Bk o2 R 2024,41(9): 1885-1902

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20240203

FH2EFH B R DUS M B 2 MR 557 R 5=
R OELBRRILL,I AL #LAsELN BT, RER"
CHERARN R ZZARZERE, M 510642 > PR KIS FUAT, EER 400712 RV ARFBRHS & L, 65T 100122)

LB RIYIEE T EHHE 8 DUS M5 5 b i DR b 28 i 2 05 (0038 Wik , A T 75 00 5 ok i 3 S i 2K
ENRFUET HHAE B DUS MR TG F #2155 2% 75 3R YL o A AR & MR T Fa s, %o 117 4 il 2 R %5905 1) 25 4
B VTR AT B R AR AR 55 MR I e U B 08 19 3 BT R R S o TS L D25 SR 025 AN B MR i b A
FAHUE 2.96%~26.96% 2 18] , fiy 7] 45 S R A 10.33%~62.90% 22 18] , KB 43 B MR Bdls (1 22 25 P AN A g P i s 1R
P IEAS ARG I 45 SRt 25 AN BUE HARBEAT 20 2, 15 81 17 25 M VEIR 40 Zbs vt , 15 M I 3 46 v A0 20 G 8O B - 4
EEAR RICIRE T B 3 G 5 9, TR BE TR T8 FE i RS i B SRR JELRE 9 SRR T Gk, AR
BHL AR ORI BRI SR VA MR A B e 9 GO S g, o SRS R SR A R S AR
SAMER A BB E T AR A A 90 ARAE %0 RARAE R 25 MR TEIR A 2 AR PR Fe B L D 0.878~1.954 , MR
[ A LA 2R B 23 A TE-0.69~0.91 2 [8] 5 185 3 il oy 40 T AR B 6 A L iy, BRARTTWR 21K 72.76%  (EE R JWI0 @57 T A
P R 25 AN ECR IR FAR RS , KRS SR RN R R B AR E B — s T8 I A E AR
Tt it %5 3 A DUS MR Fa Fa & 1T St 5%
KHEIR): S ; DUS M 2 IR 5 0 2
FE 525 :5666.3 CRRFRRRAD : A X EHRS:1009-9980(2024)09-1885-18

Classification study on quantitative characteristics of pomelo germplasm
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Abstract: [Objective] The DUS (Distinctness, Uniformity and Stability) test refers to the process of
testing the specificity, consistency and stability of new plant varieties. The DUS test guideline is the
technical basis and standard for DUS test of tested varieties, and has become the technical basis for vari-
ety approval, variety registration and variety protection in China. At present, the DUS testing guideline
of Citrus in China (NY/T 2435—2013) covers the entire Citrus genus. However, there are great differ-
ences in some characteristics between the different species in the same genus . Therefore, this study
aimed to explore the adaptability of quantitative characteristics in the DUS testing guidelines for Citrus
in China to pomelo varieties, and to provide reference for more objective and scientific description of
quantitative characteristics of pomelo and revision of DUS test guidelines of Citrus. [Methods] In this
study, twenty-five quantitative characteristics of the 117 pomelo germplasm resources in the National
Citrus Germplasm Resource collection were observed according to the DUS testing guideline of Citrus
in China. The data of these twenty- five quantitative characteristics were collected by measurement

method. The normality of the data was comprehensively judged according to the significant test value
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of the K-S test for each quantitative characteristics, the fitting of the frequency distribution diagram and
the normality curve, and the deviation between the measured value of the Q-Q diagram and the predict-
ed normal value. The least significant difference method was used to grade the quantitative characteris-
tics that conformed to the normal distribution, and the range method was used to grade the quantitative
characteristics that did not conform to the normal distribution. [Results] The intra-variety variation co-
efficient of the twenty-five quantitative characteristics was between 2.96% and 26.96%, and the inter-
variety variation coefficient was between 10.33% and 62.90%. Most quantitative characteristics showed
great polymorphism and stability. According to the results of normality test, the petal length, petal
length/width, leaf blade length, leaf blade length/ width, petiole length, petiole wing width, stylar scar
diameter, core diameter, fruit rind thickness, number of segments per fruit, number of seeds, fruit juici-
ness, total soluble solids, fruit juice acidity and edible rate conformed to normal distribution; The length
of spring shoot internode, petal width, stamens number per flower and leaf blade width conformed to
the approximate normal distribution, calyx diameter, fruit lengt, fruit diameter, fruit length/diameter,
juice vesicles length and single- fruit weight did not conform to normal distribution. Among the six
quantitative characteristics that did not follow a normal distribution, the frequency distribution of the
fruit weight, fruit length and fruit diameter showed a clear bimodal distribution, which was mainly
caused by the significant differences between pomelo and grapefruit species. Grapefruit and pomelo
showed significant differences in these three characteristics, leading to a bimodal distribution. There-
fore, if pomelo and grapefruit were uniformly graded on these quantitative characteristics, it would lead
to a wide grading range and misjudge varieties with differences as no differences, thereby increase the
probability of errors occurring. This study developed different grading standards for pomelo and grape-
fruit based on these three characteristics. After separating the data of the two species based on the three
quantitative characteristics mentioned above, it was found that except for the pomelo group whose data
on fruit diameter did not follow a normal distribution, the rest basically followed a normal distribution
or approximate normal distribution. The least significant difference method was used to grade the quan-
titative characteristics that conformed to the normal distribution, and the range method was used to
grade the quantitative characteristics that did not conformed to the normal distribution. The classifica-
tion standards of the twenty-five quantitative characteristics were obtained. Compared with the grading
numbers in the DUS testing guideline of Citrus in China, the calyx diameter, fruit shape index and juice
cell length increased from 3 levels to 5 levels, the petal length, petal width, leaf length, leaf width and
pericarp thickness decreased from 9 levels to 7 levels, and the petal index, leaf shape index, central col-
umn size, capsule number, juice content and soluble solids decreased from 9 levels to 5 levels. For fruit
weight, fruit length and fruit diameter, the grading standards of pomelo and grapefruit were formulated
respectively. The Shannon diversity index of each characteristics under this grading standard ranged
from 0.878 to 1.954, and the Shannon diversity index of fruit juice acidity was relatively large, indicat-
ing that this characteristics had more phenotypes and was evenly distributed in different grades. The cor-
relation coefficient of the twenty-five quantitative characteristics ranged from —0.69 to 0.91, and the cor-
relation coefficient between fruit diameter and fruit weight was the highest, reaching 0.91, showing a
very significant positive correlation. Six principal components were obtained by principal component
analysis, with a cumulative contribution rate of 72.76%. The first principal component contained the
most information, which was mainly determined by the 11 characteristics, including the fruit diameter,
fruit weight, fruit length, petal width, calyx diameter, petal length, core diameter, stamens number per

flower, juice vesicles length, leaf blade width and number of seeds. [Conclusion] This study estab-



2593 MR B, S RhSSRh R SR DUS IR B IR 20 i 7t 1887

lished a preliminary classification index for the twenty-five quantitative characteristics of pomelo germ-

plasm resources, which would have certain guiding significance for the evaluation, utilization, and

breeding of pomelo germplasm resources. At the same time, it would provide reference for the identifi-

cation of pomelo germplasm and the revision of pomelo DUS testing guideline in China. In addition,

the classification standard of this study was based on the growth performance of pomelo in Chongqing,

and the specific classification range might not be fully applicable to other ecological regions. In the pro-

cess of DUS testing, researchers should make corresponding adjustments according to the expression

status of standard varieties and combine with the field conditions, so as to ensure accurate evaluation

and comparison of the character differences of the varieties in different regions.
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Table 1 List of the pomelo germplasm resources tested
s L 7 BT AR 7 Hh
Code Name Place of origin Code Name Place of origin
Pl ZZ¥bHh Liangsha Pomelo K Chongqing || P45 ikl Meiwan Pomelo P41l Sichuan
P2 /¢ [ Zuoshi Pomelo K Chongqing || P46  EF¥FHl Yuhuan Pomelo P41l Sichuan
P3 % Anyou K Chongqing || P47  #4EL# Guokui Pomelo P4 J1] Sichuan
P4 517K ZLHh Gongshuihong Pomelo K Chongqing || P48 4% %% Jintanglii Pomelo P4 J1] Sichuan
P5 %t Green Flesh Pomelo K Chongqing || P49 A 7LHl Hejiang Pomelo J0J1] Sichuan
P6 Vil Shaxian Pomelo K Chongqing || P50 &% Longan Pomelo P4 1| Sichuan
P7 Mk Cuiyou K Chongqing || P51  #2Z L4 Huayingshan Fragrant Pomelo 01| Sichuan
P8 E % Xiami Pomelo HJK Chongqing || P52  AUElMH Fenghuang Pomelo 01| Sichuan
P9 PG Chenshi Pomelo K Chongqing || P53  [1K7E Baiyushuang Pomelo 5174 Hunan
P10 x| KA Liushi Pomelo HJK Chongqing || P54 2V A7 Anjiangshiliu Pomelo 57 Hunan
P11 b Al x T HIR P55 FF/Kil T
Shatian Pomelo x Dianjiang Pomelo Chongqing Xiangshui Pomelo Hunan
P12 M Guanxiang Pomelo i K Chongqing || P56 4“4 Jinlan Pomelo 5174 Hunan
P13 &V HPR P57 VLT ik
Qingsha Pomelo Chongqing Anjiang Seedless Honey Pomelo Hunan
P14 28-11 Pomelo #JK Chongging || P58  J¥%—5 Longanyihao Pomelo W Hunan
P15 39-6 Pomelo # K Chongging || P59 474 Jinxiang Pomelo IR Hunan
P16 98-1 Pomelo H K Chongging || P60 %YL Anjiangxiang Pomelo ¥ Hunan
P17 #YL [l Dianjiang White Flesh Pomelo K Chongqing || P61 52514l Pengxianzhangzhou Pomelo R Fujian
P18 VL¥#ZLoill Jiangjin Red Flesh Pomelo HJK Chongqing || P62  HLZLfill Hanghong Pomelo R #E Fujian
P19  Ji#l Qiyou /K Chongqing || P63  FHE %Al Guanxi Honey Pomelo R4 Fujian
P20  E¥EA Pengxi Pomelo H K Chongqing || P64  ZL%7% Al Hongjin Honey Pomelo 2 Fujian
P21  #F4uAili Shuhua Pomelo K Chongqing || P65 A% il Yellow Flesh Honey Pomelo 4 Fujian
P22 HITEVD A (O S P66 FR %Ml Humi Pomelo i Fujian
Dianjianghuangshayan White Flesh Pomelo =~ Chongqing P67 3 Bkl Wendan Pomelo % Fujian
P23 3T 2l Dianjianglao Pomelo HJK Chongqing || peg  4p [AI¥E % 2 il Red Flesh Guanxi Honey Pomelo  ## % Fujian
P24 #YTLL0ofil Dianjiang Red Flesh Pomelo T JK Chongging P69 £1%y% il Hongmian Honey Pomelo {82 Fujian
P25 ZAl Kuiyou HJX Chongging P70 ¥l Pingshan Pomelo i #E Fujian
P26 VLALJGH% A Jiangbeiwuhe Pomelo HJK Chongging || p7; £ EUli Panxian Pomelo 4 Guizhou
P27 £737b Ml Changshoushatian Pomelo TLJK Chongging || p7p Akl Bendi Pomelo $#H Guizhou
P28 %j{t:C7b HI A Juhuaxinshatian Pomelo HLJK Chongging || p73 £ Rl Maonan Pomelo $# Guizhou
P29 YAl Liangping Pomelo HIJK Chongqing || p74 & #§ A HuA Maonanbendi Pomelo 71 Guizhou
P30 TSF %A Weisi Honey Pomelo i JK Chongqing P75 T M Jiangxi Early Pomelo \T 76 Jiangxi
P31 Jilii%EM (748 Pulian Pomelo (Offspring tree) i JK Chongqing P76 HkiZ Al Taoxi Pomelo T 76 Jiangxi
P32 FiARZLCofill Wubu Red Flesh Pomelo HJK Chongging || p77 4 VDAl Jinsha Pomelo T 74 Jiangxi
P33 #7713 H Chumenwendan Pomelo WL Zhejiang P78 %l Majia Pomelo YT 76 Jiangxi
P34 7k3E 5.4 Ml Yongjiazaoxiang Pomelo WL Zhejiang P79 WM [ &7
P35 1t 54 fli Shijiemi Pomelo Wil Zhejiang Wanbai Pomelo Taiwan, China
P36 Uz Sijipao Pomelo WL Zhejiang P80 £t Green Pomelo Y FS Vietnam
P37  Zx A4 Dongfengzao Pomelo 3B Yunnan P81 FEPfili Nangnei Pomelo R Vietham
P38  Zxislfill Dongshi Pomelo 2B Yunnan P82 Jt il Guangpi Pomelo e Vietham
P39 &) Hl Menglun Early Pomelo 23 F4 Yunnan P83 LT il Feihong Pomelo B Vietham
P40  -#4yb [ Early-maturing Shatian Pomelo P4 1] Sichuan P84 “FBHHiAl Pingyangla Pomelo Bk Vietham
P41 k%Al Yongan Pomelo P4)1] Sichuan P85  “FBHfil Duong Da Lang Pomelo it Vietnam
P42 i Al Tongxian Pomelo 41| Sichuan P86  HZA%AM Yi’anwo Pomelo it g Vietnam
P43 YRk Naxiyingtao Pomelo P4 )1 Sichuan P87  JEE/INEH A Vietnam Sweet Pomelo it g Vietnam
P44 b Hf Shatian Pomelo VY)1] Sichuan P88 LAl Yancheng Pomelo it Fg Vietnam
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%1 (4 Tablel (Continued)

s L i s AR 7
Code Name Place of origin Code Name Place of origin
P89 FLIE D il Early-maturing Siamese Pomelo  Z=[E Thailand P104 47 Jinhuang Pomelo FEHLARFINA
P90 M5l %' Hh Late-maturing Siamese Pomelo 7% [ Thailand Gl 05-07 i %j#f Grapefruit 05-07 WHT. Zhejiang
P91 Z&[E M 3(Kitik) Tailand Pomelo No. 3 (Kitik) %% [ Thailand G2 ikl Huyou T Zhejiang
P92 IEZKER A Siamese Acidless Pomelo Z&[H Thailand G3 %% 4 Miluojin Grapefruit J2[H America
P93 Z&[E#f Tailand Pomelo Z&[# Thailand G4 BB EIM Oroblanco Grapefruit % [ America
P94 % % i Siamese Honey Pomelo Z&[H Thailand G5 97 #jHh Cocktail Grapefruit £ [H America
P95 5E{f4) Chandler Pomelo 2[5 America G6 £ % %A Ruihong Grapefruit % [E America
P96 Croddanw Pomelo 2[5 America G7  KJAHI %t Flame Grapefruit % [H America
P97 HB i HB Pomelo 2[5 America G8  ¥4Liz Ui Pink Thompson F [H America
P98 4 i fli Burma Pomelo 4fi i) Myanmar G9  APK%LL Star Ruby Grapefruit % [H America
P99 il 24l Guba Pomelo 758 Mexico G10  H 4R Marsh Grapefruit £ [H America
P100 J& 800 Ni 800 Pomelo JE /K Nepal G11 2753l Red Marsh Grapeftuit % [ America
P101 7K {# 3 H. Suisyo Buntan H A Japan G12  DUf% R Tetraploid Marsh Grapefruit RO Ttaly
P102 V%4 Pingan Pomelo FEH AR HINA GI3 A A& M A EZ S
P103 H¥b /il Xiashalong Pomelo PR A KT NA Qilongjia Grapefruit Hybrid PuertoRico
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Note: The number beginning with the letter P is pomelo resources; The number beginning with the letter G is grapefruit resources.
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Table 2 25 quantitative characteristics investigated in this study
. bl e . bR NN
PR ‘ Wi || PR N LS
R e A Il I A 1
TR . . Method of || %i'5 . . Method of
Characteristics Unit  Test . Characteristics Unit Test .
No. . observation || No. . observation
period period
T1  FHEAE cm 22 MS T14  Rsefife cm 33 MS
Spring shoot internode length Fruit diameter
T2 EEEHRE mm 24 MS T15  BUBRE 33 MS
Calyx diameter Fruit length/diameter
T3 JEREKE cm 25 MS Tl6 EHIRER mm 33 MS
Petal length Stylar scar diameter
T4 FERRTESE cm 25 MS T17 RN cm 33 MS
Petal width Core diameter
Ts  JEflERE 25 MS TI8 CRIZJEE cm 33 MS
Petal length/width Fruit rind thickness
To  HEFHE 425 MS T19 B A 33 MS
Stamens number per flower ~ No. Number of segments per fruit No.
7 MRKE cm 28 MS T20 VMK cm 33 MS
Leaf blade length Juice vesicles length
T8 A em 28 MS T21 M THE AR 0 33 MS
Leaf blade width Number of seeds (open pollination) No.
T9 M 28 MS T22  RitEE % 33 MG
Leaf blade length/ width Fruit juiciness
TI0  MHEKE em 28 MS T23  FEMEETEA S E % 33 MG
Petiole length Total soluble solids content
Ti1  FEebwisE em 28 MS T24 RERE 2-100 mL" 33 MG
Petiole wing width Fruit juice acidity
T2 RsEFE g 33 MG T25 THEX % 33 MG
Single-fruit mass Edible rate
T13  RYE Fruit length cm 33 MS

VE RN R 22 AREFEAY B BT, 24 ACRAIIEN L 25 AR BAE N, 28 AAEEE B TSR], 33 AR B ad . W7, MS A
PR, 5 1 AR AR 103 88 B sl A B AT AN I B, B4 1 4IAMAAE S s MG OSBRI B, b 1 AN A e AN 10 B 2% sl s 2k A

=
H

A 1AL

Note: In test period, 22 represents the self-pruning period of spring shoots, 24 represents the initial flowering period, 25 represents the full flower-

ing period, 28 represents the second physiological fruit drop period, and 33 represents the fruit maturity period. Method of observation, MS is individ-

ual measurement. One group of individual records is obtained by measuring one batch of individuals or one organ or part of individuals one by one;

MG is group measurement. One group of individual records is obtained by measuring one batch of individuals or one organ or part of individuals.
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Table 3 Variation analysis of 25 quantitative characteristics

Rl A A R

st Rl R A S 2R 4

PR~ /ME N el T By 2 | ) o . o
No. Min. Max. Median MeantSD ntra-variety variation Inter-variety variation
coefficient/% coefficient/%
Tl 7.68 12.72 10.82 10.65+1.10 8.29 13.02
T2 5.07 11.73 9.28 9.09+1.55 7.40 18.67
T3 1.62 3.90 2.85 2.81+0.44 6.39 17.01
T4 0.71 1.61 1.24 1.20+0.20 9.15 19.12
TS 1.85 3.20 2.37 2.37+0.26 10.30 15.10
T6 17.00 41.40 32.40 31.55+4.87 7.72 17.16
T7 7.23 13.92 11.19 11.27+1.33 6.03 13.35
T8 3.74 7.18 5.86 6.01+0.76 6.92 14.68
T9 1.45 2.41 1.93 1.94+0.20 6.21 12.36
T10 1.42 413 2.75 2.74+0.61 15.08 26.55
TI1 0.31 2.46 1.33 1.31+0.49 23.01 43.33
T12 177.99 1922.30 1 087.62 1 036.62+402.44 8.88 39.75
T13 6.52 20.36 13.65 14.08+2.85 4.31 21.28
Ti4 7.48 17.70 14.34 13.84+2.43 3.40 17.84
T15 0.77 1.29 0.96 0.98+0.12 3.86 13.29
T16 1.31 5.02 2.71 2.78+0.66 13.58 27.84
T17 0.48 3.42 1.64 1.63+0.65 15.16 42.49
T18 0.44 2.46 1.32 1.2940.46 10.46 36.79
T19 9.60 20.60 13.80 13.95+1.97 8.73 16.58
T20 0.75 2.38 1.69 1.69+0.34 7.58 21.63
T21 0.00 164.20 73.60 70.85+41.89 26.96 62.90
T22 10.27 56.74 39.59 40.58+7.84 6.72 20.61
T23 8.70 14.17 10.63 10.75+1.05 2.96 10.33
T24 0.03 2.70 1.02 1.03+0.55 15.71 54.82
T25 36.30 81.97 55.47 55.77+8.58 6.08 16.32
x4 HEMRK K-S KW
Table 4 K-S normal test of the quantitative characteristics
MR K-S(pfi) (s e MR %= K-S(p i) fi % Uiz
No. Extremum K-S (p-value)  Skewness  Kurtosis No. Extremum K-S (p-value) Skewness Kurtosis
Tl 5.04 cm 0.04 -0.63 0.11 T14 10.22 cm 0.00 -0.77 -0.03
T2 6.66 mm 0.01 -0.80 0.18 TI15 0.52 0.00 0.62 -0.36
T3 2.28 cm 0.06 -0.43 0.22 T16 3.71 mm 0.07 0.60 1.19
T4 0.90 cm 0.03 -0.56 -0.05 T17 2.94 cm 0.20 0.45 0.04
T5 1.35 0.20 0.17 0.34 TI8 2.02 cm 0.20 0.19 -0.35
T6 24.40 0.04 -0.64 0.39 T19 11.00 0.07 0.33 0.27
T7 6.77 cm 0.20 -0.40 0.12 T20 1.64 cm 0.00 —0.68 0.86
T8 3.48 cm 0.01 —0.68 0.31 T21 164.20 0.20 —0.06 -0.74
T9 0.96 0.20 -0.01 -0.19 T22 46.47% 0.17 0.14 -0.58
T10 2.71 cm 0.20 0.00 -0.20 T23 5.47% 0.20 0.48 0.34
T11 2.16 cm 0.20 -0.05 -0.63 T24 2.67 g-100 mL" 0.20 0.47 0.16
Ti12 174432 ¢ 0.20 -0.28 -0.50 T25 45.68% 0.20 0.14 0.02
T13 13.84 cm 0.00 -0.64 0.30
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Table 5 K-S test of three quantitative characteristics based on population data of pomelo and grapefruit

. i Pomelo il %l Grapefruit
etk A — : —
o K-S(p D frife I K-St fhils g
K-S (p-value) Skewness Kurtosis K-S (p-value) Skewness Kurtosis
TI12 0.200 -0.084 -0.209 0.200 0.406 -0.885
TI13 0.121 -0.067 0.689 0.200 0.240 -0.859
T14 0.016 -0.497 -0.087 0.200 0.016 -0.761
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Table 7 Shannon’ s index of 25 quantitative characteristics
PERS S R PR 2 PER AT L PR A PER T TRIE L R 2
No. H No. H’ No. H’
T1 1.002 T11 1.083 T18 1.652
T2 1.224 T12.1 1.704 T19 1.013
T3 1.547 T12.2 1.413 T20 1.251
T4 1.474 T13.1 1.547 T21 1.446
T5 1.290 T13.2 1.266 T22 1.159
T6 1.010 T14.1 1.574 T23 1.170
T7 1.475 T14.2 1.458 T24 1.954
T8 1.487 T15 1.159 T25 0.983
T9 1.297 T16 0.878
T10 1.030 T17 1.358
- 1.0
T1 A -0.02(-0.17]0.01 |-0.24{0.170.24 {0.07{0.12]0.22 [ 0.12] 0.14 | 0.09 | 0.14 ]-0.03( 0.01 |-0.02| 0.19 [ 0.06 | 0.03 [-0.04{-0.13]-0.10{ 0.10 |-0.05 H
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Table 8 Principal component analysis of eigenvalue,

contribution rate and cumulative contribution rate
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2 2.99 11.98 42.25
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