%, XTI (W, ) B R, B e HOR D 30% (W) B RERR I 8t S 28 m/0 , BAsi 19.1% A
IR AR T, SR CO, WRBEMTLL, CO, R B TH i i A6 B1 5 R bR (9 I i B 2 (R AR (A B3 (4
2), CO, WHEFFREHOAPET oK BERG BN, A BT S50 F B
2.5 MbREAYE
FHIR CO, WREES | B WK G I, e AE Bt 2P AR R AR W i B S IR DB 34 (181 3) o FEARSEHR 5 FK
ALK BEK BN 15% (W) BAEE A Wi ik B R AH, R /K S5 0 309% (W) BEAEEE S AR SR
Wi BRI N 15% (W) A Frigib 5 W, Rl W, PIRpfEK AR B 22 S N B 28 MR 26 1F T BER
CO, MIZIEI JEACHT PR bR A W ka3 . S5XHAR CO, WBEAHIE 75 450 pumol/mol CO, ¥R H A7 Bt
HANIME 22 5 AN B2 MAE CO, WRIE R 550 wmol/mol B BRIFE/K I8/ 30% (W, ) 38N B340, g R KK

35 12 -
- X a*
3 450umol/mol

3 450umol/mol

30 mmm 550umol/mol,

ababb 1.0 EE 550pmol/mol

— on
a 25 =
5 Z 08
=3 2
2 5
g 3 0.6
Zs s
Q
3 I 0.4
& 10 ]
: i
B
5 0.2
0 - 0
\ W, W3 Wy Ws Wi W, W; W, Ws
[ sk &8 4k Precipitation change W7k #AB 4L Precipitation change

B3 ERSFERDBEYE ()X CO, REFATMEKELN

B Wi iz
Fig.3 Response of plant biomass (g) of S. breviflora to elevated

B2 \EEFEKRMHERT CO, REF T MMEKE T ML
Fig.2 Responses of plant total leaf number of S. breviflora to

elevated CO, concentration and changing precipitation
CO, concentration and changing precipitation
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PR AR B ERIN, CO, WRBETHE AT, KK R R i nT U] e i S AR AR AR A
2.6 ARIIRZINFETT 20T

Xf B K AR CO, BT i LA S i S HAF R Z I 3R 05 22 00 H kW] (3R 4)  CO, R BERE 55 [ K
AR R AE BT AR PR A W R AR AP AE B IS HAE T (P<0. 05 ), Herf CO, W 550 pmol/mol R 7K 4234
159 (W, ) 32 EAEHTT AR R A= Wi K, T A i R IR RS 8 B A T A8 i AN S 25

x4 FE CO, REMBAETUTREEHFERKEFHERARAESN
Table 4 Variance of the growth characteristics of S. breviflora to elevated CO, concentration and changing precipitation
AR CO, W CO, concentration [k Precipitation 38 HAEH Interaction

Variable dr F P df F P df F P

£ Wit Biomass 2 43.735 0.000 4 56.229 0.000 8 2.863 0.017
¥k (7 H ) Plant heights ( July) 2 22.869 0.000 4 103.768 0.000 8 1.01 0.45
i Single leaf area 2 20.623 0.000 4 32.027 0.000 8 0.443 0.886
ST Total leaf area 2 20.569 0.000 4 76.087 0.000 8 0.299 0.961

3 itig

AMHTEFI | oK AR A REAE ST AR AR A7 15 28 BRI T CO, ¥R B T v Xof LA 1% 28 1) 52 e A B
B P, KA R 52 T R X AT SRR TS I SR 7, S E A TR R A R —8

5T, CO, W BETHmn (R UERE ik o I T REURIL A= 90 2 A 396 o 2020 AR Ak 5 1 5 i DO R — 38, ki
PERIRRI BT OO0 AR ABFSE B, CO, W EE Th i W AE AT 36 bk v B R i e AR [R] AR K 3R
AN, 5 CO, WREE (550 pmol/mol ) AR AE K I (7 H ) MALE P By pk s i 235, A K E I (8 H) bk B
AR A2 5N AR P AR R S R R T RRAE 550 wmol/mol CO, V& FE R AKX R CO, YR FE
ER, v R ECH 32 CO, WREETHR AN 3 . BRI, R EE CO, (550 wmol/mol ) X 5 A6 1 5 i Ak i 1 AR
SO V-SRI I Ry AR W 1 =3 12021 ) et Vi OB iy e L | A B B B A Sl R T 2
BETA LA R A S AU T CO, e R B IR 0E T 40 M i | 20 B R AR 3 DR 08 AT in T B i
FUP) B CO, HePE (550 wmol/mol ) i 34N T S AL ST SFAIRR G AE W iE | CO, RAYIHEAETEFRIEY, CO, #
35 T o 14 TR P SSAC I o5 8N S At R 2 (A i

IO RS MR ) A K B T RSB RBE IR T, K A i A AR A 3k A e 2 sk s Y L ROk R AR
AT R AE AT 28 1k e (A e A ZE AN R AR R [R] B /K B A 45 A5 K 1 (7 ) SR T 0 i Pk s b 2 0 5 4E
KIFI(8 A, 5X (W) A B K S8 (W, W) SBURLAEET 58 s 1 3 R, kIS 2 (W, , W) X
TEEF PR B AN 3 AE— 2 K AR A B P A S AR S TR Bt R i SO AR A B R K
TGN, (RAER K IS 15% F3E s g8 oK B3 15% (W,) 5380 30% (W) P Fl Ak
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