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Response of Leaf Anatomy Characteristics and Its Plasticity to Different
Soil-water Conditions of Medicago ruthenica in Four Populations
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Abstract. Leaf anatomy characteristics and plasticity of Medicago ruthenica from four popula-
tions ( Keyouzhongqgi and Keshiketengqgi, Inner Mongolia; Nanniwan, Shaanxi and Xinglong
Mountain, Gansu) treated by different water conditions ( dry, moderately dry and wet) were
surveyed. Results show that. the soil-water conditions had a significant effect on leaf anatomy
characteristics except the wall thickness of the upper and lower epidermis cells. In most popu-
lations , palisade tissue thickness, leaf thickness, cell tense ratio, vein protuberant degree, and
thickness ratio of palisade tissue and spongy tissue increased with decreasing water, while
spongy tissue thickness and ratio decreased with reduction of water. The leaf structure of Medi-
cago ruthenica exhibited plasticity, particularly in the thickness ratio of palisade tissue and
spongy tissue,though the leaf thickness remained relatively stable. The order of the mean plas-
ticity index was KY >KQ >NN > XLS. Analysis of variation and Duncan’s multiple comparison
showed that overall phenotypic plasticity of the Keyouzhongai and Keshiketengqgi populations
was higher than the other two,which is perhaps related with different habitats of the species.
This study has practical implications for the selection of high guality forage grass.
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EH % ( Medicago ruthenica) , N4 RfEE., #
BT ERL EER, &— Mk R Z AR, = T
FRAb bR H A LUK U A TR R
P BRI - B I W, SR R (WA
RV B K BA 4, BHRE KRIESF
LA N HERABREN T, BR T RENEE
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1 HRmAE
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2005 47 10 HE W N H 7 B B
BRI A LR B T EE 4 A AR
FERT T, 234 5 R KQUKY NNXLS, A3
BATEY 4 AR A SRR L3R 1, 2006 4 4
H KB R BB IE R T1E 25°C P T &
B BRTHEAS, —E8, 5 Ay, AR
FE—ATEBRZEE 25 cm WIER P, REEE
B e v AR B IR DU ) bl L2 AT

SIRBE 3 AN AR, S35k R (R P
7K 300 mL), sh&5( 4% 2 K¥E 1 YK, 7K 300 mL)
ATR(%3 RE 1 WA, &K 300 mL),20 &4
B, FHo 4 5 Bk R B IR — AR B RD T T
o BRI RIS, H AW g — AT B R
FrE bRl R BT RN, AR R R RRIE 1003 1/3 4
B R 2 N FAA B0 .
1.2 XWHE

HeR B 1 b Bk B DD, Jr BER 5 mm x
5 mm, RAW AR %, W BE 12 ym, F
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H MR =y R i By A S (R L
SURMGALLL) B 1 PR R 40 R g B R
BRI R FTAPEERA F R [ 30 AN
VHE, FHH

W 4 4554 B85 i CTR( cell tense ratio, % )=
WA SR B/ PR EE < 100% 5

M- 4445 A A BE SR( spongy ratio, % ) =
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Table 1 Locations and habitat characters of four populations of Medicago ruthenica

o
KY Keyouzﬁ?)ﬁ%iﬁrﬁi ﬁongolia 112°49° 45%13” 368 Wﬁ%&é{\#—lﬁde
KQ oshkaro et Mongola 11788 438" 380 Fikide
NN Naﬁ%ﬁ%ﬂﬁaﬁ;nxi 109°85 3613 565 Fl'eldmbiérder
X8 A 104°06° 35%80” 534 Rz:winelzJl gﬁé%n hills

Xinglong Mountain, Gansu
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H-fk 2z iF VPD(vein protuberant degree, % )=
KPR/ R EE x100% .
1.3 #ita#Hh

FFA Bmab B S 4> Sr R F SPSS 13. 0 #&4:
(8SPSS Inc. , Chicago, USA) 52 k. W—aEEARIHE
AKSIAL B ] [y 25 5 R F 84 R Jr 220 ( one-way
ANOVA) , Biif5 9 2 21 Ll R F Duncan ¥ 47 #:
Bro AEAKIIFEREXM 5 RIS i R
P Jr 2404 (two-way ANOVA) , aniRk 5 Faift
PAETAE PR, WAy o SOy 8. WIS dR 4K
( Plasticity index, Pl -5% . B:38 45 R0 BE e 8 =
(BERAE —B/ME) /7B kAT

2 BRESWH

BB I ARl A 1 TR

XAEETE 4 N ERAE 3 Rk ab 3 T syl R
BE MM U RN B 4 QUR BE i J 4 G454 B
BEBRFR BE L I BR AR B AU L (FE AR 4L S
MEGUREE, TH) B PR 2
WAL M R B 36 10 MRES PR R J7
ZESMTARI, ARSI BT 2 B A MR BE R B
(p>0.05) , % Jy B B ] ik Rl e B e s
(p<0.05), X4 6 MSHHMHHBE(p <
0.01) . JaiExf ¥ Lk MR a5/ (p <0.05) , X

HARBHA AR BELM(p <0.01) . KIPFER
FC LA T AL RS R B B (o <
0. 05) , X HE 9 MBHEUmHR B (p <0.01) (3£ 2),
2.1 RELHKS &R R SRR

M1 2 W LAE 1, BREE PRI IR R e (NN) 4+,
AR S B ALHSUR B R BN . A
R AR, 7E T BT T SUL A A
B BN , ERME PRI 1 S 1 AR A 44U
EEHBETHRAMAER. B4R e
B AR, TREET , AsdhRA PENRA
LI 2 AR R A SR — R S A £
BB T W B K. WA R m R,
Foor 3 ANMERHE P A A0 B IS LA L
BOAGIRR B A R , B4R L SUR BE 2R
0 fHERPGH DERE I L B ) R R &S, 12
TR, A HAHNRE . EBHZAGT,
B o B T PO 2 A U B B de o TR 3
MERE. ARERA R MR R 2 Mk
ROl L. B K 2 B3 g R, EL 3 S 2 AR
HEER

ARG Ab S B IR AT SO 2 AR
ERE A 4918 R R R AW B
. ZEMIAALART, SN REAB /M F4
SRR BB R MBI B, (ELZE T LRIk

1 FEB R A BRR(10 x40) 5 2. FEEFHH (10 x40} . Posal; XoARGHS; Eu. R3E; EIFRE PLAHSL StagpmEdl,
1. Midrib of Medicago ruthenica({10 x40) ; 2. Leaf of Medicago ruthenica(1Q x40). P, Phloem; X; Xylem; Eu.: Upper epidermis;

El: Lower epidermis; Pt. Palisade tissue; St: Spongy tissue.

1 EEHABRER
Fig.1 Anatomical leaf structure of Medicago ruthenica
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Table 2 Results of a two-way ANOVA with water(n =3)

and populations(n =4) as fixed effects

bt A% gg KW
] rx

Variables V\(Iagr Populg)tlons Populations
)

M SR B - - -

Palisade tissue thickness 9.647 39.895 6.189

M 4EE - - -

Spongy tissue thickness 8.805 32.018 23.924

Leaf thickness 3.393%  26.4647 6.464%

N R 2R B R - - .

Cell tense ratio( CTR) 5.777 7.392 2.634

S AU mAL - - -

Spongy ratio( SR) 20.086 17.698 33.777

NHRAEERE

Vein protuberant 4.3711* 27.713*™ 5.255%

degree (VPD)

g

Thickness ratio of palisade 15.802%  2.838%  10.234™

tissue and spongy tissue

LR B o S R

Thickness of upper 0.808 26.007* 8.966™

epidermis cell

FREARER

Thickness of lower 1.764
epidermis cell

S5 S RS
Density of the first layer cells 20.095*  40.439* 17.990*
of palisade tissue

35.996* 5.756*

Notes ; Fvalues and significance { p) are shown; ns, p >0.05;
*, p<0.05; %, p<0.01.

THEET AL BERR. AEAKAEEXT IR
TR RS 2 Mets LB T B R (p >
0.05), fREAW, BMf e e fe I R MR AR B T
AU AR BE e 8 1A% 3 AR
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18 B I EX me AT se e R A )R G
W, B VR SRR P AR K A B PR BE (AR K

B TR P Ah , Hodt 3 MR R R IR R AR
BB G |32 T N AT I Py
SR T2 T KRR AR B A4 T
A%, TG e R e 3 Jos IR I PO A G 1
BAEAF K P T IR AR R TR g0
A R R
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KB > SO I > B VER > MEEIL, H
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FRBCE /N s T VS BRI [ 111 Fm g vy v PR (f 9
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YehfE BRvi Rt . BB AR BRI 2
WAL B BE B0 B R K 20 Ak 2 5 0l e 2
{6, WA HEAE o 4B E e DL 0 59 B SO . AT 5



®2o%

R 2R

E# Population

E# Population
KY BHG i ER; KQ. gft wRIstE R, NN siidsEme; XS MEILER, TH,

KY : Keyouzhongqi population; KQ:Keshiketengqi population; NN: Naniwan population; XLS: Xinglong Mountain population. The same below.
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Fig.2 Leaf anatomy parameters of four populations growing under different soil-water conditions
{ Different letters in the same population indicates significant difference { p <0. 05)under different water levels)
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Table 3 Plasticity index for the ten morphological parameters of four populations of Medicago ruthenica

AR Plasticity index

Variables Ky KQ NN XS Tnﬂe%{rii
Eﬁ?&%ﬁ&e thickness 0.29 0.20 0.03 0.20 0.18
&%%ﬁﬁ%ﬂess 0.45 0.27 0.24 0.15 0.28
Leaf thickness 0.17 0.04 0.12 0.16 012
s %ﬁﬁﬁiﬁ%‘%) 0.15 0.22 0.05 0.08 0.13
’S*L)j %ﬁﬁﬁ%ﬁ%ﬁ 0.56 0.25 0.16 0.01 0.24
%ﬁ%ﬁ%erant degree(VPD) 0.10 0.15 0.12 0.14 0.13
%%Ifﬁﬁﬁﬁiﬁﬁ J?a%sﬂi:le tissue and spongy tissue 0.66 0.41 0.18 0.08 0.33
ﬁf&ﬂgﬁ oj?%per epidermis cell 0.06 0.53 0.23 0.33 0.29
ﬁ%&iﬂsﬂﬂojﬁﬁw&r epidermis cell 0.17 0.48 0.4 0.10 0.22
ﬁ:ﬁyﬂ%ﬁﬁ%ﬂﬂgﬁrﬁgls of palisade tissue 0.51 0.41 0.18 0.04 0.28
gy 0.31 0.30 0.14 0.13
%4 WATEESEHEH(ABBFUIENRKERNE) b BT REELETT, BRA G, A EREE

MR R A
Table 4 Phenotypic plasticity index for the variables

of merphelogical parameters for species of typical
steppe zone and forest-steppe zone

WA AR
AN A
- ypica orest- ignifi-
Variables steppe steppe cance
zone zone
A R
Palisade tissue 0.2425 0.1135 *
thickness
WHAHEE
Spongy 0. 3585 0.1940 *
thickness
HH R
Leaf thickness 0.1040 0.1400 *
W
Cell tense ratio{ CTR) 0.1845 0. 0885 *
S SR AR
gy e iy
Vein protuberant degree 0.1275 0.1300 ns
{VPD)
Bt A0 SR 4 4R L
Thickness ratio of palisade 0.5375 0.1190 *
tissue and spongy tissue
R B R
Thickness of upper 0. 2930 0. 2795 ns
epidermis cell
FHB AR
Thickness of lower 0. 3250 0.1185 *
epidermis cell
B A R
Density of the first layer cells ©0.4575 0. 1080 *

of palisade tissue

Notes; = p<0.05; ns; No significance.

7 AR A 2 R R, 6 43 4 4 B A R,
AN LRI R, R RS OR, W 4 4L 4l R
FERE I, AR B PR R I ( 2) , ],
FPRX 7 AMated R e BREAN T R&A MiEA4E
o
3.2 AEEHEHEH FAN&RnTEE

2 K] 3¢ (phenotypic plasticity) , R85
W7 , A 3 N SR AR A T A TR A R A
HAS L, RALY A S R R R E R A, A
R, R T S8 R AR L SRR F IR G
B T, A ] 3P AR A VT RBTE 1 1 % el 4k
PR LA , TR B URE SRR A 4L
Yk, DB R i Ak R A BB R R,
PR, T A 8 R e A B B S o B 9 3 I B
JIEEE AR, JoA W T B R AR e
Z4k#"” (ecological generalists) , W AN i) A: 3 4444
HAT 2 w2, B E R A AR Rk
G313 BB A R T B, 0 2 R BB TE N TR I 4
B RO TR T R R E A X
BB BRI 52T R, fE RS IR AR
HMEE TR ER DB WL e, TR &0
EAE, N e a5, (R 204 T
N LS S
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