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Abstract; Alfalfa is an important legume forage with high drought resistance. However, drought stress is still the main
adverse factor limiting alfalfa production. A pot-cultivation experiment was performed to investigate the photosynthetic
physiology of alfalfa under drought stress. Two Alfalfas varying in their tolerance to drought were used, Longdong with high
drought resistance and BL-02-329 with low drought resistance, to systematically study photosynthetic physiology under
drought stress. The results showed: (1) Under drought stress, the net photosynthetic rate, transpiration rate, stomatal

conductance and chlorophyll content decreased at varing extents, and chloroplast ultrastructure was damaged in the leaves of
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both Longdong and BL-02-329. Compared to the low drought-resistance BL-02-329, when subjected to drought stress, the
net photosynthetic rate in the leaves of high drought-resistance alfalfa, Longdong, decreased more slowly and chloroplast
shape and grana structure were less affected. (2) Stomatal restriction was the main factor for the P’ s decrease in the leaves
of both alfalfas under light drought stress,, while the non-stomatal restriction was the main factor for the P’ s decrease in the
leaves of these alfalfas under medium and severe drought stresses. (3) Measurement of fluorescence of PS [l Reaction
Center indicated F,/F, and F,/F, decreased in both alfalfas under drought stress. However, when under drought stress,
F./F _ and F,/F, showed a smaller decrease, and the capability to utilize light and the potential to activate PSII remained
higher in the high drought-resistance Longdong than in the low drought-resistance BL-02-329. Quenching( ¢P) of chlorophyll
fluorescence decreased and Non-photochemical Quenching( ¢/V) of chlorophyll fluorescence increased for both alfalfas under
drought stress. Generally speaking, ¢gP decreased less and ¢/V increased more in the high drought-resistance alfalfa than in
the low drought-resistance alfalfa, suggesting that when under drought stress, the electron transport activity and
photosynthetic apparatus was damaged less in the alfalfa with high drought-resistance than in the alfalfa with low drought-

resistance.
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TRE RGN EM MR AR B & T R AL S SHUE, B b 5 R(P,) RBER(E) ([T
FE(G,) JIE COMKE (C) %, SALIRHIME (L) HAR L, =1 - C/C,(C,AKRSH COWKE) HHEARH™
FEHER M-SR TG (PAM-2000Walz, Germany ) Jll 2 H-ER R PG T 31 H2 280, G AIETN(F,) &
RIOE(F,,) B 56(F,) DERE T (PST) KRBERER WRR(F,/F,,) %, FHBEPST BERE (F./
F,) JtFB K BRI oP AESEE TR R B gN 5o RN A SR 3 & X i BEAT AT AL A i 4
AEIRES T BOREE , i B U0 R e VLR AE T R B R T BE P L R SE o
2 BRESH
2.1 AFHETHEN

HiZE 1 AL, I 5E S 1) B R SIR B O AR B 2= UM R e COL WK B BR8N

#1 HEATFHEL
Table 1 The variations of environment factors
FHRARRIEI Q)  MHREEATRINOD 2 co, v (Ca)

Photosynthetic active Photosynthetic active
radiation of environment radiation of leaf surface

SRR RTE(G) B ()

Air CO, Concentration  Air relatively humidity Air temperature
leaf surface
(u-mol mol 1) (%) () (C)

(umol-m~%s71) (umol-m~%s71)

825 ~962 907 ~993 433.43 ~444.15 17.7 ~20.5 27.4~29.9 23.2~26.8

G A E AP, (umol-m %5 1)

2.2 JLEERSTIsRR AR
2.2.1 MREHELEERFE(P,) WL
P.BAEALINE 1 fias, FEIEH ALK &4 T, BL-02- “ GTA OTB BTC mTD
329 () P {8 % 33. S6umol -m s~ BB AR E T P BN 35
24.14 umol-m™s™' , BEH T RHERE HIIME, BiFh "
EWEREY R PEEAE B KIEE K TR, BL-02-329 2
P, TR R R E LB E TR aet, P ER 10
ZF Sumol-m s AR, A BIE S E T M T 87.78% A g 74 /==
91.14% , BEARETE P.WT FRIE B AR/, Ko, 5% B Longdong  BLA02329
TR, AR B P4 B IR T T PR Experiment macer
38.17% \69.73% \81.22% . 5253 HT R, Vi 7L 1 RFTRERE R e R B
BEEARKSEET pnﬁﬁﬁ& BE(P<0.01),], TFig. 1 Effect of drought stress on net photosynthetic rate in
2, XTI ETEXNERET A PEWE K, :iﬁ;t;v;mﬁg% A8 B P 76 AL
2.2.2 MATRERR( ]i) HIZEAL %anﬁﬂ:%ma,TD:&tﬁD %EE?%BJ}:‘@,TI?JL, A treatment
E B2 2 Bino FEIE # K& 4T BL-02- means normal water supply, B treatment means light drought stress,C.
329 E {Eﬁ 8.46umol-m s~ ’ WKZEH% E {E*ﬁ X‘J‘fg& treatment means medium drought stress ,D treatment means severe
/N, 4.35 umol-m ™ *s™', FEEFEMAFREEHKIIE,  drought stress, the same below
PR R E T E AR KIBEEN TR, EARF LR E
THREEHEARRFE, ST, BL-02-329 fEREFMPE T 2B EWTRIBERK, BEETEMEN EE
BhETEMANEA L. BARET E HEE T R2aRENMEZRGER, ARE PE.EETEH
BT BT TRET 43.09% 68.85% F177.73% . A PiRM, BHELEEBEEAFKTHET EE
ZRMmBE(P<0.01), B3k 2,
2.2.3 HHSAFEG) WL
ERAKIBRT BL-02-329G #7585 K% 0. 33mmol -m s ™ BB AR E#E 6.5 0.22 mmol-m s, fEE
TR BENME, G ETRESE(WE 3), 5EBEEE(E) WELBEEAR -, MHXITERP, EF4E
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K BEAFRET 218 T AR E T BL-02-329 i 6,5 E 2RBFIEMX, HXREIH8 0.992.,0.993, 3%
HREE AL EHRER, BN RBE R TR, BB R . TR RY, AR EBEARK S MHE
TH GEFHBE(P <0.01), 3K 2,

[ BTAOTBETCETD 0.40 ATA OTBETC @ TD
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#5° < 010 =
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0 oo ! F% Longdong BL-02-329
B4 Longdong BL-02-329 R 8o 41 B} Experiment material

R I H Experiment material

B3 ARTEBEXNEET L EREN
B2 ARTREEX BT FREERAERN Fig.3 Effect of drought stress on stomata conductance in alfalfa leaves

Fig.2 Effect of drought stress on transpiration rate in alfalfa leaves

2.2.4 Jf3lE] CO K (C,) SALFRMBI(L,) HZEFL

HE 4.8 5 WTLE H, BRETRMHE TRAELETR CHABRIEREK TR, SX AL, BL-02-329 T
FET 45.33% B RERE THET 15.12% . LAERE T RN THEBRERERIE, 53R, BL-02-329
EF+59.02% BEAREE LT 19.02% . PRMERTEMHE T WMEREERE CA LS A HERRK,
T EMTRN, PR EEEEERETREWAT C, L5 HAMAL R 2 5748 8% (P <0.01) , Rk 2,

GTAOTBCETC B TD 0.8 GOTAOTBCETC B TD

300 — 07 L
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O g - 03 -
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BiE 4 Longdong BL-02-329
X341} Experiment material

B4 Longdong BL-02-329
R I} Experiment material

Bs5 TREBbE-SILRG (L) B
Fig.5 Effect of drought stress on L;in alfalfa leaves

B4 TREEXHIE COMRE(C,) KEM
Fig.4 Effect of drought stress on C; in alfalfa leaves

2.2.5 MAMSREENENL 1.60 — BTA OTB ETC WTD
HREENRAEATREENAENT, B5% 2 10|
AR T AR A L, A TE T, S0 -
PIRABSATERE , B R R AR TR A 5 onf =
FARME . M6, TR FRHEAEE 5 0] =
HERA B RFRRERERETRIMAT, S o0 7 |2 A
WHRE A BMRRIER B, R T S0 T K Longdong
FR AR THMIEERK, 55 F Ry xHRE 74.24% SR Experiment material

172,829 [ AR A F S 30 OO 922 o R A R
ﬁxﬁ%( P>0.05 ) ’ %Eya *H Xﬂ‘ﬂ: EPJE:F%% iﬁ ’ ig Fig. 6 [Effect of drought stress on chlorophyll content in alfalfa leaves
TEREPHEXBEARE M A SRS BIFRERERK
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R, BL-02-329 ERE TRMME THERR S B THRERERD MEAETENER TREWET , HERXFTET
IR Y R 2838 K, 00 I Xk R 9 80. 62% 1 64. 08% , FBIRE T F 18 2 B B9 AN , BL-02-329 M f 4R R
X TR e E R,
2.2.6 M HgEEMSHE L

MR RCEERESGT, A AT A TR = A B A B S H A, EWEHEM
T, XA B hER A MERR PR, HICTEYA TR F 7 T R MHE 3NR T , X540 g
I, 51 REERR R A AL, TS I RE B A B R A 40 B A AL

XA B A I BL-02-329 B AE B TS M GBS M IR 2B, WA S B B H SR BMANER
BT REME T, BRI, M E TR T, AR, W= AR BRI E Sm s e R
AT RS (BPRAE T FREED B KR FBOL S IUMEI A BN T M. KPSl R R BB R E TR SR 895k
T R Fh it Z BRI I B — 0, BRI B RISIRBIRTS, 300 ZRR0TT 5 HH BB K LA AR O
BORZS, MPTRM:2269 BL-02-329 MR AT RG TR , KR 2k A ROV RIS, AREETR
e T AR BN SE RREMNK, iR RGEHS 5 0 A B%E , P A, ABEMER BEEAL, BL-02-329
FEEETRIE T, BB e+, 28 5 BT 28, B30 SA s R R A 2) R bE
WEH,ETELBEETREMET ,BARERE TR ES M2 Z P RN e BL-02-329 /MEZ,

BEAR XTI BEAR G T S e B AR BT EL R PR BT 5L e

Longdong control Longdong light drought stress Longdong medium drought stress Longdong severe drought stress

BL-02-329% fg BL-02-329%% f T £ iMA BL-02-329 j§ T2 ifMA BL-02-329% j§ T2 A
BL-02-329 control BL-02-329 light drought stress BL-02-329 medium drought stress  BL.-02-329 severe drought stress

BRI T REEr i E R SRR SR
Plate ] Effect of different drought stress on chloroplast ultrastructure of alfalfa
2.3 MRRTNCSHEHEN
2.3.1 F/F fF,/F172%4k
F,/F, Bt R PS IO O A B BB AL, AR SR BB 451 T W A R RS 8 F/ FL R DA,
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AZ YA KA, T Z MR X — S8 F,/F, BT PSR, BN
REVAMFER BRI EESY

®2 TERIETRELZEEASEESME( 2 RER)
Table 2 Photosynthetic characteristics ( mean + SE) of Alfalfa subjected to different drought stress treatment

LA EE B gt SARE HafA) CO, WP HRRAE
& i LS AR g ol
(umol-m ~2s71) (umol -m~2s~1) (umol-m~2?s71) (umol-mol 1) (mgg™")
B % ( Longdong)
TA 24.14 £0.91Aa 4.35+0.05Aa 0.22 £0.005Aa 0.44 £0.02Aa 247.2 + 6.30Aa 1.27 £+0.04Aa
TB 14.93 +1.15Bb 2.48 £+0.09Bb 0.11 £0.004Bb 0.53 £0.01Bb 209. 8 +3.80Bb 1.12 +0.05ABa
TC 7.31 £0.49Ce 1.36 £0.14Ce 0.06 £0.007Cc 0.42 £0.02Aa 253.8+7.8Aa 0.94 £0.05Bb
D 4.53 £0.43Cd 0.97 £0.03Dd 0.04 £0.001Cd 0.42 £0.02Aa 257.0 £8.4Aa 0.93 £0.06Bb
BL-02-329
TA 33.56 +0.81Aa 8.46 £0.03Aa 0.33 £0.006Aa 0.43 £0.01Aa 246.6 +5.4Aa 1.36 +0.01Aa
TB 17.80 +£0. 50Bb 3.18 £+0.20Bb 0.10 +0.007Bb 0.69 £0.01Bb 134.8 +3.4Bb 1.26 +0.01Aa
TC 4.10 +£0.47Cc 1.18 £0.03Ce 0.04 £0.001Cc 0.46 £0.02Aa 232.0+9.1Aa 1.10 £0.06Bb
D 2.97 £0.54Ce 1.69£0.17Cd 0.05 £0.005Cd 0.45 +£0.02Aa 233.4 +6.8Aa 0.87 £0.03Ce

KREFEIOR P<0.01 BEKF, NEFERR P<0.05 BEKFE, AFIPIREERFENEZAZFABE, TH

for significant levels at P <0.01, small letters stand for significant levels at P <0.05,values followed by a common letter within a rank are not significant;

Capital letters stand

the same below

FRAEF, TREWET F,/F,.5 F/FABEREECINE T ME 8) BRFELER F,/F, M F,/F, T
RYREEAR TR, Bk LB AR E T T MRIBRE S/, BL-02-329 T R IR BEEN K, B4 5 559 B o T B OB JE K, -
ZFETOER T REMEEMNBRE R, SHRMELL, ERE B EETEWE TRMHEIEER F,/F, T
WEEIRIE 2 B B AR B B8 (4. 77% .6.01% 8. 16% ) 5 BL-02-329(5.16% \12.75% ,12.46% ) , TR2MET
BEZRE7E 1 BL-02-329 LA RS F,/F, 2 BFEIEMR, XA HIEF T 0.977 #0.992, 5345
Mt RE PR EETRME TRAEEET F,/F, TR IERED 59 ARETE (20.07% ,17. 08% .
28.06% ) ,BL-02-329(22.07% ,46.74% \57.00% ) , VI E¥iRz:0, TREMHa @ S0 2 &4 5% PSTR
VIt RE R AR REAR R BRSPS T e VA M b D R BB

OTA OTB OTC ®TD

5.00 —
084 HTA OTB BTC BTD
4.00 —
0.80
& 076 3 300
S
=072 2.00 -
0.68 1.00 -
0.64
P& Longdong BL-02-329 0

B4 Longdong BL-02-329

iR 5418} Experiment material
Rk Experiment material

B7 TEBNEaR F,/F, KR
Fig.7 Effect of drought stress on F,/F in alfalfa leaves

B8 TEPHaxt F,/FH%M
Fig.8 Effect of drought stress on F,/F, in alfalfa leaves

2.3.2 TEWEXELERETF oP N KRN

2B R R gP R F/NRBREY R PS TR T34k QA B SR FORZSF PS T A0 B9 % H
ok, W PST AR A TRt . mE 9 WA, TRUNA TRAEEET o BAKAER
. BETRMET, SAMAMWL, ARG P T HEIEEMR/N, BL-02-329¢P H3A T R Lt i b
FT 8.37%, FETEMBET , P EEETE P EIABRIBER MM, BL-02-329 BERH 1EEHXTBK .
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ERETEMWET BARET P EARSERRT BL-02-329 oP {55 B8 i A8 LA B BT BAST X8, ot
FRHY 88.74% o T ZE MR, BL-02-329 HYAFALERE] oP 25 B& (P <0.01) WK 3, BAEBETE
B MEREMSE T ¢P HZF AR (P >0.05) , HAAL B 2 R B & (P <0.01) , L% 3, RWETER
BT EEE R A PSR p O TR TR R B A R R MM, R ETE o (T RIBEBR, 52
IR BN, T BL-02-329 FEMHE R RN, oP (EAMMEMAE B S BE R, RIEREEE
FTH—BR.

120 OTA OTB OTC BTD o0 OTA OTB OTC B TD
100 0.80 -
0.80 |- = .
= 0.60 |-
2 B
s 000 0.40 |-
040 |-
020 |-
020 |- .
0 7. 7R Longdong BL-02-329
B AR Longdong BL-02-329 R A1k} Experiment material

iR B 41 B} Experiment material

B0 TEBHaxt eV KEmH

USERINd Ty
O TREEXT oP KR Fig. 10 Effect of drought stress on ¢V in alfalfa leaves

Fig.9 Effect of drought stress on ¢P in alfalfa leaves

JEIALERER R gV BT v AR R E BE LA BB T SR AR T o SAREBICET LA B A 64 3
HRBIR , RAYRY PS T 2 ENEENH,

FEABEREY, TRMHE T HRELETE oV EX7HR, SREME K, 22 T2 4Ha T BL-02-0329¢N {8
EFRIREBR, TP EMEETRME TRARER oV ER MK IEE R T BL-02-329(MNE 10) . FRBIM
XITFU RS ERE SRR EEE EREE T R iant PSR A0 B TR R, T2 534
FERCAE I X EGR , TR T R, LR H R RIE B g BL-02-329 AR T ThEERGE .

®3 TREETHEMRERLRBME( = FHER)
Table3 Fluorescence of PS I Reaction Center characteristics (mean + SE) of alfalfa subjected to different drought stress treatment

I H Ttem F,/F, Fy/F, qP qN
Bt %% Longdong

TA 0.80 £0.007Aa 3.89+0.05Aa 0.90 £0.005Aa 0.52 £0.008Aa
TB 0.77 £0.005Bb 3.12 £0.09Bbc 0.84 +0.002Bb 0.64 £0.007Bb
TC 0.76 +0.003BCb 3.23+0.21Bb 0.82 +0.002BCc 0.80 £0.003Cc
TD 0.74 £0.002Cc 2.81 £0.02Bc 0.81 £0.007Cc 0.79 £0.003Cc

BL-02-329
TA 0.81 £0.001Aa 4.50 £0.23Aa 0.82 +0.003Aa 0.57 £0.01Aa
TB 0.77 £0.01Bb 3.51+0.18Bb 0.89 +0.006Bb 0.75 +0.01Bb
TC 0.70 £0.003Cc 2.40 £0.13Cc 0.61 £0.005Cc 0.84 £0.01Cc
TD 0.71 £0.003Cc 1.93 £0.06Cc 0.73 £0.004Dd 0.84 £0.03Cc

3 g

(D) AARBIFE S, TEME T B8 PSTURPDEREH AR B Z B/, RWEEZD T e B F =k
JeAbE TR REPOE R, X ——FF B RARPILE SOESIE — 2R ER. SXRMEL, BRETRMET
BL-02-0329¢N {H_E MR B, W B AE K TR M58 TR S oV E3 e iE & = T BL-02-329, i
BAX THREEHE R, LR RN EREZIE T EMan, B 7285 PS I 7R RFERRE S 8
B, AR RBEE T MZHRNER, A - ERE LRR TEAERRTEBAHETHRETEHN
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(2) Farquhar $F90 % , P, BIREMRA SALFRBIAFEALIR BB T TR R, 4 PA CAMIT AR , B [F i
Wb, B LYK, P, FREERE 65126, BN P, 0T M E TP AR B RE™ . 55,
MRS SCEE R BT R, M ZoR SOf Bons iy R 82 , 2ok i R HES ) ABUE, OB 4 Re bt
587 RBRLRY AR T R ME TR SR ET P, TR RN B 8K LA R IEE Rk, -5k
BMEEAZ T RE KRB, R E TR T RAREZEMR RSB ERRERN EEER,
BAEFENEETREWAT ,EE PR — PR, C K& LS53R LR LA I, T -8 A Sl 25 ek
BEEHAMSEERBR RS, ZHRMEEEREETENERE TREMET PRI ZR b A4 ot
BEETRETER, FALREEE EZER. PERERETERE TERMN A SR BMEMR R RS
B ot AR AR — M EERER,

(3) TEM B RIABH , R RTOCH TR (F,) SRATORE(F,) W HAE(F,/F,) KRBT I
PS I [ RrH DB AR R BRI R , RITSTE I8 M E RS H, AN PS 1T AR IR B ¥ & ff F./F,
ReAR™' . HBISRI,F/F, 5 AEAEEREBEMX , e R B R ERE R E T AR A1
PR AER , ML, Hh T R R R Y L R R R RS BV B A R BB RBIE T, FRB b, E %K
SEMTHREETEY AW F,/F,750.801 ~0.807 i), KEETSHaR IR, Wb &L e F,/F, HE
B, AHRHTRM, TR TBEARE M BL-02-329 Mt RS F/F 2 BEEMK, RUABME
HEEFRERNERRFCAER TN L —ERER T, TEMAMEEEERE ST ZAGE, FRT
PS T RHLRER AR, PS TR TS M 028, e e R IR RN A2 2 2, 06 5 e 7 PSTT R B
L1 QA\QB K PQ Bt B2 2R o
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