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Abstract; Using methods of comparative morphology and comparative anatomy, the morphological
characters and anatomical structures of leaf of six taxa in Medicago sativa complex were studied by SEM
and LM. And based on fifteen characterizations, numerical classification of the six taxa was also carried
out by means of UPGMA and principal component analysis (PCA). The observation results show that leaf
upper and lower epidermis cells of the six taxa are mostly irregular; anticlinal walls appear waved with
different degrees; stomatal apparatus is the irregular type with a waxy cap, and the stomatal density varies
to a certain degree. The six taxa all have papery leaf with a thickness of 130—170 pm, and the section
shape of epidermal cells is subrotund or sub-rectangular. There is 1-2 layer cell in palisade tissue with a
thickness of 41-68 pwm and compact cell arrangement. The spongy tissue is with a thickness of 32-75
pm and loose cell arrangement. There is a certain difference in leaf structure loose ratio (SR) and
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structure tense ratio (CTR) among different taxa, in which SR of M. irautvetterii Sumnev. leaf is the
highest while CTR of M. sativa leaf is the highest. The UPGMA result shows that the six taxa can be
classified into two branches at the combining line of 1. 53, in which one branch is M. falcata L. and
other five taxa combine to form another branch. The latter branch can be further divided into two sub-
branches at the combining line of 1. 18, one contains M. sativa and M. tianschanica Vassilcz., and
another contains M. schischkinii Sumnev., M. rivularis Vassilcz. and M. irautvetterii. The PCA result
shows that shape of epidermal cells, patterns of anticlinal wall, differentiation characteristics of rhachis,
SR and stomatal density of leaf possess high taxonomic value for M. sativa complex. Furthermore, the Q
distribution map based on PCA is highly consistent with the UPGMA result. According to both of these
results and previous research findings, it is concluded that M. sativa complex in China includes three
taxa, namely, M. sativa, M. falcata and M. varia Martyn. In addition, differentiation of morphological
characters of hybrid taxa, such as M. schischkinii, M. rivularis, M. tianschanica and M. trautvetterii, is
unstable and these hybrids should be categorized as allogenic and synonym plants of M. wvaria.
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Table 1 Information of voucher specimens of tested taxa in Medicago sativa complex

KAEEH  Location WR/m  Altitude

432t Taxon KAEES Collection number
LW M. sativa L. (830155

HALETE M. falcata L. (820342

VU & B 15 M. schischkinii Sumnev. C830267

JEERE T M. rivularis Vassilez. 820340

KAICHETE M. trautvetterii Sumney. (C830342

KINETE M. tianschanica Vassilcz. 201

BriE AERE Hejing County, Xinjiang 1 340
B A H Wugia County, Xinjiang 2200
BRI Yecheng County, Xinjiang 1 360
B BB 2T Altay City, Xinjiang 1350
Hria iR 75 2 Wensu County, Xinjiang 2 000
BT E Yecheng County, Xinjiang 2 600

0.5 cm H/N RILTE VOIRB 34 30% o A AL S :
V(ZTR) = 1:1 BIRG W ;60 CilAH e 3 ~5
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Table 2 Observation result of morphological characters of leaf epidermis of different taxa in Medicago sativa complex by LM

K Upper epidermis

T Lower epidermis

e KRIAMLE AL KIHAMLE o AL
Taxon 2RI R Differentiation I fi R EE/mm™? AHETEAR Differentiation e J‘Iu:i J&/mm™2
Pattern of . Pattern of
Cell shape of long and S Stomatal ~ Cell shape of long and L Stomatal
R anticlinal wall . R anticlinal wall .
short axis density short axis density
BALETE AL 2R TR 156 AHNIE ZH BZSIEIN 128
M. sativa Irregular Most obvious Deep waved Irregular Most obvious Deep waved
HALETE PRENY WESCRER ek E R ERY 237 PRENY WESCREE  BeIRERRY 188
M. falcata Few polygon  Obvious or not Waved to shallow Few polygon ~ Obvious or not Waved to shallow
waved!) waved")
[iE EAE G ANHLIIE EZ LIk LN 204 A KL ZH . WK 173
M. schischkinii Irregular Most obvious Shallow waved Irregular Most obvious Shallow waved
JERE A AL LA BEER 167 ARNIE ZHW Tk 143
M. rivularis Irregular Most obvious Deep waved Irregular Most obvious Shallow waved
KRAEEAE AL ZHI e RI2N 172 ARNIE HREARR  PORERIOR 159
M. trautvetterii Irregular Most obvious Shallow waved Irregular Obvious or not ~ Waved to shallow
waved

KIETE AR ZH] . 231 2 INEERZIN 134 AFLE ZH . L 2INERE R ZIN 141
M. tianschanica  Irregular Most obvious Deep waved to Irregular Most obvious Waved to shallow

waved

waved

D 3 [ B H oK 5 Anticlinal wall is straight or arched.

2.3 EUWERESAGEORENM R RS ST

HERRY LA S 5 2 AR 6 o ZEBERY T 1 fff 1)
SEFFRIE LR 3 FIEIML L, 6 MERAEETE & ik
TR I R A 5 25 R R AE AR ALL . I 7 24 R A A R
FEFIZEAR K, J 130 ~ 170 pum; [ 2 5 40 i U] 1 0L
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Table 3 Observation result of leaf anatomical structure features of different taxa in Medicago sativa complex'

MHE2ZHZ Palisade tissue WFLR 2R Spongy tissue
TR
B %
VEsi o JL;E‘T/“ " DI AW 2 SR/% CTR/%
Taxon bi ]E:a B Section shape Layer JERE/pum  HIHES RS JERE/wm AR IHES )R O ¢ ¢
thickness of epidermal cell number Thickness  Cell arrangement Thickness  Cell arrangement
of cell

S ET 130.76+12.15 KI5 2 67.60+3.25 HEH 32.50+2.56  Hifl 24.85 51.70
M. sativa Sub-rectangular Relatively compact Loose
AL A 143.56x11.45 TR 2 49.83:2.26 B 47.67x1.35 BHiM 33.21 34.71
M. falcata Subrotund Compact Relatively loose
VAT 143.85x12.21 EKHIE 2 50.05+4.35 B% 55.25+4.35 LGS 38.41 34.79
M. schischkinii Sub-rectangular Compact Relatively loose
JERE 169.43=14.27 ERIFEBUERIE 2 65.87+2.24 % 71.50+3.56  LHiM 42.20 38.88
M. rivularis Sub-rectangular Relatively compact Relatively loose

or subrotund
RAEEHE 130.47+12.78 SEKGBEGERIE 2 41.1724.32 FEHE 74.97+2.36  BHiM 57.46 31.56
M. trautvetterii Sub-rectangular Relatively compact Relatively loose

or subrotund

o~ NS s B

RIE 1 130.44£13.10 EK I 1 45.50£1.43 R 39.002.53 |0 29.90 34.88

M. tianschanica

Sub-rectangular

Relatively compact

DSR . HABHME Structure loose ratio; CTR: ZHZEAE B Structure tense ratio.
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i I:RIV
L B
. . , . - FAL
1.79 1.57 1.35 1.13 0.91

SAT. 68715 Medicago sativa L.; FAL:
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(ERpTNeY

HAELHTE M. falcata 1.; SHI
schischkinii Sumnev.; RIV. JFE#E 15 M.

rivularis

Vassilez.; AMB; KIEE T M. trawwvetterii Sumnev.; TIA; KILE TE M.

tianschanica Vassilez.
1

Fig. 1
Medicago sativa complex
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Cluster analysis result of UPGMA of different taxa in
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BRI WA RA B — 2k

ERLIr AT AR (3R4) KA HI3AS T 1Y R

3 -
RIVe
2 -
o AMB

1 -
. . @ SHI . |
-4 -2 1 2 6

siTe @ TIA e FAL
-9 =
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Vassilez.; AMB: KAEETE M. trautvetterii Sumnev.; TIA: KINETE M.

tianschanica Vassilcz.

B2 EREREGEARERSEFEIHS SN Q NHE
Fig. 2 Q distribution map of principal component analysis of
different taxa in Medicago sativa complex
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Table 4 Result of principal component analysis of leaf characteristics of Medicago sativa complex"’

EWIr FMRALSTALE (G Absolute weight value of different characters
Principal
component A B C D E F G H I
1 0.309 5 0.186 4 0.314 4 0.320 8 0.309 5 0.2733 0.330 4 0.326 6 0.063 1
2 -0.2303 0.171 6 -0.220 4 -0.0231 -0.2303 0.048 0 -0.083 2 0.002 5 0.344 7
3 -0.0339 0.557 1 0.105 4 -0.2240 -0.0339 0.4379 -0.0127 -0.070 7 -0.484 4
EBIr FMRALESTALE (Y Absolute weight value of different characters EEE (A GTRRAE/ % BHHTTHRE/ %
Principal Ei ) - 1 Contribution Accumulative
component J K L M N 0 1gen-vatue rate contribution rate
1 0.3202 0.1361 -0.2565 0.2474 0.0501 -0.1639 8.0329 53.55 53.55
2 -0.0032 0.240 1 0.1435 0.3955 0.5734 -0.3519 2.869 0 19.13 72.68
3 0.0603 -0.1942 0.3409 -0.1240 0.1235 -0.0799 1.869 7 12.46 85.14

DA, EREAIIZIR Cell shape of upper epidermis; B: |3z 4 45143 fL 2 B Differentiation of long and short axis of upper epidemis cell; C:
b 5% H 2 i 5 J5) % SUAE Pattern of anticlinal wall of upper epidermis cell; D FRESFLEHEE Stomatal density of upper epidermis; E TRz
JEAR Cell shape of lower epidermis; F. T3 {2 41 i< 54l 0 fL B2 Differentiation of long and short axis of lower epidermis cell; G T3 2 ifi i
JEBEFFE Pattern of anticlinal wall of lower epidermis cell; H: T3S FL% B Stomatal density of lower epidermis; 1. ' JEEJE Leaf thickness; J:
R HMIYITETZ IR Section shape of epidermal cell; K. A% 2H 2140 i 24X Layer number of palisade tissue cell; L. 4= 2 2 4f i HE 51 AR L
Arrangement of palisade tissue cell; M. W43 20 2R A0 e HES AR Arrangement of spongy tissue cell; N AT AN Structure loose ratio; 0; Z141%E

45 Structure tense ratio.
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B RRi%RE Explanation of Plates

BRR T 1-6. MREIBARFE: 1 SAEE TR ; 2. SR E 76 A ; 3. VYR BT i s 4. R B TR RIE ; 5. AR E R IAhTET ; 6. KL 7 i
Wi 712, SFLEREAL 7. SAEH AR ; 8. WAL BTN 5 0. VYR EAE I 5 10, e R TR AT A AT 10 RAEEAE A 12, KB g b

Plate I 1-6. Morphological characters of leaf epidermis: 1. Axial side of Medicago sativa L.; 2. Axial side of M. falcata L.; 3. Axial side of M.
schischkinii Sumnev.; 4. Axial side of M. rivularis Vassilez.; 5. Abaxial side of M. trautvetterii Sumnev.; 6. Abaxial side of M. tianschanica Vassilcz. 7-
12. Types of stomatal apparatus: 7. Axial side of M. sativa; 8. Adaxial side of M. falcata; 9. Axial side of M. schischkinii; 10. Adaxial side of M.

rivularis; 11. Axial side of M. trautvetterii; 12. Axial side of M. tianschanica.

BRRI  1-6. M EWRESHRE: 1. SAEETE; 2. BAEETE; 3. WBEHET,; 4. BRET,; 5. KIWEETE; 6. RINETE. 7-12. U@ 45 44
fE. 7. SIEETE; 8. WAEE M 9. VIR EAS; 10, BEHER,; 11, KAEETE; 12. RILET.

Plate I 1-6. Structure characteristics of leaf primary vein: 1. M. sativa; 2. M. falcata; 3. M. schischkiniiy; 4. M. rivularis; 5. M. trautvetteriiy; 6. M.
tianschanica. 7-12. Structure characteristics of leaf transverse section: 7. M. sativa; 8. M. falcata; 9. M. schischkinii; 10. M. rivularis; 11. M.

trautvetteriiy 12. M. tianschanica.
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