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Analysis of agronomic traits and screening of elite germplasm in ginger

germplasm resource

Luo Yingjian, Zhou Anwei, Wang Huaixin, Wu Kang, Shen Hongye, Zhang Zhenyu

(Zunyi Academy of Agriculture Sciences, Zunyi 563000, Guizhou, China)

Abstract: To explore the genetic diversity of main agronomic traits in ginger germplasm resource and screen for elite
core germplasm, this study used 25 ginger germplasm resources from different provinces (regions) of China as materials.
A field experiment was conducted in Zunyi, Guizhou in 2025 to investigate and measure 12 major agronomic traits, and
comprehensive evaluation was carried out using genetic variation analysis, principal component analysis, correlation anal-
ysis, and hierarchical cluster analysis. The results showed that the coefficients of variation(CV)for the 12 agronomic traits
among the 25 ginger germplasm resources ranged from 7.64% to 28.11%, among which aboveground fresh mass, number
of ginger fingers, and single plant yield exhibited relatively large variation amplitudes (CV >20% ). Single plant yield
showed extremely significant positive correlations with plant height, branch number, aboveground fresh mass, and num-
ber of ginger fingers. Four principal components were extracted by PCA, with a cumulative contribution rate of 88.374%.
At a genetic distance of 7.5, the 25 ginger germplasm resources were classified into three groups: Group I consisted of
types with short plant height and low yield; Group II consisted of types with few branches, relatively tall plant height, and
low yield; Group IIT was the high-yield group with the highest comprehensive score (4.864). Further analysis indicated
that branch number, aboveground fresh mass, and number of ginger fingers were the key traits affecting high yield of gin-
ger in Guizhou. Five germplasm resources with excellent comprehensive agronomic traits, including Zunyi Dabai Jiang,
were selected from Groups II and 111, which can serve as core germplasm resources for in-depth development and utiliza-
tion. This study provides a theoretical basis for the efficient utilization of ginger germplasm resource and the breeding of
new variety in the karst regions of Guizhou.

Key words: Ginger resource; Agronomic trait; Cluster analysis; Principal component analysis; Comprehensive evaluation
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Table 1 Name and origin of 25 ginger germplasm resources

Y5 No. % 7H Name KR Source %5 No. 44 FK Name SKIF Source
Gl F 075 % PANTIECNE €] Gl4 SR S T
Fengdingshan Yellow Ginger Yichun, Jiangxi Zunyi Local Ginger Zunyi, Guizhou
G2 ARG PNEES O EPE S Gl15 PREPNGES A fRILTH
Meitan Large White Ginger Zunyi, Guizhou Yunnan Large-fleshed Ginger ~ Baoshan, Yunnan
G3 (ERCONAE= JUAREEE T Gl6 LS DU 1A U ol i
Xinyi Large-fleshed Ginger Xinyi, Guangdong Gaoqiao Yellow Ginger Emeishan, Sichuan
G4 ISy BN 1Sl G17 e e S RSB MM T
Zunyi Erhuang Ginger Zunyi, Guizhou Rucheng Small Yellow Ginger ~ Chenzhou, Hunan
G5 ESSRIV-E= P EARGIPL G18 SSUTIN e TLVG A N T
Mengzi Small Yellow Ginger Honghe, Yunnan Anyuan Small Yellow Ginger ~ Ganzhou, Jiangxi
G6 AN IR 7K T G19 PE 2 /N IR KM T
Yongzhou Erhuang Ginger Yongzhou, Hunan Yaoxiang Small Yellow Ginger Yongzhou, Hunan
G7 S L H % ERAlKEVAS v ) G20 (IEi"E= IPIIES R NIT)
Guizhou Wumiao Ginger Liupanshui, Guizhou Zhugen Ginger Leshan, Sichuan
G8 RAT B VU A i G21 PNEE= DL T
Jiajiang Yellow Ginger Leshan, Sichuan Large White Ginger Zunyi, Guizhou
G9 LR S ES JTARA LT G22 AL LT % SN N
Gaoming Pig's Foot Ginger Foshan, Guangdong Panzhou Wumiao Ginger Liupanshui, Guizhou
G10 ZSUISES AL E R IXCEE AT G23 BT LR BT
Gongcheng White Ginger Guilin, Guangxi Fuyang Zhugen Ginger Fuyang, Anhui
Gl1 RIS % V4TS Rl G24 S ON=ES S T
Muchuan Small Yellow Ginger ~ Leshan, Sichuan Zunyi Large White Ginger Zunyi, Guizhou
Gl12 PR ASES VR B R DR T G25 BT %R SN T
Shitang White Ginger Nanning, Guangxi Zhenning Erhuang Ginger Anshun, Guizhou
G13 [ 9] 5 2% Longhui Yellow Ginger ]F5%4 HEFH T Shaoyang, Hunan
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Table 2 Determination of main agronomic traits of ginger germplasm resources

RN PN | IR/ ME T e i B Y
Trait Max Min Mean Range SD CVI%
Pk Plant height/cm 109.18 62.16 81.24 47.02 6.08 7.64
254l Stem diameter/mm 9.72 5.14 7.17 4.58 0.84 11.84
25K Rhizome length/cm 27.48 14.10 20.50 13.38 2.79 14.04
HZ5% Rhizome width/cm 13.52 7.06 9.75 6.46 1.19 12.58
43 ¥ %1 Branch number 23.40 5.20 9.20 18.20 1.74 19.65
250 % Main stem leaf number 26.40 14.20 20.68 12.20 3.34 16.51
IH-K: Leaf length/cm 27.32 18.66 2331 8.66 2.12 9.17
9 Leaf width/cm 2.98 222 2.63 0.76 0.25 9.60
FEREL Ginger finger number 55.00 11.20 21.97 43.80 491 22.38
FERE1E Ginger finger diameter/mm 29.13 18.76 23.18 10.38 2.64 11.24
Hh_F #5465 /5 & Shoot fresh mass/g 726.00 86.00 218.97 640.00 55.16 28.11
BHR & Single plant yield/g 782.00 104.00 280.56 678.00 55.10 21.65
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Fig. 1 Correlation analysis of 12 agronomic traits in ginger germplasm resources
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Table 3 Principal component analysis of

12 agronomic traits

) Principal component

AR Trait
PC1  PC2 PC3 PC4

Pk Single plant yield 0.965 -0.039 -0.068 -0.165
iy b #E 5i & Shoot fresh mass 0.965 -0.031  0.045 -0.087
FER¥L Ginger finger number 0.891 -0.175 0.083 -0.354
7 ¥ %1 Branch number 0.843 -0.188 0.142 -0.327
Pk Plant heigh 0.823 —0.132  0.091 0.378
HRZ:+K Rhizome length 0.806 —0.183 -0.108 -0.183
HZ2% Rhizome width 0.779 -0.270 -0.440 0.110
9% Leaf width 0.646  0.618 0.238 0.044
IHK: Leaf length 0.590  0.444 0240 0.534
ZXH Stem diameter 0.381 0.757 0.114 -0.280
25 A% Main stem leaf number  0.362  -0.526  0.589  0.389
LEREAR Ginger finger diameter  0.528  0.169 -0.698 0.391
FEMEME Eigenvalue 6.621  1.649 1209 1.126
BTk 3 Contribution rate/% 55.172 13.744 10.074 9.383
ES Wi 55.172  68.917 78.990 88.374

Accumulative contribution rate/%

H°H 6.621, 1% 4 HH SZ M 35 K I A2 B R P i
B A 5T B L S IR o BB, T RS . B 2
F B3 (PC2) 1) 01 Bk # N 13.744% , ¢ fE1H N
1.649, Z K 5> R MR & 250 . 26 3 E iy
(PC3I) I TTHR A 10.074% , FRAEAE A 1.209, % %
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Fig. 2 Eigenvector and loading distribution of 12
agronomic traits in 25 ginger germplasm resources



E

TG, 55 - AL P T BEIRAR SRR BT 5 10 R A B ik

X ISR 5T

SRR R ERRER . 5 4 F R 1Tk
FN 9.383%, FHEAE A 1.126, 1% %40 2 i K )
MK GRER, 12 MR EERS, k&2
R R EREL L R B E A
PR A MR B 1 S E FE bR . I 2-B AT K,
PR 5 b R AR ZETE IRZE R R
B BRI B 0 B R, RO IX 7 AN
MR E R FH R
24 HEEMRBFERZHERELSH

BT 12 DR SR 2% X A 2 Fh 57 %t ik
1T RGBT, Il B R AT AR e L e 4, 45 1
KWHE 3K O, 5 FI7BRIREE B N 7.5 I, 25 4y
AR R 3 AN, SRR 18 iR

P RIR T A EARFA G, Hob IR 4 4, 191
B3I, mMA 20, RE 20, HERAKBKX
143, ZHE 10, STNAE 4 40, Y0 1 1, 2280
T BASAE 2 AR S /N (76.01 em) L ZEER$/D (17.94
N L EBR EAA & /D (22.38 mm) AR BE PR E A
(203.67 @), J& T KA, R B AR X R I H e 22
@R . SRS 6 RV, A 3 kIET
BEIMAE  FLrba® ST 2 fy, 22T 1 4, R 3 ok
BT HABE G, WU YTFERT P 140, %288 E
TR E N 2 BR BLAR K (25.26 mm) 73 B g /b
(10.40 ) 1 ¥k i 155 (92.28 cm) AT B4 Hk 77 & i 11K
(427.67 @), J& T 7 B /b MR i vy HLP™ Bl IS 1R 28
B, SEIIZRHEF &8 O E 21 IR, % Ak

|>—4

1

G2

] gy —

G3

G5 —
I |
1

11
G21 111

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
V77 RK EG B 25 Square euclidean distance

B3 ETFHFRAEBNEEMRIRBLDF

Fig. 3 Cluster analysis of ginger germplasm resources based on squared euclidean distance
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PCA1=0.375X; + 0.375X; + 0.346X; + 0.328X, +
0.320X; + 0.313X; + 0.303X; + 0.251X; + 0.229X, +
0.148X,+0.141.X,+0.205.X

PCA2=-0.030X; — 0.024X,— 0.136X:— 0.146X, —

T4 FEEEMRFREBHEIERZHRBTHE
Table 4 Average values of main agronomic traits in
different ginger germplasm groups

PEAR Trait JHF Group
I i} I

Fpkr7H Single plant yield/g 203.67 427.67 782.00
Hiy b #8E T B Shoot fresh mass/g 151.55 336.73 726.00
LERH Ginger finger number 17.94 28.53 55.00
43K # Branch number 8.01 10.40 23.40
Pk Plant height/cm 76.01 92.28 109.18
#2514 Rhizome length/cm 18.87 24.28 27.08
HEZ£9E Rhizome width/cm 9.20 10.77 13.52
9 Leaf width/cm 2.54 2.82 2.98
I Leaf length/cm 22.44 2541 26.22
25 Stem diameter/mm 6.96 7.61 8.44
F 25 40 Main stem leaf number  20.00 21.97 25.20
LERE AR Ginger finger diameter/mm  22.38 25.26 25.30
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0.103X:— 0.143X,~ 0.210X; + 0.481X; + 0.346X, +
0.590X,:-0.410X,,+0.132X,,

PCA3=—0.062.X, + 0.041.X, + 0.075X; + 0.129X, +
0.083X:— 0.098X,~ 0.400X; + 0.216X; + 0.218X, +
0.104X,+0.536.X,,-0.635X1,

PCA4=- 0.155X,— 0.082X,~ 0.334X,~ 0.308X, +
0.356X: — 0.172X, + 0.104X; + 0.041X; + 0.503X,~
0.264X,7+0.367X,+0.368X 1.

R 4 A 8o I TR R T FALE R 45
79 0.624.0.155.0.114.0.106 , 5% J& ML 45 K E i1 51 %
A ZM R E 13 4) D:

D=0.624PCA1 + 0.155PCA2 + 0.114PCA3 +

0.106PCA4.

RYE FIR AKX H LS55, D [HBAR R
REMERGERIMLF. RS /15,25 hE%
Fh BB IR B 25 A 15 9 N -1.920~4.864, Ho i Y
KHAZEG 5 (4.864), BIHTIRE L A5 90 &
K (~1.920) , HEAA 1T 5 7 1028 Z2 R SR 1 22 515
sy ¥ T 1.000, 15 43 B i BURAR % XOK H 22
(4.864) > K 3£ (2.703) > TR 22 (2.144) > X
T (1841 > /N F(1.423) , BR T 2 R
VSRS T D AL PR b, HoAx 3 4y BRI OR IR T B¢
INAEEN, R R IR e A S X A A2
PFA IR S AR 2 %0 P T BRI — 0 R

x5 BBEEMRFREIERZUERNEEBHED)

Table 5 Comprehensive scores (D) of main agronomic traits in 25 ginger germplasm resources

et

ey

il Gl Comprehensive & il 27 Comprehensive &
No. Name P Rank No. Name P Rank
score score

G24 WXKAZE 4.864 1 G3 (E=ONAES -0.507 14
Zunyi Large White Ginger Xinyi Large—fleshed Ginger

G21 KAZ%E 2.703 2 G9 e g B 22 -0.573 15
Large White Ginger Gaoming Pig's Foot Ginger

G20 TR 2.144 3 G17 WS -0.585 16
Zhugen Ginger Rucheng Small Yellow Ginger

G4 SN 1.841 4 G19 RN -0.738 17
Zunyi Erhuang Ginger Yaoxiang Small Yellow Ginger

Gl18 TN 1.423 5 Gl15 P PNGES -0.884 18
Anyuan Small Yellow Ginger Yunnan Large—fleshed Ginger

G10 ESISER 0.877 6 G22 HEN T H % -0.916 19
Gongcheng White Ginger Panzhou Wumiao Ginger

G25 BT T 0.739 7 Gl FI0 % -1.573 20
Zhenning Erhuang Ginger Fengdingshan Yellow Ginger

Gl4 A 0.498 8 Gl13 el B 22 -1.589 21
Zunyi Local Ginger Longhui Yellow Ginger

G2 VEEUNEER 0.395 9 G8 ST % ~1.608 22
Meitan Large White Ginger Jiajiang Yellow Ginger

G7 BN T % -0.110 10 Gl12 fAFEAZE -1.609 23
Guizhou Wumiao Ginger Shitang White Ginger

Gll RN -0.271 11 Gl6 LS -1.870 24
Muchuan Small Yellow Ginger Gaogqiao Yellow Ginger

G6 AN % -0.354 12 G23 BT -1.920 25
Yongzhou Erhuang Ginger Fuyang Zhugen Ginger

G5 SH/PNE -0.378 13

Mengzi Small Yellow Ginger

3 e

A SRS bR A2 AR YA B A% W 5 P
(R, 2 5 B B ALY 5 5 A 5 I B 3L R AR A &5
o AR RBURM T FEVEIRAS BB BB, 15
A EMEARAE S Aha] (A2 R RE ™. AW TE R 25 6
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