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Effects of water stress on the growth characteristics and
root ABA content of alfalfa

LI Yue, WAN Ligiang” . LI Xianglin, Bl Shuyi, HUANG Haiyan, LI Zhenyi, CAO Jing

(Institute of Animal Sciences, Chinese Academy of Agricultural Sciences, Beijing 100193, China)

Abstract The aim of this study was to investigate the effects of water stress on growth characteristics and root ABA
content in three alfalfa varieties, which were treated by withholding water in pots under controlled conditions. Pot
experiments were conducted in the greenhouse to determine the effects of water stress on alfalfa. Water stress was
imposed by withholding water 7 d (mild drought), 14 d (moderate drought) and 21 d (severe drought). Leaf water
potential, relative water content, stomatal conductance, root ABA content, shoot biomass, root/shoot ratio and Fv/Fm
were measured. Generally . shoot biomass, Fv/Fm, leaf water potential, RWC and stomatal conductance tended to
decrease as water stress increased; On the contrary, ABA content and root/shoot ratio (R/S) tended to increase. The
differences of shoot biomass and root ABA content between the varieties were significant (P<C0.05) ,but the difference
of Fv/Fm and R/ S between the varieties were not significant (P>>0.05) . In addition, by regression analysis, the linear
correlations were found between soil water content and stomatal conductance in Aohan and Sanditi, and binomial
correlation in Zhongmu NO. 1;Correlation of indices was found between stomatal conductance and water potential,and
the same between stomatal and ABA content. The responses of 3 alfalfa varieties to water stress were significantly
different. Zhongmu No. 1. which presented the highest shoot biomass and root ABA content among the 3 varieties, was
most tolerant to drought, followed by Aohan and Sanditi.
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LAVETE (Medicago sativa L) K H & /e Mg
FtE  AHERARS &R HE R BEZE”,
SE T AL b Tz ROR B R AR Sk AR b A b R
T AR TE RN W . 2000 B 18 1 25 AR I W] ok AR 7
RS HLAT BN RRIEAE Y (08 1 . R, R E
A AR 3 BT AR R ) R T R AE M R
SALFEE T B OCA R Z B A KA1 218 £
FAF b R R HE IR AL 4 52 B R
PRI I AF 5 55 40 8 5 X8 18 7K 4 1k 38 1% g 17 AL o1 AR
B R AT LS B AT A BT R AL SR L
A 0 5 A DL R i 3T KT 5 A A R
FRALHS AR . ABA (9 5 2 0L HIBF R AEBR T 54k
H A DL A H A 1 22 A8 ) W B e BT IO T S R
FERCHR SR T ABA XHAE 9 AR KW AT o
FEAE R 25 50 0 Liang %0 % 51 10 pmol /L
ABA A LA 0L RE I RS AR K 2R (B A RE
HEE AR H A S SRR ) 0 AR B PR Ut i AE R
ABA {1 5 FAL A AT GEAS [7] T A Al

ABA BIA Ry 2 W R L REAE IR S AE W X 2 Fh
EYMAEE Y A B E. X RN E LR
TR R R R R e e 28 R A
B TUESE . AEK A a LB R O L R OK KR
0 3 50 A A 09 AR R R TR W R e
ABA BUEIAE T AL il AL OGS BEAR K 43 19
ZEIE RS AL A S RS 1 17 AT 22 785 %o 7K
SR TS DV DG E A PR Y
TEPEAY LS AR BEMay mE L &t
AL B 2R G600 R K 43 T A0 0 o i 4 TR X ET
fE7E T 5~ ABA ACU AT M B 58 AR X D . ik B
SR B FE AR K PR M R R TR Y 4R AR
HAE BEAT T R0, X B A R SR E M R
RENA AT T AR R AR R ABA 1)
Ve AR . AR AR XK Ay 8 T R R AR
FAIM R ABA KV R 3EAT T WF5E L (B R Y 2
HEERR TR EEE PN, X5k
R K 43 38 5 B R Hr e BN . 5 A SR K
A3 W30 & A B ) AR 2 R s L DR R e 2 2R S S PR
BUATREAFTE IR R 22 5% o AL Z T o 3 4 o 3 3k >R
A 45 2K 3 P R A AR A 7 B T LR AR BRI A
ATER.GIMKRGREUTAESEME, A XF
K54 R0 58 AR AE AR K K AR B S DL K
ABA F &g e 5 . AR B 7R 0T 9T 45 K
LT RAL B AL A AR KPR AR R ABA i
(52 W) [A] B AE AL B S K B AL

JERAR R ABA JKF Z A OC &R BEAT W) 22 R R
W ABA AR B A 1035 AR B AR AR A e K
7 TR R R 1 RS

1 #H57FE

1.1 BWMEEH

SACEAE ARG e 1S =S AL R
H Ao & P R T AR SRR E . R
EETERFH 750 QBRI 30 s, Z 5 0.1%
TR WA H 3 min, ZEMKIEDE 3 K. &5 ¥4 1
R ERFEILN A RUZ JELC L i 40 =180 L 5
1 25 CHRIEFRA M. WRAR A M2 KRS
(R 2+ 1D B RHE & (AR 15 em.
20 eo) HERRMEE B4 O IR S M B L 4 > H AR
5 mm WAL L FFEE R F K1 5 mm BRI S B
HR A B AL B 0L b B LI R AR 2 R h+ B
LR AR 8 RN, A AT LBy 1k 15 5% 5 T v oK
OridRZE K . SRIG B BERITE 25 CRYIRE N EE IR
JCHEI A 16 h SGHR .8 h MR, B WS 14
FHWE K BEHE 2 J5 1 i FH 500 mL 8 FR R HE 11K,
4 G EEEN 4 WRETE A% 35 8 i A il
1.2 Kigit

5% R A5 7K Ak B () T i UK 43 W 38 PR35
RSP B R A E T B 4 B KOF B X R
AR G B KRR 40 %60) , 3 W 38 f5 S 45 /K OF
Frgk 21 dCR: R 28 & K 0. 5000 MR B2 Ji
AR 14 dOE R e &5 KRR 5% 4 3R 5 B2 1
K 7 dCGE B A KR A 1000 AL #E
KVFEE 3 EfEME. IR BT 4 F oK,
AT AL IR Z A e ARk e e 1 L g K A A
F 0 JE T B A F R AR S SR 5 AT K A B L 3R
FIRH R 0 457 7K R BT 45 A Ak B[] Bk SRR I 00 2 A
PRI I L B I K S R R B K R g
RO FAEY AR ABA WK,
1.3 MEFE

I R R X 5 K R 0 R A Antolin 252V iy
T W AR AR B T iy 50 42 R O I i A T, g i 12
R M RE Y W5 SR 5 K R TR T 1 20 A 2
KN ERRE S W s i 5 B it 7 F 65 C AR
P PR E R W, AX &K (RWE) =
(W, =W )/ (W, =Wy, K3 5 R H psypro
K #G H: £ 48 (Beijing Channel Scientific Instruments
Co. » Led. ), XA ) 7K 43 o 360 Ak B4 A Bk d5c T91 9 56
R AT R, AL FE R R Leal
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Porometer X L & & Il & /% (Decagon Devices,
Inc. , USA) , [a]# 2 I & A% Pk fe 0 o 56 42 Jé I 11 it
o Hb b AR I A R RE K R i K
FV AL B 4 58 58 5 HEAT B AE bR 55 AR 57 R JF @
HARE IO o AR RO S B RE L T K
e YR AN TR TH K 4 S5 PR . AR L S RIAR R
fE 110 ‘Crh R 0.5 h, ZJ57E 65 CHEFH rht T 48
h #EE, RO Fv/Fm {H &R H OS-
SOP+ #4477 i 18 I & {% ( Opti-Sciences Inc. , USA),
+ 3 R B S K Rt K 4 I & AY (Delta-T
Devices Ltd. , UKl %E .,

HREZR ABA Bt i I ek SR FH i IB6 S g ik
18 4 PR EE S S AR A AR NG B L e
UE AU T TH K 43 I Sr BV AR A R AR R R )
R K2R 2 S Y HORF Bl & . ABA fili 42
ARG R AR (B 0.5 g BESR FARER L A
B PR IO 4 mL (80 Y6 H ) F 5 , fF 6 50 R 6 6 &2
BOET 4 CTFHE4 h, 85 4 000g 0> 15 min,
B bvE . Frfs Byt C-18 B AHAE BUk: , & & AR
T 2 mL BERR G% b vk T A . AR FH (] 2 g Ik
G e W BE I 2 ABA B i, B U IR R S ik

A6 R 40 AR AR ABA 7 B9 7
FEAE RIS
L4 HESH

BRI P A5 4 Ko () SAS 8. 0 B g
ANOVA FEJ7 47 22 5 . 3 ¥ 73 M. T Excel 2007
B REAT S [T U3 20 Hr - 1 /AR 5 9 36

2 HRE5SH

KOENELEERERKNZ M

553850 LKA E S K 43 e G 2 1 58 AR
M A K R AR R R T e i PS T
BRI ERCR T W K 0 i 30 72 3 by L B K%
2 (5 M K L 3 A4S R SRR T R B B — B
EAZM R EANR, BEKSWET.PE 15K
o AR BRI R /N, R 727 V0, FOTURD = A
FI B R e s B A2 K 43 R 20, 35 %6 A1 28,58 %,
FEMR AT RO R 1 SR AR A T
VA BE 45 1k 24. 76 %, 8. 84 %l 41. 19 %% 4K 9K 2
15 IR /N BODOR 22 = A5 R
oK. EEMA R E P E 1S A = AR A
AW RR B 4 0 ok 24, 55%. 25, 16% A
49. 88%0 , = AHFIIY T B IR AR e K (R D),

2.1

x1 KoBEINMEEEYE RBLEM PSTHEXALERENZ L
Table 1 Effects of water stress on shoot biomass,R/S and Fv/Fm
vt it b 2 W LAY 5/ (g/m*) M 1 PS I fie K6 fb 2304
Variety Treatment Biomass of shoot R/S Fv/Fm

Xt & Control 85.47+17.24 a 0.4940.06 b 0.813+0.004 a

2 5 Mild drought 68.0845.85 a 0.65+0.19 ab 0.80740.010 ab
HIL Aohan

1+ 5 Moderate drought 64.314+21.57 a 0.4840.01 b 0.789+0.017 be

HF T 5 Severe drought 64.49415.86 a 1.04%+0.50 a 0.7782£0.010 ¢

Xt B8 Control 110.31426.18 a 0.454+0.20 b 0.795240.005 a
FE 1S 2 ET 5 Mild drought 102.29+52.58 a 0.5240.02 b 0.797+0.003 a
Zhongmu No. 1 H1 5 Moderate drought 100.56+16.67 a 0.66+0.12 ab 0.7844+0.014 ab

T 5 Severe drought 82.56+14.75 a 0.884+0.05 a 0.776=0.001 b

X} Control 90.59435.48 a 0.4640.36 a 0.78020.005 a
— 4] Sanditi 2T 5 Mild drought 64.69+22.94 ab 0.47+0.25 a 0.79240.004 a

1+ 5 Moderate drought 53.28416.65 ab 0.5640.35 a 0.792240.016 a

HF T 5 Severe drought 45.40+6.12 b 0.5940.04 a 0.7792£0.009 a
R 70.59+16.54 B 0.66+0.33 A 0.79+£0.020 A
FE 15 98.93428.80 A 0.63+0.20 A 0.79%+0.010 A
EXEX 63.49£26.46 B 0.52+0.25 A 0.79£0.010 A

TE < A R 50 B0 J5 AR TE S [ B9 /NG R 2R [ — it A ) /K 2 il 36 4k B 22 1) 1) 22 53 28 (P<<0. 05) W AR TE AN [A) 1Y K5 7 RE 3R 78 AN [R] i A

ZIE B 255 B3 (P<<0.05), FEIHE .

Note: Different lowercase letters in the same column mean significant difference between the treatments (P<C0. 05) ; Different uppercase

letters in the same column mean significant difference between the varieties (P<C0. 05). The same below.
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FE 5% B T ep BE K 43 8 R L 3 A S R A AR e L
MPSHm SOt RGN M ERH AR E, &
BEK G 38 R B 1 S I RGE L B S T
X B (P<C0. 05) , PS I fix KOG Ak 22 500R B 1K %
HR(P<C0. 05) 5 1] =45 | i R 5 te A PS 1T fe Kok
SRR XA T W3 22 R (P>0.05), 3 AN
Z I AR 5 b PS T de KOG #3R 2 F A
B,

2.2 KOMEXNELEERKSEESEM ABA &

ENFIG

VI SEROIE P A= R & R A 1 N S
A Ky I 361 B SRR K S BT RE . SR T R K
G Ty 360 %58 BECBURT = A5 I 28 46 A 1 oK 3R = A
5 R 5 v R RN R B K A AR B = A R
B 7K B i 2 T X6 RR (P <<0. 05) , H A B B 75
KB B R B T 42 %0 F0 62 %, =45 H)E AE B
KA FRET 33% M 72% bl 1 SHERE |
JEE RN B K 3 e R i K B B R BT 1620,
5200 R 67 % , ¥ i AL F X IR (P=>0. 05),

il Variety
A HH—5 =X
0 Achan Zhongmu No.1 Sanditi
-0.5}F
o
& -10f
3 -15}
=
£ 201
S -25¢
g -30f aA T aA
8 aA ?
35k abA aXaA i abAp A
'3.'-5‘ _4.0 bA bA cAB
4.5 bB
O %18 Control O 42 HF Mild drought

B 1 Moderate droght W EJE Severe drought
B VA [ (4 /N B 5 B 3R 7R [ — i P AR [ 7K 3 T3 4k B 22 ) ) 22
55 (P<C0. 05) s ANl 9 K5 7 BE 3R R A R 7K 43 W 38 4k 38R K [R]
i 22 R 24 5 B3 (P<<0.05) . TRIFE.
Different lower-case letters mean significant difference between
the treatments (P <C 0. 05). Different upper-case letters mean
significant difference between the varieties under the same water

stress treatment (P<C0.05). The same below.
B 1 sk AhiExd sk B a2 m

Fig. 1 Effects of water stress on leaf water potential
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X 7K U i 3 I T X IR (P <Z0. 05) , B IR = 75
F 5% B 22 S AN i 3 (P>>0. 05); A T
HUE 15 AR X K e R = AR R R L RO R
s HLAE 1S A = AR A Xk Y
I F X HE (P <C0. 05) , BB I R AR 5 K 2 5 %
MR 22 AR AR K
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Fig. 2 Effects of water stress on relative
water content of leaf
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ES 200} aA aA
S
g -g bA
E g150
= 3 bAB
o £ 100} BB
e T ‘
':!.J o
50f "A[?-A cB oA cA
i HH—5 =13
Achan Zhongmu No.1 Sanditi
M Variety

B3 koBBENSASENZNE

Fig.3 Effects of water stress on stomatal conductance

K G J 3 0 AL T B s R I L R K
1WA R BT SR B 1 i RS B
R (P<C0. 05) 5 Bifi 45 360 72 B2 09 i ) SOAL S B R
SEIEAR, 38 20 B b 30 AR B A, RAL 5 R R R AR
M E 1S EREED M E S SLSE TR
BN E (P>0.05); =13 F 5 & 76 E T W
SARESREDOES AR E(P>0.05), 58
JE a8 22 55 i 35 (P<<0. 05),

Ko i SRR E AR R ABA W 5 )
RERA LU 1 A R TR B2 B2 B i . R BE K 43 3B T 3
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oK a3 T 38X A [ 55 A8 B A & Bl 4 AR R FRPEFIAR 2 ABA & 952 R 79

M AL A AL R ABA /INE TH s T K 20 i ia R
RO e 15 5 AR AR F (P>
0.05) ; HEMAT 3 NS HAE MR R ABA ¥
JE 5 500 IR 22 6] 4 22 S 24 38 B B 2K P (P<C0. 05),
hE LSRR ABA F & B E S T RO =155
(£ 2),

K2 KOMEXNIRERE ABASENE

Table 2 Effects of water stress on ABA content in roots

I 7% R (DW)
i b 3 o
. . &/ (ng/g)
Variety I'reatment

ABA content
X R 57.883=+3.369 ¢
L RETE 60.30844. 185 be
Aochan TR 74.39247.705 ab
HE TR 88.718412.699 a
X 18 86.146+7.277 b
TE 15 BRETH 93.46544. 220 ab

Zhongmu No. 1 i B 88.669+5.972 b

"HE TR 113.366420. 602 a

*f HR 60.343+11.448 b
=155 BT R 64.946+8.122 ab
Sanditi TR 83.120420. 103 ab

AT R 94.5094-21. 900 a
FL 70.33+14.550 B
TE 1S 95.414-14. 860 A
=R 75.73420.100 B

2.3 FAEKSHETEREFEESHENBEXN

S

BRASES LESKEFETLEMS
(O B =B A RS S LIRS KE R
ERAMEEAR G, R® 43002 0. 985 7 1 0. 999 45 i
1 SR GEMEES KRS —HRAME.R N
0.998 5. A 4 AT, K4y 7 BB S50 F L A0 A 0
S KR B R AL T N O = AR
TE 15U R, UL 3 AN SR K B A
L BOORT 4 e K 43 AR Ak B UG R 1 S R R

T AR E

SALG SR BRI A B 5 TR
THBRBM, L EAMATRE 1 S HEER
SALGHE 5 oK S AR S v . mHE 7 R A R

3R 0. 966,0. 873 F1 0. 947, SIS ESH A
ABA & it B HOHOC, i 6 R, B =44
MBI A FES ABA & B AR R 2000 0
0.935 F1 0.826,HE 1 SRS, R* K 0. 626,

250 - * 4% Sanditi mH{ Achan a H1'1§—5 Zhongmu No.1
E § ;
£3 = A3A:
E,.g 150 | ¥=5.213 4x+18.574
=% R=0.999 4
e LS
BE 100 y=4.189 1x+17.928
o £ R*=0.9857
=d 5 i1
E y=-0.254 32°+13.455x+10.838
R*=0998 5
1 1 1 L 1
0 10 20 30 40 50
-4 & kA% Soil water
B4 SASEELESKEZEANEAXER
Fig.4 Linear regressions of soil water content
on stomatal conductance
250
— WeL: =6 016.1727
Tzl ¢ R*=0.966 1
E£3 . SAFH: y=3 390.5e2 0%
= g 150 b R*=0.873 3
E ‘E B — b y=12 0217335
-*:’_;: 100 | R*=0.947 1
Ba Sof :
1 1 L L J
1.2 1.4 1.6 1.8 2.0 2.2
-7 ##Y/MPa Leaf water potential
® {9F] Sanditi « FiL Aohana s —5 Zhongmu No.1
5 MABESILSENEESH
Fig. 5 Regressions of water potential on
stomatal conductance
250 -
7= tH i —5: y=106 140e 00
Tiaol b R*=0.626 2
S £ o MO y=10280e00s
2= 150} R=0.9352
E g .
| 4 F]: y=3 743 86005
%E 0 R*=0.826 3
o 5
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Fig. 6 Regressions of ABA content on

stomatal conductance
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3.1 M EEME HERRALURRELL

Z i8R AL A 248 K R — R 5 e
TR G5 T30 By A A AR LR L 0 i A T ) T Y
PR DL 35 PR BR AL S5 AR & T B
fi IH 2R R PO SR AL K AR DL KR &
ABA W BEXT IR 73 W 38 B0 S, 7K R O A VR TG B
LIS o BRI 2 AL Bl K R L AB 1 DG S R G 2
WU RL . Fv/Fm ZHYH RISz — UK
PS I By RO R0 1] LR YL & R G is
Femyir Ik . 23— /oK Bria s . Wria 2 S 20
BRI G RE 22 T A W I RE 8 M B DG BE . fi
PR NOLRE . 3t — 0 S BOL SRR PS 1
() B KAl 2 R R B e i Fv/ F Y
e AR R B2 AT 2L figp Mol 300 0 A 0 A1 5 A P Y R R
(7] FRf 02 7T LA 3 AE AR ) A Y 22 ol 3 L AR AT 5T
L B 0 R EE A IR L v/ Fo (0 {52 7 R AIG. %
W PS I e JOE A 2 R 2 T B ik R & 432
7K 73 Tl 3400 ) R S A I . R T A AR R R AR R UK
rIE R 3 AN E A b A PS I f ROE A oR
58 MR B 22 57 0F A 0 3 TS OK 7 R 14 d R
SR R TAL S BE R T R (ER R R G A AR
AW R . R UL 7RO A SR RS R T LT
B Y FE K B A BT AR & T A B K 23 )
IR X — 85 R 7] Erice %59 M — 2. # B4
Py BOLA R R R EE R oK 70 B ia Xt &
(4 5 i 6 SR AR BUAE AR Wi b Bl K oy T da e
I 3t A= e e R U R AR B (L A ]
Aol Xk 7K 2 i 38 A R AN (] o = A5 R A 4 L 2R W)
32 B K 73 38 B2 0 B R 7 A R R L B
LT REET 500, HhH 15 M BAEY) &2 5
IRy 1938 S R BN B T A R RE K A3 B3 T R A
TR 1006 EEK I TR RTREET 250,
Hofts 2 A~ fh Ff— B BLDUE 18 B9 3 1 A 1 i 32 3
T Ko W38 B ma T R ERTCIE R AR K 7014 i
I 21 dBSUE AR 8977 B AR A T AR BT L 7 R R R A
2026 ~25 0 2 1], 5& Wy T H AT KT 5 B PR RE

P75 515 1< R G S R K7/ w1 B N 9 TS
(82 AN ] Bt TO6 & AL 09 0 e ke A T %
6 A AR SR Ll £ A Y Ll AR F g A 2R A
R R R R K 3 S0 R SO SR AR AR AR LE
LK A3 W A AR E . X 5 Erice 454

M2 I — 3, HAb Ao 25 R0 AR R B, K 43 T
N AP AR TR L T L IR A O AR R T R A
Prie 5092 I, I M5 Ll 4 R R AR AR L )1
KR ZR WK AR XS 3 22, [ s b 3R s 20, 7K 43 ik
AE X B AR s T80 2% T AL I 7K 53 77 i
3.2 KXGKREABAREERILEE

R R S K R R 2N A Y BE 8 B4 S N AR ) K
SRARGLE A B AR AR B R B R R iR K T
— BB RIS 45 R R AE K 43 0 38T TR S R R A
ot A X K T R A R DN R B K AR
Rie 1) et b K AR g b O E RS AR R L
JE RV BE K 4 i 38 A BT A AR R B K i S 22
BIR B 3 I 75 BODUE A8 1 I S . 3 Ak Bt
45 Rk v LLE . AR K SRR X I K
HYRERGEE AN EAIEAR Y, P
KA AR BOSUR =5 F1 5 AE K ST R
E I AR X KT RS 2 U W RO = A
PN o ) A < O I R 1 D0 B N = o 7 N
T VAFCDUR =5 R i K 0 R B AT BE O AN 2
A AR K T AT B 2 PR R 32 2 T BE ) B0 L A1 i
P53 1 4T 0 DR B B T K R R
HE 1SR 3 UKo I A BT B K B B E AT
POCONEN =i i SIER =i NE:Cp) I 2 AR I PO
KA TR X TRER A 1 S MK g
AR5 S i 7 K A RE 7 5 . DT B 8 2 R K R
FLIF BE o i FLAE [R) A B[] Py 90 6 4 79 1 38 7K 43 o 3¢
KA ZE N K S THFE R A S B MR K 4 AR B 2 8
WFEAA . N IS K AL R A A B
WAl UFE AR E Y RS KE TP E 151
LS EILF AR XA 15 DI
W2 S T8 A FARE T H 2 AL R IT
AR A Pt A R M — S i 114 [) o o K 1 B A K
SN NI ) WA & /878

H A5 Ik Oy, oK 20 ki T A AR B2 ABA R
PG G s I R b 8 B R TS, 14— 2D 42 i )
YERFRAL . B RS TR AR ABA W EEIFA —E &
JETHE . U Jeschke 250 YR BIF 9 B X ABA &
B i AR B R R B AR R ABA JKE T
AR H R BT ER FI ot ABA (9 5 & W3 T
e s PRI Ay SR B3 T 38 T AR R BT A LR ABA Bl
R BB TR AR I 0z B A L AT
FHUIR RN ABAWREA AR E ., Axd.3 4
HAE AR A K A 8 T AR R ABA WK JE
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HAT T8 X — 455 Jeschke 5557 ) 25 5 —
. ABSE AW 58 B A K I B RS R BT ER VT W Rt
ABA ()& AR Ak PRI B A AR RO ABA Y
JEFHE AR E T — P BRI SE . K
sriia N AR ZR ABA KR ETF. Al Rt TR
KA T B AE 4R R A 2R TR
B ZENY BAG T ABA [ A 5 AN I R 432 . AT
FHABAEMR RN RHA,
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