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Abstract. The seeds of 206 Echinochloa samples from paddy regions of 15 provinces and one
municipality of China were sown in the same cultivation environment and their offspring were
obtained. We measured 21 morphological traits of the 206 Echinochloa offspring samples.
Based on these 21 traits, cluster analysis and principal component analysis ( PCA) were
conducted. Results showed that: (1) Eights groups were identified from these 206 samples,
corresponding to E. frumentaceae (2 samples), E. oryzoides (5 samples), E. crus-galli var.
praticola (6 samples), E. glabrescens (14 samples), E. colona (2 samples), E. caudate
(16 samples), E. cruspavonis (8 samples), E. crus-galli complex (150 samples including E.
crus-galli var. crus-galli, var. mitis, var. breviseta and var. zelayensis) and three other
samples, accounting for 0. 97%, 0.97%, 2. 42%, 2. 91%, 3. 88%, 7. 77%, 6. 80%, 72. 81%
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and 1. 46%, respectively. Echinochloa crus-galli and its varieties were the main taxa of the
genus in the main paddy regions of China; (2) Analysis of variance showed that the main
quantitative traits for identifying the eight groups of Echinochloa included leaf length, leaf
width, panicle length, raceme length, awn length of spikelet, spikelet length, length of first
glume/spikelet length, diameter of main stem, and individual height; (3) A key to the eight
groups was given based on their morphological differences; (4) Taxonomically, E. crus-galli
var. praticola was suggested as an independent species from the E. crus-galli complex due to
its simple racemes, awnless spikelets, wider leaves, higher individuals, and purple spikelets.
Key words . Classification; Diversity; Echinochloa; Main agricultural region of China; Morpho-

logical trait; Paddy field
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Fig. 1 Collection locations of Echinochloa in China
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Table 1 Descriptive morphological trait statistics of 206 Echinochloa specimens
N ERIN ' FoRME H/ME ¥l PR 22 5 R %)
Morphological traits Codes Maximal values Minimal values Average values Standard errors  Variation coefficients

K (em) M1 45.40 6.20 25.08 0.58 32.98
%% (cm) M2 1.48 0.26 0.67 0.02 33.80
AL T (em) M3 34.73 3.98 15.30 0.27 25.23
MRIETF K (em) M4 6.80 1.74 3.84 0.07 24.53
N (em) M5 3.36 0.00 0.43 0.05 174.99
/N BE (em) M6 0.45 0.18 0.32 0.00 13.87
951 U B N B M7 0.66 0.30 0.45 0.01 20.84
FZEHAE(cm) M8 0.72 0.08 0.31 0.01 37.31

B (cm) M9 190.00 23.00 97.70 2.59 37.99
/N B, M10 6 1 2.07 - -
RV M11 1 0 0.99 - -

i —HNRE T b M12 1 0 0.93 - -

AR TR Sy AR M13 1 0 0.94 - -
SCRAEF T BRE e M14 3 1 1.73 - -

BRI 25 R M15 3 1 1.22 - -
SORAE P B B R M16 3 1 217 - -
SCHRAE 0/ AN 1] 32 M17 1 0 0.89 - -
SORTET S IR M18 1 0 0.99 - -
IINBEAE SR AL Sl HE S M19 3 1 2.38 - -
RIS EIE M20 3 1 1.32 - -
AR M21 1 0 0.99 - -

Notes: M1, Leaf length; M2, Leaf width; M3, Panicle length; M4, Raceme length; M5, Awn length of spikelet; M6, Spikelet length;
M7, Length of the first glume length/spikelet length; M8, Diameter of main stem; M9, Individual height; M10, Spikelet color;
M11, Caryopsis abscission characteristic; M12, Lemma character; M13, Caryopsis wrapped by lemma or not; M14, Raceme
branching degree; M15, Panicle bending degree; M16, Compact degree of raceme; M17, Raceme keeping close to rachis or
not; M18, Raceme bending degree; M19, Spikelet arrangement in raceme rachis; M20, Morphological type of plant basal por-
tions; M21, Color of plant basal portions. The same below.
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Fig. 2 Cluster analysis of 206 specimens of Echinochloa based on their 21 morphological traits
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Table 2 Differences in sixteen morphological traits among eight Echinochloa groups

AR BIRRT  AERR OB o g TUER BEARE . o
Morphological  E.frumen- E.crus-galli  E.glabre- ) E.cruspa- Complex of et
; : E.oryzoides E.colona  E.caudate ; . F  Sig.
traits tacea var.praticola  scens vonis E.crus-galli
K (M1) 20.30+2.10b 33.67+2.85b 33.49:229b 1443:213a 21.10+11.30ab 29.98+2.04b 2198+2.34ab 23.98+061ab 681  0.00
5 (M2) 064+0.08ab 0.88x004b 092:005b 045:004a 057:0.15ab 0.83+007ab 075+0.08ab 063:002ab 7.10  0.00
FIHEAERF K (M3) 1450150 ab 18.10+1.77b 1807+1.22b 956+159a 10.00+580a 16.25+1.06ab 15791.37ab 1510+£0.28ab 4.27  0.00
BIRIEFKE (M4)  275+0.850a 3.10+0.330a 4.03+0278a 2.86+0333a 270+0900a 357+0265a 4.18+0437a 393+0072a 283 0.01
VB (MB) 0.29£0.29 a 0.00 a 030+0.16a 0.23:0.23a 0.00 a 198+019b  1.65+013b  023+004a 3030 0.00
/N JE (M6) 0.37+0.05bc 028+0.00a 030+000ab 040+003c 030:0.02ab 0.30+001ab 030£0.01ab 032:001ab 596 0.00
i;,\j;!)[‘/’l‘% K 050+0.00b 0.30+0.00a 043:003ab 038+0.05ab 050+000b 040+003ab 048+003b 046+0.01b 438  0.00
3
LR (M8) 0.30+0.06 bc 046+0.03c 042+003bc 0.13+£002a 024:0.15ab 040x002bc 0390.05bc 0.29+001bc 1074 0.00
BRES (M) 1125 £2.05ab 152.5+ 11.46 b 127.64 £6.54 ab 73.56 = 14.17 a 84.00 +61.00 a 123.50 £9.71 ab 118.38 + 18.79 ab 89.76 £2.60a 7.44  0.00
/INBEBI5,(M10) 300+0.00ab 500£0.00c 214x0.14a 280x074ab 200+000a 4.19:x046bc 4.00+0.00bc 1.59+006a 3729 0.00
24| =1
;;ﬂﬁlﬁié’\ﬁh 1.00£000ab 1.00+000ab 286+0.09b 1.60+025ab 1.00+000ab 1.810.14ab 3.00+000b 1.61x005ab 1641  0.00
3
- B
Eﬁﬁggm& 300£0.00c 1.00£000a 1.00:000a 120:020a 1.00x000a 169+0.12b 200+000b  1.13x0.03a 2182 0.00
MO AE R R
"E_fﬂ}‘,\jﬁgm%i 1.00£000a 200+0.00b 293:+0.07c 200+000b 250+0.50bc 2.88+0.085¢c 2.13:0.13b 205:003b 2320 0.0
I
VR AE G/ AN
- V‘i”””/m” 1.00£000b 017%0.17a 1.00+0.00b  1.00+0.00b  1.00+0.00 b 0.00 a 1.00£000b  0.99+001b 27129 0.00
I A (M17)
ﬁﬁ%ﬁw‘ 250+050a 1.83+017a 200:0.11a 240:025a 200+000a 219:0.10a 200+000a 249:0.05a 4.19  0.00
b L T
’%ﬁ;ﬁﬂiwﬁ 200£0.00a 300+000b 114%014a 140:040a 1.00+000a 125%014a 200+038a 123x004a 1193 0.0
S S, 25 PR L L~ /5 bz |
S8 Distance SORAEFF BB ARE | VR BE | 5 1 BRI
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Table 3 Analysis of variance on five traits among three Echinochloa crus-galli varieties
IS 2N JETE R TR [ HNIT 5 2% R
Morphological traits E.crus-galli var.breviseta E.crus-galli var.mitis  E.crus-galli var.zelayensis MS F Sig.

58 (M1) 0.61+£0.022 b 0.576 £0.029 b 0.44 £0.014 a 0.166 20.674 0
INEKE (M6) 0.28 +0.004 a 0.34 £0.010 b 0.35 £0.005 b 0.025 23.657 0
51 B/ /MK (M7) 0.500 + 0.000 b 0.40 £0.028 a 0.50 £0.005 b 0.051 17.598 0
/NI (M10) 1.09 £0.091 a 2.00 +£0.000 b 1.13+£0.0538 a 4.281 50.231 0
MRILHIRI (M20) 2.45+0.157 a 3.00 +0.000 b 2.90 +0.048 b 1.067 10.457 0

s RPEATP AR FREFRERMZMLE P = 0.05 KF LA BEXESR,
Note . Different letters on the same line indicate significant difference at the P = 0.05 level.

x4 AIMEEEREE I NE2 THS LNEERETE

Table 4 Information load capacity of 21 morphological traits in first and second principal components
AR EH 1 iﬁ&iﬁ} EH 2 iﬁ&iﬁ;\ AR % 1 im‘cﬁ} g 2 imm
Morphological traits Principal Principal Morphological traits Principal Principal
component 1 component 2 component 1 component 2
4 (M1) -0.2071 -0.2824 HE—H B (M12) -0.3428 0.3314
H5E (M2) -0.1685 -0.2656 AR 25 (M13) -0.3475 0.1699
BIHEAE P B (M3) -0.1631 -0.0833 SCRTESF R (M14) -0.2146 -0.2783
MIRIEFRE (M4) -0.2094 0.0429 B HEAE 7S AR (M15) -0.1503 -0.1012
N (M5) -0.0494 -0.2804 SARIE TR FEREE (M16) -0.2677 -0.1383
INEKBE (M6) -0.2565 0.1415 SRAE /AN 1) 5 (M17) -0.1643 0.2153
1R/ /AN (M7) -0.2501 0.1669 BRI IR (M18) -0.0027 -0.0065
FZEHAE (M8) -0.1593 -0.2780 JNEETE BORAE P HES (M19) -0.2919 0.3179
Bk (M9) -0.1891 -0.3467 RIBRIEHHRIE (M20) -0.1642 -0.1159
/NEZI (M10) -0.1258 -0.3251 MRS (M21) -0.0034 0.0148
BRI (M11) -0.3644 0.0672 BT R (%) 92.516 93.557

SEERZE RN R TAE, T T EERHY
AIREAR IR AL OC R, I8 45 R BB AR 53 Fh
(LR S FIR i ELOGF B it SRR
B A P S A 7535 Flora of China 1
UNGE

AT i 4 4 S A S R A8 R, {ELXT 206
PR REA BRI S0 (& 2) KW, gt A
SRR H TR (LEM, KOUE) e 12K
KELAHBEMESZER, B (B2, G2)H
FRVRAC PRI 5 /NS . AR . RERR S K
ANREEE RR AR AE R T A R N — 2, MR AR R
I AL BRI, 4R SRR SR ST R T A
T, (HX—43 24 H R LR T — 2 1 o R Ok
Bk,

BB R S IE ) —FPEE L, BIH
HIM Ik, I RS ER & B e,
KO HRPIR R — R Bl 2 A i dis , I Ry 1

p=y

i, BRI JUA, a2 Ry iime, 2a54
BRI A W2 I B A T A3 A0, XA SE G (Y 206
B EYIEA, RS — 0 BEH T4, 7T
DISEPRTERRES N 2. 4A5E+00 By & (& 2) BTk
A6 ., Hr, G1~G5 TANZH Sy HI%t T
FMRF . 4R RERERR . JKHR, SESGE, M
G6. G7 f1 G8 Hali—k4l, H Ge Ml G7 i
DO VAR R e 7 U 2 D 271 R I 20 1Sy P
SCRAETF 0 53 B R A B S 0 X, DA e g
Ok 2n =54, %Ak 2A B fLER 2n =36,
Bk 2B U ARHEIT R 8 A A K BEEAT 0 4]
e, BA RSN —RERR 5, mEssE
RGBS A3 28R X B A A T A 5

VER—FRAIE 325, BB IEE R H el
B F TR RGN, BATE SR —
IS R IERT E i LB, AR B A
— A HRIIERGE, HHLE R T 0 i 1 T g



H5M Fifik A%, o B AR ORE r28 5 SR M 5T 443
sy
i T
5126 5181295 2851”5114 815
il $T21°51 1 S120 ;
o s13 g3 gtoRt L :
E.crusgalli .+ s135 , $i08} SO o :
g5 3123 S50 Sy 80 st SN2
510957k 19755 574 573 5140
396 555 - g0 WOSE Sl > 531?10 soy
575 k6B 5: o) 51 s
56 g3 ikl S 5 *315;86' : K
o : S196 ¢ 533365 %s S S E. oryzoides
. $26 £ 7 -
€ ST g 313532& stgzsg‘g 5193 . 561,
9] 5189+ « * 5191+ sgg 345 549
5 siss 1463 si S
a 84 HEA o~ i g
IS " 587 S}gq%lﬂ?'sg& 35174 '; _...3‘5.9 314:1.._. % $17 "
8 S35, g5 S 1;5\31 gm H 1
© s.;gslﬁ? 3163 522 . . :
o 847 551 536 434 . 839 530 3 Y e 516;
LC) 3176 S}g 533 852 ."‘ -_.'Slm .’. .....
£ §37 - 3155 5173 : T
o . E e = - 7
: SIggs e "SR R 2 E. frumentacea
K : 283 S04 - ., ~'E. glabrescens
= S8, s@s si77 SIT1 8 —
H presftsie 5168 s S s
~ s 5169 3164 o §146 ¢
. : L5150 o -
& s206 ; e
S0, s 03 179 ¢ ; .3154 si2 sise e s1ALy
£ . s . - 5156 e
S8, SI97 o suae siss e, SIS
s 510 " 3157 ~ . .; + 5144
5199 - 5151 &
g p . Slag s S S =58
KE# E. caudate 7 o ¢ OSI6L T e -
5200 % cis3 E crusgalli var. praticola

-, 81 3
?Léfﬂ E. cruspavgms Nieraeest .

sape”

LT T

%5 1 %4> Principal component 1

B4 EF21 MESHR 206 HEREEYBEALEE 1 FFE2 TR L -8 SE

Fig. 4 PCA two-dimensional scatter plot of 206 Echinochloa specimens in
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1. AR A, BIHEE R, W EDIR, ARG e WM (E. frumentacea)
1. AR B T, IR AT B SN, e, SRR Y R
O FHRFEFBEAL, IREE, JEAE  ooreereereesreese ot oottt iR ( E. glabrescens)
2. NHEBFF R TR, R
3. VKT 4 MM, T, B~18 O woreereersesseetesiesie sttt ettt KIF(E. oryzoides)

3. /N 2~4 mm, K, 18~45 cm
4. /NETCT

5. BARIESFEFTHE 4 31, INEGEE, BB R /IMER R 2 JRHM(E. colona)
5. BARIEFHEIIA T, /ISR, S —FRK A/ N 1/3 evveeeeeeee kS ML E. crus-galli var. praticola)

4. /NEEAT e DR A A
6. /IMNEH ALK 15~24 mm

7. BRAETF P2 /NERCHN, SORAEFFRREL, RS i R FLEM(E. cruspavonis)
7. BT R, AW RRAREE, BIREFEE, RIEEEA KAEM(E. caudate)
6. PMELRKEIA—, 0~10 mm

8. BURIEREZZI, TRAAYTE 510 MM coveeereemmei BL(E. crus-galli var. crus-galli)

8. RURALTIAE, FAFICEE T 5 mm
9. MEFAE, 2.6 ~5.5 MM +eeererermrmiiiiiii Wsk®L(E. crus-galli var. zelayensis)

9. #5558, 5.0~7. 4 mm
10. /MK 3. 0~4. 2 mm, /NFHEZGET coovvnernnen TR E. crus-galli var. mitis)
10. /MK 2.6~3. 0 mm, /NVEEZREE( «oovveeere SRR E. crus-galli var. breviseta)
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