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Study on Phenotypic Diversity of 90 Maize Landraces
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Abstract: Maize landraces harbors rich and diverse genes, which are of great potential value for broadening the genetic base of
current maize germplasm resources and enriching material types.The coefficient of variation(CV) and phenotypic diversity index( H")
of 40 phenotypic traits (20 agronomic traits and 20 quality traits) of 90 maize Landraces were analyzed based on two years of
phenotypic identification, and clustering analysis was performed.The results indicate that the CV for 15 quantitative trait in agronomic
traits and 20 quality traits ranged from 2.89% (total starch content) to 44.20% (lysine content), of which, 30 phenotypic traits had
coefficients of variation greater than 10.00%, indicating that the phenotypic variability of these traits was rich.The H' varied from
0.892 (ear shape) to 2.088 (ear height), among agronomic traits, 5 qualitative traits exhibited relatively low diversity indices (<1.2),
while 9 quantitative traits showed relatively high diversity indices (>2.0); among the 20 quality traits, only 6 exhibited higher diversity

indices (>2.0), indicating richer phenotypic diversity for these 15 traits.The results of correlation analysis showed that plant height and
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ear height were highly significant positively correlated with the remaining 12 agronomic traits with a high degree of correlation; three
quality traits, crude protein content, crude fat content and total starch content, were highly correlated with fatty acid content and 16
amino acid content. Principal component analysis revealed that the 15 agronomic traits with the highest contribution rates were plant
height, ear weight per plant, grain weight per plant, ear diameter and ear length; and the 20 quality traits with the highest contribution
rates were tyrosine content, isoleucine content, serine content, threonine content, proline content, and total amino acid content, which
indicated that the ear traits and the six amino acid content traits were the main factors in the formation of the relatively abundant
genetic variation in these germplasms. Based on 15 agronomic traits, the 90 maize landraces can be classified into three groups. Group
I is mainly high-culm and large-ear type resources, which can be used as the base material for the selection of sparse varieties; Group
II resources are mainly characterized by lower plants and shorter ears, and the germplasm of this group can be used as the potential
base material for the selection of high-density varieties; The main characteristic of taxon III resources is that the number of rows per
ears is larger, which can provide excellent resources for the improvement of corn yield and related traits. Based on 20 quality traits, the
90 maize landraces were also grouped into three categories, group I included one high-starch germplasm; group II comprised 8
germplasm accessions, including four high-protein germplasm accessions; Group III contained 81 germplasm accessions, including 13
high-oil germplasm accessions. These germplasm can provide potential material support for the selection of special/specialized maize
varieties with high-starch, high protein and high oil, respectively.
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Table 1 General information of 90 maize landraces

90 47 ToKIL Ty ht Al (3R 1D By MR (Rl b B U Ok S A R Ao JR 08, S8 R B8 R A 7 o g
LA NG ] 25 i PR A ML AT BT AR BORHET A8 T TIEER3RAT - 48 BERHCHE 90 4 TRy Sl AT 41 47

75 A7 S Fift 53 2 % JE P 75 A7 S L JE 7= b

No. Save No. Germplasm name Origin No. Save No. Germplasm name Origin

1 05306Y12G0301 GasPe PR 46 05406Y12G0801 4T o [ 7 bR A e T
2 05307Y12G0306 R12972 PR 47 05417Y12G0856 B LR EEN

3 05308Y12G0311 12596 o bR T 48 05418Y12G0861 K4=TH Hp [ AR kB
4 05309Y12G0316 12557 o bR T 49 05420Y12G0871 V8525 Bl

5 05310Y12G0321 11820 Hp [ AR Al 50 05421Y12G0876 VS341 [

6 05310Y12G0322 11820 o [ A 22T 51 05429Y12G0916 Ak HEE ARG R
7 05316Y12G0351 VSl AR A e B 52 05430Y12G0921 &3 33 PR

8 05318Y12G0361 E/ASP o bR T 53 05431Y12G0926 VS46 S|

9 05322Y12G0381 S P o E AR AT =00 54 05434Y12G09%41 RO 5 2 e

10 05324Y12G0391 N5y FEISTTEAR 55 05436Y12G0951 VS13 Bl

11 05327Y12G0406 VsV AR e B 56 05437Y12G0956 oho24 Bl

12 05335Y12G0446 bIEXEP/S o AR A L T 57 05439Y12G0966 ELEESN TR

13 05336Y12G0451 K& 687 5 AR g B 58 05461Y12G1076 PRETH ALK o AR R
14 05338Y12G0461 K& 878 5 o E AR g B 59 05462Y12G1081 GISERESTPN o AR B
15 05339Y12G0466 ZK81003 o= 60 05464Y12G1091 LN24 FEHIANE

16 05340Y12G0471 ZK81002 o= 61 05465Y12G1096 PR38 B

17 05341Y12G0476 MVTC200 ) 2 F| 62 05466Y12G1101 SMH522 W

18 05342Y12G0481 MVTC201 ) 7 F| 63 05467Y12G1106 PR37 % [

19 05343Y12G0486 Sc58C JIIE-PN 64 05468Y12G1111 SMH593 W

20 05344Y12G0491 Pick18 JIIE-PN 65 05474Y12G1141 G-4810A N

21 05345Y12G0496 SX397 FEHIAN R 66 05475Y12G1146 G-303 JIEWN

22 05346Y12G0501 PRyl1 FEHIAN R 67 05476Y12G1151 G-4256 JIEWN

23 05347Y12G0506 IRR15 HKRF 68 05477Y12G1156 G-4436 N

24 05352Y12G0531 Corneu FEHIAN R 69 05478Y12G1161 G-4524 JIEWN

25 05353Y12G0536 IR36 FEHIAN R 70 05479Y12G1166 G-188 JIEWN

26 05354Y12G0541 Sugering FH 71 05480Y12G1171 G-4848 JIEWN

27 05355Y12G0546 Kehred FEHIAN R 7 05481Y12G1176 G-4673 JIEWN

28 05356Y12G0551 Soh FEHIANE 73 05482Y12G1181 G-4143 JIEWN

29 05357Y12G0556 Pom FEHIAN R 74 05483Y12G1186 G-4336 JIEWN

30 05358Y12G0561 IR29 FEHIAN R 75 05484Y12G1191 G-211 JIEWN

31 05359Y12G0566 ACD22 FEHIAN R 76 05489Y12G1216 LGI1 FEHIANE

32 05360Y12G0571 AC35 JIIE-PN 77 05491Y12G1226 LG5 FEHIANE

33 05364Y12G0591 £ 878 o E AR g B 78 05492Y12G1231 LG6 PR

34 05365Y12G0596 HEK Ry B E 79 05493Y12G1236 LG9 PR

35 05368Y12G0611 AC1 JIIE-PN 80 05494Y12G1241 V530 % [

36 05369Y12G0616 ACO JIIE-PN 81 05495Y12G1246 HO063 % [

37 05370Y12G0621 ACO JIIE-PN 82 05496Y12G1251 ANIOV FEHIANE

38 05371Y12G0626 BC1 JIIE-PN 83 05497Y12G1256 LORA28 sl




39 05382Y12G0681 SRS T EE A AR 84 05498Y12G1261 Sil18 FEHATE

40 05389Y12G0716 ALK PEERE LG R 85 05499Y12G1266 IRR55 =N

41 05390Y12G0721 AL49 FEHATE 86 05501Y12G1276 MF3 S ZFH

42 05393Y12G0736 SEIFS LR SR 87 05502Y12G1281 MLC2132 P

43 05396Y12G0751 [TRERS TEE R A T 88 05503Y12G1286 MLC123 P

44 05398Y12G0761 [TRERS AR 89 05505Y12G1296 HOREK I E AR A TR
45 05400Y12G0771 SEIFS o [ 5 AR A T 90 05506Y12G1301 LGl P

1.2 I3

1.2.1 IRIG LI 20232024 FE7E A 2 FUE T 5 R AR Bt IR B T R ik 06 . TR AR B IR 8L
PRI T SRR, 2023 45 H PR 18.9°C, HIBR %L 1297.6 h, FERE 469.1 mm: 2024 4 HFS
I 19.7°C, HIER % 1273.2h, BFWE 697.4 mm. TKAH WIE SR T H SIS .

122 58"+ KA e EEILIX A, 3 KER. 7K 5m, 1THREE 60 cm=30 cm, HEnA0EHE 5 17,
FH 171 27 341L 5 24 3 K FH A P R4 — B

123 REZMKNE S8 (CFOKF BRI A T AR AL ) S e, B KA. TROIR ARt
s A pTEMR, DR B HERRAC . ARs . ARG, BAZARGZMEG ARG, R REAT L
TR BFH. RRRRRTEL. BRI . MU, TRELTRAEIL 15 NEEETER. 5 DMRENEIR
MABE AT IR (R 2) o KHEMER, REAFRAN, BRI 10 MRt IE, =E 3 ).
EEHINGR, FRRBTEER, IR 10 MRS RHSCHIR, R E MR SAG R IE T 2 0

P& P HE .
®2 ARG RS NREMREAIRE

Table 2 Description standard on 5 qualitative traits of maize landrace

AR Traits iR FR1fE Description standard

Mty CC I: Hs 20 3R4: 3 40

HIE ES 1. f&J%; 2. #EREIY; 3. #E

i KT 1: BERIAY; 2. DG 3. plaldY; 4. RERLZY; 5. @AY 6. MR
THRIER KS 1o BJ%; 2: #J8: 3. g

Rifh KC 1: H: 2: k3 3: ¥ 4 B 5 RN 6: 4l 70 M 8: %

CC: Cob colour; ES: Ear shape; KT: Kernel type; KS: Kernel shape; KC: Kernel colour; The same as below
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Table 3 Phenotypic diversity and frequency distribution of 5 qualitative traits in maize landrace

AR REZFHESR A ##. Frequency

Traits H’ 1 2 3 4 5 6 7 8
it CC 1.037 0.433 0.178 0.389

¥ ES 0.892 0.589 0.089 0.322

k% KT 1.190 0.422 0.022 0.433 0.022 0.067 0.033

FHRIER KS 1.004 0.144 0.456 0.400

hits KC 1.181 0.111 0.367 0.456 0 0.056 0 0 0.011
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Table 4 Phenotypic diversity analysis of 15 quantitative traits in maize landrace

LERVN /M T KA W T ME b 2 AR5 R B R PSR
Ttaits Min. Max. Range Mean SD (%) CV H’
HERE— 5 B % TBN 433 28.33 24.00 14.91 5.481 36.752 2.011
HEREK (em) TL 25.00 53.00 28.00 37.76 4.770 12.63 1.999

e (em) PH 129.00 313.00 184.00 223.36 41.225 18.46 2.081



FEArE (cm) EH 14.67 147.00 132.33 76.35 26.654 3491 2.088

AL BEAL % LUEN 2.67 7.00 433 5.13 0.892 17.40 1.993
MK (em) EL 8.00 22.50 14.50 15.76 2.814 17.86 2.061
MM (em) ED 2.80 5.05 2.25 3.93 0.510 12.97 2.056
HATH ERN 8.00 22.00 14.00 13.80 2.509 18.18 1.604
fTHi%L RKN 14.00 47.00 33.00 31.79 6.861 21.58 1.998
MMl (em) CD 1.78 3.40 1.61 2.48 0.306 12.34 2.000
PPRAET R (g) EW 38.22 257.80 219.58 123.05 53.293 4331 2.009
PRI (g) KW 31.10 226.01 194.91 105.26 45.930 43.64 2.017
HAFE (%) KWP 72.62 94.21 21.59 85.41 3.882 4.54 1.983
FHiE (g) TKW 102.90 397.40 294.50 263.60 60.101 22.80 2.039
FHRIAEE (gL) TW 156.15 280.16 124.01 252.65 18.847 7.46 1.832

TBN: Branch number of tassel; TL: Length of tassel; PH: Plant height; EH: Ear height; LUEN: Ordinal nurmber of the leaf at the node bearing the uppermost ear;
EL: Ear length; ED: Ear diameter; ERN: Number of rows per ear; RKN: Number of kernels per row; CD: Cob diameter; EW: Ear weight per plant; KW: Kernel

weight per plant; KWP: Percentage of kernel weight in ear weight; TKW: 1000-kernel weight; TW: Test weight; The same as below
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Table 5 Phenotypic diversity analysis of 20 qualitative traits in maize landrace

RN H/ME KA ez Rl bRz AR5 R TR ZREVERHL
Ttaits Min. Max. Range Mean SD (%)CV H’
BIEMEE (%) SC 63.78 76.08 12.30 72.18 2.086 2.890 1.933
HEARSE (%) PC 8.24 15.02 6.78 10.94 1.353 12.37 2.014
MR & & (%) CFC 4.33 13.40 9.07 5.57 1.041 18.68 1.599
ANEAMR &= (%) PHAC 0.28 0.55 0.27 0.43 0.061 14.28 2.074
WREREE (%) ALAC 0.29 0.79 0.50 0.57 0.108 18.97 2.052
HaEmeE= (%) GLYC 0.25 1.84 1.59 0.41 0.166 40.79 1.143
HREEREE (%) GLUC 1.05 2.17 1.12 1.66 0.251 15.18 2.014
KRR E R (%) ARGC 0.73 225 1.52 0.94 0.167 17.73 1.203
MEm R (%) LYSC 0.13 0.95 0.82 0.20 0.088 44.20 1.196
R & (%) TYRC 0.31 0.63 0.32 0.41 0.047 11.60 1.938



RAWER (%) LEUC 0.31 1.34 1.03 0.94 0.199 21.12 2.000
R & (%) PROC 0.63 1.67 1.04 0.94 0.146 15.65 1.873
e (%) SERC 0.39 0.74 0.35 0.51 0.060 11.62 1.965
HAME R (%) THRC 0.24 0.76 0.52 0.34 0.059 17.61 1.692
RUAD LR E 7 (%) ASPC 0.22 1.71 1.49 0.42 0.160 38.33 1.430
AR EE (%) VALC 0.45 0.85 0.40 0.56 0.055 9.83 1.838
REAREE (%) ILEC 0.21 0.54 0.33 0.31 0.048 15.22 1.936
AR EE (%) HISC 0.13 0.66 0.53 0.32 0.086 26.56 1.894
REAEREE (%) TAAC 8.27 14.22 5.95 10.77 1.139 10.58 2.083
HepiER &/ (%) )FAC 70.64 89.56 18.92 83.11 4377 5.27 1.918

SC: Starch content; PC: Protein content; CFC: Crude fat content; PHAC: Phenylalanine content; ALAC: Alanine content; GLYC: Glycine content; GLUC:
Glutamic acid content; ARGC: Arginine content; LYSC: Lysine content; TYRC: Tyrosine content; LEUC: Leucine content; PROC: Proline content; SERC: Serine
content; THRC: Threonine content; ASPC: Aspartic acid content; VALC: Valine content; ILEC: Isoleucine content; HISC: Histidine content; TAAC: Total amino

acid content; FAC: Fatty acid content; The same as below
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Fig. 1 The correlation analysis of 15 agronomic traits in maize landrace
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Fig. 2 Correlation analysis of 20 qualitative traits in maize landrace
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Table 6 Principal component analysis of 15 agronomic traits in maize landrace

E2IN FRA 1 ER% ) FA 3 ER
Traits PCI PC2 PC3 PC4
HERE— 5 B % TBN 0.033 0.231 -0.444 -0.012
e TL 0.064 0.263 -0.129 -0.280
¥k PH 0.121 0.189 -0.156 -0.018
FEALE EH 0.114 0.162 -0.129 -0.139
ALAEAL 4 LUEN 0.087 0.090 -0.255 0.248
K EL 0.116 -0.038 -0.004 0.284
ML ED 0.122 -0.179 0.054 -0.145



AT ERN 0.083 -0.336 -0.011 -0.076

TR RKN 0.099 -0.148 -0.002 0.491
Hifl cD 0.098 0308 -0.017 -0.352
BT EW 0.137 -0.048 0.073 0.052
FERRL T H KE 0.136 -0.026 0.101 0.094
HFF 3 KWP 0.012 0.247 0.344 0.402
FHiE TKW 0.086 0.279 0.297 -0.200
TFHAE TW 0.063 0.138 0.351 -0.251
FFME{E Eigenvalue 6.949 1.622 1.495 1.101
BTk (%) Contribution rate 46.327 10.812 9.967 7.338
K TTHRZE (%) Cumulative contribution rate 46.327 57.139 67.106 74.444
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Table 7 Principal component analysis of 20 qualitative traits in maize landrace

E2N Fr 1 F 2 F i3
Traits PC1 PC2 PC3
SVER & SC -0.061 0.034 0.375
HEAM&&E PC 0.046 0.125 -0.141
N & & CFC 0.046 -0.131 -0.077
AHAME &= PHAC 0.069 0.119 0.064
NEM & & ALAC 0.043 0.164 0.074
HARE R GLYC 0.068 -0.121 0.052
BREM R GLUC 0.065 0.129 0.046
FER & & ARGC 0.054 -0.142 -0.122
A& & LYSC 0.063 -0.124 0.147
Fea & & TYRC 0.088 0.014 -0.049
FAME R LEUC 0.040 0.169 0.000
&R % & PROC 0.085 0.014 0.087
# 5 M & SERC 0.086 0.033 -0.023
HEME R THRC 0.086 -0.052 0.021
K () XAMER ASPC 0.074 -0.094 0.122
W e R VALC 0.079 -0.043 0.210
St AR & ILEC 0.087 0.028 0.056
HER & & HISC 0.027 -0.025 0.758
BAARGE TAAC 0.084 0.054 -0.051
ReWime & & FAC -0.031 0.041 0.008



HFE{E Eigenvalue 11.158 5.218 1.153

TIHk# (%) Contribution rate 55.789 26.092 5.763
KTTHRZE (%) Cumulative contribution rate 55.789 81.881 87.645
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Fig. 3 Clustering analysis based on 15 agronomic traits
R 8INERMR 15 MREMRNEHNERTERRY
Table 8 Average values and variation coefficient of 15 agronomic traits from 3 clusters
T Cluster 1 ZRBEI Cluster 1T ZEIEI Cluster 11T
LERIN
PHME A5 RE (%) PHME BFERE (%) PHME A5 RB (%)
Traits
Mean crv Mean crv Mean crv

HERE— Ry TBN 16.97 17.85 13.88 45.60 14.80 36.72



MR (em) L 40.82 9.92 36.13 10.79 37.22 9.50

W (em) PH 270.88 8.18 184.74 13.33 236.30 9.36
Hifim (em) EH 105.15 17.56 53.17 33.69 83.67 16.71
AL ARAL I LUEN 5.57 13.19 4.54 16.69 5.52 12.19
K (em) EL 18.17 9.97 13.58 16.83 16.66 12.57
A (em) ED 4.47 8.95 3.48 10.20 4.09 5.42
474 ERN 14.70 17.81 12.44 19.25 14.71 12.92
1THI% RKN 35.95 14.59 27.06 22.72 34.53 13.72
HF (em) CD 2.69 10.53 2.28 10.06 2.53 8.75
BT HE (g EW 192.18 15.23 71.11 29.17 137.38 18.68
KT HE (g) KW 165.25 14.74 60.32 30.13 117.56 18.20
HHFE (%) KWP 86.11 3.49 84.79 4.98 85.87 3.89
FHiE (g) TKW 336.40 11.63 227.62 19.47 260.65 15.47
FRAE (gL) TW 261.12 3.86 249.85 6.82 255.33 4.48
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Fig. 4 Clustering analysis based on 20 quality traits
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Table 9 Average values and variation coefficient of quality traits from 3 clusters (%)
‘ ZKEEI Cluster 1 BN Cluster 1T KRBT Cluster 1T
W# ST EE 5 R FEE 5 R Rt A5 R
fait Mean cv Mean cv Mean cv
MU &R SC 76.08 — 72.13 2.119 72.23 2.573
HEARS®E PC 9.34 — 10.85 11.892 10.94 11.928
HfE & B CFC 5.11 — 5.41 13.892 5.47 10.505
FNAH B PHAC 0.35 - 0.44 10.133 0.43 14.324
WREER & & ALAC 0.43 — 0.54 22.372 0.58 18.543
HEMSE GLYC 0.37 - 0.40 11.704 0.39 15.615
BRMEGE GLUC 1.30 - 1.66 9.109 1.66 15.561
RS ARGC 0.91 - 0.93 8.486 0.92 5.830
BRI S E LYSC 0.18 - 0.19 12.624 0.18 17.516
B & & TYRC 0.35 — 0.42 6.107 0.41 10.381
FAM SR LEUC 0.72 - 0.91 18.124 0.95 20.043
& B & & PROC 0.79 — 0.94 12.752 0.93 13.692
2R & & SERC 0.44 - 0.54 9.075 0.51 10.997
A& B THRC 0.29 - 0.35 11.523 0.33 12.023
RONKHARRE 8 ASPC 0.33 - 0.46 12.343 0.40 19.735
HEIR SR VALC 0.50 - 0.59 6.234 0.55 7.843
AR TLEC 0.26 — 0.32 8.943 0.31 13.578
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