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The difference of drought impacts on winter wheat leaf area index under different

CO, concentration

LI Xiaohan'?, WU Jianjun"*>" | LU Aifeng’, LIU Ming'*

1 Academy of Disaster Reduction and Emergency Management MOCA/MOE , Beijing Normal University, Beijing 100875, China
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Abstract; The leaf area index (LAI) controls a variety of biophysical and physiological processes of vegetation canopy,
such as photosynthesis, respiration, transpiration, carbon cycle, precipitation interception and energy exchange, thus it is
an important parameter for characterizing crop growth as well as studying terrestrial ecosystems. In recent years, with the
continuous increase of greenhouse gas emissions, the whole globe has gone through an intensifying warming trend. Up to
now, a large number of agricultural experiments, such as Free Air CO, Enrichment, ( FACE) and Open-Top-Chamber
(OTC), show that elevated CO, concentration will cause reduced plant transpiration rate, strengthened stomatal resistance
and a significant increase in water use efficiency. Agriculture, which is quite sensitive to climate change, will be
significantly affected under the context of global warming. In this paper, the Decision Support System for Agrotechnology
Transfer ( DSSAT) developed by the U. S. Department of Agriculture is used to simulate the growth process of winter wheat
under three different CO, concentrations combined with water deficiency and adequacy status. The observed experimental

data over 2007—2008 is from Gucheng Ecology and Agricultural Experiment Station, Chinese Academy of Meteorological
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Sciences. Using DSSAT, the impacts of environmental CO, concentration change on crop LAI are analyzed. The results
indicate that elevated CO, concentration will strengthen the leaf area index growth, with more significant positive effects on
LAI under drought condition ( water supply:150mm) than under the wet condition (water supply: 620mm), At current
CO, level, crop LAI under water deficiency condition is significantly less than that under wet condition; when the CO,
concentration is increased by 20% , the difference of LAI under dry and wet conditions declined slightly; when the CO,
concentration is doubled, the maximum of LAI under wet conditions increased by 0.31 and LAI under the water deficiency
increased by 0. 82, which leads to the conclusion that crop LAI under water deficit condition increased several times at
doubled CO, level. Contrast to both concentrations of water deficit and sufficient, when CO, concentration doubled, it is
significantly alleviate the adverse effects of leaf area index in the water deficit condition. Over time series, the change of
LAI is very small when CO, concentration changed before returning green stage (about 130 days after planting). However,
the influences of CO, concentration change on crop LAI become significant after returning green stage. Also, there is
another study which shows that the combination of elevated CO, concentration and drought stress can increase the air and
canopy temperature, offsetting the fertilizer effect of elevated CO, concentration. The study facilitates the analysis of the
impacts of CO, concentration changes on crop growth process, which can provide the basis for the agricultural water

management and propose a model approach for estimating LAI.

Key Words: CO, concentration; leaf area index; winter wheat; drought; DSSAT

Pl + 5245 N RN & FECRAEY W A KA E Z A S AR, — B ok fzs & 22 ik
o, EHEEKERACRE D BIOKALZE 7= R R AR S MR Y 2 T R aa i R R, A
T B A BR A B R ik 60—80 123600, it T HE ALK E L 3 50 4 i TRk AR g
ek TREEMNNA TRENZML, B 20 el 70 FQLOK, kb AR T 50 mAssmn 7 —~%2,
A [ AR R I TR AT B S R A RO R AR BRI R A SR A RIS

Tk LISk 24 KA CO, HEE 2 M 280mmol/mol | F+3] 379 wmol/mol , 13 25 50a 44244 3
4 1pmol/mol,, TPCC A48 H7E 2050 448k CO, MR T+ 2 460—650 wmol/mol , H FLHE £ 20 21119 iz
HRY], AKRECAES CO, W BE 0T A PR I 2l 0 - 338K 0 RO B A 77 i iR ), 7 T 5 IO
N, AR TR A R AE B I CO, WEE T4 F R MR 5T iR R H
Rk, PRBE, fEEERAREITE 52T, BF5E CO, HRBE T iy X A b T 57 1 52 i AL P % 2 i) e 3 %o 1 52 4 BRI K
IR PR E B R L,

HATHETE CO, ¥ B2 X VR A B PE A0 AR K 1 520 A P2 5 12 - AR L SEE 90 07 v AR AR KA R A
T, ARSI E IBIA (FACE) 5255 (OTC) 1856 77 %  FTE Y BHYC AR %, AR SRR & 4
T AR B BT B, AT LR S B SRR A A S e 4 T, SESR A SRR AT A TR SC I X
WEAEGRIHE M, (HRRFLR R E NN AERK T FENB I HAER R IR JRMERE R,
BAY WA 2 JmBRE B DA D222 I R VR A KA AIESE. CO, e U ROl T 5 iz, Horp
A A R0 45 2 B A RO BOR e RS SR SR R 8 (DSSAT) AR BFNAE 7 J3 52 il i H 5SS (EPIC) 45

VEY A AR RN e T2 sl 127 0 5 4R TR A K g pLE SO i B A K Ok E ™
i T A R SR G A R OC R . BB Uy v 3R SR A vE RN gk Ak VR A KRR
Bl CO, e BE AR AT JG O VESI AR A B2, DA AT CO, M BE XA AL 7= B RE IR, 33X R i 7R3 0 A B4
R FNSHOR E I R TGP T 0T FACE S8 5250, M 20 42 90 AT 4R st A 1R 22 2% 8 R IVEY)
A KA 7 R AT R SE 00 IR AR R AR A S A v, P 3R 202 DSSAT R4 H 1Y
CERES ZRFIBRY | & n] DI RS- 3 - 1Y =2 1A Ak 2P nl il ad 34 B G ¢ bR e a1k
FH G N DA T A 4545 B 140 Be AN CO, WU TR A R AR B o 8, 4041 CO, W
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Ao AN A P i BRI O R A A B LA B N Ko R A A A AR A 1R IBUSR h RE AF AT R A R A I P
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I R BOR AR A KRS I 285K, AU WAy i () A8 A AR S B T 7™ s (9 AR fb ka3, HL B
AR P TR SO K A AR Al B R, PRI, AR S B v TR Bk i A 5 R e 4 B i
CERES-Wheat 194z K AR RUASALL R0 [ 35 10 4 /N FEBERUAE R A 7K 43 =7 B AR K 58 2 2 P oKk o3 2540 L3
FIANIE] CO, WREEAME TN VER A K A& B 1R A5 20 A4 K0 P i S 11 i T FEURS 450, S 2 220 R [ 7K o 45 PR RS
] CO, WEBEA1F R A E B AR 1L, DAY R e BRAR AL TS 35 F AL /K 43045 BRAN T S W I B 1L S 4

ARICAY R 3 AT TREE . S IR BRSOk EEA BRI ST X AR A AR R ik
552 WAL, o T REATE T R WhEE T CO, WeEEAR XS i AR R Rg A, 2R 3 F ARSI 51 e,
1 #|EAHZE
1.1 ¥

AAFGER T 2007—2008 4F [ SR B 2= T8 B [ 3k A 285 55 Al 52 36 3k 1) S 50 00 0 554, <4 ik o
SR A A /N R R G 626 (A LI A4 . TR | A E | Ko 28 R A R AR
Ja PRI 5 32 I F) - S90 F HAH e v i B (R TR L AT A XU AR R PR S (B H R ) 45 H
B G  # FAEY & AR AR S RE R SRR AL E SR A KRS S RAEY - &
Bl WFSE Y AE RSB AN 3R 1 o

®1 HmRER

Table 1 Summary description of growing condition in model in the present study

ol R A B i PP KB4 SRAD FEem T IEVP R L
Site, geographic position Year Irrigation/mm (MJ/m?) Soil type The ratio of sand to gravel
L 3K 115. 77N 39.27E 2007 150, 600 1135 b Silt 1/36

1.2 DSSAT &%t

DSSAT FR Gt 3% E AN FR I K& AN ARMET K PR G, J27E IBSNAT (international Benchmark Sites
Network for Agrotechnology Transfer) 714 % B & thok iy, IBSNAT X i9 B i 7F B gl K=, B3
BEHARZ — 2 LLR G M Y 7 iR B s 2 J b R S AR A P4 BRBE ), T AR P A T IT RS T F AR
PR A ROR AR P AT 25 O AR . DSSAT S IBSNAT 9 = B ST B R 22 — | AR R AR 45 T 58
Bl X 223 24 I VE YIRS AL N CERES & 41 Al CROPGRO R IR

AR F Y ( CERES-Wheat ) 155752 55 [ %95 PG AR M 37 K24 FITRIE WK 2 W A AR P HLRABE 7R  ASORY e <7
ZAHH H Y B i s R 5 R R B B TR BCE A R R TR T e BRI R RN, AR T DA
L CO, MEEXDEAVER KA FIFHELEE JK 53 3 A N JEPRRYSEIR . DSSAT RPN T XS EL 2 2 kR /E
W FERIFIT S IE SR AR A S i BB TR

A 256l A SN A A 21 2 H SRER RO/ N A B iAL Ah 2 8, Horh AR B 46 H ol
FE . H AR | H K B SS, B eSS B0 i DSSAT #R f i3 2805 L GENAL i . AT AL
#EJ5 1) CERES-Wheat B8] DIARAF ARSI R CO, W BE 45 140 T BRI 1 B M IX A 4 /N A KR it
TR AR EY A= K N S 2L i - T AR 4
1.3 AR S5

MRAEITFE H A 2K o4 il S50 o] LA E ARV E DA AR R s R 1 AR R B

AN AR EAT K s il He i S ANBE I D R RE o R)RR 7K a1 LU 481 SR 3 30 43 KA | 43 331
A A >80% ;B 60% —80% ;C 40% —60% ;D <40% ;E FIIRREAK , BAPHIIE 3 M EL, ARSEY LK
PR B A RIS AR AR 5K SR E T OC R . MRIEA ST 28, LR T A F1 E PIAR ) B8
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RIS S A
NI i s = AL
(1) BIEEdE IR MK E 828 280 202 000 A 1 S0 B A 45
(2) VB A I AN [ s 0) ) 5 2 R B K IR
(3) A4  Femil FARIR B KGR AR R BRAR S (al H B8 25 HAAE S 450805
(OHFEWAERRE A e R ke B R Bk AL RS,
G)EY - wgdl w7 TR RS,
SIS EFR] A 2007 4FF1 2008 4,

1.4 BIEKUES IR 12000
FEFRUFI FH 2007 4 A B 7K 43428 i 51256 B 45 1) = _ d=096
" e e et S it v e e g . 4210000 [
R SRR P 5 e TR S IR, AT %
SIA—EEFE L d FIAH S R0 r SR A 3045480 (i 0 S ) gﬂi < 8000 -
{4 B =2
® % 6000 = y=0.7919x + 1247.5
. E R2=09779
2(1)‘_0.)2 7 4000 |
d = 1 - B iz 2000 | | | | |
Z (1P [+ |0 ])? 2000 4000 6000 8000 10000 12000
i=1

Szl 7= B Observed yield/(kg/hm?)

K, p, ABHUA, o, WA, n AFEALL, ZFIH E1 2007 £REIKS &M RERES RAEN X R
ﬂ*ﬁ%ﬂ E]/‘J}iz 1 il SQUHIJF': %E‘J*ﬁ ﬁ’é%ﬁ:ﬁ ﬂ‘j 0.97, gﬁ;fi Fig. 1 Observed and simulated yield of chaoyou 626 under
KEON 0.97, RS AAFAYHE AL SB0 2R (1 1) fierent water siation

KAMEG IS EN R 2 R,

®2 ZNEEMRMEESH

Table 2 The value of genetic parameter on winter wheat

YEY Crop f AR Cultivar Z%1 Parameter P1V PID P5 Gl G2 G3 PH
ZINE HE-626 (&) {1
) 5—60 25—120 350—600  17—30 20—55 1.0—1.5 60—90
Winter wheat Chao You 626 Range
AfE

Optimal value 60 40 400 30 50 1.5 85

P1V ; 5E BB AL T 75 f AL 19 R %X Days at optimum vernalizing temperature required to complete vernalization; P11D ; St IR ] H & (20 /M)
10 h RS BUT , P05 & R L 20 h 1558 T FRAK A4 FL 1] Percentage reduction in development rate in a photoperiod 10 hour shorter than the threshold
relative to that at the threshold ; P5 . #E 3% i BE (95522 7] Grain filling ( excluding lag) phase duration (°C -+ d); Gl . JF 463 56 )2 fe KEEHREL Kernel
number per unit canopy weight at anthesis (#/g) ; G2 : I fEAAF T BIFRHEMN K/ (mg) Standard kernel size under optimum conditions (mg) ; G3 : U
s BAREVEY) B9 T H Standard , non-stressed dry weight (total ,including grain) of a single tiller at maturity (g) ; PHINT ; &3 & — F M7 Fr 75 2 (R i)
[B]F ( LA GDD A543 ) Interval between successive leaf tip appearances (°C + d).

1.5 Bl fe

J THFFEARIR CO, W T K5 = ST VE Y A K i 19 25 53, AR SCIR S T 2 oK o B 25 (78 e
WBE K576 ) F 3 Fpas S CO, WRIE A, BRI B WK e 45 R an 35 3 i, ook oy 5 SR AR 3 7K 43
il ECED EARRETRERAE ) |, B KIPN ERTS 150mm A ALK, K50 70 18 (0 HE R A5 PRI B /K 40428 i SE B0 AR A
(YRR 7 (R RR K 521 80% MM A THERE ) , 5 S50HE I 20 620mm , HE R SR B U4 3

R4 S RITAY CO, , TPCC Fidf 1) 2050 4FEAY KR CO, HBEFIMEIER CO, M E 3 A CO, WREE, in L Wi il
FEWE RS, L EWONLIE 6 R &, ik 4 FiR,
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*x3 FWETREE
Table 3 Irrigation strategy
VNN 3H14H T
TR 10 421 H 479H 4H21H 5H9FFIEK 5H20 ST/ mm
o HE K -
Irrigation strategy /mm ) /mm /mm /mm /mm Total amount of irrigation
mm
JKJ3 e Water enough 120 100 100 100 100 100 620
i 5% Rainfed 80 0 22.5 37.5 0 0 150
x4 6 WMERER
Table 4 Six scenarios
ey CO, W/ (umol/mol)  ZKAMERARBL/ mm AT CO, W/ (pmol/mol)  AKAHERLRBL/ mm
FUJJ? Carbon dioxide Water supply " }]{ Carbon dioxide Water supply
Scenarios Code . Scenarios Code .
concentration condition concentration condition
WWN 375 620 WSN 375 150
WWF 450 620 WSF 450 150
WWD 700 620 WSD 700 150

WWN: CO, WeJEEN 375, AE K ZK AR 4 620mm; WWE iy CO, WREE N 450 , £ K ZK 43I 2 620mm; WWD . CO, ¥R Ry 700, 4= K 25 fit
7K 7 620mm

2 BERHW
2.1 ETEAEMAT CO, WA

HE 2 Bin 2 Co, W BT+ 20% , Bk 1 M 00 wwn
375 wmol/mol ¥4 1 E] 450 wmol/mol B, 7€ o+ 5 id 15 ,s| — — WWF

OUN AR A AR RO R E I T 1.6% ;¢0, | T
W RG] AR A I AR RO KIS N T 12. 0%
CO, HeFEHETIN 20% F1 100% FHFPREBL R, b i A5 4k

g
=]
T

HE RS
Leaf area index
&

T

HIREIHE MR 4 J1 03, B K B IFIAIR 0 150d 2 =3 1o
Ai A FFA 5 A os|

PSR DL 0 IR AN AT 0, & I
INFZ 10 JT PR AEA TR 2R AR R ), 1 0 s 010 20 s

K y - 4K FKH Day after planting/d
SN, I Ay A YA B A AL R yeterpt

WA AN S T RAER 3 B ) ( KIS S 2 ETFEBEET3 M CO, REER THERIBETE
E{{] 150d EE) ’ j(%ﬁﬁ-}@/]\%iﬁ/\ﬁ%z/ﬂﬁ ’ " E \7J( é} % Fi.g.2 Leaf Area Index under three kinds of CO, concentrations
without water stress

PERE A/ NE B M AR e I TR, A WwN L O, YR 375, A K ZE K AR 620mm; WWE W CO,

CO, e 8 XoF I I AR B A S e i T 4R W B WeBE N 450, A K RS- 620mm; WWD . CO, R EEA 700, 2
N NS i< 5% i’é y, mm

2.2 TRWNOLMTF CO, WA (Lt i pUg gy T PP e0

P

W 3 Fs AERFRARAE T (RIFRAF BRI K 23 5 8RR A AF) | B8 AR RS I T AR B KRB I 17 3. 2
Fio FIFRAAET , BUE CO, WREERIME, M AR Hess AR R It o iR W s, it o AR e B A
R R A K FTTG 180d J5 U  [HR AR CO, MREERTI A 25 1F T, i AR BUR 1E A KT
150d R, 35 T REAHEY R AR BEA AL A CO, WAL X VR I A= B 2552 i AT 6, 2 R Wk
TR VEY AR SE T ORI, M 2R A 39 R H BE R AIG, M I BRI 2 B R T CO, W BE T4 v
KM IR A A AR RIS 5 4t b AR W i O3S OGRS B 1 IR TR E . BT L CO, MR BEAY Y | iR 7 30
SHelfe By Ak, ot AR KO 1 I S 1
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2.3 R HT SN RIS T R B8 PR A T R Co, .
VRIE X ER R 0 5 ] —

AR SCHR 283 BTN IR ) CERES-Wheat A5 B AF e WSD
Jele £ 5L CO, WIS R, %3 CO, iepE EE osf
YR ISR G TR TS S - L)
CO, WREEZ M T IR B AR R (e 08 T = o)
FEsE R, AR A A R R RE AR 33k S5 4K T S 56 gf: P
ISR IE— B0, TEK S TSR I AT CO, W o e L TN
i, AR RSE N T 0. 31, 1 24K 4 5 Bt O, W A Doy afe antingld

AT T RBUREGH N 1 0. 82, 7E/K Sy 7 2 HY IR 3 WHREHT3 M CO, REWR FHEREHI L
MU R CO, W, 6 & VEHRIRT 32 6 BR5%E B | Fig.3  Leaf Area Index under three kinds of CO, concentration
PRTRSE RN i oC R A SR AEYAS B A B P S, with water stress
HEVEHZRASTIRGI G . (HRIEKSTTERGLT , CO, WREEXTE M2 AR SR 5 BUsk . TAEAR RS
PR TR SRR R A R W25 G 52, AR E CO, MR BE AR AL XHVED A= 7 B 52l

CO, e 3 ot i T AR B B S ) TE 800, JE AR TR B A 1 ) I 25 SR S B oo B 1 A0 AR KO
JEPRNE O 78 & AR 7K 3 38 8 s g isc P Ao by A SIS BH SR8 O b & 2B T B8 RIS & A T Sl P
TR ETEY CO, WRIETT , Jo T FWha 2508 iy it 1 AR B R AB 2 & A T 5 3 Isf %) i oD AR 0 11 4%,
M4 CO, #BE F T3 700 wmol/mol B, T T 5 Wl 2544 F 9 A J P i 1o RS 45 0 e KAB 2 R A T - aa
ZRAFT AR A T AR B B R Y 3.2 5 (B 4)

3 Ziv5itit 30 -

HEBUEE(LAD BB BRI SR asp
BRIV B R WOk & VPR R BRORSE ke, EE 20T
PR R RRET R TR &S )
biz—. 165 Wik, KBRS R PACE SigeAn TS ]
OTC SRS FI] CO, WeIE T 5| 2K I 3¢

WWN WWF WWD WSN WSF  WSD

WEAEE AL BEL o B, /K S PT3535 B ) g A
CO, WeHERE T 5L 7 i A 0 0 P 50005 LA — 52

B4 AREBEETHHEREHSSEL

Fig.4 Difference of maximum of LAI under six scenarios

SGEVERT, L, CO, WRBETH i ml REXS I s A 1 T+
FRESA R, M CO, W HETH 5 AR Y BE 5 1R T
RRAAA B MAPUTRE 18 . e H TR URET 5 90% PR C3 M ROL G AR CO, MEEA
MIASREIA BB KA, X 2 AP R4 5 CO, YR 7T L I 35 iy 3 & e A /R AN E B 4507 0 (R i F Pi
(WERRAR 1) (PR BE T2 A R, T ASBEJCBR i B8 o X FE A A2 7K 35 BRANAN A2 A2 7K o35 SRRV 2L
SRR 5 BRI AL 04 i TR BT s, CO, WREEAR IR, A AT R a2 AN KA T R A BT Y
I TR RO A Y 3

Ty AMBA A B WTFEAIT CO, R BETH o A1 52 il 3 [ 4 T A A% 28 OeE 2 B T, e/ 4 14
KE N CO, WREETH R M ALRIN ) AR CO, VR BE T i % i I AR A5 LA S i AR AR

AU U R NS B 7 IX 2 — AR AE P A /N A IX R BRI, (H AR TR 7K B — B <300 mm , A
B LA/ NAIEH 400—550mm Y5 K i, A2 57 b 08 2207 JE AT SR J2 8K, T 50% 08 L ZEARAE 5 SR B
DRl AR SR P AL HE AN BRI (1) CERES-Wheat {4 42 KRARTIBHIA /N LE 3 Ff CO, WL AN T8 2 MK A
AEPIROR IR AT T B AR RS B, 08T 1TSS IX AR E B AR AU TR T, CO, MR BETH i I i i AR
S AE R | e 2 /INZE AR T K 5375 R P A 7K 3 (R 107 15 0 JHG I T AR 5 8 AR, R i T AR A
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CO, W PE UL S 6T R R, 751 AR 258

(1) di P 2 B3 ATLLA 72 IR T 4R01 BT B CO, R BE, I T AU OB AR /N, A K ZRTF 06 130d )5,
CO, WA R RS BN ST 0 B3 78 S RTFRIEE CO, WRBEARAE , KAk o375 kvt () i ThT B
RO /N T BRI 5 SR I BUE AL, 2 CO, WEHEK 209 I, K A2 7K I 75 SRS B A2 7K o3 5 B i - T
BUEBEIMAT BN, MR K R F A0 BT, BRI Al B4 1 i R A 1 ) A K R 7 R AT 6, IR 75
THI, A /N2 M LA i A TR BN, CO, YREEFDE S AR X E Y A K I /N, &/ NZERTF IR T
JEi X CO, YRR ASALTFAGRBURR . T B AR 26/ 22 X K Y i ot 36 58, A D807 3R 7 30 R s 2 T Ak 2>
{24

7NZH o

(2) TEGLEAED R AT Z I, M I ATE 80, A5 & BT T R BEA B LT, CO, W
THERHEYI S22 B2 1, AN T R R LR, T AR BRI , T 5 AL BB s hn i
(K2, #3),1XE W] CO, WEERYHG I T SR BA ZfEH]

AR LT 251845 7R 75 BT Ih 1 R 0 SR 23 ROR BB AR Py i) 7t 0 MRS B A 58 v i AR R
JrER AT L B ) A g ik 2 2%

RSN B BEE AR 4140 ( Food and Agriculture Organization of the United Nations, FAO) poiis
AR ARG T ) - K 53 TR A 77 R e T 5 B s JE S W . CO, Yk B2 T 185 i R <R
J& I HEURRKAS R, 7RG SERIRIESE ORI ATRLEE IR 3L CO, ZE AR X VR AR K H B R AR SR AR ( L dndt |
AWy Ee L KRR A K - 7 555 ) #EA TR FIge e
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