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Phenotypic Diversity of Maize Landraces Collected From Chongqing
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Abstract: This study aims to evaluate the phenotypic diversity and the characteristics of 129 maize
landraces, which were collected from Chongqing. By performing a two-year field trial, we evaluated the
phenotypic variation and calculated the diversity index, i.e. Shannon-Weaver index. All these 129 landraces were
subjected for cluster analysis with Ward method based on Euclidean distance of these resources. The phenotypic
performances of all 31 traits were significantly positively correlated between two years, and the Shannon-Weaver
diversity indices of 16 traits were more than 2.0. The diversity index of plant height exhibited the highest, 2.07
and 2.08 respectively in the year of 2017 and 2018. By clustering, the maize landraces collected from Chongqing
were divided into 3 groups, i.e. Group I, early-maturing small-grain genotype, Group II, early-maturing flint

genotype with middle stem, and Group III, medium-maturing genotype with high stem. Group I was mainly
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consisted of waxy resources that collected from middle altitude regions, Group Il mainly contained early-maturing

white flint resources from middle and high altitude mountains. And Group III mainly contained medium-maturing

genotypes with high stem and larger ears that collected from middle to low altitude regions. In summary, maize

landraces collected from Chongqing possess and exhibit three distinctive groups, the phenotypic characterization

of which provided informative references for the germplasm protection and future mining and utilization of maize

resources for maize breeding particularly in Chongqing.

Key words: maize ( Zea mays L. ); landrace ; Chongqing; phenotypic diversity ; group classification
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Table 1 Name and origin of maize landraces collected from Chongqing

45 Code £ F% Name KA Origin 45 Code £ %% Name JUE Origin

1 N WAR KRS 47 PN [ ER = P
2 i WAHRKKS 438 Py P FH L Py g
3 KLAA W B & 49 K [ e
4 jiISEE/S T A X AR 50 BLLEK WHEPE S
5 LAY T X A 51 [EES/S WIREPIE 2
6 TR WH B i 52 N PIHEME S
7 NSRS WHHEKKS 53 FAEH AR PR AN S
8 FIAERIA W EAgs & 54 EEREY AN S
9 o WoH 2y 5 55 ENUEAR R [L1ERE % NI 2
10 JEE N A BT S 56 (LS B S PRI R S
11 NSRS HELKES 57 E RPN WK A
12 SRS AE R S 58 A HIAR K HITH A5
13 ESPEIN FENHERES 59 M S A TEFEX DU T L4
14 P MRS 60 S AN BT IR A 540
15 Lz SoRe RER P S 61 Y BT IX A
16 INFFE HELKES 62 PN FRIT X A 548
17 R MELRHES 63 PN EEVTIGEE K
18 VIR AEEPE S 64 SRR FEVLIX kA
19 EAE A B o B A 65 Tigrass TR T I
20 BH/ NP A S 66 R MERAY HEVTIX PR
21 i/ Nk HEHETHS 67 PR EK FEVLIX AT
22 PN AE S S 68 —HE R FEVTIX 2R
23 P am ey FREKLS 69 TR I oK BT IX AT
24 BRI A S 70 iV AITEaR = TFE U
25 NS AAEXE R & 71 LHEER/S PAR =S LIpI S
26 LSS EPS FHHRKLS 72 EEPS FFEB
27 AR e MELRKHES 73 LAY FHRARS
28 LR ZEy AR 74 THIREK LA
29 (LSRN FHHRE%ES 75 NSNS TFEL
30 TAE AT MERAKHES 76 [ERaRe R 2t
31 e ZT R 77 ey A FLLRRMI &
32 KB FHERKES 78 SRR MK EIES
33 PR AR S 79 BRAF AT mIX S
34 R ELAT AR S 80 LY AL XA
35 ANEERE AFEERGES 81 PMEEK AL X AT
36 R HEA AR ES 82 A B WEXKAAS
37 REaEs AHERA S 83 EANGED/S WX RAS
38 PN EEE S AFEEHA S 84 SEFS N N
39 NS AR RES 85 TR T B FFIX N
40 E/S EHLIX 4R & 86 T T G FF IR I
41 EES N PYBHEL AU S 87 SRR TR ATFIX 4 M
42 NS SS Py PH A 88 EHEER S JTRRTFIX B 1L
43 INERIR K P H 2= 89 KEEK YT X 3 VT A
44 INFFRG R Py PR A 90 INHEEOK VT IX B 2 VT A
45 i F oK P P EL 23 4 91 (SN EHTIX A AR
46 EE N P PHR AR 92 [EES/S JUhE X PB4




864 N7/ S Lt N S S 14 20 £
F1(4)

4t Code #F% Name KV Origin Ji5 Code #F% Name KU Origin

93 L =MEEKS 112 "y e Ti AT X B
94 J\FEBIAT mIHBEK S 113 e E K TR TFIX BA L
95 SRS PR A0 R 114 BAwes 7 PR EL S
96 kLA - ELGR 1 115 5 111 4 e R =AWk S
97 [SEEESP/S PP L L7 116 NS =MEEKS
98 PSRN LS 117 HALAT B BT &
99 AT T Y T L 118 WA KRG S
100 B T HE X PO L 119 Je b AL 71 e b pE
101 LD YIIN =MAWKS 120 R BN P44
102 UNE =IHBEK S 121 L RpEHEE S
103 RS = A EA I 122 PIECRIAVEEP/S T 2 FF IR A MR
104 PRINBEHIAT = P EL AR 0 123 KA J7 B2 IX SR
105 AR Z PR EL S 124 ENEES S Py e o217
106 RPN TiEZ T X B 125 NSE 2o 75 LI B
107 LN TR T IX SR A 126 ftiss 75 11 B AL
108 INERIAY = PR ELA IR 127 INETEEK = PRI
109 SRRFEK T AT R AR 128 EHEER S = PH B AR
110 TR Ti B2 IX R 129 LR AKX =05
111 EE®S JTRRATFIX BRI LE
14 Fitoh 142 MRS FIH Excel (2007 ) 43315 129
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Table 2 Classification of phenotypic of traits

44 PRI
Class Phenotypic observation
1 X<x-2 ¢

2 x-20 <x,<x-1.50°
3 x-1.50 <x<x-0

4 X-0 <x,<x-0.50
5 x-0.5 0 <x<x

6 X<x,<xt0.5¢
7 x+0.5 0 <x,<x+0

8 X+o <xg<xtl50
9 x+1.50 <x<x+2 0
10 X, p=xt2 o

By M7 S FRTE 2017 4R 2018 4E&ARIR 3 NEE T
A LIS 448, IR R R BPE (3.4.2) X AR
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Table 3 Shannon-Weaver index of 8 qualitative traits among maize landraces collected from Chongqing
LA STab S A 25) T ) pixea ) R bR TFhRIEAR it NG
Tassel color  Anther color Silk color Ear shape Kernel type ~ Kernel shape Cob color Kernel color
LRI e He He e e f) e f et e
Standardcode gl (o) HKE (%) KE (%) KW (%) FW (%) KW (%) KW (%) FH (%)
Type Percen Type Percent Type Percent Type Percent Type Percent Type Percent Type Percent Type Percent
age age age age age age age age
1 ga 5039 LR 5116 LR 4651 HJE 86.05 AR 4031 [BJE 4264 1 89.92 1 47.29
2 Guili 37.98 WREEM 3178 VR 4341 HOE 1240 SiEA 1318 BUE 1240 4L 620 I 3.10
L
3 2601163 F6 1473 WA 1008 wE 155 thiE#l 2558 iy 4496 4L 388 B 13.95
4 WM 233 FRIR 16.28 B 1318
5 AL 4.65 W 233
6 7L 8.53
7 “w 3.10
8 0.78
9 Mgz 1.55
10 sz 233
11 HRIZL 078
BE
12 i 078
13 e 233
SRR H 0.96 1.08 0.95 0.40 1.42 0.98 0.39 1.53
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Table 4 Shannon-Weaver index of 23 quantitative traits among maize landraces collected from Chongqing

2017 4% Ph 2017 2018 44K Ph 2018 2 fFRIEEAR
£iE typing i s typing i v
= AE enotyping in 7E enotyping in 628

Correlation

PEAR Traits BRE R WRE LEeH coefficient

M K TR A T ROME ROk PR g o
. (%) 5% . (o) 8% etween
Min. Max. Average SD Min. Max. Average SD
cr H' cv H’ 2017
and 2018

W EmERE(d) 46 68 56.26  4.00 713 2.05 47 72 5827 421 723 2.02 0.83"
DFSETT

b 2= TR H AL 0 5 246 088 3598 1.19 0 5 2.15 089 41.61 1.18 0.61"
(d)TAI

FHE E 22 B -1 5 182 1.16  63.80 1.53 -2 7 1.80 149 8264  1.66 0.70™"
(d)ASI

22 22 iz H L 32 52 42.17 436 1033  2.03 29 50 3711 4.03 1084  2.04 0.67"
(d)SMI

HEHHE(d)DFSTM 92 128 110.11  6.74 6.12  2.01 94 129 10936 619 566  2.08 0.89™"
TR — AR 5 25 1440 444 3082 205 6 28 1494 466 31.16 204 0947
PTBN

JERER: (em ) TL 23.0 502 3515 524 1490 2.05 217 548 3574 609 17.03  2.04 0.90™"
s (em ) PH 160.0 3472 259.18 33.58 1296 207 1547 3372 24996 3874 1550  2.08 0.79""
Fifi = (em ) EH 683 2008 12070 2234 1851 204 533 187.0 11224 2403 2140 206 076"
224 (em ) SD 1.18 243 183 023 1253 193 113 278 186 030 1628  2.04 0.74™
FZE0 8 LNOS 9 20 1458  2.04 1398 2.00 10 20 1450 211 1459 211 0.88""
L AVAEQI4C NOLUE 3 8 509 084 1649 1.17 3 8 516 078 1504 111 0.65™"

A EM K (em) 634 113.6 85.77 831 9.69 2.05 56.8 1023  83.61 794 950  2.04 0.74™
LLOUE

RS (em) 6.0 125 878 .13 1292 2.00 55 113 835 112 1338  2.06 0.75™"
LWOUE

B (em ) EL 98 238 17.02 236 1384 2.04 75 216 1543 246 1595  2.02 0.73""
ML (cm ) ED 2.6 5.7 410 055 1351 2.02 2.5 53 398 047 11.83 204 0.76™"
FA7% (cm )NORPR 8 18 1278 1.79 1402 1.29 8 20 1282 1.83 1428 1.8 0.77""
k% NOKPE 18 47 3268 579 1773 2.03 12 45 2893 570 1972 2.0l 0.76"
Hidl (cm ) CD 1.6 3.6 262 038 1432 201 1.7 3.4 254 032 1240 202 0.77""
T HE (g) 37.8 1923 12068 30.63 2538 2.08 26.0 1562  98.17 2552 2599  2.07 0.74™"
DWOEPP

KRk TH (g) 289 1604 9792 2618 2673 2.07 195 1289 7854 2206 28.08  2.09 0.78""
DWOKPP

AR (% )KR 64.1 834 8090 4.32 534 1.92 595 895 79.63 505 634 198 0.79™"
FRLE (g ) HKW 9.03 3495 2681 479 1787 192 810 31.75 2420 446 1841 1.91 0.92""

LU MIESR R P=0.05, P=0.01 il P=0.001 KF kBB EE T, T

. " N " indicated significant differences at P=0.05, P=0.01, P=0.001, respectively

DFSETT: the abbreviation of days from seedling emergence to tasselin, TAL: the abbreviation of tasseling-anthesis interval, ASI: the abbreviation of
anthesis-silking interval, SMI: the abbreviation of silking-maturity interval, DFSTM: the abbreviation of days from sowing to maturity, PTBN: the
abbreviation of primary tassel branch number, TL: the abbreviation of tassel length, PH: the abbreviation of plant height, EH: the abbreviation of ear
height, SD: the abbreviation of stalk diameter, LNOS: the abbreviation of leaf number of stalk, NOLUE: the abbreviation of number of leaves upper
ear, LLOUE: the abbreviation of leaf length of upper ear, LWOUE : the abbreviation of leaf width of upper ear, EL: the abbreviation of ear length,
ED: the abbreviation of ear diameter, NORPR : the abbreviation of number of rows per row, NOKPE: the abbreviation of number of kernel per ear,
CD: the abbreviation of cob diameter, DWOEPP: the abbreviation of dry weight of ears per plant, DWOKPP: the abbreviation of dry weight of

kernels per plant, KR : the abbreviation of Kernel ratio, HKW : the abbreviation of 100-kernel weight, the same as below
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Table 5 Clustering analysis of 129 Chongqingmaize landraces based on Euclidean distance via ward method

EREHR T6%.

2017 FE%E 2018 F4E

2EESFMAREA L 2 EREEE R
Hepp Identification in 2017 Identification in 2018 The varieties with (%)
Group RS ABL RS AE same code in Clustering repetition
Code Number Code Number 2 years rate in 2 years

I 4,12,13,15,23,24,27, 27 4,12,13,15,23,24,27, 34, 38, 29 22

32,34,38,42,43, 064, 42,43,46,64,66,67,78,87,

78,87,94,99, 103, 108, 88,94,103,107, 113, 116, 118,

113, 114, 116, 120, 124, 120, 124, 125, 126, 128

125,126, 129

1l 1,2,3,6,7,9,11, 14, 57 2,6,7,11,16,17,20,21,22, 39 35

16,17,20,21,22,25, 25,26,29,30,41,44,48, 56,

26,29,30,31, 33,41, 58,62,63,68,71,76,77,79,

44,46,48,60, 62,63, 80, 82, 85,95, 100, 101, 102,

65, 66,67,68,70,71, 108,109, 112, 114, 119, 121, 127

72,74,75,76,77,79,

80, 82, 83,84, 85,92, 76

93,95,96, 100, 101,
102,107,109, 112, 118,
119, 121, 127

1 5,8,10, 18,19, 28, 35, 45 1,3,5,8,9,10, 14, 18, 19, 28, 61 41

36,37,39,40,45,47,
49,50,51,52,53, 54,
55,56,57,58,59, 61,
69,73,81, 86, 88,89,
90,91,97,98, 104, 105,
106, 110, 111, 115, 117,
122,123,128

31,32, 33, 35,36,37,39,40,
45,47,49,50, 51,52,53, 54,
55,57,59,60,61,65,69, 70,
72,73,74,75, 81,83, 84, 86,
89,90,91,92,93,96,97, 98,
99,104,105, 106, 110, 111, 115,
117,122,123, 129

24 BREXKMF@RMEFRESTHE

Xt 98 iy AR IRSEE AN R A 3t J5 i Foft, 2647 1
XFIE IR (3R 6.3 7). MIERYSEESS R,
R T AR EPRIRER TREA TR, 18 MR RRER
RS AR T 260 1 (P<0.05 ), Bk AL 1
AR L R R B R REDHL AT R ER bk
RET MR T iR R ORL R X 12
ARFREM T RBET (P<0.05), KB & A
T H R R PO B R PR R
E-V NS XU DR G A S e G R R R N
A ST 10 A PRIRF AP K (E 2 (AR T2 I

( P<0.05 ).

M3 A RBELE 2 AR I 25 A R AR R, JSHE 1
TR BN LRI A AL AR A R 5 R RN 4
PR AR R oK s JCHIE AR, %2R 41% 1)
Fefil, kphZ MBE /NKL, S 2 A, A F
W, R g bR BRI, R AR AN R
ik, M g SRR AR D R AR A
w7 I, 18.18% 1 il i K I T 1 4K 0~500 m
M X, 27.27% W) Bk IR T 4K 500~1000 m
M X, 54.55% () i B Ok U F I $% 1000~1500 m
HoIX o
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Table 6 Analysis on ear characters and original information of 3 groups of maize landraces collected from Chongqing

s AT 5 L9 (% ) Proportion of varieties

A K
E :ﬁs ;ﬁ KR KRN RN
Group | Group Il Group Il
I Ear shape HIE 68.18 94.29 95.12
HEIE 31.82 5.71 4.88
ki Kernel type iy 74 31.82 62.86 29.27
Ikl 0 11.43 24.39
e i) 74 0 17.14 39.02
i Ay 4091 8.57 7.32
2R 27.27 0.00 0.00
HFRIEAR Kernel shape 57 72.73 54.29 12.20
Y 0 11.43 21.95
e i) 74 27.27 34.29 65.85
%1 {5, Cob color H 100.00 97.14 75.61
oA 0 2.86 12.20
1) 0 0 12.20
i {7 Kernel color & 63.64 48.57 39.02
A 0 0 4.88
HE 0 25.71 9.76
R 22.73 20.00 9.76
L 0 2.86 2.44
4N 455 0 14.63
- 9.09 0 2.44
0 0 2.44
W22 0 0 7.32
HORLZ] BT 0 2.86 2.44
SKRUR LA (m ) Altitude of original area 0~500 18.18 0 14.63
500~1000 27.27 37.14 46.34
1000~1500 54.55 42.86 39.02
1500~2000 0 20.00 0

R7 BRERMFAREM 3 ADERBTEHEERIT

Table 7 Analysis on the main quantitative characters of 3 groups of maize

landraces collected from Chongqing

2017 425 Identification in 2017 2018 4255 Identification in 2018

PEIR Traits B Bl ZHE Ff 1 eS| eS|

Groupl Group I Group Il Groupl Group I Group Il
HFH HE(d)DFSTM 107.05a 105.60a 114.56b 107.67a 104.69a 113.71b
HERE—54 53 B PTBN 12.65a 12.37a 17.15b 13.63a 12.60a 17.46b
IR (em ) TL 31.53a 34.61b 38.15¢ 32.28a 35.03a 38.76b
P (em ) PH 215.58a 256.30b 280.38¢ 207.28a 244.33b 271.39¢
T (em ) EH 98.86a 114.97b 134.68¢ 90.33a 107.29b 125.53¢
22 (em ) SD 1.68a 1.79a 1.96b 1.69a 1.73a 2.07b
F 250 4 LNOS 13.86a 13.32a 15.89b 13.90a 13.00a 15.85b
AN 4 NOLUE 4.87a 4.70a 5.48b 4.98a 4.88a 5.55b
A F it (em ) LLOUE 76.16a 85.11b 91.29¢ 76.73a 82.48b 87.99¢
A AE 58 (em ) LWOUE 7.75a 8.77b 9.49¢ 7.55a 8.37b 8.83¢c
FHEK (em ) EL 14.16a 17.36b 18.24¢ 13.02a 15.88b 16.18b
KL (cm ) ED 3.45a 4.15b 431b 3.44a 3.97b 4.15¢
FEAT%L (cm )NORPR 12.86a 12.80a 12.68a 12.95a 12.46a 12.88a
1TRI% NOKPE 28.48a 32.49b 35.74¢ 25.26a 29.19b 31.05b




4 1 O R FORM T SRR 2R AT 869
x®T(4)
2017 4E%5E  Identification in 2017 2018 4E %% Identification in 2018

PEIR Traits HHET || ZEHE I Fff 1 || el

Groupl Group I Group Il Groupl Group I Group Il
itk (em ) CD 2.29a 2.62b 2.73b 2.23a 2.50b 2.62b
FRRETE (g ) DWOEPP 82.54a 126.22b 133.55b 71.84a 102.33b 108.08b
HRRTH (g ) DWOKPP 64.71a 103.70b 108.75b 55.18a 83.60b 87.02b
AR (% )KR 78.33a 82.26b 81.20b 76.74a 81.79b 80.31b
BRHE(g)HKW 19.90a 28.11b 28.24b 18.18a 25.19b 25.59b

FPEUE S 1l REARIR R TE P=0.05 I 22 58 38 , ARl PRI IR 22 53 .35 ( P<0.05)

In this Table , the same letter after the mean value of each trait means non-significant difference at P=0.05 level, while different means significant

difference at this level

FHE T 2RIy R AR Y, A R DA
AR (62.86% ), Ey ik R v [A] B FURE 57 84 24 A
A o RISRERPRLLARIE R [R]85k 32 B /b
e lia e AT, R8> bR AR
o, MERE AR I S R A SR AR AR
Z ARE NG R R . 37.14% B PR
U5 TR 500~1000 m HiLIX, 42.86% [ i AP IE T
TR 1000~1500 m 11X, 20.00% B AR IR T4k
1500~2000 m Hi[X. ( £ 6 ).

BREM R P AP AL, R LA ] ALK | A
LAY U RRIRG BT B I A oA, FERL LA ] 2 Sy
F FEIRED il DL ok IREDRRLL D,
A B WITE 3 AN B I AR = R R R i
L TE R SRR ATk £ R T A FFRL
PR R . 14.63% R TR 0~500 m HEIX,
46.34% 1) i AP R PR TP 500~1000 m H11X, 39.02%
(BRI TR TR 1000~1500 m #1IX (£ 6 ),

3 iFig
3.1 ERXREXMF@MSHEESHT

XNAEFS T RS 2 IR 1 VG R X T K i
AP 14 A R oK™= X, ZE A ) 30 4>
B R R, A 20 SR Z PR FGE F) 2.0 L
o WA FE AP K ORI SRR 23 B TR
H A 16 MR ZHEPERREGER] 2.0 LLE, HEKE
PO H X P EE B R Ay, X XA T g Ah
SR, ARBRE AR T T A S MR
B ENEE 2 fa) 25 b, P H B RE 4 fa) 5 | o 38 3 1 1)
VG P b X —Fh AT BE A AR AR . DRI PR A5 P g
Hi DX A AT BE TR ] e PR ORI X 2 — | B
T S DA AR ) M B XA S SR B R T 2R
(/ISR , DT 350 TR A K AR R R R A
T ZRER LS SRR SRR S Y PR S R

SRR A ZE N SSmAR I ZEAR AR B L BB T IX
T KH T RS AU IR A JE R A2 3, R T A
TIZHLIX FEK AT AP REIR SRR R SRR,
3.2 BEREXMAMMERSPEERMKRILE

AR ZE X6 e ) B oK b T S R e R A T T
P ) 43, LG5 X T 7 A i B oKy A AT
S HFE T Lo AU T b P o 5 25
THPRAY 38 AN DX EL i I 4 i el DR oK b
i APk 3 AN ZERE, TT A 4 T s W EE R R OK M
A AL

HRE T BERMN R FERRRRE £ K
(R 6) ZERFMHTT A AERTR 7 RmEMK.
FERL/NTT EL BE i je ki, (iR R, E 22404
TR 0 e A L B X (TR 500~1500 m, 3
6 )o IZISHE E KM T AN B R S Y e RA%
GEIR R 2 IS UIAH G, 2 o 53 2 0 A) FH X
RVEURTRE MR IR B M o T &
G RAVERRE RS 3R K 7 SR
7 kR TR AR L0

A AL 0 TR0 22200 A0 T R i b
L X (VK 1000~2000 m ). IZISHEML T S AP 7E 200 |
NI AN S O TR i R 3 Il S S
PG (0 R R R B0 R IR 4
223 A AE AR RS VA T X e, A R REZRRCE Bk R
3 1o BSORI FH KPR 25 7 1) B AR St AR 728 5t o

FEREE s G AF R, 2 B0 T IR 1)
X (¥R 500~1500 m ). ZZEREFP B SN 28
KGR i EKR TR 5 3R E 5K 00 R S 14
TR A ZEAL, A DR € E i Y X R
FERR R K 9 K LA s AR R AR 4
A T REZEIEE T O I BRI T %
FREEP A R SN BRI IV SRR S
JRAED TR A P SRR Rl R R A O WE S
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