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Kiwifruit cultivars (strains)
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Abstract: [Objective]l The genus Actinidia comprises approximately 54 species and 21 varieties, in to-
tal 75 taxa, and most species are distributed in China. Among them, 4. deliciosa, A. chinensis, A. arguta
and A. eriantha have been successfully domesticated and cultivated. The cultivars of kiwifruit in China
are diverse, but the fruit quality is uneven. Even if the same cultivar is planted in different areas, the
fruit quality is also different. However, there is little knowledge of the comprehensive evaluation of
fruit quality of cultispecies in different planting areas, and the comprehensive evaluation of several culti-
vars in the same planting area is scarce. Understanding the fruit quality traits of different cultivars can
provide valuable information and assessment tools to breeders. Therefore, the objectives of this study
were to investigate the variation in fruit quality of 30 kiwifruit cultivars (strains), and to carry out com-
prehensive evaluation of fruit quality. [Methods] A total of 30 kiwifruit cultivars (strains) were collect-
ed from kiwifruit germplasm resource garden in the management office of Three Gorges Botanical Gar-
den, comprising 12 A. chinensis cultivars, 3 A. deliciosa cultivars, 2 A. arguta cultivars, 10 A. chinensis
strains and 3 A. deliciousa strains (the strains are wild resources that were collected from Yichang city,
Hubei province). To elucidate the fruit quality, we measured important fruit quality indicators such as
fruit weight, fruit shape index, dry matter content, soluble solid content, vitamin C content, total sugar

content and total acid contents. SPSS 23 statistical software was used for one-way analysis, principal
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component analysis (PCA), cluster analysis, and comprehensive score ranking to analyze and evaluate
the fruit quality of different cultivars (strains). [Results] The results showed that the fruit quality traits
of different kiwifruit cultivars (stains) were significantly different, with the coefficient of variation rang-
ing from 10.95% to 53.89%. Among all the measurement indicators, the vitamin C content had the larg-
est variation and the soluble solids content had the smallest variation. Three principle components with
characteristic roots greater than 1 were extracted by PCA, and the cumulative contribution rate was
75.675%. The first principle component explained 41.909% of trait information that had high correla-
tion with dry matter content, soluble solid content, total sugar content, total acid content, and sugar/acid
ratio. The second principle component showed high correlation with fruit weight and fruit shape index
could explain 19.904% of trait information. And the third principle component explained 13.863% of
trait information that had high correlation with fruit weight, dry matter content and vitamin C content.
According to the comprehensive score, the trend of fruit quality among 30 kiwifruit cultivars was as fol-
lows: Hongyang>Cuiyu> Wanhong>Jinhong 50> Jintao>Miliang No. 1 > Donghong>Guihai No.
4>SZ-07> Jinyan> Jinyang >Mizao No. 2>Kuilli >Huayou>SZ-54-1>SZ-21>8Z-15>SZ-06>
Guichang> Wuzhi No. 3> Xianglii>SZ-22>SZ-11>Jinnong>SZ-47>S7-20>SZ-13>SZ-10>SZ-
12>SZ-14. The results of cluster analysis indicated that 30 kiwifruit cultivars (strains) could be clus-
tered into five groups with Euclidean distance of 10. Group I included 8 cultivars and 1 strain with the
bigger fruit weight and higher dry matter content, soluble solid content and total sugar content; while
group III included 2 cultivars belonging to A. arguta with smaller fruit weight, higher dry matter content
and sugar/acid ratio, lower vitamin C content and total acid content. Five cultivars with bigger fruit,
higher dry matter content and fruit shape index, lower soluble solid content were clustered together
(Group IV). The majority of cultivars were clustered into the above three groups. Group II contained 1
cultivar and 7 strains, in which all the cultivar (strains) contained higher dry matter content and soluble
solid content. Group V comprised 1 cultivar and 7 strains, with higher total acid content, lower dry mat-
ter content, soluble solid content and sugar/acid ratio. The most of the strains were clustered into the
Group II and Group V. And the results of cluster analysis were basically consistent with the results of
PCA. Based on these findings, we concluded that Hongyang, Cuiyu, Wanhong, Jinhong 50, Jintao, Miliang
No. 1, Donghong, Guihai No. 4, SZ-07 and Jinyan performed well in Yichang, Hubei province, while
the fruit quality of Xianglii, SZ-22, SZ-11, Jinnong, SZ-47, SZ-20, SZ-13, SZ-10, SZ-12 and SZ-14 was
poor.[Conclusion] The present research revealed that large variations in fruit quality were found among
30 kiwifruit cultivars (stains). Fruit quality comprehensive evaluation of kiwifruit was well evaluated
by PCA combined with cluster analysis. It may therefore provide the theoretical basis for sustainable de-
velopment of Yichang kiwifruit industry. However, the actual observation results of SZ-06 and SZ-15
were inconsistent with the comprehensive evaluation results, and more research should be conducted in
the future. Moreover, pollen xenia also affected the quality of fruit, and we have conducted the study on
the effect of pollen xenio on kiwifruit combined with the male plant breeding.
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Table 1 Analysis on the main fruit characters of 30 cultivars (strains) of kiwifruit

Cultivars (strains) Single fruit let shape  Dry matﬁer Soluble solid content/ content/ content/ Sugar—amd
mass/g index content/% content/% (mg-100g) (g-100g) (g-100g") ratio
44k Jintao 89.33 be 1.79a 19.19 defghij  15.16 no 147.61 f 8.90 gh 1.18 op 7.54
4:# Jinyan 79.13 cde 1.31 ghijk ~ 19.24 defghij  17.57 efghi 45.11 op 11.27 bed 1.49 gh 7.56
4T Donghong 62.60 fgh 147 cd 17.40 ijkim  18.91 abed 12425 g 11.67 be 1.38 ijk 8.46
2. Hongyang 83.67 cd 1.34 efghi  21.26 abed 19.41 ab 83.35 klm 1437 a 1.16 p 12.38
% Cuiyu 86.35 b 1.28 hijkl ~ 20.13 cdefg 18.16 cdef 16582 ¢ 11.93 be 1.23 nop 9.70
fE4 Huayou 82.07 cd 1.25 ijklmn  19.96 cdefgh ~ 17.58 efghi 146.96 f 9.55 fgh 1.52 fg 6.28
44k Jinnong 43.88 jkl 1.26 ijklm  16.95 jklm 15.57 Imno 12638 g 10.77 cdef 1.63d 6.61
4:PH Jinyang 89.46 be 1.44 cde 16.76 klm 1457 o 102.73 h 8.90 gh 091 q 9.78
41 Wanhong 54.86 hij 1.41 cdefg  21.05 bede 19.10 abc 89.51 jkl 11.50 be 1.34 jklm 8.58
¥ 45 Guihai No.4 77.06 cde 1.37 defgh  19.30 defghij  17.16 fghij 70.36 n 12.40b 1.60 def 7.75
A 35 Wuzhi No.3 77.69 cde 1.21 klmno 17.57 hijklm  15.58 Imno 226.23 ¢ 10.63 cdef 1.27 mno 8.37
44150 Jinhong 50 68.79 efg 1.38 defgh 22.62 ab 18.84 abed 81.64 Im 11.00 bede 1.61 de 6.83
Kk K 15 Miliang No.1 96.80 ab 1.79 a 20.28 cdefg 16.65 hijkl 98.20 hij 7.09 ij 1.45 ghi 4.89
T4k Xiangli 57.04 ghi 1.60 b 18.06 ghijkl 15.88 klmn 121.58 g 6.95] 1.30 klmn 535
K Guichang 73.26 def 1.68b 18.19 ghijkl  15.22 mno 10221 h 847h 1.50 gh 5.65
2% Kuilii 7.49 n 1.17mno  19.61 cdefghi  18.81 abed 38.14 pq 9.82 efgh 092 q 10.67
JF& 245 Mizao No.2 8.83n 1.191mno  19.62 cdefghi  16.08 jklmn 30.60 q 11.07 bede 0.85q 13.02
SZ-06 102.83 a 1.32 fghij  18.67 efghijkl  16.85 ghijk 49.71 0 8.39 hi 1.54 efg 5.45
S7-07 68.38 efg 1.34 efghi 2328 a 18.89 abed 100.09 hi 10.02 defg 1.85¢ 5.42
SZ-10 46.72 ijkl 1.00 q 17.54 hijklm  14.48 0 76.15 mn 5.69 jk 1.92¢ 2.96
SZ-11 29.86 m 1.23 jkimn  18.50 fghijkl  17.85 defgh 39.41 pq 8.62 gh 1.48 gh 5.82
SZ-12 48.38 ijk 0.99 q 16.39 Im 15.23 mno 14831 f 5.85jk 2.02b 2.90
SZ-13 87.10 be 1.40 cdefg  14.04n 11.84p 45.87 op 3.691 1.64d 2.25
SZ-14 36.25 Im 1.03 pq 15.27 mn 14.99 no 229.18 ¢ 4.65kl 236a 1.97
SZ-15 55.71 hij 1.11 op 19.86 cdefgh  19.95a 108.24 h 8.55h 1.28 Imn 6.68
SZ-20 51.24 hij 1.50 ¢ 15.70 mn 15.96 no 12337 g 5.85jk 1.92¢ 3.05
SZ-21 35.06 Im 1.43 cdef  20.88 bedef 17.83 defgh 17724 d 9.12 gh 1.41 hij 6.47
SZ-22 37.57 klm 1.23 jkimn  20.46 bedefg  18.04 cdefg 92.18 ijk 8.79 gh 1.67d 5.26
SZ-47 50.13 4j 1.191mno  18.93 defghijk 16.39 ijklm 266.31 a 5.92 jk 1.37 ijkl 4.32
SZ-54-1 58.08 ghi 1.14 no 21.73 abe 18.42 bede 241.34b 8.35 hi 1.24 nop 6.73
H){H Mean 61.52 1.33 18.95 16.90 116.60 8.99 1.47 6.62
#%/ME Min 7.49 0.99 14.04 11.84 30.60 3.69 0.85 1.97
5 KA Max 102.83 1.79 23.28 19.95 266.31 14.37 2.36 13.02
brifEZE SD 24.49 0.20 2.14 1.85 62.83 2.49 0.33 2.76
B R CVI% 39.81 15.04 11.29 10.95 53.89 27.70 22.45 41.69

T RN FRIECTE A FNE TRRORZERIE BB ZE KT, p<0.05.

Note: Different small letters in the same column indicate significant difference, p < 0.05.
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Table 2 The eigenvectors, eigenvalues, contribution rates and cumulative contribution rates of 8 PCAs

LSRR bR 43 Principal component

Fruit characters index PC1 PC2 PC3 PC4 PC5 PC6 PC7 PCS8

¥ L5 Single fruit mass 0.018 0.613 0.412 -0.025 0.558 -0.341 -0.135 0.084
RIEFEEL Fruit shape index 0.092 0.664 0.127 -0.077 -0.592 0.417 -0.030 0.065
TWJf & & Dry matter 0.409 -0.149 0.440 -0.208 -0.283 -0.389 0.585 0.024
AL E Y & Soluble solid content 0.408 -0.314 0.349 -0.232 -0.101 0.048 -0.731 0.106
#E2E % C & & Vitamin C -0.150 -0.169 0.551 0.775 -0.055 0.200 0.028 0.013
S5 BE 4 & Total sugar 0.490 0.009 0.030 -0.031 0.404 0.533 0.197 -0.518
KR & Total acid -0.396 -0.183 0.327 -0.468 0.227 0.466 0.221 0.405
PER% L Sugar-acid ratio 0.488 0.031 -0.295 0.273 0.174 0.124 0.122 0.729
FFEAH Eigenvalue 3.353 1.592 1.109 0.879 0.551 0312 0.177 0.028
TTHkZ Contribution rate/% 41.909 19.904 13.863 10.981 6.883 3.904 2211 0.345
LRTTHR % Cumulative contribution rate/% 41909 61.812 75.675 86.657 93.539 97.444 99.655 100.000
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PCI1=0.018X, + 0.092X; + 0.409X; + 0.408X,~
0.150.X:+ 0.490.X,-0.396 X+ 0.488 X;

PC2= 0.613X, + 0.664X:— 0.149X:— 0.314X,~
0.169.X:+ 0.009.X;:-0.183 X+ 0.031 X;

PC3= 0.412X, + 0.127X; + 0.440X; + 0.349X, +
0.551 X+ 0.030.X,+0.327X,-0.295 X;
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Table 3 Principal component score and comprehensive evaluation of main fruit characteristics

of different Kiwifruit cultivars (strains)

FERG 35 p By y
4oz gt ) g OB
fn Bl CERPRD Principal component score g);{iﬁ}i HE4 R CRLRD Principal component score CTorErllT?e]}j\— 4
Cultivars (strains) ensiVI:? core Ranking|| Cultivars (strains) ensiv[:: core Ranking
PCl1  PC2 PC3 PCI PC2  PC3
&4k Jintao 030 2.56 0.37  0.69 5 2% Kuilii 215 -1.67 216 027 13
4:Hi Jinyan 097 045 -021 046 10 B2 5 MizaoNo2 233 -1.02 -3.01 035 12
4T Donghong 115 031  -0.02  0.54 7 SZ-06 -0.29 1.16 023  0.14 18
#1 [l Hongyang 3.54 035 0.18  1.58 1 SZ-07 085 060 176 048 9
3K Cuiyu 179 021 0.77  0.90 2 SZ-10 -2.70  -1.12  -0.76 -1.46 28
£ Huayou 024 -0.04 0.99 023 14 SZ-11 001 -1.05 -1.09 -0.36 23
4% Jinnong -0.59 -041  -0.73 -0.43 24 SZ-12 -3.03  -141 009 -1.56 29
4> Jinyang 038 199 -136 037 11 SZ-13 -3.85 210 -1.53  -1.41 27
Hi 41 Wanhong 197 -0.25 024 081 3 SZ-14 -428  -1.88  0.58 -2.09 30
FE#F 45 Guihai No.4 098 0.53 0.05 0.2 8 SZ-15 091  -131 026 0.16 17
K35 WuzhiNo.3  0.01  0.18 027  0.08 20 SZ-20 -2.56 037 -0.06 -1.01 26
424150 Jinhong 50 1.50 -0.21 111 074 4 Sz-21 052 -0.76  0.68  0.16 16
KK 15 Miliang No.1 —0.18  2.36 1.09  0.54 6 SZ-22 002 -128 019 -0.22 22
4t Xianglii -0.71  1.06  -029 -0.13 21 SZ-47 -1.44  -1.03 105 -0.66 25
5t Guichang -0.63 1.78  -0.05  0.08 19 SZ-54-1 064 -136 153 021 15
0 5 10 15 20 25
1 1 1 L L
4:# Jinyan J
HEE 4 5 Guihai No.4
SZ-06 |
%2 & Cuiyu l
154t Huayou
HAH 3 5 Wuzhi No.3
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44150 Jinhong 50
SZ-07 u
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SZ-22 |
SZ-15 .
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B 2 5 Mizao No.2
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51K Guichang ¥
44k Jintao [
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43I Jinyang
SZ-10
SZ-12 |
SZ-14 — -
4 4% Jinnong
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SZ-13

1 FREMEH MBI EERLRRMTIRAB LD

Fig. 1 Cluster analysis of main fruit characteristics of different kiwifruit cultivars (strains)
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