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Abstract: In order to study the photo-physiological characteristics of Medicago sativa in the loess hilly-gul-
ly region under different water stress and CQ, concentration, the photosynthetic and physiological charac-
teristics of plant were analyzed with different scenarios using artificial climate chamber and water control
simulation. Results showed that the photo-physiclogical characteristics of alfalfa were significantly affected
by drought stress and doubled CO, concentration, and there were synergistic effects between them. Under
drought stress, the doubled CO, concentration improved G,, T, and LSP, but had no effect on P,,,» C; and
AQE, as compared with those under ambient CO; concentration. The water use efficiency (WUE) under
double CO, concentration was higher than under normal CO; concentration, but had no significant correla-
tion with moisture content. Drought stress and doubled CO, concentration had significantly effects on pho-
tosynthetic pigment, malondialdehyde (MDA) and proline (Pro). Drought stress, to a certain extent, de-
creased the chlorophyll a (chl a), chlorophyll b (chl b) and the total chlorophyll contents, while increased
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significantly the MDA and Pro contents of plant. Doubled CO, concentration decreased the photosynthetic
pigment contents of plant, and improved the MDA and Pro contents of plant, However, there were no sig-
nificant synergistic effects between them., Drought stress and double CQO, concentration had different
effects on the fluorescence parameters of chlorophyll, and there was a strong synergistic effect between
them. Under drought stress, doubled CO, concentration had more obvious protection on the photosynthet-
ic electron transport in the plants. Therefore, the above results indicated that in arid and semi-arid area,
doubled CO; concentration had definite compensation effects on the photosynthetic physiological functions
of alfalfa induced by drought stress, and enhanced drought resistance capacity, improved water use effi-
ciency and alleviated the negative effects of drought stress on alfalfa.

Key words: Medicago sativa; Photo-physiological characteristics; Doubled CO, concentration; Drought

stress; Synergic effect
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REFREXIT#T, RAA TS #EZE (AGC-D003N
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SEEF. KEE 21 CO, ELAR, BFER CO,
¥ (Nc:375 pmol » mol ") FIf%1#¥ CO, ¥ B (He:
750 pmol * mol™ )35 2 4~ /K 43 4k B, BI K 43 B 38
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o, P R B4 3 & (photosynthetic rate,
pmol* m™7 « s™), 0 AN EHERTHMBENOE,
P, AR X HBEABHBEESER, e (AQE) AR
W8 T % # (apparent quantum efficiency, pmol
CO, * m™? ¢ s71), Pr I B KA H & (maximum
photosynthetic rate, yumol CO, * m % .+s71),PAR
K4 A ¥ 48 5 (photosynthetic active radiation,
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thesis Work Bench 7 FF 8 4 (AQ (light-response)
curve for photosynthesis) I G &L S B .
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FHREAQE WA B EER MM A (LSP) M H
BREGD. CO, REARMEELGEANE
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SHEHEXRE SR EREEW: EKFIRREET,
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AQE, R, ILCP(% 1),
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MM, HwNe>HwHe>LwNe>LwHe, 8 T
BHEM CO, MEREYBRTEEEEYAH
G, T, MAE CO, WE(CHE HwHe L ET
BEH A 3 M BT 2R 8/, LB T B8 R
T CO, W53 C. EmER.

2.2 AARAYRRWUE)HER

ARG T KSR AR (WUE) BB
A 4 FiR, 4 AL EAE SRR E /DT 200~250
pmol « m™* « sT AP HRF I K, BESFBR HwNc 5M 91
F#E  HwNc 7R FERBE 4 250 pmol » m™ « s7'Bf
B, M e R T R, 3k 400 pmol « m™2 « s BT
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Fig.1 The photosynthetic characteristics and light response curves of M. sativa leaves under different treatments.
H:Lw-T 828, Hw K 252  Ne-IE#¥ CO, 3BE . HcCO, EFH. TH

Note: Lw- Drought stress, Hw- Adequate moisture content, Nc- Normal CO; concentration, He- Doubled CO; concentration.

The same as below
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Table 1 The parameters of light response curves of M. sativa under different water and CO, concentration treatments

FE2 i Drought stress K4 # R Adequate moisture content

E# CO; RE CO, ¥ BE 34 E¥® CO HE CO, ¥ B 538

Normal CO; Doubled CO; Normal CO; Doubled CO;

concentration concentration concentration concentration
BAB A EE Py /pmol COp e m™2 e 57! 22,55+1, 34¢ 23,95%0,57¢ 27,0541, 06P 31,6540, 47
FMEFHE AQE/umol CO;, » m™2 « 57! 0.0910.01b 0.09+0.01b 0.11£0.01* 0. 090, 00P
BT A R,/ pmol COp » m™2 » 57! 2.3610.53° 2.2140, 69% 3.23%0, 33 3. 3440, 29*
A LSP/pmol « m™2 + 57! 900~1000 900~1000 850~950 1100~1200
AR LCP/pmol » m™2 « s} 31,2614, 43 23,7947, 58 27,4847, 97 40,7914, 64
BRTBRERY R 0. 9986 0. 9984 0. 9990 0.9993

B:R—TPARFERERNRLERER B EP<0.05,FTH

Note; Different letters in the same line represent statistic significance at 0, 05 levels between different treatments. The same as below
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Fig. 2 The change characteristics of G, to the PAR
of M. sativa leaves under different water and CO,

concentration treatments
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Fig.3 The change characteristics of C;, T, to the PAR of M. sativa leaves under different

water and CQO, concentration treatments
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Fig. 4 The change characteristics of WUE to the PAR
of M. sativa leaves under different water and CO,

concentration treatments
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Table 2 The chlorophyll fluorescence kinetics parameters of M. sativa under different water and CO; concentration treatments

F 538 Drought stress

K4+ % B Adequate moisture content

E¥ CO: WE CO, e B 15 E% CO; %IF CO, ¥ BE 15 18

Normal CO; Doubled CO- Normal CO, Doubled CO,

concentration concentration concentration concentration
BAR} Fa 0. 459+0.021° 0.44140.011® 0. 4490, 020° 0. 4460, 024°
MBKKk F, 0. 135%0. 010* 0. 12640, 006° 0. 1100, 003t 0. 093+0. 005°
BREUEYE F./Fn 0.705%0. 013° 0. 71410, 008° 0. 75610, 007° 0. 79110, 003°
WEXENE F./F, 2.39740. 154¢ 2.50140.102¢ 3.101+0. 115° 3. 78340. 055*
LERIEALFEHE Dpsy 0. 353+0. 007> 0.376%0,012b 0. 560+0. 005° 0.58740.033*
KA EER gP 0. 73840.051b 0. 85410, 008* 0. 868+0. 008 0. 8460. 055*
EHLFEEX NPQ 0. 40140. 056> 0. 54410, 026° 0.17640.018¢ 0. 166--0. 009¢

WS B FHEEME ETR 30. 2740. 600°

32.23+0. 960" 48. 0310. 380" 50.27+2. 810°

a

Alugg™

(39 )

Content of M

1

\
il
0!

LwNc¢ LwNc¢ HwNc¢ HwNc¢

fb P Treatments

28 ¢

u|

20 _I_ C

16

fifhi 2 AR & it

Content of proline/pg-g™*
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fb ! Treatments

B6 FARAASRCO REABTREEEA B (MDA R ER(Pro) I EH T
Fig. 6 MDA and Pro contents of

M. sativa under different water and CO,concentration treatments

2.5 FEBEMCO REGHEMNNERFZSH

WHABFEINERAGE 3D, TEBEI Poaxs
*EBEXSE,F./F.,F./F,, MDA #1 Pro B ¥
MERHEBEP<OLOHERBEEKF(PL
0.01);CO, ¥BEX Pox» F./F., F,/F, fl Pro & &

ARBEEWMP<0.0D,BEXXEGRAETE,F. fl
MDA BB EE W ;K45 CO, MEKBRIXRZRIA
H:% PowssF,/F, M1 F,/F, &BH 8% (P<0.05) 8
HEFP<O.ODMXEER . MHEARTE, F.,
MDA il Pro ZBER FHZEERA.
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Table 3 Univariate analysis for the effect of water and carbon dioxide

concentration on the photosynthetic characteristics of M, sativa

b Pumax o8 8% Photosynthetic pigments F. F,/Fq, F,/F, MDA Pro
K4 Water *% * - % *% *% *x
CO, *% - - *% *¥ - *

7 43 X CO, Water X Carbon dioxide * -

-_ * * 3% - -

W x BB EMHE(P<0.05), == {LFEE B FH K (P<T0.0D)

Note: * represent significant correlation at the 0, 05 level; ** represent significant correlation at the 0. 01 level

3 e

3.1 XMREESKSFARE
TR ASFIREY KT T8, ER BIRRR
IEHEYRERER FMRAAJENN RGO FE

5B it — 2l i o R R e R R
FAEREPFFRREEFRE, FAGIERAZE
mE. REFRERVAKSMEEISKAMESAA
REMEPHAGER. MALREELALEFE
BESILEFRERM, k5 B8 o 5 R E 2 % R
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BETSIASEG) BEER(T) . BEREXE
(P ) F1 B FF IR 3 R (R, WX 56 #b 2 &
(LCPBRARERW. CO, KET &, T LIE L&
BREATE XBERLATHYALESRESH . BE
REGEHEEMKSFARE, FHLGEER
BEos Bl CO, “Mi A" 3R . A B 55 ik B CO,
WEEHAREEYN", RARNBEEKXT Pu
M LSP,[B{&T AQE,R, M1 LCP,

3 CO, IEREEHME FHLEERAK
WEEFREEROHR BRERERBELR. K
A ERERR L EAMKSZFMET,CO, EE
A EEHE T /NE (Triticum aestivum ) S ER,
KILGEMEBERRRE BRI RRE.ET
Bt THA>AEFZ G TREREEXHTE
BHAT CO, IMEABHFRNARZNEHE., R
MEHREEA HYER CORETLERET
Eipaet,CO, MHYMRHFERZI - EREN
M. 0 Parry Z0N 5 1, IR B B4 38 AN 3K 43
MR S BUEY B~ I T B CO, IEFE 5
EBRHIR SN, HK,CO, EF B MY M4
SRGENEZWFEMLN, MESEE. KD . Fo
SRERTFHERERANE RS, AHRPELE
KA&GET,CO, RERMMBEMRTELREET K
GHMT.  &#BT Poux ™ G, ET BB TF,CO, &K
BEEMBETECERHANG M T, HFEMKE
BMX Pu M C BAWMENEHN. XMEFH
IR REREMU MITANERE TERET
CO, REMME G ARG ERRETVRH
HF@ERFLRBED .C RGN T Rubisco MK
Yy, # T Rubisco A4k )R ] R AL VE L #EAT. T
ETFREBET.CO, EMEIET G, BREF5IE
# CO, WEMBL  ANTBETHTFTEREN C
B BRI » 38 2 33 Rubisco MEW 3 R BEK, M2
BT TRXMG A ERGBEEIERM.

ARG RFEREH CO, WEMYET & WUE
BTERCO. KE,. SKATEBXEAK . XFE
RATHECO, IEMETEEY NG T, [
K.SHEBL KBS, M P...MC BERER,
WUE #m; 73— HE, BRTEWERERT G, T,
MP.. AR WUE HIBEFHRIREAWETS
HFEAR, KRB CO, WREMH T B FLT Faxt

WUE HIEGER . ARRHUERTZoHER
WIEB T T EaH COo, WEMEHFERENR
HEER.CO, REBHBET TEMNEREEEEM
M EFER . Yu BB CO, WEF R
DB RS G MRMERRERTEXN GRS
i ST FE R 53 SMEATTIA o CO, ¥ BE T8 7T AR MK
TEREREK P B HBELEF T RREHHEY
A X 7K B R 98 8 TR R A A A R (1 + SR A A
KoK, H— R\ WUE, AT LB CO, #E
ARERTRMENEM. ZEEWAT R LN
o, B F Z B G RAE L,
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HETREE H Pro fEA— ML BHRARR R T2 d
MAFEBEARSF, AWMREH, TEBEE
EEMTHEY R K Pro &5 8,CO; WkEFHNE
TEWETABERM Pro 5B, WHAETEMHE
T CO, EFEMEREMHE , NHER S HTEHA
TERBBEM CO, MEMYBX Pro FREDER
W, {E 2 FEREZEREZEEM,XIEHR Pro 4
ARBEETREBERGBRERNBERZ—.

4 &g

TREES CO:, WEMEXMHRHIEMMUSE .
KAFRBRBEMMRRFEARAEGCRFLEL WA
2. TRHESFBEEASEBERAAASER
FERNER EHEREER, N _EARERS R
FtE;CO, MEM B EFME MO EEER, #
BEAE BRI AR TR, RET B

Emag. TEWBENCO, REMHEAKRY
ZHAEM.CO, WEMMBET TR A EEE
A LA E B AE R RN RER, BR
KA F RIS R, R RIR AR A B, 58 T 2 Ml B A
YiEbE R THEIBRORPER.

&% ik

[1] Smith T M, Karl T R, Reynolds R W, Climate modeling.
How accurate are climate simulations? [J]. Science,2002,296
(5567):483-484

[2] DeLucia E H, Hamilton J G, Naidu S L.. Net primary produc-
tion of a forest ecosystem with experimental CO; enrichment
[J]. Science,1999,284(5417):1177-1179

[3] Philips O L., Halhi Y, Higuchi N. Changes in carbon balance
of tropical forests: Evidence from long-term plots [J]. Sci-
ence, 1998,282(5388) :439-442

(4] IPCC. Climate Change 2001: Synthesis report; The third as-
sessment report of the intergovernmental panel on climate
change [M], Cambridge: Cambridge University Press,2001:
35-38

(5] MRE.AE. PEKIREMNESRSEELHEREL T
[J]. £&%4R,2001,21(4):528-537

[6] King ]S, Thomas R B, Strain BR, Growth and carbon accu-
mulation in root systems of Pinus taeda and Pinus ponderosa
seedlings as affected by varying CO; temperature, and nitro-
gen [J]. Tree Physiology,1996,16(7);635-642

[7] Murray M B, Smith R I, Friend A, et al. Effect of elevated
[CO;] and varying nutrient application rates on physiology
and biomass accumulation of Sitka spruce ( Picea sitchensis)
[J]. Tree Physiology,2000,20(7):421-434

(8] EWUL.FX%E.BEZ.% CO REARTAEXRSERY
EREFHEMI] HZ%R,2005,32(2),335-338

[9] M. RXENE. . CO, BEABHERM AL
AEMBWMI]. EXM#,2009,17(2):81-85

[10] Vasseur P C. Long-term CO; enrichment of a pasture commu-
nity: Species richness, dominance, and succession [J]. Ecolo-
gy,1997,78(13):666-677

[11] Joel G, ChaPin F 8, Chiariello N R, etal. Species specific re-
sponses of plant communities to altered carbon and nutrient a-
vailability [J]. Global Change Biology,2001,7(4) :435-450

[12] Rodiyati A, Arisoesilaningsih E, Isagi Y, et al. Responses of

Cyperus brevi folius (Rottb. ) Hassk. and Cyperus kyllingia
Endl. to varying soil water availability [J]. Environmental and
Experimental Botany,2005,53(3) :259-269

[13] 58 BEEX, kR, &, T 5 Bl 5 71 [ i 2K T BRSO 4
WA REKMERII] MAEE ¥R, 2010,21(3).;
569-576

(4] EXE.BRE . ¥EH. % COREARSAE. TEHE
e ERESIRABWMI]. TREHARREHE,
2007,25(2):99-103

[15] Yu] J, Chen L H, Xu M, et al. Effects of elevated CO; on



%1

BRES.CO, MEMERTREMENEEETRRGEAFHNHARA 93

physiological responses of tall fescue to elevated temperature,
drought stress, and the combined stresses [J]. Crop Science,
2012,52(4):1848-1858

[16] Markelz R J, Strellner R S, Leakey A. Impairment of C, pho-
tosynthesis by drought is exacerbated by limiting nitrogen and
ameliorated by elevated CO,in maize [J]. Journal of Experi-
mental Botany,2011,62(9):3235-3246

[17] VuJ CV, Allen L H. Growth at elevated CO; delays the adverse
effects of drought stress on leaf photosynthesis of the C; sugarcane
[J]. Journal of Plant Physiology,2009,166(2):107-116

[18] Wall G W, Garciab R L., Wechsungc F, etal. Elevated atmos-
pheric CO; and drought effects on leaf gas exchange properties
of barley [J]. Agriculture, Ecosystems and Environment,
2011,144(1) :390-404

[19] BHEE. BBV A BCO, RETEEMN LR TRWA
BRILT]. o B SR %4 ,2002,10(4) : 31-33

[20] Parry M, Rosenzweig C, Iglesias A, et al. Effects of climate
change on global food production under SRES emissions and
socio-economic scenarios [ J]. Global Environmental Change,
2004,14(1).:53-67

[21] =, Xk . BEF. CO, REFXENTFRMATREMLY
BRI M. B ERD R, 2011,44(5):963-971

(22] Z=%8, K, LHF2. CO.RE/RMMTEMETEMLS
HEETELRA AL RENERII]. £F%H.2010,30
(22):6063-6071

[23] Wullschleger S D, Tschaplinski T J, Norby R J. Plant water
relations at elevated CO; implications for water limited envi-
ronments [ J]. Plant, Cell and Environment, 2002,25(2) :319-
331

[24] Leakey A D B, Uribelarrea M, Ainsworth E A, et al. Photo-
synthesis, productivity and yield of maize are not affected by
open air elevation of CO, concentration in the absence of
drought [J]. Plant Physiology,2006,140(2):779-790

[25] Wechsung G, Wechsung F, Wall G W, et al. The effects of
free air CO; enrichment and soil water availability on special
and seasonal patterns of wheat root growth [J]. Global
Change Biology,1999,5(5) ;:519-529

[26] F4, XK .RF. %5 KEEEHEEERERB RS E
VRS TR ERERE] Flh¥iR,2009,18(4).
41-46

[27] Sartory DR, Grobbelaar ] U. Extraction of chlorophyll a from
freshwater phytoplankton for spectrophotometric analysis [J].
Hydrobiologia,1984,114(3):177-187

[28] k%, . HEH BER HYEHELRBI(M]. x4
Bk A H R AL, 2002:4-7

[29] B3, BKH . AEE. §. YEEEYBFETHEHER
[M]. & ARBHEHE AR M, 2004.116-172

[30] #haus, &7, B /NP, % 1% CO, S EMKBHIFER
BXawhwEmll]. £5%8K,2003,22(4):1-5

(31] fa3. BEMNMSHYAEEER: CO, BEFARMTHYES
PLE W srinl)]. iR pE R, 2001,21(1) 14

[32] =4, BAL . KEE. CO, E . BEAMAASMENIELS.

BB FARRGRMIT]. B EEER,2003,14(3):
387-393

[33] A#AM. A B £RAREAMRIEGEROTRHERT].
157 P 5 3R M 4 2 4 2004, 10(3) : 394-397

[34] Qaderi M M, Kurepin L. V, Reid D M. Growth and physiolog-
ical responses of canola ( Brassica napus) to three components
of global climate change: Temperature, carbon dioxide and
drought [J]. Physiologia Plantarum,2006,128(4):710-721

[35] Robredo A, Pérez-Lopez U, Maza H S, et al. Elevated CO;
alleviates the impact of drought on barley improving water sta-
tus by lowering stomatal conductance and delaying its effects
on photosynthesis [J]. Environmental and Experimental Bota-
ny,2007,59(3):252-263

[36] Lichtenthaler H K, Application of chlorophyll fluorescence in
research stree physiology, hydrobiology and remote sensing
[M]. Dordrecht; Kluwer Academic Publisher,1991,253-258

[37] ZBEB.™B%, bEh. RAKGERFPKFNEXRMHRZE
kKRB w]. FERLSR,2005,26(12):95-98

[38] Hamerlynck E P, Huxman T E, Loik M E, et al. Effects of
extreme high temperature, drought and elevated CO; on pho-
tosynthesis of the Mojave Desert evergreen shrub, Larrea tri-
dentate[J]. Plant Ecology,2000,148(4):183-193

[39] Aranjuelo I, Perez P, Hernandez L, et al. The response of
nodulated alfalfa to water supply, temperature and elevated
CO; : Photosynthetic down regulation [J]. Physiologia Planta-
rum, 2005,123(3) :348-358

[40] Ev8.WHE KEB.E. KoGMEXDNEEN FEEAH
BE 2 XASEMEWII]. £ W YHER,1997,13(2):273-
278

(41] RWE,BEE, LS. FRKDLBTLDEBFENHHREIE
SRMBHHRT] FEEFRUFH,2007,15(1):63-66

[42] %, F @K MAES .S, HRTEIEN TR EEES
MAEERE AR ROEWI). EHER,2007,33(D;
113-119

[43] Liang J, Zhang J, Wong M H. Stomatal conductance in rela-
tion to xylem sap ABA concentration in two tropical trees, A-
cacia confusa and Litsea glutinosa [J]. Plant, Cell and Envi-
ronment,1996,19(1) :93-100

[44] Hanson A D, Neison C F, Pedersen A R, et al. Capacity for
proline accumulation during water stress in barley and its im-
plication for breeding for drought resistance [J]. Crop Sci-
ence,1979,19(2) ;489-493

[45] Singh T N, Aspnall D, Paleg L G. Proline accumulation and
varietal adaptability to drought in barley, a potential metabolic
measure of drought resistance [J]. Nature New Biology,1972,
236(67):188-190

[46] MMBR. =& . Bk €% TR EAREMASNKBHEMH
HRIBoER[I] AWERFEY ¥R, 2000,8(3):235-
238

(ELE XNzB)



