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Genetic structure analysis of 85 kiwifruit varieties (lines) and wild rela-

tives by SCoT molecular markers
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Abstract: [Objective]JKiwifruit, as a dioecy plant, is a kind of wild fruit tree, native to China. It was in-
troduced into New Zealand in the early 20th century. Frankly speaking, kiwifruit has received attention
in the worldwide now. It has been reported that more than 100 varieties were bred since the 1970s in
China, most of which were made from seedling breeding of wild relatives, and few varieties were pro-
duced by sexual crossbreeding. The heterosis of interspecific or subspecies was not well utilized, which
resulted in the serious homogeneity between varieties. In our previous research, we found that the poly-
morphism of start codon targeted polymorphism (SCoT) markers was higher than that of other second
generation DNA molecular markers. Qinba region is the main distribution area of Actinidia chinensis
var. chinensis and A. chinensis var. deliciosa that are the two most valuable varieties of 4. chinensis,

which has seriously restricted the exploration and utilization of excellent kiwifruit germplasm resources
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due to lack of comprehensive research on kiwifruit in this region. The population structure analysis can
provide the basis for protection and development of kiwifruit resources.[Methods185 kiwifruit samples
collected from Qinba region were analyzed using 20 SCoT markers to access genetic diversity and pop-
ulation structure.[Results]In this study, a total of 108 alleles were obtained, with an average of 5.4 loci
per primer and that of 4.6 polymorphic loci, and the percentage of polymorphic bands (PPB) ranged
from 66.67% to 100%, with an average of 83.77%. And the polymorphism information content (PIC)
ranged from 0.46 to 0.96, with an average of 0.70. Among these, SCoT16, 25, 30, 32, 33, and SCoT 34
possessed the highest PPB in 20 SCoT markers. SCoT16 showed the highest PIC. Specific primers were
found that may be used to identify six samples. The 85 kiwifruit samples could be divided into two sub-
populations based on Beiyes algorithm, and the results from K = 2 to K = 5 revealed the occurrence of
gene introgression among 85 samples, accounting for approximately 83.53% of the observed variations
(calculated by K=2). And the Beiyes results were inconsistent with the unweighted pair-group method
with arithmetic means (UPGMA) algorithm clustering and principal component analyses (PCA). The
lowest genetic similarity coefficient appeared between Qihong ¢ N and wild 22 & A, while that of the
highest was found between Qihong2 & A and Qihong5 & A by UPGMA clustering, in which the aver-
age number of genetic similarity coefficient of 85 samples were 0.74 ranging from 0.54 to 0.94, and the
density distribustion of genetic similarity coefficient of 85 samples was in 0.75~0.78, accounting for
31.83%. The 36 cultivars (lines) planted in production were 0.74 ranging from 0.63 to 0.90, the 46 fe-
male samples were 0.74 ranging from 0.57 to 0.90, the 36 male samples were 0.77 ranging from 0.60 to
0.94, and the 20 wild relatives were 0.73 ranging from 0.56 to 0.91. The first three principal compo-
nents accounted for 13.24%, 7.68% and 0.65% of the population variation, respectively. The 85 samples
were not grouped clearly, indicating that there was no significant difference in the principal components
among 85 samples.[Conclusion]JAll three clustering methods have the trend of clustering firstly by sub-
species rather than gender. The population genetic structure analyzed by Beiyes algorithm is closer to re-
ality than UPGMA and PC analysis, which can be visualized of homogeneity or heterogeneous level of
each sample. The phenomenon that different varieties may have the same name, or one variety may
have two and even more names, exists. A higher level of genetic background was observed in 85 kiwi-
fruit varieties (lines), in which the genetic differences among wild related species were larger, the six
wild resources including Wild17 @ A, Wild22 & A, Wildl6 @ A, Wildl8 ¢ A, Wild21 & A and
Wild19? can be used as parents for breeding new varieties or improving cultivated varieties. And the
genetic differences among female resources are more abundant than those among male resources. The
simple genetic basis occurs among commercial male plant fields as a source of pollen. Several varieties
used in production have closer relationship, some germplasm resources of wild relatives are far from be-
ing developed and utilized, which are expected to be used as raw materials for breeding new varieties.
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Tablel Information of samples
TER M TG TEA 2 REE
Hi'5 FEA Morpholo- T FEAR Morpholo- || 485 FEA Morpholo-
No. Samples gically No. Samples gically No. Samples gically
observations observations observations
1 Z[FH 1Y HongyanglY Ch. 30 &#ho AlJinkuic' A De. 59 Jff42A Qihong2A Ch.
2 #IFH2Y Hongyang2Y Ch. 31 %% 53CQinmeig3C  De. 60  HE T A XiuzhenxiangA Ch.
3 & 1Y XuxianglY De. 32 BHoNWildaN Ch. 61  Jif4 4A Qihongd4A Ch.
4  &J82'5 1Y JinlongNo.2 1Y  Ch. 33 Z&FEF6C Qinmeid6C  De. 62 Jif4 1A Qihongl A Ch.
5  ZLFHN HongyangN Ch. 34 ZFF7C Qinmeid 7C  De. 63 JiF43A Qihong3A Ch.
6 ZIPHJY Hongyangd' Y Ch. 35  Z&3EJF4CQinmeid4C  De. 64 327 A Cuixiang A De.
7 425 2Y JinlongNo.2 2Y Ch. 36 HF225 AWild225' A De. 65 W35 AWIild3g A Ch.
8 4825 3Y JinlongNo.2 3Y Ch. 37 235 10C Qinmeid 10C  De. 66 Z&3£ 5 5C Qinmeid 5C De.
9 BREY De. 38 FEl1dC De. 67 RR&HTA Ch.
CuixiangY Qinmeil ' C Nongda Jinmid' A
10 H172 AWild17? A Ch 39 HI2XLeid2X De. 68 W65 AWilded A Ch.
11 HF142 AWild14 2 A De. 40  Z3JJ AQinmeid A De. 69 2150 AWild215 A Ch.
12 AREBEN De. 41 FF265A De. 70 oA Ch.
Nongda Yuxiang N Wild26 5 A Huayoud'A
13 B252AWIild25%A De. 42 162 AWild16 2 A Pr. 71 &Hko Alintaod' A Ch.
14 7% 2Y Xuxiang2Y De. 43 152 AWildISQ A De. 72 %¥52C Qinmeid2C  De.
15 HF19A De. 44 BRI X Ar 3 HEESA Ch.
Wildl @ A Actinidia arguta X Xiuzhenxiang &' A
16 ®hX Ch. 45 HTI8RA Pr T4 RKBE A De.
JinwuX Wild18 2 A Nongda Mixiang & A
17 H232AWIild232 A De. 46 141 A Huayou A Ch. 75  JF415 AQihongl A Ch.
18 HF24°2A De. 47 RKHAEA De. 76 FEEJA De.
Wild24 ¢ A Nongda Yuxiang A Cuixiangd' A
19 BOBRIERE 1X Ch. 48 HLLERRBE3X Ch. 77 B4cA Ch.
Yellow flesh Kiwifruit] X Yellow flesh Kiwifruit 3X Qihongd ' A
20 72X Xuxiang 2X De. 49 H#4&FN Hortl6AN Ch. 78  Jf4L55 AQihongSG A Ch.
21  JI¥4LN Tenghong N Ch. 50 HI12Q2AWIldI2R A Ch. 79 JF4.205 AQihong2d A Ch.
22 & A JinkuiA De. 51 %K X RunyuX De. 80 Jf4.35 AQihong3d'A  Ch.
23 1% A Xuxiang A De. 52 Z3% A QinmeiA De. 81 ffik{ic AHaywardd A De.
24 ZIPH3Y Hongyang3Y Ch. 53 & HkAJintaoA Ch. 82 FHd3XLeid3X De.
25 W45 AWildds A Ch. 54 1R 1X Xuxiangl X De. 83  HF19? AWild192A Pr.
26 H75A Ch. 55 CRREHIA Ch. 84 #7207 A Pr
Wild7c A Nongda JinmilA Wild20?A
27 %% 3 9C Qinmeid 9C De. 56 JFIR{E A Hayward A De. 85  £IFH? N Hongyang?N Ch.
28 HERIA Ch. 57 RKEHE2A Ch.
Hortl6Ac' A Nongda Jinmi 2A
29  Z&3 J8C Qinmeid 8C De. 58  Jif45A QihongSA Ch.

W IFACRA LGB AR @ ACRMEMEA R o AOCRKEMER RE 2 AORMEREASTE s A AUFRIR IG5 22 B X HURE 5 C AQIR IR VH 24 9 2L Y
BN AR BRI 2 B HURE s X AR BRI 00 2 LLHURE s Y ACRBRIG A i ELBURE o Ch. AR SR BREBE AL Tl s De. AR SERBRAE MR AL T
Ar [REGAFER s Pr. AR AT

Note: The wild stands for different wild relatives; ¢ and & represents female and male materials;? represents did not know the gender; A repre-

sents the sampling in Ankang; C represents the sampling in Chenggu County; N represents the sampling in Hantai district; X represents the sampling

in Xixiang County; and Y represents the sampling in Yangxian county. Ch. stands for Actinidia chinensis var. chinensis; De. stands for Actinidia chi-

nensis var. deliciosa; Ar. stands for Actinidia arguta; Pr. stands for A. arguta var. purpurea.
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Table 2 Amplification results of SCoT primers

EZ i i LM R ZEMEESE

SCoT 514 FH(57-37) i The number of Percentage of Polymorphism
SCoT Primer  Sequence(57-3") gz;zgs?}rlgl;ir of polymorphic polymorphic information
bands(NPB) bands(PPB)/% content(PIC)
1 CAACAATGGCTACCACCA 4 3 75.00 0.48
4 CAACAATGGCTACCACCT 5 4 80.00 0.75
7 CAACAATGGCTACCACGG 6 5 83.33 0.64
11 AAGCAATGGCTACCACCA 5 4 80.00 0.72
12 ACGACATGGCGACCAACG 5 4 80.00 0.68
16 ACCATGGCTACCACCGAC 6 6 100.00 0.96
17 ACCATGGCTACCACCGAG 7 5 71.43 0.65
18 ACCATGGCTACCACCGCC 5 4 80.00 0.68
20 ACCATGGCTACCACCGCG 3 2 66.67 0.48
23 CACCATGGCTACCACCAG 5 4 80.00 0.46
25 ACCATGGCTACCACCGGG 6 6 100.00 0.93
26 ACCATGGCTACCACCGTC 6 4 66.67 0.61
27 ACCATGGCTACCACCGTG 6 4 66.67 0.64
28 CCATGGCTACCACCGCCA 5 4 80.00 0.75
29 CCATGGCTACCACCGGCC 7 6 85.71 0.52
30 CCATGGCTACCACCGGCG 6 6 100.00 0.85
31 CCATGGCTACCACCGCCT 5 4 80.00 0.62
32 CCATGGCTACCACCGCAC 4 4 100.00 0.87
33 CCATGGCTACCACCGCAG 3 3 100.00 0.89
34 ACCATGGCTACCACCGCA 9 9 100.00 0.82

fFBeiyes 5i2: HOTR & A AL BLAL) 85 AN bk A o B
PR (108 AN FE AL AL /D B HE AR S5 4, KAE B¢ 1~10, K
MCMC (Markov chain Monte Carlo) FF- 45 ] FIANESL
1548 (Length of burn-in period) % & 4 10 000 /X , F
s RAYERUE ARG I MCMC & N 100 000 WX, B4
KIZAT 10 0, M5 AK AH B K Ji ) B — A5
1K {H . 1817 45 R b 4% Structure Harvester V- &
(http://taylor0.biology.ucla.edu/structureHarvester/) 3%
BEERE . FINTSYS-pe2.10e 5 Gt H A" SM i
TR AL AL R 2 34T UPGMA 2828 & —J0 £
iR

2 HR50H

2.1 SCoT#riZEN T
20 > SCoT Aric FE 438 108 M2k, 91 %

A . SCoT34 4 MY I 5% i Hiix £ , SCoT33 i
B 61 SCoT hric i 2 AP L FIL 100%. 24
PEAE B AR N 0.46~0.96(F 2) , *F-H4E 9 0.70.

85 M FEARA 6 MEEATIE I T I % B X HAth
FEASE R RE R AR IR (R 3D,
2.2 BHABRIELEMO
221 MW R E RS 0.05 9 E A
108 A5 il T 85 10 o e Ak Foft Jo3 1100 T A 25 4 , AR AJE
JUH, H Bayesian 5.y2: , Delta K 7E K=2 i 158 2 £ K,
TS MR RIS 2 AWK A& (- 1-A) 5 43
A6 A3 FF RN 1-B) . M 1-B HE H SRR
A6 S Fof A e S A ik S o 1 e A T R DRI 5 o R
22545 3 () 83.53% (FZ K=2 5 .
222 UPGMA % £ 5T SCoT Fric Z4iE 11 85 1
AL 195 ] F 168 4% A 10L 32 00 3336 BRI AE 0.53~0.94,

#3 MRS

Table 3 Specific primers for variety identification

¥ Samples FF 4T o 24A 5T 2 14A TR 1X %#¥a1C ARCER RS JF4L3A
P Qihong & 24A  Wild ¢ 14A  Yellow flesh Kiwifruit]1X  Qinmei & 1C HongyanglY Qihong3A
Fp 5P 5] Specific primers  SCoT27 SCoT4 SCoT17 SCoT25 SCoT30 SCoT34
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DeltaK = mean(|L''(K)|) / sd(L(K))
500 B e 2R BYK
A
400 |
300 |
M
o
f§ & 200 |
100 |
0l = S
2 3 4 6 7 8 9
B E AL Number of subgroups, K

HE# Probability

0
33_29 76 74 66 27 40 73 39 34 64 _4l

14 9 3
72 30 31 82 81 35 68 67 23 17 52 38 71 11

32 84 12 13 19 43 22 54_2 77
S 15 56 18 20 37 48 65 50 75 1

FF i Sample

1.00
0.80
0.60
0.40
0.20
0.00

HE# Probability

24 53 78 28 55 79 6
21 70 57 61 58 85 46 80 26 10 4

42 49 83 60 69 59 16 47
45 44 62 36 63 25

F£ il Sample
AR U e O ARRREE 4. X B LR FLEAR R AR . A ) BB IR R o T R LR

Red. Group I; Green. Group II. Vertical lines on the X-axis refer to each sample. The proportion of each color represents probability rate with

which a given genotype belongs to each group.

Bl 1 ET SCoT HRiCHY 85 MM ERIEHEM BLBF IR IE (4540

Fig. 1 Population structure of 85 kiwifruit materials based on SCoT markers
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FEIRAL BE B 0.17 40K 85 1 FEA /> Ay 2 W2 (1
3, EHE—RA 7ML, A T H AT EEHE) T
B R AR AR B R SE AR Ak s P R R R SRR
(1 I 1 0 B o B AR R . AR R 6

Bl A B A BEM R
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RN 13.24%7.68% 1 0.65% (B 4) , fif B o A8
FH26.98%. MAHT&E RE w34 F s H A
8 85 i FEAH R 4340, 2 W] 85 /MEAC Z 8] 1) 32 B O3
ZRAHE,

23 AR ERBEEMD0

23.1 A FFRIZBOGIOAMBEREAF(R) TR
FEAIALL R A0 0.71 b4 28 7= AR B 1) 36 SR Ak
FiCRY TR 2 F (B 5) , 75 % FREAR Bt BURE 2245 it Fof
5 At DX PR SR P SR Bk SRS, AN R i X R Y
SRS A CH BRI TR ECR R AN 2R BR
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FHAL Z 2L Genetic similarity coefficient
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Fig.2 Frequency distribution of genetic similarity among 85 kiwifruits materials based on SCoT data
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Fig. 3 UPGMA clustering based on genetic distance among 85 kiwifruit materials
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0.68 AbKF 46 4y 28 B2 Il [X 3= B4 T [ R0 Ak o A AT
T AT ZMEVE RIR R N2 2K (B 6) . 7% FERFE)
517 2 AFIES 16 @ A B N —K, 5 HAMTIEM
BERG R RBOE . KA AR K05 A FAR KR
T A SRR B K, 8 0.900 F ik 9 Bk 7
B2 BERFEARE AR 1Y FIRE A

233 MEMFR 36 MM EIREIE AR
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Correlation and genetic analysis of fruit traits in F, hybrid population of

loquat generated from Ninghaibai x Dafang
ZHAO Chongbin', GUO Yihan", LI Shuqing', XU Hongxia’, HUANG Tiangi', LIN Shunquan', CHEN

Junwei”’, YANG Xianghui"

(‘Key Laboratory of Biology and Genetic Improvement of Horticultural Crops (South China), Ministry of Agriculture and Rural Affairs/
College of Horticulture, South China Agricultural University, Guangzhou 510642, Guangdong, China; “Institute of Horticulture, Zheji-
ang Academy of Agricultural Sciences, Hangzhou 310021, Zhejiang, China)

Abstract: [Objective]This paper aimed to complement the correlation genetic analysis of the important
traits of loquat (Eriobotrya japonica Lindl.) fruits in the F, population generated from the white flesh
cultivar Ninghaibai crossed with the yellow flesh cultivar Dafang in order to provide the reference for
the parent selection and seedling screening in loquat breeding.[ Methods]A total of 130 plants of F, hy-
brid population of Ninghaibai x Dafang were used as experimental materials. The samples were collect-
ed at the maturity stage from May to June in 2020, and 30 fruits were randomly selected from the mid-
dle and upper part of the crown of each tree. The longitudinal diameter, transverse diameter and pulp
thickness of the fruits were measured with digital display vernier caliper.The Fruit weight and seed
weight were measured with electronic balance (1/100). Soluble solid content (TSS) in fruit flesh was

determined by ATAGO handheld digital refractometer. The number of seeds was also recorded. Excel
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2016 was used to organize data and draw tables. IBM SPSS Statistics 25.0 was used to test normality,
draw frequency histogram and perform correlation analysis. [Results] The results of genetic analysis
showed that the seven important fruit traits were normally distributed. The average values of fruit
weight, fruit longitudinal diameter, fruit transverse diameter and fruit flesh thickness were lower than
the mid-parent value or even lower than the low parental value. The genetic transmission ability was
between 90.40%-96.46%, all lower than 100%, and the dominant rate was all negative. The heterosis
was not significant, the genetic tendency was small, and most of the hybrid offspring showed the phe-
nomenon of character decline. The decline in flesh thickness was the most serious, 73.08% were thin-
ner than the low parent and 11.54% were thicker than the high parent. Although fruit weight, fruit lon-
gitudinal diameter and fruit transverse diameter showed a genetic tendency to be lower, the high paren-
tal rate was 24.62% to 33.08%. The average values of TSS, seed weight, seed number were higher than
that of high value, genetic heritability were higher than 100% and between 102.26 and 121.23%. Heter-
otic rate showed strong heterotic, genetic tendency represented as high genetic predisposition. Among
them, the heterotic rates of seed weight and seed number reached 21.23% and 15.20%, showing the
most significant heterosis performance. The results of correlation analysis showed that the fruit weight
was positively correlated with the vertical diameter, horizontal diameter, flesh thickness, seed weight
and seed number, but negatively related to TSS. Through stepwise regression analysis, the optimal mul-
tiple linear regression equation for fruit weight was expressed as: Y=-41.861+0.317X,+0.795X; +
2.975X:+2.208X:-0.879X, (Y= fruit weight, X,/= fruit longitudinal diameter, X;= fruit transverse diame-
ter, X;= flesh thickness, Xi= seed weight, X;= seed number; R = 0.991, R’ = 0.981, e = 0.138), which in-
dicated that the fruit longitudinal diameter, fruit transverse diameter, flesh thickness, seed weight and
seed number were the main factors affecting fruit weight. Path analysis results showed that the fruit
transverse diameter, fruit longitudinal diameter, flesh thickness, seed weight and seed number were the
important traits that affected fruit weight. The order of simple correlation coefficient between five traits
and fruit weight was the fruit transverse diameter (0.974) > seed weight (0.859) > flesh thickness
(0.847) > longitudinal diameter (0.820) > seed number (0.323). The order of direct path coefficient be-
tween five traits was the seed weight (0.383) > transverse diameter (0.338) > flesh thickness (0.227) >
longitudinal diameter (0.136) > seed number (-0.070). The order of decision coefficient was the fruit
transverse diameter (0.544) > seed weight (0.511) > flesh thickness (0.393) > longitudinal diameter
(0.204) > seed number (—0.050). [Conclusion] The fruit weight, fruit transverse diameter, fruit longitu-
dinal diameter, flesh thickness, TSS, seed weight and seed number were all quantitative traits con-
trolled by multiple genes. Among them, the genetic tendency of the fruit weight, fruit transverse diame-
ter, fruit longitudinal diameter and flesh thickness tended to be smaller, while the genetic tendency of
the TSS, seed weight and seed number tended to be higher. The fruit weight was significantly positive-
ly correlated with the longitudinal diameter, transverse diameter, flesh thickness, seed weight and seed
number, but negatively correlated with the TSS. In conclusion, the longitudinal diameter, transverse di-
ameter, flesh thickness, seed weight and seed number are the main factors affecting fruit weight,
among them the transverse diameter and seed weight had the greatest effect on fruit weight, whereas
the seed number had the least effect.

Key words: Loquat; Fruit trait; Correlation analysis; Genetic tendency; Path analysis; Quantitative traits
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T AR 448 TAE T 2011 £ 3847, 2012
SR 4 22 T A T WL A8 Ol B Bt (A% % R
BB, 2017 £ 46 5, T 2020 45 M F, J2 32 B A s
AR R R g R AR OB T AR 25 SR 1 130 bR 9B A L,
BEAT RSEVEAR I A . SRR B AR, H ALK
B, TR R B AT i .
1.2 MRNESHZE

F2020 4 5—6 A HEAE S SHBEIT KA , BERA
ot A1 BB AR L B BE LI B 30 N S, 43 5 0 s SR S R
SR RS R R B AT MR A
PR R, DU AR v S (AT A

o b 2

5 R A T RIS A B )

FHECR b = RO B R S A% RS VR A
JELPE 5 FH R RSP (1/100) Tk i S 512 o P17 o 6
Fi ATAGO F= 47 2UE R 4 6 A 5 SR PR T 3 1 [ T
Y& 2 (TSS) s il %A 4.

1.3 HiRgit 548

FIH Excel 2016 47 Hf 5 11 5 R A& 22 1], 12
FH IBM SPSS Statistics 25.0 #EAT IEAPERE I , 2 1] 4t
R H 7 B AT AR T

FHIGTHE A AR 7 RE(CV, %)=(S/F) x100;
A% A% 33 77 (Ta, %) =(F/MP) x 100 ; 11 34 F (H, %)=
[(F-MP)/MP]x100; i1 5 2. (HH, %)=(fm T w5k %
BU{A (Y F) B PR HUF, 5 bk 2 20 < 100 1% 1% 58 %
(L, %)=k TR RAUE M F bR 3 Fo bk 250 x
100, X SFEIRF BREAE AR 2 s F RoRF oYY
FAUG MP Fon 351 .

2 HIR50H

2.1 REMRIEEST

211 REREE MAERITH, THEASKEET
FAR S & PR T o, B 2K TIRERE,
PRI V2 5088, 7 B a O 13.76~57.83 g, &%
5 RHN 29.73% , AL AL T1 N 92.23% , L &
HN=7.71% , 5 5E TN 31.54% , KK 5% R ik 2
63.85% . ML4f 70 Ay i 48 1 g R A B, PR A A L
R BT B PR EZS Q-Q BT &N, il L 5 K s
F 22 FARI RS i i B BARE 1 B0 A, J& T i
22 A 35k D] 3 0 92 ) ) B TR 5 A S /N AR S
AL A] , (R PR IR 20 B30 B OK, R R
HEW 2 ik B KR i e R ) /3K

212 REM/ZE BE2WH, THASKERZ
F AR SR SR P A AR T A S BAR TSR AE
B VE A 31.64~50.63 mm, A% R EUN 9.58% , it
FEA% 385 7104 96.46% , T34 % N -3.54% , H R SR %A
24.62% , (RAK S N 57.69% . 43 i £ 16 i T
EHE0, 56 K2, RATEASKERLFER

F1 FRRIREBEETR
Table 1 Genetic variation of fruit weight in F,

TEIR Kb iR TRE AR SEEHE RRRE BEES) AR BERE IUCRE B

Character Dafang Ninghaibai Midparent Hybrid  Separation CV/% Ta/% H% HH/% L% Kurtosis Skewness
value progenies range

EM s 33.65 31.75 32.70 30.16 13.76~57.83 29.73 92.23 =777 31.54 63.85 0.53 0.96

Fruit weight/g
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1 FRARILREFEEHERIETS Q-Q

Fig. 1 Frequency histogram and normal Q-Q plot of fruit weight in F,

x2 FREIPZEETR
Table 2 Genetic variation of longitudinal diameter in F,

ORI AR

fRA%

i s G o PP
(ri/giacter Ij)il}?zn I\jI—lrllE Eaibai Midparent Hybrid Separation  AH k)1 1‘-J(jﬁ/‘;{?>—‘fF AR Kiliiosis ﬁiness
& & value progenies range CVI% Tal% HH/% L%
Pz 4253  40.32 41.42 39.96 31.64~50.63 9.58 96.46 -3.54 24.62 57.69 -0.16 037
Longitudinal diameter/mm
20 — 55.0
|~ .
15 /1 8 475
> <
% 8 o -
% o L B 2
= % 10 ;FS g 40.0
i =
5 M 325
0= 25.0 : :
30.0 35.0 40.0 45.0 50.0 55.0 250 325 40.0 475 55.0
Pz ME

Longitudinal diameter/mm

Observed value

2 FRRIPZRFREFEREDS Q-Q

Fig.2 Frequency histogram and normal Q-Q plot of longitudinal diameter in F,

(1) S SR 2 AR I 1) IE 25 43 A, 2 i R el 2 A 3
DRI 42 1l R 5 MR, A8 S R B A, N B 2 A R R
UM 3 BRI A A 1) T A I £, (ER R 5 R AR
BN AL AR 38 7 AN R R R, i LUARE B R
LU NIIRRY G AN Ui v S

213 RE#HEZ THRHAEKERZFRRLERS
AL BT 45 RANER 3 B, 28 Bl E AR S AR~ 35
EAR T A o B TR SR, 2 25 Y6 N 26.84~
46.32 mm, & 7 R N 10.58% , B AL L 1N
95.65% , L 34 N —-4.35% , 8 F 51 % N 33.08%, IR A
FHRIEF 66.92%. FE3ER, THASKEHLF
RE SRR BARMEN IE S0 A, 2 SRt 2 A4
DR] e [ 42 i) P 5 bR B A M ) A ) T
B, 5 REUEUN AR I AR AR 3 ) J O R R

1 RERE R B SRR UK FIREAE SR PR i 2
(1B FPR R o

214 RARE HEATH, TEASKFERZ
FoARSR A& P (AR T o BAR TR SR E, 4
B35 B N 5.96~9.90 mm, 1M 4% 7 R B, N
11.2% , 38t A& 42 38 718 90.40% , 11t 35 K & /),
N =9.6% , (RAK 57 K 5=1E 73.08% , 1M 48 15 51 R AU N
11.54%. VERE S50 L T 0, B4 B 7R, RN R
JE 3 A1 R BUAARE (V) IE 28 43 A, RTZ MR ZE — A
F 22 A 2 [R] e [) 42 i) 1 250 P IR S e A B A i ) 3R
PUNESR I /NR S, MR IR R IVEBCN I 2.
215 THEHBEBHEE HRESHH, TEAS
K55 328 FoAR AT I 14 [ T4 B P S5ME KT o B
HE T aER e, 7 ST EN 9.84%~20.65% , % 7 &
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#

#x3 FREXLEREERTRE
Table 3 Genetic variation of transverse diameter in F,

HORME ARSURAC MEEE RS Bfk  pp BEDOIK e e

ERIN Kb THA . . . ¢ :
. .. Midparent Hybrid ~ Separation &%t &4/ |, ER . OER .
Character Dafang Ninghaibai value progenies range V% Tal% H/% HHY% L% Kurtosis Skewness
Wit 3773 37.55 37.64 36.01 26.84~46.32 10.58 95.65 —435 33.08 6692 -0.36 044
Transverse diameter/mm
20 — 50
s Y/ 2 kil
- o Z 40
= 20 2
SIS ® 8
i & ¥
5| m
30
0 T 55 | i i ; :
330400 450500 25.0 30.0 35.0 40.0 45.0 50.0
Az M E
Transverse diameter/mm Observed value
B3 FRRIEZMEEFERETS Q-Q &
Fig.3 Frequency histogram and normal Q-Q plot of transverse diameter in F,
x4 FRERAEEERTSR
Table 4 Genetic variation of thickness of flesh in F,
ERIN Kbz THEA O R rEelE AR wk R e RIC W W
Character Dafang Ninghaibai Midparent Hybrid Separation RE 1LiES) H% JeF JE&E Kurtosis Skewness
value progenies range CVI% Tal% HH% L%
R S 8.59 8.04 8.32 7.52 596~9.90 11.12 9040 -9.60 11.54 73.08 -0.19  0.40
Thickness of flesh/mm
10
20 [~
Q 9 .
15 | =]
> i R
% 510 B 3
= % =R § 7
3 ! &)
5 6 L
0 5 | I
5.0 6.0 7.0 8.0 9.0 10.0 5 6 7 8 9 10
- RAEE QTG
Thickness of flesh/mm Observed value

El4 FRRABEMZEHFERIES Q-QE
Fig. 4 Frequency histogram and normal Q-Q plot of thickness of flesh in F,
*5 FAMREERDEEESS

Table 5 Genetic variation of Soluble solid content S in F,

. N % ZRZJEAR B A Ui £ R A
IR kg g PR ASURAC MRIEE  BR ME e BEME e
Character Dafang Ninghaibai Midparent  Hybrid Separation  AH i) H/% A R Kurtosis Skewness
& g value progenies  range CVI% Tal% ’ HHI% L%
w CAIEPERE ) 13.76  13.41 13.59 13.89 9.84~20.65 12.52 102.26 2.26 53.85 39.23 1.09 0.44

Soluble solid content/%

BN 12.52% , 038 B A 2.26% , it 45 4% 36 173k 3| %28 A BEAR T M [ TR 23 A BB AR R A 5
102.26% , i /& 3 F ik 3 53.85% , IR IK S X N fii o BIZMEAR & — N i 22 S DR 3 il P B PR, |
39.23%, W& 4 1.09 T £ 4 0.44.. T K S HER, PRI AE B3 R D N e e A% B I 48 B M B 15
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5 FRFAAMERISEMEERERIES Q-Q

Fig. 5 Frequency histogram and normal Q-Q plot of soluble solid content in F,

BT I 3] P2 2 o RO REAL A R

21,6 #FRE  HERCKE6 LR, T
F 5 K55 4458 FARHR 3 I T B v T o (L HL s
TR, B RRER R, N 2.39~9.57 ¢, B 5t R AL
A 30.73% , AR AL IE T ik 121.23%, L3R ik

BT 21.23%, i =1 26 N 56.92% , T AR R %N
26.15% , BAR AT RINIELS 0 A . RIZ MR
— AN EH 2 R PR ] 4 ) (1 B0 PR S8 A% 1 1) SR I
BRI AR R 2R B R, AR S R
e, I B AR E R 43 B R R R 2R AR I

#z6 FRKMFREEETS

Table 6 Genetic variation of seed weight in F,

FEE AR

25 {ligfis

e g T R
(rlihlgiacter ]j;jjmg I\j;in{gigl'ljaibai Midparent Hybrid Separation  AH - f&ikJs EIE/‘%;)?:K A R Iu?u%osis 1Sﬁi;gvness
value progenies range CVI% Tal% HHY% L%
FiF )i & Seed weight/g 3.82 4.53 4.17 5.06 2.39-9.57  30.73 121.23 21.23  56.92 26.15 -0.36  0.65
25 [~ o 10 —
20 ] 9 8
> _—
2 15 d = 5 6
= =
= B / B2
210 5 8 4
o ="
%
51 =, i
.
ok 0 ’ 1
2 4 6 8 10 0 2 4 6 8 10
5 R N AEL
Seed weight/g Observed value
6 FRMTFREMNEEHFERETS Q-Q
Fig. 6 Frequency histogram and normal Q-Q plot of seed weight in F,
ZRER I R R 5 BALAG ] R I (0 i 182 4%, T I A58 M

217 #F# XTTRASKERZFARR 7
BAE BT 45 AR T Frow , H A8 G RO 1 407 3
Ee TR s T eEE, 7SR 176~
4.87, %8 T R BIE B 22.14% , i AL 4% 3% ) E ik
115.20% , L # R WIEF] T 15.2% , 8 & 56 F = is
64.62% MK SE R WA 27.69%. 4K 741, T
T 5 K 55 A58 FOARE I B AR 73 A R BN LR e
() TR 23 A, A& — AN i 2 /S B R 3 ) 42 ) () B e

kL L EXNEIlDE LT UDE LR %R
22 REMREMEXES T

TS K3 44 A8 FARSR SEVE AR 8] (AR S 1 2>
B & R 8 o, SRS & 5 R S AR Rl
BORWERE RS TR AR 2 B R T
SAVE TR B & B R RO R e 5
RSP R R R SRR M R SRR I
BB IEM SRR R, SR IR R & BR DU
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*7 FRMTHEETR
Table 7 Genetic variation of seed number in F,
o =Y AN e E= AxE ih=n
PEIR Kp gy PRERSURR SRGEE AR R g BEE e s
Character Dafang Ninghaibai Midparent  Hybrid Separation S H% AR A Kurtosis ~ Skewness
e & value progenies  range CVI% Tal% HH% L%
7% Seed number  2.86 2.70 2.78 3.20 1.76~4.87 22.14 115.20 15.20 64.62 27.69 -0.66 0.14
20 - 6|
15 ERRl z
<
m > |
% 510 4 B2
Eé % = § 3 |
= 0
5 )|
| -
0 JJ — 1 | |
1 2 3 4 5 1 2 3 4 5 6
firy 2 L
Seed number Observed value
7 FRBMTFEEIEEFERED Q-Q
Fig. 7 Frequency histogram and normal Q-Q plot of seed number in F,
8 FRRILMERIEXRNE
Table 8 Correlation of fruit traits in F,
R Pt MR R R wCR VI Py iR TR
Fruit Longitudinal Transverse Thickness of  [EJEY)D Seed Seed
weight/g diameter/mm diameter/mm  flesh/mm TSS/% weigh/g number
512 Jifi B Fruit weight/g 1.000
4% Longitudinal diameter/mm 0.820%** 1.000
Fif% Transverse diameter/mm 0.974%* 0.747%* 1.000
A JE FE Thickness of flesh/mm 0.847%* 0.768** 0.802%* 1.000
wCAI VR4 TSS/% ~0.460%* ~0.422%* ~0.462%* ~0.479%* 1.000
FhF i & Seed weight/g 0.859%* 0.575%* 0.893%* 0.506%* —0.304%* 1.000
741 Seed number 0.323** 0.017 0.433** -0.002 -0.118 0.639%* 1.000

T RIRTE 0.01 KF B AR

Note: ** indicates highly significant correlation at 0.01 level.

e NIV PRITESTUR SO EPS R N TE P S8 |- g e
RSLpE TR VR IAE RS T ER
UM R 3 IEAR ST 5 Al vk [ T & A 3
TR R B L 5 RSE B R SRAe R SE AR
MR AR ARG, SRE R S R R
A 5 25 BAH S5 1 O S AN S 2 5 T i b [
GRS RAE LRSI R SERE R
A2 DL R Ty o B 34 S AN 2 ORI A  HoRE 5k
PEAS G2 Bh 7o B 5 RS iiAe R SE i R T
RIYPAR IR A B AR 2 IR A ST 5 A
[ A& B AR 2 DR G s P T S R R
SERAAE IR SR R R 2 IR ARG, T AT P
Y B RSICE LSRR A R PEAN 3

23 ZuLMEARBRESN

Nt DT S SE MR TR 1 20 &R, DA S &
RNIRAR B (YD, SR (XD VRSB E (OXG) VRAE
FE (X)) TSS (XD Pl F & (X)) P F 3 (X & 6 1
PR B AR, W E D B 44T, £33 56 F RS
LIRS LY RETRE AL CIL = Wap S F

Y=-41.861+0.317X,40.795X,+2.975X:+2.208 X+~
0.879X;

6] U5 5 FE A 5% R #(R)=0.991, R*=0.981, % 4%
BT (e)=V1-R =0.138, R T MG R, ©
2240 B S B 1) KR 4y s e PR 2 e B, Horp RSk
MPAE (X)) RELHRE G VRAEE XD R 1 i
CON NS (0AF S ALE 5455 i35

rE RS
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AT > HT 5 R W2 9, R X T S R B Ak
A2 F AR SR A 5 ) PR RO SR S AR

OO T4 YOO Y -V 0N ES§ (O.ON
MFE(X) , X5 Z uk Rl RA & .

*9 RIREBSHMRIMEKEBBES
Table 9 Path analysis between fruit weight and other fruit traits

PER BARTE B KL RS [F]H38 4% Z 41 Indirect path coefficient e ZRCRD)
Character Single correlation coefficient Direct path coefficient X, X, X, X, X, Decision coefficient
X 0.820 0.136 - 0.101  0.104 0.078  0.002 0.204

X 0.974 0.338 0252 - 0.271 0.302  0.146 0.544

X 0.847 0.277 0213 0223 - 0.140 -0.001 0.393

X 0.859 0.383 0.220  0.342  0.194 - 0.245 0.511

X 0.323 -0.070 -0.001 -0.030 0.0001 -0.044 - -0.050

H13% 9 AT, ] B AR oG R AU, B2 A R 5 3 W ®

SRS B (A S KN HES R SR SR AR (0.974) >
Fh ¥ it & (0.859) > A JE FE (0.847) > K942
(0.820) > Fh1-%7(0.323) , A MK & 5 Wi &
HRIEA G, MRS Rk E , B SR
Eiyaale X (A PSS (NN £ SR T L
(0.383) > P 12(0.338) > FL A E [ (0.227) >
RELHPAE(0.136) > Ff 7 £(-0.070) , FH A Ff 7 Jig =
7S 21 1) LA FH K, T 1 50n) 1 S A R A
(A TR o SR SR T SR S o 1 (1Y) s i o 2 0d it
FLAEAEA(0.136) LA I 5 R SL#i42.(0.10 1D VR RS FE
(0.104) %5 [A] B2 1 FH 34 [R5 92 Jof 27 A= 1E T 520 5
SRR B T o0 S S B A 5 1) T 1 A
(0.338) , & il ik B sz YL 4R (0.252) L R AR E
(0.271) FhF i £:(0.302) Fh 1 %(0.146) 5t FL 52 )ik
AR A R A SR R R T B R
SEJR R AR IR A, 5 R SEYR (0.213) L UK
1£00.223) PP 5. (0.140) #AG FE 0T 1 TR) 42238 5t
FH s Ff - 03 B O SR ST R I B 0 R AE A
(0.383), tb Ak, Fh it FEid i SRS A% (0.220) L L
FE42 (0.342) R R (0.194) LA Fh 1 %57.(0.245)
Xof SRS o A8 7 A A i D I B 3 S A P 5 T P2
X SR S B 7 AR ) BLEEAE FH (—0.070) LA R JE it sk
MA%(-0.001) B SEREFE (—0.030) Fh T i & (—0.044)
Xof SR SI R A I TR A FH S A7 T R E R AR
(R ER BN AR . IRSE R LR R , & 5
DR 22 6 SR 52 i 8 1) 25 A e e HE T o SR S i AR
(0.544) > Ff 7 & (0.511) > R A JEJF(0.393) > H
SEARE(0.204) > Fl 747 (-0.050) , Ho e B ST G4 L Fil
T R AR DA R S AR A 0T B S
HEAE A, T Aot B S R A A

RV AT 45 R EoR, T A S K 4
L, SRR EE R SeRE RS RS
155 AR AR I P I A AR T S B HAR T
RSB, B AL A3 J1 0 T 90.40%~96.46% , K T
100% , L3I N GUE, F P LA RIIEA B, 8
FE AL [ R W Ay N i A A ), 22 B0 A8 Ja A H B
WHIBI R, X 550 NRIBF L 4s REEA 5", H
LS ERL b LK G C SRR R T LA
R, Hod R R IR IR R I N ™ L K
ISR ZRIAL 3 73.08% » it = 21 AN 11.54% , 111 5K
JR B R SR L SR AR B AR R B N A T
7], {H A o 2N 24.62%~33.08%

T 5 KD A B R A SE R0 Fl 7
JoR R AT T S 3 A R AR I
B TR m TR, sk kd e T
100% , /T 102.26%~121.23% , L34 K 5 N 1E4H , £
AL L R ) PR B, 3B A i ) 2 B g g 1 A% A
I, 3% 5 VF SO UIE LA 1 J 22 (1R 56 Hh 75 21 1)
G I AR — B, (B AEFh 7 Hi s A% 40 m) 1 25 SR AN 2 A
B SR R AT e 5 V50 S AR e i A S SR AR A )
AR SBE A R D 5. FERTE M )
BRI AR W) ARG 5 IR SRR AR ALY
ORI T 4 R BUA A, T X K S PR
FLEE R H BRI PR B EY) & B 2 AR AE ) o
THHE 5 KD A28 FoAR R Rl E AR U R A
AR R E BT MIEF)21.23%.15.20%,
{HNE B A 7 T 8, P o3 B O 201
A AT REAC 2 B A B3 . 17 ATV P [ TR
V&2 AL R, B A 5 IRET 1) A
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A, 55« T KB RS FL 52

AR SEEAR B M K8t % 0 A 1063

JE AR, B S AR v A AT

2T A5 K 52458 FoAR 7 AN 51 s 3 2R
R 3 A2 I T2 IR A B B, AP AR I
R =B (0 B (e S R (@ R 7 O S B = K 7 =S
AL AT O PR3 B 0 77, 0K 5 A N 4 SRR R —
B, X — I GAE A R A B A A8 o A 3 A
FER AR 5 R BT 9.58%~30.73% » F AR RS2
1A /)N TR T2 7 R AR K

FH UG R O, AR S5 A AR SR 384 1 S %, Bk
i FE ARG AR 2 PR B A7 A BOK 1 i R
BUNE, TEREAT A% B R I P e s ik R, AR 2%
A, AR E AR R I T2 08, HHER
M A% 1 AR A A P i o — T B R R R
fFF i8I 422 B AR B L R S BN T RE .

S R IYE R SRR R AR AT
PERE A & B P TR R TR T AN IR 2 5
Je AR P 48 S AR A B AR A I IE S 4 A, R 2 A
5 TR 3 [ 2 o) () B MR, 1 5 RN 4 TR 3 R A
[, L8 2 7R S SR A AL R G 1 A A
B g8 BRI AR 54—, M s R E R,
R R IA P R E R R
1l 38 A S 2 TR A SR T S n T R
B R U SC, X 5 0 N T 4 R AR — B,
5 AR AT Z A IR R 5 vl [ T
B BRI S A Mir S0 SE R T A
TS B 25 S, {2 Man 2550 E R 47 A8 96 45
R AT T S SR S R A DG OG
FRo IMIAIEIZE A1 73 BT 15 320 1 56T S 50 ol = 1) o
P2 Je L 1R 3 7 R R I8 N Y=-41.861+0.317X,+
0.795X:+2.975X:+2.208X:—0.8 79X, (Y= 52 i B, X =
Bohz, X=RLpm, X=RWEE, X—Fh 7 i
B, X~F7H:R=0.991,R=0.981,¢=0.138) , K W5
M SR S ol 2 ) 2 PR 3 O R S AR R S AR VAR A
JEPE R TR R R TS S AR . AR M S R
NS AlLE SR IR AV S E TS A A IS oy
Hrad B —2, H s AR S se i B B E ok
ANHEFR R i > B SR AR > SRR > L
1> P15 o S SE R B S A AR 1 KN A
RS > Fh 7 > RN R > R e > T
B, IXF S A TR 5 SR S 0 R ] B A D% R AR/
8. F W R SRR RRD T R B R SE R B
M) d5 K T o1~ 506 SRS 5 S5 B¢ /)N« Donazzolo

=

LAY 37 24 L (Feijoa) b AR 50 45 B R A1 300t
TS R /)N 5 T Mariguele 565 2% 74 B 1 R
SR AT IR AR AT, 4 AR R OR Bl B B T A
SRR TTEREUN X 5 TR 45 R

4 % w

R JE R RS AR R SE &R R SR
M5 P e AR B A , 1 b K R B R
A& B g A% 5 R SERE AR AR 7 R R R
Wi 53 SE2 J5 B (4 SRR, 6 0 R I A v R AR
e
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Effects of deletion of laccase gene Cglacl0 on the asexual reproduction

and infection ability of Colletotrichum gloeosporioides
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Abstract: [ObjectivelMango (Mangifera indica Linn.) is the second largest tropical fruit in China. Col-
letotrichum gloeosporioides is an important plant pathogen with large host-range and wide distribution.
Anthracnose mainly caused by C. gloeosporioides is one of the most serious diseases that reduce mango
production. Identifying the pathogenesis-related genes and revealing their roles in fungal growth and in-
fection, and further understanding the interaction between C. gloeosporioides and its host, will help to
find new control targets and improve control effects. In previous work, we found out 13 laccase family
members from C. gloeosporioides in a reference genome databases. Sequences alignment showed great
difference. Therefore, we speculated that their function might be quite different. So far, only the func-

tions of /acl have been identified at the molecular level, and it affected mycelial growth and develop-
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ment, melanin deposition, conidia production, laccase activity, stress tolerance and virulence to the host.
In order to further explore the role of Cglaci0, another member of the laccase family, Cglacl0 was dis-
rupted and complemented, and its phenotype was analyzed in this paper. [Methods]The expression of
Cglacl0 gene in the process of infection of C. gloeosporioides on leaves was analyzed by qPCR. The
knockout vector of the Cglacl() gene was constructed by inserting a hygB cassette into the coding re-
gion, and transforming it into E. co/i DHS. Hygromycin B was used as a marker to screen transformant,
and the minimum inhibitory concentration of Hygromycin B on C. gloeosporioides was 400 pg - mL™".
The knocked out mutants were obtained using PEG-mediated protoplast transformation. PCR amplifica-
tion, Southern blot and qPCR were used to determine whether the transformants were Cglacl0 deletion
mutants. Then Cglaci0 gene was complemented in mutants by a similar way. Basta resistance and PCR
detection were used to determine whether the transformants were the complementary strains of mutant
ACglacl0. The biological phenotypes including colony growth rate, sporulation, the formation of ap-
pressorium, intracellular melanin content and laccase activity were tested. In addition, after inoculating
the wild- type strain, 4Cglacl0 and the complementary strain C-ACglacl0OH on the PDA plate with
0.04% guaiacol, the extracellular laccase activity was tested by the plate color reaction. The virulence
was assessed on the mango fruits using unwounded and wounded inoculation method, respectively.
The diameters of the lesions were observed and measured every day. [Results]The complete DNA and
cDNA sequences of the laccase gene Cglaci0 are 1989 bp and 1878 bp in length, respectively, encoding
a putative protein with 625 amino acid. The Cglacl0 gene was highly expressed during infection pro-
cess, which was 8.02-13.66 times as high as that before infection. The phenotype indicated that there
was no significant difference between the complementary strain C-A4Cglacl0H and the wild type, but
the deletion of Cglacl( affected the asexual reproduction and virulence of C. gloeosporioides. In con-
trast to darkish color of the wild-type strain, the colony of mutant 4Cglacl0H turned pale, and melanin
content of mycelium decreased by 67.33% after 10 d of culture. The mycelium growth rate of
ACglacl0H was nearly the same as the wild-type strain. The sporulation was 57.61% less than that of
wild-type strain. Observation showed that the wild-type strain formed appressorium on the wet glass 4 h
after inoculation, then melanized and matured at 6 h. However, 4Cglacl0H occasionally formed appres-
sorium 24 h after incubation, and the formation rate was only 44.85% of that of the wild type at 36 h.
On the PDA medium containing 0.04% guaiacol, the wild-type strain could produce red-brown oxida-
tive band around the colony 4 d after incubation, while 4Cglacl0H had no oxidative band during the
whole observation period. The intracellular laccase activity of 4Cglacl0H was 57.61% lower than that
of the wild-type strain 6 d after incubation in PDB. After inoculation on the unwounded ripe fruits of
the mango cultivar Tainong, 4Cglacl0H did not cause necrosis, while the wild-type strain could cause
typical anthracnose necrotic spots. Six days after inoculation on wounded mango, ACglac!0H caused le-
sion spot which was significantly smaller than that of the wild-type strain, and the lesion diameter of
ACglacl0OH was 52.94% less than that of wild-type strain.[Conclusion]The laccase gene Cglacl0 of C.
gloeosporioides on mango was cloned and identified. This gene was highly expressed during the pro-
cess of infection of C. gloeosporioides on mango leaves. Deletion of Cglacl( gene affected the colony
pigmentation, mycelium melanin content, sporulation, appressorium formation, laccase secretion and ac-
tivity as well as virulence, indicating that Cglacl0 played an important role in the C. gloeosporioides
asexual reproduction and infection. This discovery would deepen our understanding of the roles of lac-
case in fungal biology and virulence.

Key words: Colletotrichum gloeosporioides; Laccase gene; Gene knockout; Virulence
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Ji 7= T 2R B O X A SR (Mangifera indica
Linn.) /2% £} (Anacardiacese) - J& & 2 HEY)
FANT A VE FRME R S AR R
KR AT AR LR B X RO,
IR B E AR A WK, B R R AR U
SCHEM . iR A8 R I TR (Colletotrichum gloeosporioi-
des Penz. & Sacc.) 5 2 AT S IR I I , A& 5 i A SR
R85 &7 Pl AN T S s 7| T RN [ 0 RN
P, R TAT IR M A B AL . BRI R
B KR Qe it F2 i B BUR L, T iR AR 1
WRIFTE 5 2 AR R AL, 0T K R 1 B
VRS R A B B A SR .

Bl (laccase) A& — Fi 2 41 1) 22 My S8 AL B 5 PR
I B ALRE , & T W5 2 i A AL 5, fEAE YD .
P AP AT R S 2 P AR T I AR AR AR )
e 5 R VR VA G, 75 SR EERE ) S5 B, IR T
& B 158 1K, Zhang S5 7E B R BREK T (Cryp-
tococcus neoformans) iR EEBEEE ] lac I %% 5%
T Ssal J& , KI5 BV AH QI R AL K A AR AL,
(B IR B T R E L A lacl TE B R BV PR A A2
PER . XTS5 R IR R FGSG 0232825
W5 R 2 W 0 B (Fusarium graminearum Schw.) 3
AR R R A BWEIERIE S Hw M ERKK
B AR EUR IMBEREGRER. BE
T8 F RNAT 52 A UE S 58 0 4 /)N P T A% 00 1 Ji
B A% B B [ Scleromitrula shiraiana(P. Henn)Ito etl-
mai | AR AL K ShLACT W3 1 22 E KA R A )
L 3d i 8 4% 00 R BERR (1 A R % B 1R B0
P

S R T PR R 1T 5 A 173 Bl 25 DR 1) D e A7 AE
ZE 5o MR R B BRI ] lac] RAZ S, B V&
P AR5 B 22 AR KR AN = B i N B, AR
PG B B R R S RV BUW B R R T
JIURIE I B8 (C. orbiculare Berk. & Ment.) {] LAC2 R
AZAR IR RE NS TE P 5 (B A R O R AL , HANRE
NI OB 27 2375 1 3 SRR JE 0 B [C. lage-
narium (Pass.) Ell. et Halst.][1] LACI F&AF ARAL 1 il
T PR, HF AR 2 Rt A AR G B0 1 0 A
o

A — SR Il I DR FE A 095 o B P I ok R A
58U AH R A o W8 38 2 0 B (Verticillium
dahliae Kleb.) Mg 3 K] VdLac A~ 2 5 DHN B (L %

B 5 B, AN B T B AR B8 IR AR G L 7 A A B0
J1% F it kk 29 B [ oxysporum f. sp. lycopersici
(Sass.) Snyder et Hansen] 1] 3 &R K] (leel <lee3
Hl leeS) B mibR G » 30 71 1B lec3 (NS 5 ¥ %
=R SN T A R A SIEE

BT S0 5 W I S MR B T 4 3 R 445
S A Blast 7E 28 T H AR R HEX LA I 1 13 1M
fitg 5 X, H A Cglacl0 ) DNA 4= 1989 bp, & 24>
T, FRIBOEADAE 1878 bp, il 625 MEIERR , 5
2R EE ML IL 80% , 5 Wei S5 AR TE AT SRR IH
J# B (C. gloeosporioides) Bl HE K lacl J7 5 2 F 1R
K HAER R R IEL I T 42 Gt il F vh R 2 im Rk
3 SR H G AR BRIE B BUR IR SRR .
T Gr T AKFRE— A E , 2B R 2 DRl R A L
HNBORBIETE 1 1% F: R B Ja 2B KO B AR G B0
[R50, 87 T Cglacl01E1%1H Jo 1 S5 Az Gy id
FEFHITE R -

[ R S IDIRES

1.1 ##y
L1l #XEHRARRK 03 AR AR RIE R
(C. gloeosporioides Penz. & Sacc.) 7 FUp /7 7 4
Pk A2 R Bar 3[R () JFURE pCAMBIA3300, H
] Pty ARV AR 22 B P15 5 0 OR AP BIE S0 T s SRp
T H TR . Uk B R A K IR A (hygB) K
V5T 84K pGH14, th UKL pCT 74" BUE T 2K o
1.1.2 A A
Fusion® HD Cloning Kit.E.coli DH 50. }2 PCR #H 51
7 4 H TaKaRa, Fungal gDNA Kit IlJ H OMAGA.
FE A RNA 2 B 7 & 9 15 1m0 ik 77 & L TIAN-
Script cDNA First-Stand Kit 14 [ Tiangen. Mg
WA B TR AR A IR AF . 51 GR
D& AN A5 N G REER AR e HAR
ARy 2 Hr At
1.2 F/f qPCR 534 Cglacl0 E R EI RxERFRE
REBERM IR RIZBHTIL

SR PGS S T R R 5 d AT RORH
T3 T ST A T TR R A T 3] T A A R S TR
(potato dextrose broth, PDB) ', 7£ 28 ‘C 180 r- min”
FA IR 3 4, AR E = A R S B IR S AL Y
Ty 2L EFCR 3 AR A T HE , T R KRR B2 AR AT
RIFI RN 431004 »mL ) o VA KR — 5

Prime Script™ RT reagent Kit. In-
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Table 1 The primers used in this study

EIEZELR S J7H1(57-37) B TR B JEE

Primers name Sequence (57-3") Tm/C Expected length/bp

LAC10-qPCR-F1 ctcttecactgecatatt 54.0 194

LAC10-gPCR-R1 ggcettgttctcaccette

SLAC10-MF aaagacggagcgaatcggeagta 59.7 657

SLAC10-MR gaccgggaaccagtt gggcgaacttggegatgaaaa

3LAC10-MF ccttcaatatcagtt tcaccatctgatgetgegaccaa 58.4 551

3LAC10-MR gceactggaacgcetgecaagga

hygB-F1 aactggttcceggtegge 57.0 1412

hygB-R1 aactgatattgaaggagcatttttt

LACI10 H-F ctggetgetgegtgtttgatt 63.0 2321(Mutant)

LAC10 H-R gtgggtegttgggttogatgt 2977(Wild-type)

H852 ttgtccgtcaggacattgtt 56.0 610(Mutant)

H850 aactcaccgcgacgtetgte 0(Wild-type)

QLACI10-F ggatacagggctctcact 55.0 1054(Mutant)

HLAC10-R tatatgctccgceattggt 0(Wild-type)

HLACI10-F atcgectegetecagtea 57.0 1835(Mutant)

QLACI10-R cttcaacacccgeatece 0(Wild-type)

LACI10 probe-F1 gettgtgttgagtettga 56.0 517

LACI10 probe-R1 gatgtgtgagecetettgt

SLAC10-CF2 ggggatd ttgtgttgagtcttgagt 52.0 2157

SLAC10-CR2 gtcaccgagatttga ttgggtatgatgtttgta

3LAC10-CF2 tegttctgggcteat atgetgegaccaagactg 54.0 264

3LAC10-CR2 kcgactctagaggatdetegttgcttccaacgac

Bar-R-F2 tcaaatctcggtgacg 58.0 554(Complementary strain)

Bar-R-R2 atgagcccagaacgacge 0(Mutant; Wild-type)

LAC10 BAR-F1 ccegactcatacactcacac 55.0 2374(Complementary strain)
1901 (Wild-type)

LACI10 BAR-RI ctttactcaagccatectac 0(Mutant)

W AUHER T RS pUCT9 Bk RIS T4, B2 5 S hygB Fr B[RRI 51, SEES 7 95 Bar Fr BURIEEI P41

Note: The bases in the frame are homologous sequence to the pUC19 vector, and the underlined bases are a homologous sequence to /ygB gene,

the double-line bases are a homologous sequence to Bar gene.

& RAR A B, B K P T15 1% (o)
NaClO # IR i 5 min, £ ] JC K #f e 3 3, 5 28
o P BT AR 5 0 A0 v Ik 5 3 D 25 pL fl 7 B
T AR AR TR AR R FH L AR DARH L i 2Rk BLA
TOREE SN ORIE , 28 C R E R IR MO hITLA,
BFRE 6 h LT URE, 272 h A1k AT ALER (@=1 cm)
FEFEPN AL AT B |, AN AR PR 12 M B TR
R JE N80 ‘CUKFER . RFAHARE 3 IREH
I FH RNA $2 B 70 8 42 BOCEE Bh s i 1) A
RNA, Jf: F§ TIANScript cDNA First-Stand Kit % % 5%
% cDNA , F| RNase-free Water % cDNA Jii & ¥4 & #4
& 200 ng- uL ', —20 CUKFERAE . T qQPCRAX
(QIAGN) A Prime Script™ RT reagent Kit, F 5| #)
LAC10-gPCR-F1/ R1 73 #T {2 44 0.6.12.24.36.48

72 hJG Cglacl0 BIFHNT R IA 8 7 5 . LA 18s rRNA A
NS IR .

1.3 Cglac10 ERAR S E4b

1.3.1  Cglacl0 # B 3 % % ACglacl0H R % %
2 1Z B 1 Cglacl 0 EREAR . NEF A=Y B Ak
SR P31 Cglacl0 () SLAC10-M #13LAC10-M
Fr B, MpGHI14 L4738 hygB 2 A, | H In-Fusion®
HD Cloning Kit % % N pUC19-T, 6L E. coli
DH5or, #1430 7, 00 T 118 B Ay i o 2%
e pCglacl0H. Z:HRF31a Wi 77254k, 5 3R A3 1)
AT FHAS I hygB 5 R 51 47 H852/850 Flfs S 1t
5| %) LAC10 H-F/R.QLAC10-F/R.HLACI10-F/R i3
1T PCREGUE o 4 HUHY A 7Y B bk 5 9% 748 4 T R 1) 28
RNA Jf Jx # 5% y ¢cDNA %5 — 8% , /] qPCR 43 #r
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5Cglac10-M

= T ———

t Hindlll

pCglac10H

- =
ACglacl OH == wm wm

Hindlll ... _

4

__LACI0 BARFI

pC-ACglaclOH *

3Cglac10-M

Hindlll 1

QLACI10H-F LACIOH-F HLAC10H-F HS850

e -t
H850 EcoRV LAC]OH_F_LQLACIOH-F
Bar-R-F2  *u.

« <
Bar-R-F2 LAC10 BAR-R1

1 MRERERE Cglaclo EEFIFFNE M AE

Fig.1 Construction of disruption and complementary vector of Cglac10 gene of C. gloeosporioides

Cglacl01E %7 4 R bk 5 TR R bk I R IA B 22
o HIR A V)88 Hind TIAN EcoR V B B A4 7Y
AITAZAAR P R B R 4H , F 514 LAC10 probe-F1/R1
il % Dig ¥R %t , #4T Southern 22 %2 , 43 ¥t Cglac10 1E
C. gloeosporioides T {1 ¥ VI S ARG L. EFERT
B S T Uk H 7 58 4 IE A ) RAZ K ACglac10H 4y
Pra il

132 Cglacl0 AR A4 = S EAE R FH, L
5 A TR TR Bk () gDNA F1 55 Bar 55 R 1) 5 KL pCAM-
BIA3300 AR, 43 74 3 Cglac10 B [H 57 % v By
5LAC10-C (15 Cglacl0 3= K 4 Y (X 1 3 77 1) Al
Cglac10 FE R 9w bt X 4= K 751D .37 bty Jr Bt 3LAC10-
C(Cglacl0 5 R 2 11 %00 1 J5 (1) — BUF 41D Je 58 %8
(1) Bar B[R, 44k 38 7= ¥ )5 » [ % FH In-Fusion®
HD Cloning Kit %4 . #1655, RT3 7 51 IE W 1Y)
WA Iy 4 N pC-ACglacl OH, AL F R S A AR R A
JFAA, 423k Basta “FAR U1 577 % LA K Bar 3 RIS I 5]
W) RV S A6 I 51 % LAC10BAR-F1/R1 #£ 1T PCR
B0, i QPCR 43 M Cglac 10 7E [0 52 5825 4 B £k 1)
FXF R AL B B e TR I [ 5 B AR

1.4 KK ACglac10H F [2] B & ¥k C-ACglaclOH
RESH

141 HEMBEIARAEEARKREQGN T HHEFR6d
(R EF A ACglac] 0H F1 C-ACglac ] 0H H K T 1 (=
5 mm)$A & % 22 %) BE 35 15 15 77 2k (potato dex-
trose agar, PDA) R i ¢, 28 C HRIEH 77,2 d J5 18
H A 5258 XOED & W 5 B, SR K LA
FLFE3IRESR, FIH.

142 3Nz felt & ORm R K&
U5 1) B 42 7 L ACglac10H A1 C-ACglacl 0H T ¥k 5
P B 2R R PDB 1,28 °C L 180 r- min™' B i £
723 d, HZ E AL U85 , 70 W & 1 B
WAE 20 175 214 (Leica DM2500) R, Fi ML ER 1% b
O ERT 3RES . ER12K 5 RN ERT
RV W S0 pL B R T 33 A 1,28 CH
IR IR 75, AN T h FF U W SEP 5 M T B

143 AR eZzaEMe BB
PRI AlAL B A Y ACglac] 0H 1 C-ACglac] 0H T
PRTE 22 o ) At 38, FE A S mL NaOH (1 mol - L)%
fif AT P B BE €5 2%, 96T 12 000 r-min” &0 10 min
Ja B IS, FH 2y 66 BV & ODwo (L, i S R
BHEVHTIETHBEARAERE (g L=
OD.pox0.105xXN(N R RF BT ED o

144 B2 & RN A REEREEN 2 B TR
RIK1E Cglacl101] cDNA 751, il it AEY (5 520
M, RIS AR S IK, Nl . &%
T HEE T, R B A Y ACglacl 0H 1 C-
ACglaclOH T #k B U 2 5 0.04% (w) 1 6l K By 1)
PDA P H e, 28 ‘C ARG RS 77, X HA IR, 52 B
K. B AR ACglacl OH A1 C-ACglacl 0H T ¥k
43 4 FR 24 50 mL PDB I = f i, 28 C i E
HBWERT IR, 6 d )5 I 2 Jo B 20 A i 0k, PRI A B )
T 22, TG VR B UK VR I B ARy, N
AR R BUOR (12 5~10) , PKIB 214, 12 000 - min
4 “CE5.0 30 min, BRI, B TOK BRI . R
Pt it v a7 2 B S AT 00 A R Tl 12k
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FFRN 55 BRMEEE D] Celac 0 MRERIRS AT SR BRI 1 T Pk SE AR G

Al AL 1071

145 BomAgme fEER1SH\ BT R SER
T, — S o — T A AT, AN 38T 4 TG TR B
JIE Bt B A= AL L ACglacl0H F1 C-ACglacl0H T ¥k
B, 00 20 uL TR KRG . SLEERl KN B A —5Y
1910 /NS, 28 C B RIERE 7,24 h 5 Bk LBl fiE
DFE 1, SRR R TR, B H 2 B A% .

2 AR5

2.1 Cglacl0 EREMRREFRRRREIERERRIE
BT

qPCR %ﬁ(lzum,cgzaclo PRI AR G i
T ) A B 2 1= YL AT 1) 8.02~13.66 fi , 7F 6~12 h
BB, 0 A \E%@%aﬁkﬂ AP A=Y RSy 8]
Wi Tk, 12 hik IJ £— NI, 2 JE1E 48 h Sk 2|
fa U, 3RIK B R 2R L T 1 13.66 i 5 H G AR
cgzacm%fft%ﬁzfﬂ“ﬁi bR e i R AR —E
TEBR R o Nt — 0 e BRI SE N Cglac 10 16 % B
IR R S 4 2 B DRI R AT i B S D RE AT o R N ) B 3L
593 IR B BUR PR [ R R

16
13.66

-51
//‘LL

[N
~
T

12.58

; 9.66
TN

[y
o N
T T

8.02

AR Rk
Relative expression level

- 1.00
0.

0 6 12 24 36 48 72

o N A O
T T T

FF 18] Time/h

B2 Cglaclo EARREREREM FZi2PRYRIE
Fig.2 The expression of Cglacl0 gene in the process of

C. gloeosporioides infecting leaves

2.2 Cglacl0 EFRPREETIRS B EEHREIIRTS
DAL S B 38 21 0 3% 16 7 2 TR 24H DNA Ny
B, I hyg B RE 5 51 90 H852/850 A& Il , 334 i T
610 bp Tl 5% , 1 7 B A= 28 1 Ak R B 1 HH 2%y
CEI3-A) , Ui WX AN BH 1 F Ak 7 B 4N T hygB
FEK . HRER 5 LACIOH-F/R 349 7 , & L%
T AR B A A 2321 bp B — 25 B A AL
PR 2977 bp BT, BB SLACI0-M::hygB::
3LACI0-M J BUh A FR B4 )5 , Cglacl OH 7]

M 1 2 3 4

A
bp
2000

1000

750

500

bp
5000

3000

2000

1500

bp
2000

1000

7501

5001

D bp
20001

1000
750!

500

A, A B 2R R (514 HB52/850) 5 B. il hygB T ZH AR
Cglac10(5| %) LACIOH-F/ R) ; C.D. A8 XA I A 5 w9 67 B (51 4
QLAC10-F/HLAC10-R Fl HLAC10-F/QLAC10-R). M. DNA marker;
1 b2, B AE U B Pk 5 3. pCglac10H 4. ddH.O.

A. Detection of hygB gene using primers H852/850; B. Detection of
hygB recombination to replace Cglacl0 using primers LAC10H-F/ R;
C, D. Determine the knockout position by cross detection using primers
QLACI10-F/HLAC10-R and HLAC10-F/QLAC10-R. M. DNA marker;
1. Transformant; 2. Wild-type strain; 3. pCglac10H; 4. ddH,O.

E 3 IR ACglaclOH 1 PCR 3iE
Fig. 3 PCR identification of the ACglac10H mutant

112068 bp J7- 514 1412 bp 1] hygB BAX, BIF AL 148
AT HRI/D T 656 bp J7 41 (K 3-B) . FH4FF 5
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¥ QLAC10-F.HLAC10-R il HLAC10-F.QLAC10-
R HGHG I, K 3044 AL 14 1054 bp H1 1835 bp ) H
— 4 PR BRI S B A R B AR R 1 A (]
3-CD),iX 2 % N AR 51 048 SR 2 7R i b o
1E#f. Southern 2432 &K , Cglacl 0 FE R 1E C. gloeo-
sporioides & B 45 V1 H O @ (1 4) . qPCR 73
M (B S R, 4k T Cglacl 0 3£ R R IEE A0,
Ty 72 Pt 13 ACglac10H 5% Cglacl0 F& Rk % 58 4%

M 1 2

M. DL23130 DNA marker; 1. 5 A B % 5 2. 4Cglacl0H
M. DL23130 DNA marker; 1. Wild-type strain; 2. 4Cglac10H.
4  ZETK ACglaclOH BY Southern 2232 434
Fig. 4 Southern hybridization analysis of mutant
ACglacl0H
B'WVild-type

D0A4Cglacl0OH
12 ¢ 0 C-4Cglacl0H

1.000
10
0.8
0.6
0.4
0.2
0.0

0.873

0

AHXF ik &
Relative expression level

ACglaclOH C-ACglacl0H
Bk Strains

Wild-type

5 Cglacl0 BEREHER ZTR.OE
Bk H B RIAKF
Fig. 5 Expression levels of Cglac10 gene in wild-type strain,
mutant 4Cglac10H and complementary strain C-4ACglacl0H

75 B AMRIE B 34K pC-4Cglac] OH % 4k B ik
b RAZNE ACglaclOH 1, FL3R1T 13 bR AL+, 1L HX
Horp 2 R HUE K 4 DNA, ] Bar 55 R 51 0 A1
S5 % LAC10 BAR H-F1/R1 #£4T PCR B6:1IF , 4%
RN, YR Y 1 ) Bar 22K (18] 6-A) Fil Cglacl0
FER A B (B 6-B). qPCR 730 #T (B 5) &7, Calacl0
HE DRI [R5 B bk o 3Rk 5 BT A BB bk R a0,
5E C-ACglacl 0H AR ACglac ] 0H 1) H AN F Fk -

2000

1000

750

500

5000

3000

2000

1000

A KO Bar H:[H (514 Bar-R-F2/R2) : B. Al 52 AN & (5
¥ LAC10 BAR-F1/R1). M. DNA marker; 1~2. T AM4k 73 3. Bf2E
HIF B 4. pC-ACglacl0H; 5. ACglacl0H ;6. ddH-0.

A. Detection of Bar gene using primers Bar-R-F2/R2; B. Confirm
the correct of complementary position using primers LAC10 BAR-F1/
R1. M. DNA marker; 1-2. Complementary transformants; 3. Wild-type
strain; 4. pC-4Cglac10H; 5. ACglac10H; 6. ddH,O.

6 [EIEE#k C-ACglacl0H #) PCR 33
Fig. 6 PCR identification of the Cglacl0 complementary

transformants

2.3 RT{KACglacl0H #[2] & B # C-ACglacl0H
FEISH
231 AEMBERARKRENZE WETR, K
WAk ACglac10H 18] & Witk C-4Cglac10H 5 BF A
WA KERLEE ZS. KR4 dit, [ Ek
C-ACglac10H 5 B 4= R B Ak 1 V& TR A BT, 1ETH
KA®, ST, 5537 13 di, et —5 g
A RABAK ACglacl OH H VR WG4 R L, SUAE TR 2238
b AT Cglacl0 15 Z 1H B AR DU (HANFE i
W22 B TR
232 FRHREMNZAMEBARL WE~HER
W, PERE 25 3R, B AR BB MR AN C-ACglac10H 7T W
KB K ESEMT, B AR B EZ 5.70%10°
AemL"', C-ACglaclOH 7= {8 f& £ 5.65%10° A~ »mL",
b5 8y A2 Y B bR 22 S AN K, T ACglacl 0H 77 1 5 2
2.41x10° A emL", B EF AR B K T T 57.71%, AT
W, Cglacl 0K 2 3 5200 12 b 7= 1

T A UL 5 P 2 R R (TR 8D, B0 B A TR T bk
A e & Hk C-ACglacl0H /K15 4 h J5 AR 5T 467
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FRN 55 BRMERE D] Celac 10 (SRS AT SRR 1 T Mk SE AR GL BE 7 (R 5 1073

wild-type

C-ACglacl0H

Positive (4 d)

Oppositive (4 d)

Positive (13 d) Oppositive (13 d)

E7 EFHBENR KREK ACglacl0H FARIEEHK C-ACglacl0H EERIS LR
Fig. 7 Comparison of colony morphology in wild-type strain, mutant ACglac10H and complementary strain C-4Cglac10H

Oh 6h 24 h 36h
A B
====9 C-ACglaclOH
wild-type 100
AcglacmH. . . .

—@Wild-type — — @4Cglacl0OH

Bt I
Appressorium formation/%
cB5B888588388

= I’
a
C-ACglacl0H L
0 6 12 24 36 48 72

& 8 ACglacl0OH K& B, M ER
Fig. 8 Observation of appressorium formation of ACglac10H

RCP A B, 6 h 5 A Ak B2 I B A B H
ACglaclOH [ 53 A HLF T AS S RN 5 B A2 B TR AR 22
AR, B AR R B R A i R,
ACglac10H 53 A= 5 DS 5 & 7= A 278 5 6 h i B
AR B AR N (8] &2 B Ak C-ACglacl 0H S AL AP I 5
LT B3 IA 2] 18.40% » st b ALK ACglac 10H 5
T iy P W 4 FF 46 R K, 36 R Y P 5 M s 24 h &
ACglaclOH 4 A /> & M 35 M ;36 h J5
ACglacl OH M 35 M2 3 22 A0 Rl 2, B R, B 2 AU B
Tk < [l 52 T PR B A T 1 2R 24 81.76% A1 80.12%

I 1] Time/h

RAFNA N 36.67% . FHILHEDN , Calacl0 FE DK f m
S EIR AT FERIEA B B PR A, HL 22 235 PR
233 RRNZEELSEME HIFFEI104H, FIEE
Pk C-ACglaclOH 4 3 5 & 77 80T 3515 4 14.79
ng - g’ ACglaclOH 4 4.58 ng - g ', B8 A= R #k
(14.02 pg-g") FB& 1 #167.33%,fEp < 0.05 /K FikE] T
BEZER KW Calacl0 NS 5 BOARE K.

234 ZEERCRHEAEHBNBRENLT Y
0.04% & BIAR M) PDA i F3EF7 (B9, 28 3 REFA
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TR PR TR VR 1A 2 R LA, B S 4118 ELAR T K HL
IR, 55 6 R TEIR I, 2 J5 40 BlIE K55 ; C-
ACglacl0H . € Bl 5 4b i 72 5 17 A8 B B bR 1 — A%
RL2T P W 3%, i B EL R B o B D R T ) 5 B IS T
B A BB R 10 ACglac ] OH BR 24K W, 52 (P8 , Ui B 58
AR H S A T TR B AN S0 WA e ) T . R PR
filg i 35 0 E XM, 6 d I, B AR RN BR A C-
ACglac10H [ EGIE 73 54 78.64 F1172.22 UsmL", 1]
ACglac]OH W72 33.33 UsmL", 55 B9 A4 BY bk i) T B2
1 57.61%. 1] W Cglacl0 5523 50 B2 B ) 53 W6 Al
TS

wild-type C-ACglaclOH

B9 TRE G RN EF &R E K. 4CglaclOH N
C-ACglacl10H BE5MNFZERE (6 d)
Fig. 9 Extracellular laccase activity test in wild-type,
ACglaclOH and C-ACglacl0H by plate color reaction (6 d)

235 BumAgmz 10 B, SR R AR
REEERFE3 d g, R HERh (00 BT A B v Ak 0 (] 5 B A
(1) SR S 28 43453497 ) 4 P B ) ol i 2 SR AR A 1)
BE B SRR/, 90 BE ELAR T 4843 510 8.50 mm CEF A= 7Y
W # ) . 8.10 mm (C- ACglacl0H) F1 4.00 mm

ACglaclOH

Wounding Unwounding

CK(agar plugs) CK (agar plugs)

wild-type wild-type
ACglacl0H ACglacl0H
C-ACglacl0H C-ACglacl0H
CK(agar plugs) CK (agar plugs)

10 FHEBEK.ACglacl0H 0 C-ACglaclOH 3057 71 E
(EMRE 3D
Fig. 10 Virulence test of wild-type strains, 4Cglac10H and
C-ACglacl0H (3 d after inoculation)

(ACglaclOH) , FTEAEARK (1) B 77 50 B A8 B B bk T %
T 52.94%, 1F p<0.05 /KI5 B 8 3 2 57 s A fG %
Tofr 100 B A 28 B R R ] 52 TR PR 1) 93 BE L4204 6.17 mm
F16.10 mm, {H ACglacl0H J5 W B AL AE IR . 7T L
Cglacl0 KK 25 1 KSR I B AT SR IF1R % o

3 W ®

ARSI, MR PR C-ACglacl OH L BEVETEAS
ARKER FHLBRORSERETHSEAE
MRILT-To 22 5, {5 M A g 1Y) 25 B 1K T B AR A R
R, i OO B A B A B TR R TR S A VR Pl Al v Ay
72.22 U-mL", WA R G PR 78.64 U-mL %5
qPCR 45 R B 75, [0 55 P AR AR X R TS 509 0.87, B
WA 58 R BB AR AR 1)K 3K BV 2 [
SRR PR IC Bar JE R (1305 40 1 AH 48 5E ]
Cglacl0WI3RIE o FERG i W 4 £ 5 7 199 97 14 [ Co-
rynespora cassiicola(Berk. Curt.) Wei] 2% [ 3 i 2 [A]
CCK 1 FAAR B 0] 5 b R A5 SR 2R

C. gloeosporides -5 55 2F & Tl v = A= Ja (A 3 AL
IR E I B o B R AR NG I, Bl R &4 i
BE [ Ak I 05 R 40 P 3R BB 5% 5 AT 51 kS AR JEL 9 K
AU S LR R AL B DHN B R & i E
FEAH G, DHN & B 12 645 SR 0 44 & B 3k 5
it K g DL S R, 45 6] 17 150 R Bl E DHN B
RO E P EEEEEN. EYRIEERET
Rl AR SNAFAE SR 45 B 5L K D R A7 AE 22
Fto BRI J5 i KB 6 B2 1 15 [ Setosphae-
ria turcica (Luttr.) Leonard & Suggs] ] ¥ B &
StLACIStLAC2 S K 35 g P A% 12 T R i i 1 L FR
RO, VR W TR BRI AR A R
ARAN  ANBE IR W 7 A B M K o3 AR AT S e 2k
T AT B AR L RE ST s SLLACH TR 5 , BAR R 7E4E
IR B KYE = B SE T T 5 SILACT\StLAC2 A
AB, K075 il il v 1 7 TR ORAH 2, e T v 1% B ML A
SN R B BEE 1R PEAT IR ARIELN R, Bl ]
Cglacl WK J5 Mo AN ERBE 73 W RE ) 2 T ™, 5%
SCHAL S Cglacl 0 J& iR 2% I 175 T T 1A R 71 2 Al S
SN B AR S B R TR AE B FI AR L 2
AN J5 T ) S S 0 2 5 ) JFL A ) L 10 2 2k 70T
735 i e ik — IR

2B S AT SRR 1 S RS E T 2
MNEEMGHEE lacl " Cglacl0, 2 A JE R FE AT R R IH
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FRN 55 BRMERE D] Celac 10 (SRS AT SRR 1 T Mk SE AR GL BE 7 (R 5 1075

95 B 12 e 27 R RE TR ) m AR A, B R lacl A
Cglacl0J5 , BARTE TR 22 A KR TR VE D T 22 22
RGBS Y SO S0 1 55 T TH R
AR IR 45 (H S B AR R B AR AR B, 3 R RO AR
A Z SR WK lacl &, B A KRR — IR R
R, W2 BERTE TR T 458%,5 di
A8 L= 14, UR 2 A DL B 5 T B, P AT SR 35
J5 JTBRAR T 80%; k2% Calacl0 Jo , W54 K EK 5
TAMEKRLHEZR HR2BEAREEHERY
ERRFLL, TR T 2967.33%,3 A3 Al 1 &4
92.41x10° A emL ", FEZK 5 52 22 6 h I, B 2210
Ui 52 K, 24 B A DL B 6 T o 4 B e AT SR
W FTRAR T 52.94% . AT L[] AT R 5 97 1R 1)
BRI, BRI S S T BRI RS,
(B S R ZE R lac] IR RRIH
995 T 35 20 Bk RUR R F 3B 3 e W B AL e 7 DA
T 20 B B A R P 9 A1, Cglac 1 0 E X S8 5 TH] & 75
Y lacl B %5, Ml Ja 8ESL

TR R B o 1R B 2 (R StLAC2 R IA 5 2
6 K 4 I (St3HNR . St4HNR . StSCD) 3 [ [ % ik
IKE R 5 — 850, R I (R B) 38 0 B R Bt i 2D 1 2
A UL R 5 B BB ARG A R, [
FEAT JE IR 18 1) lac ] HIRIE S B AR 5 U S
W FLZE A JE B THN /N F6L R i 7K B SCD 3 ]
(1) I8 Ak AR BN, SRR & il PKS 4EJ5 3 he
Cglacl0 & 151 2 5 i 428 Ho A B6 €8 286 il 2k (A1 (1)
Rk, 5 lacl R BAAAET FIEBLCEANC R, FFIESS . I
Ab 5 TR KBS B 1R B 2 (K StLAC 1 StLAC2 1T [
H MR oy AR T RS 5 T B E B AR P
StLACI BRI R JG AN = e oy e A 7, B E Ml 28 3%
AE IR L™, SILAC2 3R7F J5 W 4 1E B 3 4K 1
ANRET PR 5 L, A H (08T 1R 22 AN R 28 B B AR
Re A Bl 1 oK B (B AN BRAR N 58 BE 1 oK i
Fre, i 5 SILACI M SILAC2 B2 AR [A] , SILACE %
AT AR 2R 6 R KB K8 T A A TS L P2 70 S AR e g
JIA 52, AH G T oK B i A S0 PR 3G
AL B LE ] — Tl J5L v v, 9 il 2 0% 1 DR 2 T 1)
Reth & A A E . NSRRI B 1, lacl MR J5 16
2K LB 5 B TR 1 » FEAB AR ACglac 10H TS RE . Bt
5 M, AR BN (R RE TR, 15 BH [R] g J i 2 I A R B X
W ) lacl ~ Cglacl 0 TR TN RE R B A B 2 X 51 .

YRR R PR A S T Y R R

A WAL FEA BE IR E R REERI R A
£ R LR Cglacl0 BARA AT 22 4K, (HIN LB
TR AR AL MR SRR R LR e
117 5% ) L B0 M, 7L Cglac0 540 5 ¢ JE 97 B 114
BURTES VI A N2 FR AR 1T 0 -
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A study on the relationship between dwarfing cultivation and load of
Yueyanghong apple

ZHANG Xiumei, WANG Hong', LIU Zhi, YU Nianwen, LI Hongjian, LI Chenghui

(Liaoning Research Institute of Pomology, Xiongyue 115009, Liaoning, China)

Abstract: [Objective] The study investigated the relationship between tree structure, leaf chlorophyll
content, photosynthetic indexes and fruit yield and quality and fruit load. [methods] Ten-year old trees
of Yueyanghong /77-34/ Malus baccata Borkh. were used as the experimental material to study the ef-
fects of fruit load on tree structure, leaf chlorophyll content, photosynthetic indexes and fruit quality.
test design for three treatments, treatment I contained 30 000 kg - hm™ load, treatment I contained 37
500 kg - hm? load, treatment III contained 45000 kg - hm™ load. [Results] The total number of shoots in
treatment 1l was1046x10° per hm’, which was higher than that in treatment I and treatment I, which
was 138x10° per hm® and 37x10° per hm’, respectively. The number of medium and short branches were
largest in treatment III (1009%10° per hm?), followed by treatment II (1046x10° per hm?), and smallest
in treatment I (908%10° per hm?). As for long branches, the treatment I had the largest number. There
were significant differences among different treatments. At the stage of fruit full maturity, higher shoot
number and the higher proportion of medium and short shoots contributed to higher and stable yield of
the tree in next season. Trees in treatment I had a better tree structure with a larger proportion of medi-
um and short shoots and a larger total number of shoots, while the proportion of long shoots was lower.
The ratio of long, medium and short shoots was 1:2.7:8.4. The total chlorophyll content in treatment II

was significantly higher than that in treatment I and treatment III. There was no significant difference
between the treatment [ and treatment III. Leaf chlorophyll content in treatment II was positively cor-

related with specific leaf weight. Net photosynthetic rate in treatment II was the highest, which was 17.11
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*JW{E{E3 Author for correspondence. Tel: 13940725660 , E-mail : wanghong3034@163.com
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umol-m-s™, followed by treatment I1I, 16.08 umol-m™-s™', and there were great differences between treat-
ment I and treatment [[. The lowest stomatal conductance in treatment [[ was 0. 038 3 mmol -m*-s™',
which was significantly higher than that in treatment 1, but not significantly different from that in treat-
ment III. The transpiration rate in treatment [ and III was significantly higher than that in treatment II.
Intercellular CO, concentration decreased with the increase in net photosynthetic rate, and was the high-
est in treatment [, which was significantly higher than the other two treatments. Net photosynthetic
rate was inversely proportional to stomatal conductance, intercellular CO, and transpiration rate. The
photosynthetic performance and photosynthetic rate of Yueyanghong were significantly improved by
treatment II. Fruit quality was affected by fruit load. Fruit load was relative lower and the single fruit
weight was the largest in treatment I . Fruit shape index was significantly changed by the treatments.
In terms of fruit hardness, treatment [ was significantly higher than the other two treatments, while
treatment II had no significant effect. Soluble solids in treatment II was the highest (13.64%), while in
treatment [ it was only 11.64%. The content of titratable acid in treatment I was significantly higher
than that in treatment I and III, and the content of V¢ in treatment II was also higher than that in treat-
ment [ and III. Fruit color reflected by L, a and b values in treatment II and [IIwas obviously better
than in treatment I, but there was no significant different between treatment II and treatment III. In
summary, fruit quality treatment I was the best. [Conclusion] Treatment Il with medium load (193
per plant) had good internal and external fruit quality, which contributed to the nutrient accumulation,
high yield and stable yield of the tree. The number of shoots was 1046 x 10’ per hm’, and the ratio of
long, medium and short branches was 1:2.7:8.4, which could overcome the problem of alternative bear-
ing.

Key words: Apple; Capacity; Branch composition; Chlorophyll; Photosynthetic; Yield; Quality
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Table 1 The effect of fruit load on tree development in Yueyanghong apple

we o HeR Rl e
Canopy width/cm T SEHpiky K Proportion of branch composition/% S R

hb¥E Average Average ~ — Total number of

Treatment 7 B tree height shoots%cm K N H ﬁ_ N Kk N branches and buds
Fast-west  North-south  growth/em Long shoot ~ Medium shoot  Spur shoot (x10°-hm?)

(>15cm)  (5~15cm) (<5 cm)

A3 T Treatment [ 273 b 238.5¢ 408 be 50.32a 95a 114b 699 ¢ 908 ¢

ALFRTT Treatment 11 283 a 260.0 a 415a 45.06b 86b 236 a 724 b 1046 a

ALFIT Treatment 111 250 ¢ 250.0b 410 ab 38.03 ¢ 37¢ 203 a 769 a 1009 b

A F/NG FRERIRAE p<0.05 KFEFREE. NH.

Note: Different small letters indicate significant difference at p<<0.05. The same below.

II 138x10° 4> hm?.37x10° /> « hm™; M A 28 41 %,
bb i %, AR B 2 1) R Ak BETIT (1009 % 10°
A ehm®) , HFCHAEFE T (1046x10° > hm™) , Bt /> )
JREFR T (908x10° AN «hm™) , K AL [A] LAALFE | %2,
5/ bR E] IR B T 3 22 K s DR SRR
AL TR TL B R JE ik 51 45.06 cm; T 25k v A e 42 )
TRFEES . G LR, TR EH A,
e 1) A 2 B ARV vy P A R R L 48] B R ORI AR A i
SRR ARG, AL TT B e SR I B AT R A A

HRLA EE BRI S B F B 2, KA R , K rh
TR L1219 1:2.7:8.4.

2.2 ARIGHEMEHLIM K XIEIRAIENE
221 AR AHRBAES LML EEASES
A Rvh MRS KA BT REE . CO. M
KA AT M) BT . R 250 H T AN A 73 &R
ARG ANERG it e AL Y- NUPEY NS ST
Foart R AR . I E A R A A
MEAEHENER., HERa 2 ERAEERANE
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Table 2 The effect of fruit load on leaf characters in Yueyanghong apple

4hFE LI LI i = IR w42 ) w43 b) w43

Treatment Hundred leaf Specific leaf leaf thickness/ Chlorophyll a Chlorophyll b Chlorophyll
weight/g weight/(g-cm?) mm content/(mg- g") content/(mg- g") content/(mg- g")

QPR T Treatment [ 9520 a 450a 0.500 a 2.70b 090 b 3.87b

AbH T Treatment 11 92.65a 452a 0.535a 3.12a 131a 498 a

ALFIIT Treatment 11 92.80a 447 a 0.510a 3.06b 1.25b 4.04b

BOR, R8N SRS R0 6 % U
Ko WMEIIMHLERab, BHGRSEWHERT
AOEE T AALBEIID, 18 ) Bl 5 25 72 7, A0 28 T F0 Ak 2
Mz B REER HAHRREESHHRER
3 TEAH DG, Mok 25 & Bk =y U g B A X RO

222 IR AREAHEIEM I/ RS IBARGH
" AEY) I G R R A A A BEER ) — AN 2
fabr, MARCAE RN EEKIE. £—Ert
HREEN MY P vl B4 BT i 3 0 % /D 1) g
7. fE8 H 15 H ¥ B L EE 1200 Ix R 52 AN [F] 41
WEM DS, NE3IF N, 3D AR EE

AbEE, P, DAALER T ¢, 91711 pmol-m™s™, 024k
HATA16.08 pmol-m-s™, AbH 1T A% &5 3 i db#E 1,15
HABIIZE R AR E . G LA I (%~ 0.038 3
mmol-m*-s”, A B T 54 0.051 8 pmol -m™-s™, &b
L) GAR R 2 3 T A0 B2 1,5 5 b BRI 22 55 A
WE A T 5O TR EES TAEIT. G
LR =RELD Ay ¥ b NN 2N 5 N U S = 4
T Al 2 S b B T A R Ad 3R] 22 RS
F. P5 G C . TERWHIRZR, 25 EAriA , 4B 11
AE W OB mBH AL O A M RR, BE R EOL A HE

*3 TREBHBLENI R A SRR
Table 3 The effect of fruit load on leaf photosynthetic indexes

g eI pr $: AT fifL ] CO, ¥k FE Al A
Treatment P/(umol-m*-s™) G/(mmol-m~-s™) G/(umol -mol ™) T/(mmol-m?-s™)
A3 T Treatment I 14.69b 0.0518a 2993 a 282a

AEEE T Treatment 11 17.11a 0.0383 b 2194b 2.07b

ALEET Treatment [11 16.08 ab 0.046 9 ab 238.4b 2.52a

23 AREAHEFNERLRI AR
TSN AE db TRH AR AE 5T 2 R e P R B 2
() E AR bR 2 — , o e RAR B 80 ad 1 G B [
Fo MRATETLLE AN A B AL 50 0 BH 20 4 5
SMECR, MR ED, R E N A T R &
K s RICTRE 3 A B A B3 s MR RS SRR,
AEE T WS T A 2 AN A PR AP TT AL BRITTAR
WA aTEEE Y S ELE I &l
13.64% , AR T AN 11.64; 1] 3 € BR & AL EE T 3

S T A DAL BRI 4642 3R C & & DLAR BE 1T 4
TACEE T AARPRINL; MRS (R, LR R
S B DG a [HBOK, RINE LM Z , b A
TR RO RIBE, b MK, R HE IR B, R
T 5 E A . WNRFFUE M, Luab ALE T
AL BRI R4 T A0 BE T, A0 2 1T A0 b BEITTAZ A6 AN
W, T AR BRI S K, KA el /b, 72 S 2
ISR AR A RS o) R AE H RIS . 25 LT,
TEVR A& A i 5 I 5 APE il B AR B T 1 5 o

x4 TRBHENERLRLRRZI
Table 4 The effect of fruit load on fruit quality in Yueyanghong apple

g3 BARTR JUBMES W wCRTIEPEETEYD wOAlER wdi/E3R O

Treatment Fruit Fruit shape  Firmness/  Soluble solids Titratable Vitamin C content/ L a b
featmen weight/g indexes (kg-cm?) content/% acidity/% (mg-100 g")

AP T Treatment I 268.9 0.89 9.13a 11.64 b 0.56a 2.03b 41.35b  2794b  12.52b

ML IT Treatment I 233.3 0.90 8.38b 13.64a 0.50b 3.04a 52.54a 38.60a 172la

ALFEIIT Treatment [11 - 185.7 0.89 8.22b 12.78 a 0.50b 2.35b 49.14a 3751a 1727a
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e A BB BT AN FL B, SR A, 95 H 35 n
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Bili AR 16 AR A 3R IR B LW AE P S B AR OGS
K H A T AL X Fh A, BT R H g 1
LRl PUIEME (U R B O TR A B AR s
FHEL S 77-34 F Ak Ta) il S SRR Wi 2F e v, B8
AR5, # NI 8 R 45 51, ek A 45 SRR, A4
— B REWE OB PR, SRR MR PR RR R SR Tk
SRERER H AR U5 £ 28K R e ) S AR DA Pl
B SR E-FEOCRER T BT T ]

4 =z w

% LA ARG 77-34 1O BH 20 3E 1R, DA
R SEHCEAE 1934 H 2 5 1046x10° 4> <hm™ K
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Effects of prohexadione calcium on growth and fruit quality of Fuji apple

LIU Li, GAO Dengtao’, WEI Zhifeng, SHI Caiyun, XU Yuxi
(Zhengzhou Fruit Research Institute, Chinese Academy of Agricultural Sciences, Zhengzhou 450009, Henan, China)

Abstract: [Objective] In order to provide a theoretical basis for reasonable growth of Fuji apple trees,
the tree growth and fruit quality after treatments with growth retardants were compared.[Methods] Sev-
en treatments were set up: CK (clean water), T1 (PBO diluted with 100 times water), T2 (PBO diluted
with 200 times water), T3 (PBO diluted with 300 times water), T4 (100 mg- L' prohexadione calcium),
T5 (300 mg - L' prohexadione calcium) and T6 (500 mg - L' prohexadione calcium). In the mid-June,
the leaves of the whole trees were sprayed until the solution on leaves was dripping. Each tree served as
one plot, and each treatment was repeated for three times. Before spraying, ten current shoots from each
tree were selected and marked, and the length and diameter were measured. The diameter was measured
at the position 1cm away from the base. The growth of the shoots was photographed one month after
spraying. The length and diameter of the 10 shoots of each tree were measured after fruit harvest. The
chlorophyll content was determined by the SPAD-502 chlorophyll meter in mid- August. Healthy and
mature leaves were taken from the middle part of the sprayed shoots, and 10 leaves were taken from
each replicate. The photosynthesis index was measured by the CIRAS-3 portable photosynthesis instru-
ment (PP system company in the United States) from 8:00 to 10:00 in the morning of a sunny day. Fruit
samples were collected in late October during fruit ripening period and taken back to the laboratory to
determine single fruit weight, L/D index, soluble solids content, fruit hardness, titratable acid content,

etc.. Single fruit weight was measured by a balance, L/D index was measured by a vernier caliper, solu-
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ble solids content was measured by the atagopal-1 digital sugar meter, fruit firmness was measured by
the Gy-1 fruit firmness meter, Vc content was measured by 2, 6-dichlorophenol indophenol titration
method, titratable acidity was measured according to GB/T 12456—2008. Ten fruits were randomly se-
lected from each replicate. The fruit color was measured by NR60CP, and the C, &, L*, a*and b* were
calculated. The average value of each data measured at 3 points of each fruit was taken. Excel was used
to sort out the experimental data, SPSS 22.0 was used to analyze the variance. The fuzzy membership
function method was used to evaluate the effect of different treatments. [Results] The effect of 300 mg-L"
prohexadione calcium treatment was better than that of others. Compared with the control, the current
shoot length decreased by 50.88% and the shoot diameter increased by 400%; the relative chlorophyll
content increased by 3.66%, net photosynthetic rate increased by 15.09%, stomatal conductance in-
creased by 24.74%, transpiration rate increased by 20.97%, and intercellular CO, concentration de-
creased by 6.06%; the single fruit weight, soluble solids content and Vc content increased by 26.24%,
2.36% and 53%, respectively, the fruit surface brightness value L* increased by 2.18%, the fruit hard-
ness, titratable acid content, yellow saturation b* color saturation C, hue angle 4 and other indicators
had no significant difference, compared with other treatments. The fuzzy membership function method
was used to rank the main measurement indexes. The rank in a descending order was T5 (300 mg - L™
prohexadione calcium) > T3 (PBO diluted with 300 times water) > T4 (100 mg- L' prohexadione calci-
um) > T6 (500 mg- L' prohexadione calcium) >T2 (PBO diluted with 200 times water)>T1 (PBO dilut-
ed with 100 times water)>CK (clean water). Among the treatments, PPO diluted with 300 times water
was the second. Compared with the control, the current shoot length decreased by 8.38%, the shoot di-
ameter increased by 167%, the relative chlorophyll content increased by 2.74%; the net photosynthetic
rate increased by 16.78%, the stomatal conductance increased by 28.49%, the transpiration rate in-
creased by 30.40%, the intercellular CO, concentration decreased by 13.18%; the single fruit weight in-
creased by 8.96%, the soluble solids content increased by 3.46%, the V¢ content increased by 143%;
and the fruit surface brightness value L* increased by 1.04%, red saturation a¢* increased by 2.19%, and
yellow saturation b* increased by 2.69%.[Conclusion]The examined indexes of the treatments were ba-
sically better than those of the control to varying degrees. Spraying PPO and prohexadione calcium at
different concentrations, the current shoot length was less than the control, the shoot thickness was
greater than the control, the net photosynthetic rate, the relative chlorophyll content, the single fruit
weight, the Ve content and the peel brightness value L* were better than those of the control to varying
degrees. The results showed that PPO and prohexadione calcium can control tree growth and improve
some physiological indicators and fruit quality. Among them, spraying 300 mg - L 'prohexadione calci-
um can increase the currentshoot thickness, inhibit shoot vigorous growth, increase chlorophyll content,
single fruit weight and L/D index, and improve fruit finish, it was the best to evaluate by membership
function method.

Key words: Fuji apple; Prohexadione calcium; PBO; Vigorous growth control
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Fig. 1 Effects of different treatments on shoot growth of Fuji after one month spraying

O} Before spraying
B 55 After spraying

20

R
New branch length/cm
5

CK T1 T2 T3 T4 715 T6
Qb3 Treatment
B2 AEENELEREKENRNE
Fig. 2 Effects of different treatments on new branch
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Fig. 3 Effects of different treatments on new branch
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Fig. 4 Effects of different treatments on new branch

growth of Fuji apple
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Table 1 Effects of different treatments on photosynthetic characteristics of Fuji apple

kil b D gL e H i) CO. Mk AL ZR A KR ik K A
Treatment  P/(umol-m?-s™) C/(umol - mol™) G/(mmol-m*-s™") E/(mmol-m?-s™) VPD/(kPa) WUE/(umol - mmol ™)
X CK 14.1842.25b 285.78+12.55a 266.78+8.05 b 3.29+0.04 d 0.85+0.11 ¢ 4.70+0.31 a

T1 16.53+2.39 ab 257.11£25.46 ab 334.11£7.63 a 4.2740.20 ab 1.33+0.00 a 3.80+0.41 ab

T2 17.56+1.11 a 244.00+£10.39b 371.67+36.16 a 4.68+0.15 a 1.32+0.07 a 3.71+£0.20 b

T3 16.56+1.60 ab 248.11+£14.11 b 342.78+7.84 a 4.2940.21 ab 1.05+0.24 be 4.44+0.55 ab

T4 15.61<1.34 ab 270.11£29.60 ab 328.00+76.33 a 3.72+0.87 bed 1.26+0.20 ab 3.66+0.32 b

T5 16.32+1.02 ab 268.45+20.50 ab 332.78+4.03 a 3.98+0.09 bc 1.14+0.05 ab 4.11+0.38 ab

T6 15.40+0.84 ab 272.454+5.05 ab 312.00 £20.51 ab 3.34+0.17 cd 1.18+0.10 ab 4.31+0.93 ab

T FAI A ENG FREORTE 0.05 KT EREE. T

Note: Different small letters in the same column indicate significant differences at p << 0.05. The same below.

23 ARAEMETERHRAHZEREXNSEN
Al
WIS T, A7) A BE %) 4t 2540 6 25 B S i
FHZEAN K, 5 %65 BEAH EL , Ab B s H- 4 2 A X 2 i 3
AAFIFE RGN, Hod e K22 TS Ab 3, SPAD N
59.47, LL X E 157 3.66% . £ b B[R] SPAD fH % 7 A
B,
24 ARILEMELTERRILRRBFN
FACFR IS AR bR LR 2. BR4EAR 3R CAHXY
TEARERERN, HMERRTREES. TS
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Fig. 5 Effect of different treatment on SPAD of Fuji apple
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Table 2 Effects of different treatments on fruit quality of Fuji apple

o L Wt e WGTEEERAD  wOiDERD  [ERE SR C)
Treatment Single fruit Fruit shape Har(.ineSE/ Soluble gollds Tltrgtab(}e Suga{)—amd Ve/(mg- 100g")
weight/g index (kg-em™) content/% acidity/% ratio/%

R CK 225.87+13.04 a 0.90+0.03 a 5.28+0.34 a 12.73£0.47 a 0.21£0.02 a 61.91£6.23 a 1.00+£0.63 b

Tl 246.70+44.42 a 0.89+0.01 a 5.21£0.26 a 13.44+0.39 a 0.25+0.05 a 55.37+12.33 a 1.98+0.64 ab
T2 245.67+£32.43 a 0.89+0.01 a 5.15+0.55 a 12.47£0.72 a 0.21£0.05 a 60.33£3.10 a 1.17£0.67 b

T3 246.10+4.00 a 0.87+0.03 a 5.26+0.19 a 13.17+£0.67 a 0.24+0.01 a 57.0849.32 a 2.43+0.78 a

T4 259.53+£50.57 a 0.88+0.02 a 5.00+0.42 a 12.63£1.10 a 0.20+0.03 a 63.41£2.85a 1.35+0.65 ab
T5 285.14+£50.57 a 0.91+0.04 a 5.10£0.21 a 13.03£0.51 a 0.23+£0.04 a 58.69+9.84 a 1.53+0.57 ab
T6 231.77432.24 a 0.90+0.03 a 5.04+0.37 a 13.20+0.72 a 0.25+0.01 a 52.93+5.00 a 1.1740.26 b

Ab R T H R R A K, N 285.14 g, KRR IR N, N
225.87 g; TS Wb FE M 8 B K, N 0.91, |/ Ay
T3 AL ER, R AR ECN 0.87 ; 75 7K A B 1) R S i FiF 5%
K528 kg em?, Fr/INN T4 4 HE 2 5.00 kg - om™;
T1 AR ER I RV M A 2 e v s T4 AL BRIV AT 8
R, R i s T3 Mg R C & &
(w, JaEDH KN 243 mg- 100 g', H k2 T1 AL B
791.98 mg 100 g, fe/ /KA EE N 1.00 mg-100 g
25 AEGEMELERREEGHEIE

MR 3PN, R LERRREHERE, LA
K B B R L SR TR A 5, I B R R SR T

IR TN s a R R A LR RE , o (BB 2T i
b RN TEE NIRRT, b AR OB, Kt
RT3 C 3R (R RN Bt R A B, Al Pl vy, 3R
D AeE B, S B A, R 1R . MR 3 PTG
ENEIL G SR S R (R O R E S
168 22 {7 A0 TG BH Y2 A, AN BE 5 A [R] Ab
FERIARALTT AR Ak o b TS AbBEA SR B2 LA b B K
539900 48.22 Fl 12,12, i B 2 kb B 1) 5 T 63 B
RS 4 T oA JUAN b 38 T6 AR ) o M1 C
K, 43918 36.47 F138.26; 7 K AL EE [ L* b F1 h {H.
FHXTELN o

£3 FRAEBNELFERREERNTM

Table 3 Effects of different treatments on pericarp coloring difference of Fuji apple

Kb Treatment L* a* b* a*/b* C h

X CK 47.19+134a 35.17£1.05 ab 11.17£0.58 a 3.15+0.15 a 36.90+1.08 a 0.31£0.02 a
Tl 47314431 a 32.97+1.58 b 11.42+1.04 a 2.91+0.39 a 34.92+1.19 a 0.34+0.04 a
T2 44.74£1.19 a 35.86+0.48 ab 11.72+0.66 a 3.06+0.14 a 37.73+0.65 a 0.31+0.01 a
T3 47.68£1.70 a 35.94+1.51 ab 11.47+0.44 a 3.14+0.24 a 37.73+1.35a 0.31+0.02 a
T4 46.20£1.01 a 35.16:1.05 ab 11.68+1.80 a 3.0740.58 a 37.06+3.69 a 0.32+0.06 a
T5 48224376 a 33.54+2.77 ab 12.1242.01 a 2.81+0.40 a 35.69+2.93 a 0.34+0.05 a
T6 4736+220 a 36.47+1.83 a 11.54+0.63 a 3.1740.30 a 38.26+1.63 a 0.31+0.03 a

2.6 ARALIERIHRIEN

X AN [ b B % 00 5E i b FH SR B H0E 2R AT 457
AV, TR R LR 4. 2% A0 TR AR K B /MK
N T5>T3>T4>T6>T2>T1>CK. & Kb 3 25 4 3
BT 0 B SR A VEAN 280 B B 2 TS Ab B, R
T3 AHE, T4 bFEES =,

3%

TP A 72 — R A S EYEER A
A B A W 22 SN Y T, B R PR L S
THRAE LT AU 25 05 T DL R

SEOUE 54 H B PBO R i P R L A, PR AR K
B L o SR ORS00 45 R BTE /N T R
7~10 dJiti F 5% VR ERES LN v 771 30~120 g hm* CH
RO Ay &) 5 BT AR 4 1] 8, 48 Ab A Ak , 38 i 22
. Elfving 58 50 B, BLME H PR ER S 125~
250 mg - L™ e 75 K7 7 P A 280400 o] iP5 ki v 1 e
Ko, XL BT R 2 o X1 3988 R
AR A %o 4 26 5 2% B KA — 8 BRI . A
AR A R IR it A R AN R B B
LR FREKESBEKZ MG BEEER, A
[ R B AAS (R B A B IR TG 8 35 22 57 AR ]
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Table 4 The membership function of each index in different treatment of Fuji apple
Boskd: Bk LIS S " R b -
P =7 N 4 = ¥ = Bl ¥ LA
pm  KRE KR wr R g g ope  FRE mekl
Branch Branch — &#%F 5 Single  Fruit ¥ Ay L* g% b*  Average
Treatment =) h acid . Comprehen
growth  growth P, SPAD fruit shape  Hardness ratio membership sive rankin
length  diameter mass index function &
X CK  0.00 0.00 0.00 0.00 0.00 0.65 1.00 0.86 0.00 0.70 0.63 0.09 0.33 7
Tl 0.32 0.33 0.70 0.38 0.35 0.57 0.76 023  0.69 0.74 0.00 0.50 0.46 6
T2 0.18 0.17 1.00 0.51 0.33 0.43 0.53 0.71  0.12 0.00 0.83 1.00 0.48 5
T3 0.13 0.42 0.70 0.75 0.34 0.00 0.94 040 1.00 0.84 0.85 0.58 0.58 2
T4 0.45 0.75 0.42 0.92 0.57 0.32 0.00 1.00  0.25 042 0.63 093 0.56 3
T5 0.81 1.00 0.63 1.00 1.00 1.00 0.38 0.55 037 1.00 0.16 0.00 0.66 1
T6 1.00 1.00 0.36 0.56 0.10 0.75 0.15 0.00 0.13 0.75 1.00 0.70 0.54 4
i 250 me- L AR, AR AR
i W

% PBO i A B2 25 Ak B 1 38 A A K K BN T 0t
HL R 20D T 62.67% s BT AE K B AR KT X,
2 BN T 400% . Ut B 18 38 R 45 A PBO 4 AT LA
BHIEIE, B ERHE .. X 507 A 74
R—H
2k R YA AR R, 7E B e fE
I AR R SR AR B T ARG RS AR A
WATRE /. oA R R S WU Y G A 1
550 B B AR AR, 2K MG T 2R O T MR K 43 1)
R FIIZHRE 7. TEAIRIE F , P8 25 R £5 F1 PBO
AR BRI SRR R OB TR A R R Y
TR R IX R I O R AR A R T & Al A%
MRS R GH5P.EEMK,C5P.E
AR
B8 35 1E A0 oK T R AN [R] AR K T 7R A
FA AR 34T T BB, R I it Je SR I ) B R 5
P RCEHE VR L YA TR,
Ut B IR R 5 A1 PBO 24 1T DA ok st S S 5 R AR v
FE R, ARG B SA R AL T PBO. fEPBO 1)
JUAS Ak B H, PBO300 £ 4k B 8502 % b« W5 it 300
mg - LIRS A0 2 ) 25 R AL T PBO300 fis Ak 11
B, HL B B B L oH R 6 0 26.24% , T A [
B L RN 2.36% , 4 4E & C & &1 53%,
T S5 A L1 TN 2.18% , L 5L SAg B ] 4 1k [ 7
VEE HERSE FEERCHRE. OFBMNE
C B h 548 hr 5 H A A AR L35 B B 3% %
F & MBS A HET R AL R PR R
P& 45 F1 PBO AL AR H AR AR 2 IR SR, Ui
B R 60 IR B AL 3, 4 Rk B e AR R

M It A~ ) % P52 R A BR £ A1 PBO Ak P F) 37 1 A=
KA/ T X R BT AR B R TR e &
AR SRS R VAR R JEERCEER
PSS AR LA RIRE B T3 e 158 Y 2 RS
ANPBO AT LA RV HE A , 50 R 70 A B AR
PRAURSE . it 300 mg - L PR EY g
BEFTRSERL, SR SR SR R S E VR R
JiR AN R EH, IF RESRE i RO P, SR
PR KR BEAT VRO ROR el . AT DUy — Fh i AQ
PBO L  $i e 2R S i ot (14 2B AR 1 s Y
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Developmental characteristics of citrus peel and the effect of gibberellic

acid on fruit cracking

LI Yongjie', JIN Guogiang", CHUN Changpin’, ZHU Xiaoting', QIU Xiaoying'

('Station of Popularizing Speciality Technology in Linhai, Linhai 317000, Zhejiang, China; *Southwest University/Citrus Research Insti-
tute, Chinese Academy of Agricultural Sciences, Chongqing 400712, China)

Abstract: [Objective] Fruit cracking is an important physiological disease in citrus. Due to the com-
plexity of the fruit cracking mechanism and the variability of the climate, there are still no effective
measures to solve fruit cracking problem in practice. Kanpei is a hybrid citrus variety recently intro-
duced to China. Its fruit cracking phenomenon is serious regardless of changes in the external environ-
ment, which provides a good case for fruit cracking research. This paper comprehensively evaluated the
development characteristics of peel and its correlation with fruit cracking in Kanpei fruit. Effects of gib-
berellic acid (GA;) on fruit cracking rate and fruit quality were also investigated. [Methods]During the
young fruit stage and the fruit expanding stage, 1.5 cmx2.0 cm peel pieces were cut and subjected to
FAA fixation, washing, dehydration, transparency, paraffin impregnation, embedding, sectioning and
gluing, dewaxing, staining, dehydration, hyalinization, sealing and other steps to obtain paraffin sec-
tions of the peel. The paraffin sections were used for the observation of the structural characteristics of
the peel tissues. Fruit shape index and peel thickness were measured with a vernier caliper. The firm-
ness of fruit was measured using a digital force gauge, and the equatorial position is taken as the mea-
suring point. There were four treatments in the experiment, including three concentration gradients of
gibberellic acid, 5 (G5), 10 (G10), and 20 mg - kg'' (G20), which was sprayed on the surface of the
fruit every 20 days from the young fruit stage (June 15). The fourth treatment involved spraying with
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10 mg - kg' GA; (DG10) every 15 days from the fruit expansion period (July 5). In all the treatments,
the GA; were sprayed three times, each containing 0.05% Tween-20 as the surfactant. Spraying water
served as the control group (CK). The initial fruit load (M) of each tree after fruit set (July 20) and the
final fruit load (N) of each tree at the end of fruit cracking (mid-late October) were recorded. The fruit
cracking rate = (M—N)/M x100%. The soluble solid content (SSC) of the fruit and color parameters of
the fruit surface were measured with a Brix meter and a color difference meter, respectively. The juice
filtered through two layers of gauze and diluted by 50 times was used for the citric acid content determi-
nation. [Results] After flowering, the vertical and horizontal diameters of the fruit increased rapidly,
and the growth rate of the horizontal diameter was faster than that of the vertical diameter, which led to
a decrease in fruit shape index from 0.92 at 30 days after full bloom to 0.76 before color break. The
thickness of the peel increased rapidly with the development of the fruit, reaching a maximum value of
0.50 cm around 45 days after the full bloom, and then gradually decreased to about 0.19 cm at color
break stage. The results of the paraffin section showed the microstructure of peel, where the albedo is
the sensitive layer for cracking because cracks appeared between the albedo cells from 45th days after
full bloom and expanded with fruit development. There was no significant correlation between fruit
shape index and cracking incidence, but thicker peel resulted in higher peel hardness, which was benefi-
cial to buffer the stress on the peel caused by the increased turgor pressure of the fruit. The gibberellic
acid treatments effectively reduced fruit cracking rate. The fruit cracking rate in G10(10 mg - kg™') treat-
ment decreased by 54.53% and 34.76% compared with the control group and DG10, respectively. How-
ever, higher concentration GA; (20 mg - kg'") increased the sunburn injury caused by high-temperature
days in summer, while lower concentration GA; (5 mg - kg'') had a limited effect in preventing peel
cracking. Spraying GA; (G10) enhanced the connectivity of albedo cells and improved the arrangement
of cuticle layers, which might play an important role in reducing the rate of fruit cracking. All the GA;
treatment had no significant effect on fruit internal quality, but 20 mg - kg GA, increased peel firmness
and thickness, by 8.1% and 15.0%, respectively, compared with the control group. Delayed and fre-
quent application of GA; (DG10) postponed the accumulation of red pigment in the peel. It is worth not-
ing that the fruit shape index in each GA; treatment was 1.5%-4.5% higher than in the control. [Conclu-
sion] The cracking of citrus fruit is a gradual process, which is the result of both external and internal
factors. The fruit cracking is related to the continuous thinning of peel thickness and cell cracks in the
albedo tissue. Exogenous GA; suppresses the development of cracks, and thus effectively control the oc-
currence of fruit cracking. However, some attention should be paid upon the concentration and time of
GA; application, otherwise, some adverse effects may occur.

Key words: Hybrid citrus; Fruit cracking; Mesocarp; Gibberellic acid
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ARG = B . RRMIERIR L, Hds
8 PRI 2R AE 38 SR 47 A1 - 338 Bl s AR08 FE AR AL AR | i
FFHAL . TR E TRV RS = B ) H
ARG 9 S5 B 3 B0 M Al AR B A G BRI R A
Jo PR URCER AN ST | R KT AR R A SR
HERE. ARG TEINN, KRS T
e s S WL e A K, Burhan 258 o 8 R
T it P10 78 5 AR SR TR P 3k B 7K, BELIBT 1 SR S B M
A TSR 53, FESE I 7 SR B P ) ] e, S 2 /b
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T RSERRA R IR Z T 352 IR A 72 4R A
TSR B R oG PR IR R R RO R T S

HIE 7% B 1R (Gibberellins ) ot 24 S 4% (K IF 7045
NITZ o Yilmaz S5YRAT R AR E IR A 0 (—
FhbTZ M 71D F T 0 25 551 R SR 512, 7R 8 R 0T e
AR R R R B N B, T RA IR M A i o
FALTJE X R R A R o (R mIR AR
% 1) S FH A T SR SR b R AR v 28, 10 1 SR
()5 JESE IR B S5 0. E PR RT 30~40 d,
FH 75 5 R PT TR PG SR S 2R SR 28 9 HLAE IR SR AR IS
[B) 3~4 o FH A7 b, BEATAS [R] R B0 B B 1 75 57
PR T DL 3 PR AR A RS R R 2R, (H 2, Cline
LA Bk 40 mg - L AN #E & 10 mg - L' GA 4k
PRI G fRE R R T ARk R . AL &S
WAL AT NPT HRIE" . R4 Sofia 2R I, GAL
5 O T 3R R 1) T RN R A i, X R AR AL AT RE S
M 2L R AR . AR, M RTEN X R RR PR R
MUHIATE B 1 1E B 0 M AR SR S 24 51 1 5 2%
Y6 Rt — B0 T ERAIE

AR SR R 8 1) H =30 93 2H R, 3 AR A0 SR R Bl
i 2 SR S B AN T R 2L 43 )2 5 55 3 R R v B 20 i
AR R AR R, AR Z 8 A R 2 F R B R
FE ) EEE 55 o T A SR R Ry = ) — B 4y AL T
OB AC SRR T 2R o AR I S A S R R R AR
FeFF R B AE RS IR R R B RS RAA
— R FEUF BRI EE N R, R
(10 B T2 AN RE IR >R 1 1A 508 SR PRI 45 282 4 o )
D300 365 B TR 1) 7y — A B J DR, A
RGN AR R EM G, BN SR T RS
3 06T SR PR AN 1) SR R A 3K, AR T SR B 2H 43 AN
YR A 3 OO AR BTN T SR AN IR B 2 ]
REWPE T, S8R L SRS, 2B o R
TR I8 o 22 FLRE A T SR AR S0 IMb 2
HRLHRMEERNE, REATERRLATRZE, &
B AN HE R A B2, 4B I v 22 , v R 7 R 45 41 4
BRAR 5 IR 28] SR T SR Rl o Tk A 9 36 B R 4% A
(78 KW B R B A , AN T AL R E R 5 R
AR, I, RE IR ERE SRR ARG E
A .

YRETE MG RS, T A AL 2 TR
I GRIHL L EE , T LE S, A7 e DURR 3 b Fe ok
P AR K PRI A S P e SR O . SR

PR R A — D EESRIR IR bR, 8 W4 R Y
T L B AL, 7 B T PR R R 2%
SRS S, SR 5 B AT R B 1, DU — 0 T
PR ZIR A LERL, A= R R RGeS %

[ R S IDIRES

1.1 i3

BB i LA i T I SR A AE TSR A
b RE 7 21 38 338 1= 1 1) 20 4F A= A [Poncirus trifoliate
(LORaf. Jfifi =4 3 aCF) [ 2841 H-F (Citrus Kanpei) ,
HR RS S RN ZE M (Citrus unshiu Marc. Sugiya-
ma wase) , H A2 B 51 3E 3 (1) 2% 58 AR B it i, A2
ACNRERT , BEA NI 2 2 G L BRI 4E 55 RS
BAEBERINE 5, )5 2R, R R nl ik
60% » K1tk , AR 1] 22 S 2500, 06 ) B 53 ) — B0k
o
1.2 H@mXEE

43201945 H 25 H CAE S5 30 A6 H 10
HEIEE45d) 6 H 25 HUEIEE 60 d) 7 H 10 H
(A 75 )7 H 25 HUEAEE 90 d) <8 H 10 H (&
165105 )8 H 25 H CAE )5 120 d) 9 H 10 H (i
165135 DA H 25 H UKAE )5 150 D FEHL R 15
AR, BT USSR G, Bl S ie = b2 . A
KSR F R R 5T, 1 5, R s~ R &
RSLARIE R RYE SR ETE ARG IR Y) , A
RRMEREZERE . JIE1.5 cm X 2.0 cm 5 F7 /)~
B, BFAA T E W, 3RS0 15 min, AN 4 C
UKAR 1 24 h 5 i B = AT SIEAE Y . A
VIR MV EAR AR 2 B B /NI 5 i /E , OLY M-
PUS A9 B4t TSR AR . 7 R R (8
H 25 HAlJE) » 0 5 R 4 O SRR LK 254, I
AT R AR E R B S AR B . SR R A
FEAS I VE 22 5 SCH - BHECA R A A A1
GSI315W #1711t (Digital Force Gauge) , LARE &
THEE ) SR S AR TE 1T R B R 1R, B N
1.3 Rt

GA A - I LRI 43 4 AN AL EE, PRk N 1 AN E
LA TR EE . AR BE 1 AR EE 2\ b 3 A
20204 6 H 15 HIT4G , &k 20 d 70 5 W5 47 511020
mg-kg' GA:, AbH 4 N7 H 5 H CRSZE KD 46,
R 15 dWEAE 10 mg-kg' GAs. N T 7R %
AbFE 43 I R AL N AL B 1 (G5) VAL FE 2(G10) L AR FE 3
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(G20) FH4bFH 4(DG10) , AT A7 A FR I W5 55 3 1K, R
AEFE 4 0.05% IR —20 1E NG P . STk
FXTIE(CKD o A 1 7 3T 25 25

R 3 G R LR R G R AT
(7 H 20 H) sk B (VD F 3 R FL A S s (10 H
FREDRBEREN, “HZENEE SR
o, AR Z/%=(M-N)/M X 100,

BRSSO E - T 2021 4E 1 H 5 H RS2 A i
BEALR SRS BE 21 AN SRS, LA B3 26, R 3
RER . WERLPE R JE AR
. i HEEY SRR S &4 HH
ATAGO 8 4 F# R 3 | 1 (PAL-BX/ACID F5) Wl 5 .
R 2= H AR JE R 3 fEiA (Konicaminolta) A&
7= ) CR-400 4 22 A58 , B A S Sl &2 758 17 4
A A By B RS B 25
1.4 HUELEBS S

K FH Excel #1 SPSS A AT HUE Gu vt 7 by ez
B SRS IOH SR i 22 5 R

2 ER50

2.1 HEREEKMZE

W BN, HP R SRR S 30 d IR RDE
v ot [ FEE R AN W R & 5 32 B0 DR A 78 SR s i K il
L BRNAKERFHES TR Bk, Emg R
W, R KRR T i, PR AR KOl R i K. I
TEHIJE 60 d FFUG , TSP B4R AR KR AR F- 2%, H
MR B AR Kl I S R T AR, SRS R Y 2 0
Iy E B BT 38 B (B /N T 1, Bk
N RSOR T R, 25 ORI
0.8 AL S5 60~75 d H LM 24 4 KB ENF

%0 r —0— 2 1% Longitudinal diameter
75 | —e— {145 Transverse diameter
- 6.0 r
< 2
K845 |
L
LIE- 30
15
0.0

60 75 90 105 120 135 150
REAE S B (8]

Time after full bloom/d
B HPREE K

Fig. 1 Growth curve of Kanpei fruit

0 30 45

2%, n g S5 A BN B K.
22 HERKEE®TL

B2 SR 7 H PR RIS, B0
JE bR TEYIR I, B R At w4 248G T
21 it 0 AN AT 2 O, RO AR, T EUR R R
o, 7 AR IS 45 d, 3R R L U {E 0.50 cm.
2, Rk EERRANKEAFRZ T, BRI
AR e JEL PR AR G (1) 2 I R -2 i AR 4
A, BEAL J5 80~105 d R Rz 7% 1) AH X6 38R A R
BEAL)E 120 d, R R EARE TP, B2 A
FEARYERFIE0.19 cm £ 47

06
05
04
03

R

Thichness of rind/cm
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0.0

0 30 45 60 75 90 105 120 135 150
HEAE 5 T[]
Time after full bloom/d

2 HERKEEMENK
Fig.2 Changes in pericarp thickness of Kanpei fruit

23 HFREBRIGHIEL
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75 HEFEH(E3-A). 6 7 LA, #4524
KA JE ) H IR A A TR 5, 240 ) A7 4 A v 1
RN (K 3-B) . (HEEE R E KA WBET , i
40 JZ ML) KR AN WK AR Ok & TR A A R
Az, HEFBAL (B 3-C) , i B R AR il T 2L 5R 11
BRI AL . WA 2 B B 2 BRI, nadsk B A
PSSR PAVER) S M2 I A1 SR B A = R S A4 o
JE R, MBS (B 3-DVED S R, A R 5 A
SR 1) ) 2 2R 2 i T 1 L B S Y 2R A (1] 3-
D R EAHEARID) , b E R AR RFEE A R 40 JE A
Wiad, B (B 3-F) » e » £8 5R RO B AR o7 B L
BLATIR AT LT3 o EAE R K2, R R T Hhl
P 2, L2 R HE A J2 ORVEE 5 R AE 2R R BT 5 4
FERLUF (e B
24 HPRRRMEL REEEMRKEE

PO H P R R R S IE W R R 4R Bk
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AB.C. HFJ R IE4R 216 BEAE )5 30 dCA. x 100) AL )5 45 d(B. x 100) FUEEAE G 75 d(C. x 1000458 . DJEF. B4£)5 90 d H-F R 21

WO FE(D. x 20; E. x 100;F. x 100,

A, B and C. The microstructure of albedo at the 30th.45th and 75th day after full bloom(x 100); D, E. Peel microstructure of cracking fruit on the 90th

day after full bloom(D. x 20; E. x 100; F. x 100).

B3 HFRIMRRAAEHEN
Fig.3 The histological structure of the rind of Kanpei fruit

N, ZELERCGRD, W RIEREOFA R R R
REMARRRLZEZRY EER K. HE, EWR
2R B J& JRE AR AR B A5 R 73 g3 bE AR R R 21.1%
H117.9%, % W] 7 4 55 | 55 AE IR B 1) R SEAE K
BRI oA A T 22 e IR A R B I T g e SR R
.
x1 BHERLHESHRHOKXFR

Table 1 The correlation of fruit cracking and Kanpei

fruit characteristic

Pyt R R R
Fruit type Fruit shape index Peel thickness/cm  Firmness/N
REAY S 0.8120.05 0.19£0.03 285.16+86.18
Cracked fruit

NS 0.82+0.04 0.23+0.04 336.17+491.24
Normal fruit

25 GAXMHIEREHRWEN

5 SR S22y AR KR FH GA 7T A 20k b
BRI R E AR R KRR A E(ED. 5
X REAH U, A& B 46 B A 5410 A1 20 mg - kg
GA KL FR () FE R 73 Il B T 17.55%54.53%
1 44.55% o T M\ S 2B K W T 46 W5 AT GA,
(DG10) Ak # fy 5 5z 8 B3 Lo M A B T
30.30% , {H & T G10 kb7 53.29%, H 2 7 5% .
A7 AR E GA, (G5) A3 1) 45 53 5 ) 18 1
G10 AR 2= R .

P S AT %0, AR EERR (GO I A, il — e R
i SRR A0 PR T D B PR RN R RE A A

bc
50 r
ab

30

5

&

ES
Fruit cracking rate/%

20

10

G5 G10 G20 DG10 CK
ANE) /NG AR R AN ) b B ) 2 57 B35 (p < 0.05) 6
Different small letters indicate significant differences among treat-

ments at p <0.05.
4 AEEMHFRERREFMN
Fig. 4 Effects of different treatments on cracking rate of

Kanpei fruit

Rz g 4 2 R R ) P R R (B 5-B) . T R & it
GAKEER (1) H PSR B A R SR (8 H 25 HD )i 4
2 240 R D) R 8 A e 2 3% 1 i o B, 4 A 1) Bt ¢
KEI5-A) o HZ GAL M 25508 I 2 40 i A i 2
SN . GAS AL HE S 1) 3 52 20 P HE 51 )2 VR B I,
T BT (B 5-D) , X HE) 36 5 2 AR LR /N 22 57
BRSO,
2.6 GAREXNHFRIMEIFIN

T2 IR T GAKLBE RS i e . 45 R
T, AN AR B GAL b H 7 51 52 1 P 38
(SSC 1 CAD WA W35 52, {H 2 G20 Ab R 2R 2
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A ZLRRAIA RIS 105 &), TR B 4S5 1 (< 400 B, 2R A CREALJF 105 4D, GA AL I A (1 SR 2 4 4574 (< 40D s C. 2R R A G AE SR
105 d) , X BB J AR 454 (x 400) : D. ZL5 R AW CEAE)F 105 d), GAKLFE 5 1) 5 1 41 45 (< 400) .
A. Peel microstructure of CK fruit on the 105th day after full bloom(x 40); B. Peel microstructure of GA; treatment fruit on the 105th day after full bloom

(x 40); C. Cuticle microstructure of CK fruit on the 105th day after full bloom(x 400); D. Cuticle microstructure of GA; treatment fruit on the 105th day after

full bloom(x 400).

El5 GAAMEXRLRKBALHRIFIE
Fig. 5 Effect of GA; treatments on the histological structure of peel

R2 FERMHTRIMERMNE
Table 2 Effects of GA; on quality of Kanpei fruit

s 7 e e E— —

B T " s Cobrate S
thickness/cm /N L* a* b* content/%

G5 0.70+0.03a  0.20+0.01 a 61.35£3.82b  63.34+1.42a  3332+1.43a 59.9542.64a  13.13+£0.61 a 0.62+0.04 a
G10 0.68+0.02a  0.22+0.03 a 59.64+1.42b  64.17+1.55a  32.61+£1.03a 61.60£2.97a  12.90+0.50 a 0.60+0.02 a
G20 0.69+0.01a  0.23+0.01 a 70.08+1.17a  64.42+0.99a  34.25+1.12a 62.06+1.80a  12.85+0.25a 0.55+0.05 a
DG10 0.70£0.01a  0.21£0.02 a 64.88+3.45b  66.29+1.81a  28.29+0.88b 64.65£2.51a  12.88+0.26 a 0.59+0.02 a
XTI CK 0.67+0.02a  0.20+£0.01 a 64.82+2.87b  64.03+1.55a  33.97+1.66a 60.81£2.02a  13.05+0.15a 0.60+0.05 a

i [FBIANFING PR TR AN [FI AR B 22 57 5825 (p < 0.05)

Note: Different small letters in the same column indicate significant differences among treatments at p < 0.05.

i 55 Y 25 1 156 MR B LAt 5 b 3, P RE S LA —
FREE B3N T R R A O, HXTREAEEE , 20 mg kg
Ab R S R TR RESE N T 15.0% . SR TH PR 2 R
SR B BRI, BEAEART AR RKIL, GS.
G10 A1 G20 4 2R S AE B 28 B A 2R e €8 33 5 0 e 22
FARZE, T DG10 HTH 1 a* (A B E K T XA,
LRI o AR AN B 235, IX R, GAL T4 1
FEUG B FH AN 22 068 B3 o 0 SR i 2R R (1 3 £ 3 A
R, 17 RS KT 1R 8 %5 GA = 2 R
ERMNERN . RIERECE G 5B 2E 7Y
AR H GAKL 5 1 R SRR HCT 35 = T X
8 1.5%~4.5%

30 ®

P A7 SR S R R B G At S M A = X 3 K
AR I LR AR SRR M A R R R A B
2o YA KRR R 2 E SRR
FECREFEE R KNGO/ A AL (i R R IA
S FRARP L IR RS N T 5 B
By 2 R R A= 1R R4k e, 7T e 5 2R SR R A
fEIRA K. M H Pk 2 2L 0 2 b8 A,
FARREM T Rt . EFE L TR RS
R R B R AR DGR S S8 5 % M Hi B 1 4 i) 3¢
SRR S B A Tt 5 N T A M A7 2R SR L 1) A 7 42 4 Tt 1Y)
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Wit RS %,
31 REMRELEFHESHRHXE

MR RN, 2R RLREFEEEVEL. O
TR 2R 2 J AR A S ke B v i SR Sk B 5 1
PR SRS AR AT IS8 I AR, T SR ik e i, 2
RIKR G R, FHGURE R E R R 2%
TR CE B (12 (0 00 B A 2t J U T 4 1 2 R T
SRS AT, IR 3 R 2 TR 2 B M R T Ak 1)
TR, 5 R 2 — ot SR S TS R R e, SR AL
AR R, BEAE ST 80~140 d 5 R B
B, % T B F A2 e A SR s M I i R, SR AR
HRS R R T H PR, B PR R SE
RAELET A NEZE 10 A, AR S R ER, 7
FE M6 H FR ) FEURAR AR 7 H AR R A B R AR
(103 % de e, AT U R A M B AT RE e 2 5 KT
TR SAE R BB 3. SR 5 T B B e K1
B Bt 2 175 R BRI 5 A P 241 iR R 2 —

TR 1 R T RO A 1l o R S o P Y B 4
b, SRR PR BB G, BRI RE
J B, SR R R RORE R BRI R R R R R R T
AFFRFRBMEER R —, RN EESOIE
PR R 2 (0] 2 B AR, RFARN, R
BRI P SR s L IR R A R vy, A B R R
SERMPIR I RAE . AR RS R R
B, [Rl—AN Rl Y, B 5 R AR R R R A SR S A 2
i [T R S C800 (E R I IE SCEE R SN, J5F
P RS R AR S R A AEAE AR G, T 5 3
JREMN AT EF R KR. AP FRHRY,
P RSL R R S R4 50T 2 F A FE I I
KAtk AR, REMAH PR R KR 2 R HOK,
ST BN, AT RE A H P SR Sl &) 2 5 1 B L A
Foo im0 SR S AE R B I AR, R
T BOE H 7 B 4EFFAE 0.99F N 1024 A7, 1 H-F 1 R
TEFa E e 2 AR IR 24 7E — N AR 4840 0.8 | F,
XA , R TIHSZ 2 W )2 B R,
I AR TR A A, P SRS o T
32 REEREMEHRENKR

R I A=W INAE S EN N )
SARFFIRON BB WG58, (H A2 M T R 5 o A S () 4
i HE B B 2 A AE R B 1) 2~3 |2, i L 3% 5 R i
PR I ARG R W42 44

e LR BRI AL, TR TR IS 1 — BT[] P, g 4
JE A0 R A RN — 35, B 4 2 2 L ) L 3
B, BAEAWIY K, 5 8UBA TR (190 1 e AN W %
K, R AAE R R S AR T, 38 5 it 4 J2 4 4
2, SR BT, Fik, RIREIESENRE 1
1) 5 00 R TR ) e BRI i R TR R A )
fittho 33X 5 JF P S iz P 2R 1) ok RE AL, i A SR 1
NI ET AR AR, 7R R AR S 80 d, 4R JZ 4 i
] H IR LR, B R B BT AW K, &
AT R I 48 AN 25 1, 2R 48 S5 4R 8 4
5y ZL 1 A BT AR 1 R 2 20 P 1 A et A 2 T
AUeHh M BRI S BEEREMRE , R
B AR FAB, Bl 22, HLorh S B APy S R ) T
S0 1 TR T it DA 3 I S DR 2 R v T ALV R
SRR BUR B A, B RS RS N
T[] 4] e B 2 21 2% Bz 41 B A 0 24 P 8 ) L-F [ e
FEARRARR . 1K 5 R SR S AN R GA T A o 2 B v
JZ 42 R IR IT A O HOE A S e 22, T
JiF R AT B AN [ P ) SRS SRR T AP E 7
DRI L, SR 7 1 i 407 )2 AL 402 SR 1 5 B4 10 N 7E B
IR 2R, 70940 2 4B 8 K AT, SRS PR 1
FEFE It v RE A TR AR A L SR I O
33 GAMHBHREMREMIEL BRI
TREER A — P A KA, v LR R 4
ARKEE SN TTEY . GA I T &
£ 50 J2 1 JEEFE , DT B ARG T ORI AR kP R SRR
Ko ARTE W ES TR, — R E 1) GAS T
AR ST TR 3 52 4 RRAAE L 26 R 4 A8 75 /N i 5%
TR AR RO 2 AN A RILH Aoy
L TR, AN N B ETRL I . AU FIR
JE SR F I 22 R AN [ AR i ol 2 2R 5 A 1
BLIRIZR , 1M GAS (1WA %o ARk = 5 448 1 K /N
B R, 3R IR A KN E RO, 4
11 2 7K T S AK S 5 2 T J) 290 B 52 380 1 2 K
11, 55 SR RIS, {H 2 GAl R 4R Y
AR LWRHELO LS S NMERRN K
AN, RS SE SRR, GALIINGER T 3R R 40 e i) HE
FNE IR A J R E 4 el (3% 42, 5 5 HEAR B, 28
R % I 54.53% , 3% A fE -5 5% 1R 5 40 e n
o 7SR R BEAS TSR S K R AR
IR, D T KIS S IR R A G, IR E
(17 GA A 3% 24 5L 1 5 e L4, B 9 1) GAL &b
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HoMEAH - PRERREN A, TR RN
20 mg - kg O EE A A DN T B 2R R AR SRS
T H G FE sk, 5 IE SCEEME A 50
mg-kg' GA;Jj ¥ it # R R I FU AR B, 2838 1 45
RERR T ARERR MR E (10 mg- kgD, B A
Rty bR RS R B A S M A .
34 GAMHBRBRFERIE I

ANFHR E GASREBERTH S S SE 1 2 A4S A 41 it i
SR CRTEARE S FE R n] 5 [ T R A TR
SEMHARE, V20 mg-kg' & B E =R EK
TR, X AT e 5 GAS 15 FH VR FEAR I ) A S SR
PR A . Yildirim 25F PEBk R 4 30~40 d AT
it AN [ FEE 1) GAS T I 325 D508 RS B S S K/ i
JE KRR AL I HAEIR KA 3~4 do TR R SLH AT
1) 8—9 H 34 10 mg- L' GA; 1] JER 5705 sz
B 1~2 N H [R5 SR S N B i Y. WIS 1)
5—7 A4 # 1 50 mg - L GA, AN FEAR 7 15 1 24 31
ROCRSZ R &, AR AR T R R 345
FE AR RS R FR B0 A RO R, FURE 24 1
JE 2 FEUR A B A, i Cline 55 (1) 1
5T 45 LN 22 B TS 25 10 B 40 mg - L' GAS A5
Wi sz MBS B . I, IR R AR
d R R AS [ R 261 T GAS B FH 5 2K, o At 22
RPN GA B R BAA BEEE . AT ER
2, & GACER I P RS SR AR R i T X R,
XA e GAERE T R LPRERKE K. M
BT 575 45 10t A 0 T A A= T R B RN T A A
BAE L. B—51,10 mg-kg' i) GA i A Y
CREBRIS () EEIRD , BHAS T R AL R T, vl Re
HNIR IR RT3 RE AT SR R ACTT R AR A O (]
TEIRTERER PN R AR . BSR , SR T i R 5
1% ELAT 5 SR ST T R (B S2 BT A R B B
() % it P B R TR S ), 7 SI2 o I FH o 7 B
(10 25 AT FH 73

4 B

AR SR S R R GG T R SE I U I R B4 =
240 6L 18] 52 (0 AN W 7K, SR B B R A R T R R
e AT AR T, SR AR AE Fr 527 17 i BT A J 18 2
RS H I IS IR IR 2 R AR LR - SR GA,
RIAE — R FEPE b 2 i 1) 2R B 10 5 JeE » T 97 4 2
R R A A AL GAs, 155 25 I (8] MK 75

LEHREER  AELIRIWITaam 24, HAER R R AT
58 W% 24 75 3 5N 8] (8] B 5 e ob , 6 1 GASIE 75 (]
M) B, OB AR 1 T AT 45 5 R, A B IR 20 Y
FRANIR I L R 4

S Z 3k References:

(17 FRCa, AR WE, XBF5 5T . B EERARRL 225 5T 70 4 - AR,
S 24, 2019,36(10) : 1264-1272.

GUO Wenwu, YE Junli, DENG Xiuxin. Fruit scientific research
in New China in the past 70 years: Citrus[J]. Journal of Fruit Sci-
ence,2019,36(10): 1264-1272.

[2]  FE RO E SRRIERIFR AT D], 2R -
AR, 2006.

LI Lei. An anatomical study of rind development and splitting
occurrence in Navel orange[D]. Wuhan: Huazhong Agricultural
University,2006.

[3]  Ah#E, FH, KA, m 0, EJTE L RRENHIBT.
R4, 2012,29(3) :374-381.

DU Wei, LI Xingang, WANG Changzhu, GAO Wenhai, WANG
Yueqing. Mechanism of fruit cracking in Zizyphus jujubalJ].
Journal of Fruit Science,2012,29(3):374-381.

[4] YILMAZ C, OZGUVEN A 1. The effects of some plant nutri-
ents, gibberellic acid and pinolene treatments on the yield, fruit
quality and cracking in pomegranate[J]. Acta Horticulturae,
2009,818:205-212.

[5] YILDIRIM A N, KOYUNCUSTAGE F. The effect of gibberellic
acid applications on the cracking rate and fruit quality in the
‘0900 ziraat’ sweet cherry cultivar[J]. African Journal of Bio-
technology,2010,9(38): 6307-6311.

[6]  Buig, Eus, JEY], BHFE . FRMRERENERZRYE

SRR IR R 2 T 0% AR (R AR []. R A A R
2001,37(3):220-221.
RUAN Xiao, WANG Qiang, ZHOU Jiangming, ZHEN Chunxia.
The Relationship between endogenous hormone of fragrant pear
fruit and calyx-end tubercle, abscission of fruit and schizocarpic
fruit[J]. Plant Physiology Communications, 2001, 37(3): 220-
221.

[717 CAROLINE G, JOL C, GILLES V, MICHEL G. Cuticular
cracking on nectarine fruit surface: spatial distribution and devel-
opment in relation to irrigation and thinning[J]. Journal of the
American Society for Horticultural Science, 2007, 132(5): 583-
591.

[8] HUANG X M,WANG H C,LU X J,YUAN,W Q,LU J M, LI
J G. Cell wall modifications in the pericarp of litchi (Litchi
chinensis Sonn.) cultivars that differ in their resistance to crack-
ing[J]. Journal of Horticultural Science & Biotechnology,2006,
81(2): 231-237.

[91  Th/NJge, 52 A5 A Al BRI AR], 8 5, VA, iR, 1K 5252
TALSE AR SR B P 2 A B M A R AR IR T R AR



1100 3 i)

4

i #38%

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

A0, B 252447 ,2011,38(10): 1857-1864.

MA Xiaohuan, PENG Liangzhi, CHUN Changpin, LING Lili,
CAO Li, JIANG Cailun, XIE Fa, ZHANG Wenwen, GU Zu-
liang. Changes in albedo microstructures and macroelement con-
tent in peels of peel pitting ‘Navel” oranges[J]. Acta Horticul-
turae Sinica,2011,38(10): 1857-1864.

ALIVIELA V,ZARAGOZA S, PRIMO-MILLO E, AGUSTI M.
Hormonal control of splitting in ‘Nova’ mandarin fruit[J]. Jour-
nal of Horticultural Science, 1994,69(6): 969-973.

CLINE J, SEKSE L, MELAND M, WEBSTER A. Rain-induced
fruit cracking of sweet cherries: 1. Influence of cultivar and root-
stock on fruit water absorption, cracking and quality[J]. Acta Ag-
riculturae Scandinavica, 1995,45(3): 213-223.

P BRI, B R . EMAR SRR SRS
ZERRAMBIC[]. BHZIEI, 1999,15(3):166-169.

LI Sanyu, CHEN Yuanhong, LU Junliang, LIN Ying. Studies on
the relationship between fruit hormones content and fruit crack-
ing in Yuhuan Pomelo[J]. Bulletin of Science and Technology,
1999,15(3):166-169.

MESJO C, REIG C, MARTINEZ F, GAMBETTA G, GRAVI-
NA A, AGUSTI M. Tree water status influences fruit splitting in
citrus[J]. Scientia Horticulturae,2016,209: 96-104.

MEASHAM P. Rain- induced fruit cracking in sweet cherry
(Prunus avium L.)[M]. Tasmania: School of Agricultural Sci-
ence, University of Tasmania,2011: 170.

HUAY B,SONG Y Q,LIJ, TIAN C F,ZHOU X G,LIL L. A
proposed systemic modeling software for jujube fruit crack-
ing[J]. American Journal of Plant Sciences,2015,6(5): 565-573.
BURHAN O, ERDINC B, ERDAL A, ORHAN K, SEFA G.
Cracking and quality attributes of jujube fruits as affected by
covering and pre-harvest Parka and GA; treatments[J]. Scientia
Horticulturae,2018,240: 65-71.

WRIESE, M 227, 5REA 58 | OIS T B A 2SR A S 5 R B
ZECRT]. RigAQ AR 2002, 18(4) :53-58.

YE Zhengwen, YE Lanxiang, ZHANG Xueying. The fruit crack-
ing rules of navel orange varieties such as pengna and the effect
of gibberrllin (GA) preventing fruits from cracking[J]. Acta Ag-
riculturae Shanghai,2002, 18(4): 53-58.

CLINE J A, TROUGHT M A. Effect of gibberellic acid on fruit
cracking and quality of Bing and Sam sweet cherries[J]. Canadi-
an Journal of Plant Science,2007,87(3): 545-550.

XS, R R . H OGB48 T SRR A A 4y
B0, S BER 24, 2020, 1(2): 11-14.

LIU Xuepeng, LING Juncheng. Cause analysis and fruit crack-
ing investigation of Golden finger grape in greenhouse[J]. Jour-
nal of Fruit Resources,2020,1(2): 11-14.

HOPPE F,HUYSKENS K S, ULRICHS C,HANRAHAN I. As-
sessment of susceptibility and prevention of cracking of ‘Skee-
na’ sweet cherry[J]. Acta Horticulturae,2015(1099): 819-825.
SOFIA C, MARLENE S, SLAWA G, MAGDALENA G, MAN-

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

UELA M, VALDEMAR C, ROB S, ANA P S, BERTA G. Ef-
fects of exogenous compound sprays on cherry cracking: skin
properties and gene expression[J]. Journal of the Science of
Food and Agriculture, 202002- 07. https://doi.org/10.1002/js-
fa.10318

T H AT 6 . MG S M. JEat o E O ARk, 2012
193-194.

DENG Xiuxin, PENG Shu’ ang. Citrus Science[M]. Beijing:
China Agricultural Press,2012: 193-194.

5, WRAN GG, T 4K BORCHIL, R . U R0 R R R
SR 5 R R K R[] B, 2011, 32(5) : 921-
925.

LI Juan, CHEN Jiezhong, WAN Jifeng, HUANG Yongjing,
YAO Qing. The correlation of cracking fruits types and peel
structure between Washington and Bonanza navel oranges[J].
Chinese Journal of Tropical Crops,2011,32(5): 921-925.

LI J,CHEN J Z. Citrus fruit-cracking: causes and occurrence[J].
Horticultural Plant Journal,2017,3(6): 41-46.

2N Wi IR SRR IR S TR R B (). ) B
2000(3):6-7.

LI Xiaolin, YANG Jinhai. Causes and preventive measures of na-
vel orange fruit cracking[J]. Guangxi Horticulture,2000(3): 6-7.
SR B YRR | ZDVOR SRR BRI [T]. e Al
KA, 1994, 15(1) :34-39.

GAO Feifei, HUANG Huibai, XU Jiankai. Reasons for cracking
of Hongjiang orange[J]. Journal of South China Agricultural
University, 1994,15(1): 34-39.

LA, NS Bk, B0, BT, XN, B AR R H P 12
PG A 51 R R DL LB BOR ] P E 7 R, 2017, 46
(1):32-33.

JIANG Dong, SUN Zhenzhu, WANG Ting, WANG Xiaoke,
LIU Xiaofeng, RAN Zhilin. Introduction performance and culti-
vation techniques of hybrid citrus ‘Ganping’ in Beibei, Chong-
qing[J]. South China Fruits,2017,46(1): 32-33.

Ly /e R SR B A 2R AR IR AR S5 R AN o TR TR AR AL
WETE[D]. HLPK: VUG K52, 2011,

MA Xiaohuan. Study on the changes of peel albedo microstruc-
tures and macroelement content in peels of ‘Navel” oranges dur-
ing the development of peel pitting[D]. Chongqing: Southwest
University,2011.

BRACE W B AT, i 38 ARTR A AR08 . NP SRR L g
TP 4 B ST BT R D], [ 225740, 2005, 32(2) :202-206.
CHEN lJiezhong, YE Zixing, ZHOU Biyan, XU Chunxiang, LI
Juan. Efects of pectins and pectinesterase activity on creasing
fruit formation in Orange(Citrus sinensis Osbeck)[J]. Acta Hor-
ticuhurae Sinica,2005,32(2): 202-206.

TR ER, SRR, MG, A2 RN A A R B A A
HERFFFE[I]. WIVLRM R ,2016,57(7) : 1096-1098.

WEN Mingxia, WU Shaohui, WANG Peng, SHI Xuegen. Study

on morphological and structural characteristics of cracked fruits



57

ZEIRAN A WP R B R R S GAS B R CR

1101

[31]

[32]

[33]

[34]

[33]

of satsuma mandarin[J]. Journal of Zhejiang Agricultural Scienc-
es,2016,57(7):1096-1098.

For RIER AR AU AR M SR []. 1Rk
#2,1987,2(1):39-42.

WANG Ning, QIN Xuannan. Scanning electron microscope ob-
servation on the process of fruit cracking in Jincheng orange[J].
Southwest China Journal of Agricultural Sciences, 1987, 2(1):
39-42.

CONSIDINE J, BROWN K. Physical aspects of fruit growth:
theoretical analysis of distribution of surface growth forces in
fruit in relation to cracking and splitting[J]. Plant Physiology,
1981,68(2): 371-376.

AR VRIS | ZLULRE A SR B 5 S 2RI SC R BT T ).
Al K224, 1995, 16(1) :90-96.

ZOU Heqing, XU Jiankai. Study on the relationship between
peel structure and fruit cracking of Hongjiang orange[J]. Journal
of South China Agricultural University, 1995, 16(1): 90-96.
MUNIB U R, HASSAN R, NIYAZ A D, MOHMAD M M,
UMAR I, MOHMAD R M, SIBHAT F, KHALID R H. Causes
and prevention of cherry cracking: a review[J]. Springer Interna-
tional Publishing,2015(19): 543-552.

ZHANG C, WHITING M. Pre-harvest foliar application of pro-
hexadione-ca and gibberellins modify canopy source-sink rela-
tions and improve quality and shelf-life of ‘Bing’ sweet cherry[J].
Plant Growth Regulation,2011,65(1): 145-156.

[36]

[37]

[38]

[39]

[40]

SHARIF H, SEPAHI A. Effect of gibberellic acid on fruit crack-
ing in meykhosh pomegranate[J]. Tran Agricultural Research,
1984,3(2): 149-155.

SEKSE L. Fruit cracking in sweet cherries (Prunus avium L.).
Some physiological aspects: a mini review[J]. Scientia Horticul-
turae, 1995, 63(3/4): 135-141.

EARA L RE, B LA, BE AR R A R R A R
I B RN 1 RS2 AT T (0], 08 P AR R A AR (AR B2 RR)
2005,27(5) :43-46.

CHUN Changpin, PENG Liangzhi, CAO Li, JIANG Cailun,
LEI Ting. Effects of different hormone treatment on “on- tree
storage” of jinchen orange fruit[J]. Journal of Southwest Univer-
sity(Natural Science Edition),2005,27(5): 43-46.

TRAER . ToRZ A o 8611 KL AL BE ) RIS BT 7T [D]. #i% «
PEABAARBHER S, 2004.

ZHANG Yu. Experimental study on seedless grape- seedless
8611 large grain processing[D]. Yangling: Northwest A&F Uni-
versity ,2004.

N, EREE, AR, S b b, AR | AR R S0 B3R
& MNHEAAAE R P EEY S S TR R,
2016,32(3):326-331.

WANG Li, WANG Xiye, WANG Keke, YUAN Yuanyuan,
WANG Linsong. Effect of exogenous gibberellic acid on antho-
cyanidin in raphanus sativus seedlings[J]. Chinese Journal of

Biochemistry and Molecular Biology,2016,32(3): 326-331.



o o2 R 2021,38(7): 1102-1112

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20210064

9' l}_ GAsL_L_s-/l]ﬂﬁ'éAﬁlifﬂWJ_
A= EEEN R R
K OT.MEm,BEEE,FHE,ETR,MALE,E B REY

CHf A R 24 M 25 B, 22 M 730070)

1 Z: (BRI ERFCINE GAS 2 i Fr G E R R4S LA 7E TRL 6 4242 Rk (Ttalian Riesling) 1 % 41 , 1%
FEIE B R R A, e BA Kt ELIES He 3 AOAE AR, T 8:00 RTCKE KK BB 80 em F3HT & 25 b B Ja 57, i SR 47 i
SETESLAR S =882 b i iy B ) R VBT b i SOKIRAS AR5 6 [ e S5 1 HEAT W 25 7R AR FE, 3
B3I, 7308 75 mg- L 7R3 2 (GAS) 200 mg - L 7 280 (S3307) A& K (CKO o ARFR J5 M 72 - /K 35 e &
B MR TS E N IR E S R H 2L L8 RIGA A E G , 10:00—18:00 B 1 F /K34 B Z AR TR, b &2
PG TAE 12:00—18:00 50063 B 25 BRAIC, IR S P GORI THAH R, T4 3RS B F s Fu/ Fo  ETR VA [F) 2
JE£ B BEAIS , NPQ B0 MR 35 T sy o S3307 4015 , it v 7K 35 4E 14:00—16:00 i & = T X M, e & S EOFIMH 4R 6 2
BB S GARFIAR o AR, PIRISER & B R TR, GARREL S , AN AR B2 M B2 = 1 i 5 R AR R G A
IAA F1 ZT & &, B T YR ABA 2 5, S3307 A3 I AH Iz - D458 AR GAL B BRI A 16 &8 F 38 - A 5
A R GASTAA TR LGRS I 0 1 et = 26 7 kAR A

KRR A )6 s AR GAL; #MNJF S3307 s TR R

HESES:5663.1 MRS A XEH S 1009-9980(2021)07-1102-11

Exogenous GA; inhibits the phototropism of grape leaves by affecting

photosynthetic characteristics and endogenous hormones

ZHANG Ning, YANG Shijin, MA Zonghuan, LI Yanmei, CAO Xuejing, QIU Yinsheng, MAO Juan,
CHEN Baihong’

(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective]The present experiment was undertaken to explore the inhibitory mechanism for
exogenous GA; affecting grape leaf phototropism. Phototropism means that plants are regulated by light
to bend to incident light in order to obtain the most suitable light for their growth. Grapes, as photophil-
ic plants, have obvious phototropism. Studies have found that exogenous GA; can significantly inhibit
the phototropism of grape leaves. Therefore, exploring the inhibitory mechanism for GA; influencing
the phototropism of grape leaves may provide a certain theoretical basis for further research on the ef-
fects of exogenous hormones on the phototropism of grape leaves. [Methods] The experiment was
carried out in Wuwei city, Gansu province in 2020, located in the eastern end of the Hexi Corridor (N
38°02'32", E 102°42'19"), where there is a temperate continental arid climate. The altitude is 1632 m,
the average annual precipitation is 191 mm, the average annual evaporation is 2135 mm, the frost-free
period is 150 days, the average annual temperature is 7.8 ‘C, the average annual sunshine duration is
2715 h, and the sunshine is sufficient. The 6-year-old grapevines (Cultivar: Italian Riesling) was used in
the experiment, with a spacing of 1.0 mx3.0 m. The vigorous plants without diseases and insect pests

were selected on sunny days. The secondary canes with new tendrils on the primary cane of over 80 cm
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in length were removed before 8:00 and then the primary can was flattened and fixed on the third wire
of the vertical hedge with plastic tape. The leaf blades were made on positive side or reverse side, but
the leaves remained in a horizontal state. The directions of leaves only could be changed through the
new tendrils at a knob, not through the blade by rotating or fixing the petiole to ensure that the petiole
and blade were not affected by any external force; The pulling and fixing started in the early morning,
and finished before 8:00. Then, the fixed leaves were treated by spraying the growth regulators, and
three treatments were set up, namely 75 mg- L' gibberellin (GA;), 200 mg - L™ entobutrazol (S3307) and
clean water (CK). Each of 10 plants was treated with one treatment that repeated three times. Water po-
tential, and photosynthetic and fluorescence parameters of functional leaves at about 20 d of age were
measured every 2 h from 8:00 to 18:00. At the same time, each treated leaf was removed, and the leaves
and petioles were separated and cut into pieces with a weight of 2.0 g respectively. The leaves were
wrapped with tin foil and then quickly put into a liquid nitrogen tank and brought back to the laboratory.
The leaves were placed in a refrigerator at —80 “C for hormone assay. [Results1The results showed that
as the light-receiving time increased, the grape blades of each process gradually rotated from the abaxi-
al plane (leaf with reverse side) to the abaxial plane (leaf with positive side). The angle between the
blades and the horizontal plane gradually increased, and the angle between the leaf stems and the stems
gradually decreased. However, in the process of rotation, the increase rate of the angle between leaf and
the horizontal plane and the decrease rate of the angle between petiole and stem with GA; treatment
were significantly slower than those of the control. In addition, there was also a significant difference in
leaf water potential between the control and GA; treatment, which was significantly lower than that of
the control from 10:00 to 18:00. Photosynthetic parameters such as P,, G, and 7; were significantly low-
er than those of the control from 12:00 to 18:00, while changes in C; were opposite to those of P,, G
and 7. Chlorophyll fluorescence parameters such as F., F\/F.,» and ETR decreased to different degrees,
while NPQ was significantly higher than that of the control. After S3307 treatment, the angle between
leaf and horizontal plane increased faster in comparison with the control, and the angle between petiole
and stem decreased faster than that of the control. Leaf water potential was significantly higher com-
pared with the control from 14:00 to 16:00. Photosynthetic parameters such as P,, G, and T; were signifi-
cantly lower than those of the control from 12:00 to 18:00, and chlorophyll fluorescence parameters
such as F., F./F, and ETR increased to different degrees. At the same time, the results of endogenous
hormone content determination showed that the content of endogenous hormone in leaf and petiole in
each treatment also changed obviously. Among them, GA; treatment increased the contents of GA;, IAA
and ZT in leaves and petioles to varying degrees, and decreased the content of endogenous ABA, while
the effect of S3307 treatment was the opposite. [Conclusion] After being fixed by pulling the tips, the
grape leaves gradually rotated with the increase of the light-receiving hours. The angle between the
leaves and the horizontal plane gradually increased, whereas the angle between the petiole and the hori-
zontal plane gradually decreased. The GA; treatment slowed down the rotation speed of the blade, while
the synthetic inhibitor S3307 treatment significantly accelerated the rotation of the blade. The GA; treat-
ment significantly reduced the photosynthesis of the leaves, increased the content of endogenous GA;
and [AA, and increased the ratio of GAy/IAA, while the S3307 treatment had the opposite change, com-
pared with the GA; treatment. In summary, exogenous GA; inhibited the phototropism of leaves by re-
ducing the photosynthesis of leaves, increasing the content of GA; in leaves and petioles, and increasing
the ratio of GAy/IAA.

Key words: Grape; Phototropism; Exogenous GA;; Exogenous S3307; Endogenous hormones
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Table 1 The variation of Angle between leaf and horizontal plane and between petiole and stem at different time points

, I 5 KT A R A WA 5 2 1 T A

Hﬂ?u The Angle between the leaf and the horizontal plane/(°) The Angle between petiole and stem/(°)
O clock CK GA; S3307 CK GA; S3307

8:00 0 0 0 85+3.559 a 85+1.633 a 87+0.816 a
10:00 13+£2.160 a 10+1.886 a 15+4.082 a 754+2.449 a 77+4.546 a 75+3.742 a
12:00 35+£1.633 b 2542449 ¢ 40+1.633 a 62+1.414 b 67+0.816 a 60+2.160 b
14:00 68+£2.160 b 52+2.828 ¢ 78+1.414 a 47+£0.707 b 55+1.633 a 40+0.816 ¢
16:00 1154£3.559 b 90+4.320 ¢ 130+4.967 a 27+1.633 b 35+1.414 a 18+1.779 ¢
18:00 165+1.414 b 150+4.082 ¢ 178+5.715 a 12+0.408 b 174+4.082 a 10+£2.944 b

& AT AR NG FREORAE p < 0.05 ZREE.

Note: Different small letters in the same line indicate significant differences at p << 0.05.
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Fig. 1 Influence of exogenous GA; and its inhibitors on

diurnal variation of water potential in grape leaves
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Fig. 2 Effects of exogenous GA; and its inhibitors on

diurnal changes of net photosynthetic rate in grape leaves
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Fig.3 Influence of exogenous GA; and its inhibitors on

diurnal variation of transpiration rate of grape leaves
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