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Responses of leaf traits to drought at different growth stages of alfalfa
ZHANG Xi, WANG Zhennan, LU Jiaoyun, YANG Mei, YANG Huimin "

State Key Laboratory of Grassland Agro—ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract. Alfalfa ( Medicago sativa L.) is a high quality forage that is widely planted in arid and semi-arid regions of the
world. Although it has high drought resistance capability, it still requires much water for growth and development. Soil water
supply as one of the main factors limiting the expansion of alfalfa cultivation could severely affect its productivity. The
changes in precipitation in some regions as a result of global climate change, such as exacerbation of drought, can result in
the reduction of alfalfa yield and quality. Therefore, it is important to study the drought resistance mechanisms in alfalfa.
Leaf is one of the most important organs linking a plant with the surrounding environment and is one of the most sensitive
parts in the plant responding to changes in environmental factors. Leaf traits evolved as a result of balance ( trade-off’)
between growth and survival ( resistance and tolerance ) in adverse environment, i.e., water deficient environment.
However, a systematical investigation on the responses of leaf traits to drought is still lacking, and the changes in leaf traits
have rarely been investigated at different plant growth stages. In addition, most of the previous studies were primarily on
trees and less on herbaceous species, such as alfalfa, which differ heavily in morphological traits from trees. Therefore, in
this study, a pot experiment was performed to investigate the responses of leaf traits of M. sativa ‘ Longdong’ to drought at
different growth stages. The aim of the study was to test the hypothesis that leaf traits in alfalfa change in different growth
stages in response to water deficit. The results are as follows: (1) With the increase in soil drought, leaf dry matter content

(LDMC) , leaf nitrogen concentration per unit mass ( LN ), leaf mass per unit area (LMA), and leaf thickness (LT)
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increased , leaf area and leaf mass per unit area were sensitive to soil water deficit, whereas leaf area (LLA) decreased, leaf
phosphorus concentration per unit mass ( LP) remained unchanged, and leaf length/width ratio ( L/W ) and leaf
chlorophyll content (Chl) varied wildly without showing clear trends. (2) As the plants progressed through growth stages,
LT, LDMC, L/W, and LA did not exhibit appreciable changes, whereas LN decreased, LP increased and then decreased,
and LMA and Chl showed large fluctuations. (3) Pearson correlation analysis showed that /W was negatively correlated
with LN and LT, LDMC had positive correlation with LT and LMA. LMA was positively correlated with LT and LN and
negatively correlated with L/W and LP. LN had a positive correlation with LT, and LA was positively correlated with LP
and negatively correlated with LDMC, LMA, and LN. There was no significant correlation between Chl and other traits.
Although there was no definite trend in changes in leaf traits to drought at different growth stages, the variation of leaf traits
at different stages reflects a fundamental strategy of alfalfa’s response to drought. To the best of our knowledge, this is the
first study to elucidate the adaptation of alfalfa to drought through investigating changes in leaf traits at different growth

stages.
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1 HRER®

1.1 K5k

FERAR I AE 22 N R 2 B ROV R 2 e R Re R = 2017 . RS WA R B AR B 1E (Medicago sativa L. cv.
Longdong ) . 125 ] Y %8 BR 5 € 9 FI R 259C (7:00—21:00) , B | 19°C (21:00—7:00) , FHXHE B 30%—
50% , ASRCIR . IV 35 emx30 em( FAR ARG ) B SRR , AR RIR A1 KRR 2 £ 12 kg, 3R
WA+ ORI RS 13.4 g/kg, A ST 0.80 g/kg, A XM & 29 mg/kg, HALAI & 0.38 g/kg.
1.2 REsET

2013 4F 4 J1 10 HEEFD , TAl hRE A i AP+ 20 b7, SR AE K — 08 B 8 Bk, 7E il 9 0] - TR 2
B OIFGE—BiamR R E RRRHE R EME, TR K . IR E KRR R Sk . 45K A Bk (R AR RN R
/K3 (field water capacity, FWC,28.63% ) [ 80% ( ¥} ,CK) .65%FWC .50%FWC F1 35%FWC, 4K 17.00 i
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PEARE A ] K o i R SR SRR LA BE AL VRS 6 B G IR IR AR R S £
1.3 HURE R 2 48 b A5 1

L E TP 10% T 50% JFAE 10% FHF 46 309% HHURE , AR EBURE 4 IREE A

4 5 (LDMC) 5 « 4 A B R A (57 4 3 A — S5, i 58 (i A U 9 20 A4
MR IS ISR 8 T 2 i B uE AR A] B EH ] SR E SRS R A K TR 5°C Y SR PR i
JE 12 W2 U TG P WK 40K, 2t i R K S, 26T 43 2 — LT R OF AR EE (MR ) Kt
A 60°CHEAR LT 48 h ZfEE HUHFARE (T8) . LDMC = MR TH (g) /M A EME E (g)

ML (LA) FTEGATEE (LMA) 0 5 W SEE0 = 5, WinFOLIA. i[RI E A2 LA (em®) o SRJ5 440t
RN 60°CHERG LT 48 h R fEE  URFRE(TH) . LMA(g/m*) = i)y TH (g)/MHEH(m*)

M5 L (/W) R (LT« FHH A0 ORGSR 0.02 mm ) Y 5 RO 52 ] — P57 4 ) - £t e )
MR FERT LT(mm) o LT Mgt il siat . /W = M4 (mm) /# 58 (mm) .

BB AL CLN) RS i (LP) SR JHELE BUENE LN (mg/g) , R R AR BRI H AL, SRERTIL
@EME LP (mg/g) .

4% 2 2 it (Chl) SR N O B BULIIE Chl(mg/g) .
1.4 Hdasrar

K SPSS17.0 F A A TR GE 13 B , F V-3 (B R 25 R g 5 51 . R B IRI 38 75 22 437 Fi LSD Lk
SN ) e B (800 2 5, % AR DGR R Pearson AHOHEST

2 EREHSH

2.1 AFIFETE TR R A s A

[l —A=F B AP, B (LT) BT 2 A s i3 m (3% 1) . Fe il L850k & & 50%FWC T [ 3]
35%FWC B, LT ¥4iE kK, 78 35%FWC T, LT ¥ T HAh/K 3 Ab 3 ) H 25 5% W 3% (P<0.05) ; LT 7E 50%FWC
M 65%FWC T S5XRIC & 2R, [F—I/Kir 03T LT BEA: & I 0 84 00 & 281k

1 AABREFETLEEEHE. MHKELMNHER
Table 1 Leaf thickness (LT), length/width (L/W) and area (LA) of alfalfa under drought
HEF I Growth stages

itz KRG Ab 3R — —
Index Water treatment A 10% BEH 50% FFIE 10% FAE 30%
Squaring period 10% Squaring period 50% Flowering stage 10% Flowering stage 30%
LT 35%FWC 0.30£0.06Aa 0.30£0.07Aa 0.29+0.05Aa 0.29+0.04Aa
(mm) 50%FWC 0.27+0.09Ab 0.25+0.05Ab 0.27+0.05Ab 0.260.04Ab
65%FWC 0.26+0.07Ab 0.26+0.04Ab 0.26+0.04Ab 0.25+0.03Ab
80%FWC 0.25+0.07Ab 0.25+0.03Ab 0.25+0.03Ab 0.2420.03Ab
/W 35%FWC 1.83+0.26Bb 1.88+0.35ABb 1.99+0.29Ab 2.00£0.27Ab
50%FWC 2.08+0.41Aa 2.08+0.33Aa 2.05+0.32Aab 1.93+0.22Ab
65%FWC 1.88+0.35Ab 1.88+0.23Ab 1.96+0.19Ab 1.91£0.31Ab
80%FWC 2.03+0.35Aa 2.10£0.33Aa 2.17£0.33Aa 2.13£0.30Aa
LA 35%FWC 1.02+0.14Ad 1.1220.10Ac 1.06%1.12Ac¢ 0.97+0.12Ac¢
(em?) 50%FWC 1.51+0.13Ac 1.60£0.35Ab 1.52+0.14Ab 1.48+0.12Ab
65%FWC 1.73+0.18Ab 1.78+0.19Ab 1.78+0.32Aa 1.69+0.24Aa
80%FWC 2.18+0.22Aa 2.17+0.28Aa 1.96+0.29ABa 1.7620.11Ba

AT AR RS Fh) 3275 [ — K 43 b 38R AR R AE 5 I3 19 22 55 1L ( P<0.05) |, R 31 AN [6) /N 1) 38 % ) — A 75 I8 A [ 7K 4 4k 38 ) 1
25 83# (P<0.05), FlH, LTAAEME, LW REHKIEH, LA REHEE,

B S AN T L (/W) ARV B RHI R AR, 7EBLER FIITAE 1090, L/ W 52 30 S50
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JNE BN N LW TE 65%FWC 1 35%FWC 14 5 K T X% R ( P<0.05) , 7E 50% FWC F 5xf 1§ 2%
SARBE, I 30% 0, L/W BT 5 A9 00 B2 v B AR (b 3 78 6 BR R 3 s T A K A Ab B (P <
0.05) . [FAl—7KA-ALBR  L/W BEA= B30 0 A4 AR A I F AN B &

BT RN, W —E F A A (LA ) 23BN FE 35% FWC T S8R T Atk 434k 34
(P<0.05), VUNAFBHIT, LA #£ 35%FWC T 4350 L X BRBEAR T 53.2% .48.4% ,45.9% 1 44.9% , P55
10% 5 , ARFEIZK BRI LA 150025 53 3% (P<0.05) . 7EBLTE 50% K}, LA 7£ 50%FWC 1 65%FWC T 2 5%
AN FE B R EMRT X, 72T 10% FITFHE 30% 0, LA 1E 35% FWC Fl 50%FWC F, i Z % T X5 18, 76
65%FWC NEXTIRZER AR E, F— /KT FAF TR LA SR A 25V a5
TEFFAE 30% it eI
22 ARFETRE TN YRS EME

AT 10%FIET 50% I, T 5B i, i T4 5 &% & (LDMC) B2 & (Bl 1) . ZEFFAE 10% FIF4E
30%H}, LDMC Fifi T~ 5 1 i E 22 AR BE AN K FE7K 43 77 e ™ i 2 S8 i . Rl — A= R, 35%FWC T
() LDMC ¥ 5 35 5 T HA K 4040 PR ( P<0.05) , BE 4 B I LE R, LDMC SR %4 T s i, 281k
WEBEAR K, IAETTAE 30% A3 fe K

Bl TSR EE , et (LMA) ZEA R AR & B B 2R AL AR — 0 FEIRET 10% AT 4L 30% T, LMA £
SE B N R TEIRET 50% FIJTAE 10% ), LMA BT 52 60 0 8 32 i 59 n | 76+ 38K 43 & & i
50%FWC T R&E2] 35%FWC B, LMA 350 e K, I H 35 8 2 T HAK 53 Ab 32 ( P<0.05) . AFEIVK AT,
B B A R LMA 1 AR A A A B — o A

B35%FWC 050%FWC B65%FWC B80%FWC

020 ¢ N Aa
0.18 + Aa A aAbCBCAb T AbAb Ab .
0.16 | ¢ B
Q
S o014t )
8 on2f 2
w010} =
g 0.08 &
=006 =
= 004} =
0.02 o
0 = = &
#10% PEES0% PEE10% BLAES0% FE10% FFAE30%
A Y Growth stage HEE Y Growth stage

B1 ARBETETLREEEHTYURSEMLHE
Fig. 1 Leaf dry matter content (LDMC) and leaf mass per unit area (LMA) of alfalfa under drought
X Al AR F I Y Bl IRAE s RS S REERIR ] — K A Ak R AN A I 22 53 W 3 (P<0.05) , [R5 RO Ta) /N SRR R ] — A 7
SIAN T 7K 43Rk TR ) 14 22 55 W 5 5 DR 2 AR 22

2.3 AFRETRETEEEE AR A MR SRS

FEINTE 10% FIIE 50% ), BT 2 AN EE , 507 & 19 280 3 & (LN) B s (2 2) o 7EFFAE 10% AT
1E 30% I, B 135 5 /K B b LN Je T 5 BRI T i o FEJFAE 10% ), LN 7E UK 73 b B 22 A
B2 TEJFAE 30% , LN 7£ 35%FWC . 50%FWC F1 65%FWC F¥#)J08 #& 225, 1 35%FWC il 65%FWC T Y LN
WEET X (P<0.05) , [F—/KAMALBET LN RfiA: 5 I Y 2E 2 T RAAIG

TEIRE 10% FITFAE 30% 0, BAAL R A iRl 1 (LP) B 80K > & S iRk 22 e A B3 . 7EBLAE 50%
W BET SN, LP ST S BRI TH S 76 65% FWC T i T HAl /K 43 Zb 38, H 5 % BRI 50% FWC 2% 5 i
#(P<0.05) , TEFFAL 10% 0], T 59N LP 565 R 7E 65%FWC N B3E & T 35%FWC il 50%FWC (P
<0.05) , 5xf MRS R R ik F A ER R K A B R ) LP 2L AR—5, 7F 35%FWC Al
50%FWC T ,LP STt o BT+, E 65%FWC il 80%FWC , LP 18]« V7 RIAR L
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2% 2K 75 5 ((Chl) 7EBUE AT AE10] 109 15, DU 7K A0 A BIR F5e RAB 4 BRAE 35%FWC T, 435118 3.43
4.08 F13.70 mg/g, IR A FeREALF T E S FEFFAEI 30% 0, Chl Bl 7K 7315 1 i3 e R AR SR I 32 W
T, X BRI A BB, ol 3.95 me/g, HR &= T 35%FWC Al 50%FWC T (P<0.05) , 1 65%FWC 25
ARE, =K BN, Chl M & B KA ERARTR],, 7E 35%FWC T, e T PR, o (B
TEIET 50%0F, 75 50%FWC T, SeREAE T+ FEREAK, 7E7K 45T 65%FWC Fll 80%FWC T, Chl & &5 G
AT, e AR AR T AE 30% B,

®2 AAEETETLHEERUREMNA MBMIHEESE
Table 2 Leaf nitrogen (LN) and phosphorus concentrations ( LP) and chlorophyll content ( Chl) of alfalfa under drought
HEF Y] Growth stages

s Korats - _
Index Water treatment B 10% Bk 50% FFIE 10% THAE 30%
Squaring period 10% Squaring period 50% Flowering stage 10% Flowering stage 30%
LN 35%FWC 36.94+0.40Aa 36.42+0.30Aa 34.09+0.11Ba 33.73+0.20Ba
(mg/g) 50%FWC 36.37+0.76Aab 35.26+0.54Bab 33.68+1.29Ca 32.30+1.28Cab
65%FWC 35.83+2.14Aab 34.32+1.24Abc 33.78+0.41Aa 33.87+0.70Aa
80%FWC 34.88+0.61Ab 33.71+0.79Bc 33.24+0.26Ba 31.28+1.01Ch
LP 35%FWC 3.75+£0.02Aa 3.93+0.07Aab 3.08+0.05Cc 3.55+0.24Ba
(mg/g) 50%FWC 3.63+£0.24Aa 3.65+0.14Ab 3.37+0.32Ab 3.59+0.27Aa
65%FWC 3.60+0.21Ba 4.01+0.27Aa 3.80+0.14ABa 3.79+0.23ABa
80%FWC 3.59+0.16Aa 3.71+0.23Ab 3.75+0.09Aa 3.59+0.17Aa
Chl 35%FWC 3.43+0.59Ba 4.08+0.14Aa 3.70+0.09Ba 2.80+0.25Ch
(mg/g) 50%FWC 3.35+0.12ABab 2.83+0.40BCc 3.33+0.48Aab 2.58+0.23Ch
65%FWC 2.80+0.29Bb 3.46+0.18Ab 2.80+0.17Bb 3.64+0.37Aa
80%FWC 3.10+0.23Bab 3.48+0.49ABb 2.91+0.62Bb 3.95+0.59Aa

LN AU S B0 o, LP AUSR A B B 3 i, Chl AU M SR 3 it

2.4 AS[EIHAR ] AH DG 4 BT

TE 4 DR K PERIAKE T 4 MEFR B AREME 0 L/'W 5 LT BEfMAHXE, LDMC 5 LT LMA
BFEIEME, 5 LA BEAME, IMA 5 LT LN BEF MK, 5 LA /W BFfMHE, IN5 L/W LA &3
M, 5 LT B FIEME, LP 5 LA BEIEAHK, 5 LMA B EAAHE, Chl 5 H A M-HR Y ToA M (3%
3),

R3 ASHEMAREENETHRFBEMHMEREEXME(n=280)

Table 3 Correlations among leaf traits under different soil water availabilities and growth stages

F8H5 Index LT L/'W LA LDMC LMA LN LP Chl
LT 1

L/'W -0.237" 1

LA -0.558"" 0.172 1

LDMC 0.426 " -0.027 -0.623"" 1

LMA 0.424~ -0.328"" -0.686"" 0.330 " 1

LN 0.296 " -0.283" -0.234" -0.190 0.407 ** 1

LP -0.030 -0.051 0.326 " -0.196 -0.290 " 0.146 1

Chl 0.007 0.107 -0.041 0.140 -0.004 -0.012 0.151 1

# P<0.05, *% P<0.01, LT:MJ5 leaf thickness; L/ W MK 9% Lt leaf length/width; LA ; T AX leaf area; LDMC ;M) i % i leaf dry matter
content; LMA ; LT leaf mass per unit area; LN ; B0 JfT 5 % 5 & leaf nitrogen concentration per unit mass;LP ; B0V i & % 7% & leaf phosphorus

concentration per unit mass;Chl: H4¢ZE & chlorophyll content,

3 Wit

30 AR B HERBE K A 1 (AT
I H R T 5L R R0 B 2 — | SR T A A BRI T M RO A DAt -
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ARTE—E TR EE b REAR AT Ml S AE AR B SZ T S8 TR U A A7 SR . RS 3R it R i /K B T i, Bt
BRES A RS B AR A R AR A 0 B R B K AR g 7 K A B e
55 NI IR Be O e SO NP A T S O e Ry I O L T2 4 N S E R B 5| PR s T e
HEEA K375 BRI A e X i TR P 52 0, p 0 AT D B T 0T~ 52 A e 7 658 o P R

Wy Jo 5 A L B (LU TR ) SR AR ) B AR AR A S b B T R e bR, TR T AR A A 48 R AR %
FOTTCRINIRARES) 5 & MRS T S IR EE G R IE 0L, ASWF5E b, Ho 5 A 4 o Bl T R 1Y
Py BT K S iR 35%FWC IARI R, BIFFERE, i B e e E R (LT AR ) A
W) 2% TR AR AR 1 B R AR BURG BE3E J BE 7 12 X — 25 AE i v AR B 1E— 25 50E , A B AR A E e T
Yy I 1 S e EE 7R A AR e 0 T AR B B3 W RE ), H R B A TR L A, T B A Y
AL AR e - 27 G T T e A e O SR K O AR A I A L ORSE

Wright 257 fF 53 & B0 KA SR B A P38 o A 5m i /o i . ARG P B AR B S kU
Bl K A3 B G R8N 7R K o3 75 ™ N RS SR O A B AR E AR I AUE =R T 30
mg/g, V= T A AR A S R Y OO AR B ELAT AR SR I 25 ) R RURE T i LR AR R 5 AR AR
R FIVE AR L, BT A I ROV AR A T

PSR R ) S8 s B w7\ 1) SIER G - L7 L W 5 e a0} A ] s e e A B =N N TR A ()
P S a2, AR BT RN P AR E S I R A A — By AR
B AT ULAE R KA R BE AR AE AT R B S E SROUER R IE M BT 4R IE R AR
R

R AR S A X R AR A R DY A AR A R 1 A AR AR R
SFUHBIEU A BT AR T R A T AR S R AR I N v B R T R A I e R
TRER RS R . HWAG IR SR Z58, iR 2 2 35 | inih oA ( Pinus caribaea ) TE PEG 155 /K 53
i e R AR T 10%—25% , it S BRI FT 45 ( Caragana microphylla) FVEEFEME (Amorpha fruticosa)
TEIE T BT 4R & i T 25 20%—60% , TEART ST 7 13K 73 7 5 th 80%FWC T FEF] 50%
FWC B, 43 & B RS P38 T 7E 35% FWC B4 35 eSS R FHm 3 ml B B 2 1 4 4 1 S I
38 A — R 5 2 7R KR i 35% FWC I Ble AR A B TR B/ LA BETIZ IR IR BEARET AR
A o i e A 2R e E A BRI i TR T e R R B M A OB S VR
3.2 MR B Bt AR

AT P AR EAE A L R AT T ARTE 4 AR E AR AR BT R BT EORE I B AR A Ak T AR
B AT, AR A P i e A AR B R, ARIEAETE 1A K R B IR H AR ZS 520 i B i A
TR R, EaRHR AR R 3

TP 7 S TR TR AR K AL E5 3 Rt 5 B B A KA e, At A& i
B 7 I AR SR RS, SR AR IR R — 30 SRE B S A A KR | B A B I 4
K, MR D REE T 55, B i R R AN B BB AT, B B AR IR A A S B S
REACER T I ka2, S AR E5e A —30 X T R 5 AN [l A B s W B A5 1 %k 39K Ak 20 £ g iy
ZEA K, MRS ENARA] DIFE SRR K 43 e B U PR S Y BN R A B T R R A
TEILET B BRAC IR K 3 75 O BURR . SR ZEABIE SR b | B AR B A8 M 5 K 5 BB AR BT A R
Hh—Ey e A, n] WL 3R 5 AR D PR A8 A, I A BEAR S 3t S W Bl 2 0 o A 158 248 A 1 1 7 SR s
(B2, AN TR A= 55 I 94 22 S P S I A B8 A, AR 5 1180 bR oo 2 o) AT R A0 28 A 18 5 7K 433 v
PRI 2
3.3 HHRARIE] AR DG

JUPAEFT A AE YRRV b PR AR R B — o ARG . FEAHIE SR | B b 75 AN [R) 7K 43 fik iy
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AR AE B, B AR B A T R A R S L R IR A G, ST AT e — 2wl
W) 5 e R B P R A A DG 06 R A7 7E TR A A S R Ge v, JL AL TR Pl A K 5 IR N 3200 4 5
) RSP, AE 3K 5 R 80% FWC I 4b T35 50% 2 IFAE 10% , M4 & 2 e - a8 25 5 /e 1K
T AR SMELIR A, T UL B 5 7 b e KORAS A B A 7= o IR TT RE 5 R IR BRI K PR AT
MEACAEFAAASE™ | AW R i SRS L34 3 TR DG, 5 i T R 3 60 AF G, D6 I T A 30858 1 Bl AR 1 7
PP PR B A4 2 T BT A 200 2 T b A T A AR, BRI B P K 43 1 i R R R A S e
J1, BT IS/ e IS 1 HG i 3 A /N2 A i IR S g 5 e R IR DG, S A
A e E R AU % )8 ( Castanopsis ) EPIBFIE 45 R — 30, (0 5 R E WS FEM IR 1 0] 4 3085 7E R}
IRV 1 7 i s b DX I 5 225 SR A S, BB PR A AR S M 7R TR A 58 RUBE R R [R) A 4 o ) A B OAS [) A 35
TR REAAAE — R

A A RS R S R IEASE S SR AR B, EARE ST A S R S R S R R
P, S e ARG, R, B T A IR T R A A R R R LA RE S 2 IR
A R BB A A AE TSR v i 200 22 58 B 465% 2156 4 (40 Rubisco ) 19 2 & FNVE M, 2F 1M
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