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) 0 90 ) R Al SR R R BUR S/ NI B 2 2548
F5, PR, B8 S H A5 R T SR S o i
Pl K R BT B, SR, A FH LG BT E AT A
TG R 1 TCHGE  AILE BT RE 75 55 90 g SR A4 BT X
F i IR S 0T 045 I A R B UE L AE B B A TF
PR R T . ST I, ARBGE L ST 145 A
RERE AR R b, I FH A v Al K2 T 24 B ik & 19 75
T AXAE AL AT DS B B AL, IR AL A 5Y i SR
Qb B SRS B AR A IR TR R ARG 3 I Kk
Gy TR A8 s HAE HIBLAI
1 MRlER=E
1.1 RFabE

PR A R A8 24 BT 2 3 B & A RUEULL
184 AL SRAT 15 RET (Aili A i A (Poncirus trifo-
liata)) , Wb 5, 4 56 & BE 2.5 m, Bk B 2.5 m, 17
B 4.5 m, S e AT H IR KA HRN G U B A -

REA S 2 A B PE RES RS, 2020427 H 19 H
(FFAE G 88 ) #EATHLIAE BY i 2 o 350 % 2 > b 3
(BFAAEFEAS 3 3ATH ) < AL B 1 (HLARAS 35 i 4, AT AR
i MT) LAAT ] 7 1) 55 488 5 7K 4% 00 910 o5 R ke it foff
FH 67 2048 BY ALK 2 U 5 A2 07 190 50 cm P 1 e
AR5 RS — R B 5 A B 2 R 2R AR S X IR
(CK).o &85, FA b FRFEHLIE 3 BT, 45 AR Bt AL
WP 15 AR ST H AR L, B 15 d U4 1 R 5K
BRI ;10 A 7 HIF b A 15 d SRAE LR, FERERR
AR (] — 2 B 0 44N 5 1 45 BEATL R 11 RS2, SR
M R 0] 56 22 00 5 A RS bR L 43 O P A
TR PR EGR RS BT — 80 CRMARIR KA 4 1 . 12
A 25 H R IZRMUG R 244k A SR S8 53 Bl FR BT
TFE = IS R AEL, B i O 58 B 20 AT
AR MUIR & 1, OF 20 B bE IR A AE DG 3 1A
(223K o

1.2 WEmMBSRAE

1) SRS KN B =i a0 5 4 A o i
L IR R ORS B 3) 0.01 mm ) P& S Sk A% s 1f
FHHL T RF CREB 2 0.01 @) Il 5 BASR B i ; (i FH i 1
VR0 o R i PR A FH (6 R 6,254 (+em 5, FE BB
ik, Japan) M R APESECL o M 675 i FH A X
(*TA. XT. Plus, Stable micro systems, UK) {ill % i
JE 5 1 AL 2> 4R 43 4, %t 2 4~ A B0 i A SR
Ft SRR ISR AR

2) FT VMR AT 8 R L PV A A LR
ST TR DR Y PAL-L TGRS
) (Atago, Japan )l 5 ; 7] i 2 2 f# FH GMK-835F 7K
B2 B (G-WON, South Korea) Ml 5 ., % IS AHE,
TSI S T R R LR S &, B RS GC-
7890B AR {0 1 AX , HP-5 (1% 4 (5% -Phenyl-methyl
polysiloxane. 30 m> 320 pum > 0.25 pm) , K 5 i &
300 °C, # < (N,) i & 45 mL/min, 885 (H,) i & 40
ml/min, %5 3 3 i 450 mL./min.

3) B RNA £ B Je 98t % 5 PCR. I PLANT
pure i FAR .6 RNA PR UL £ (Aidlab A #])
PEICREHT S R RNA . HiScript [IRT SuperMix
for qPCR(+gDNA wiper) 2 B % K 41 DNA J&5 & %
cDNA, 52 B} ¢ ) %2 1 PCR % | ChamQ Universal
SYBR qPCR Master Mix (ABI, USA) A& il 3 [H & 15
o, RS R . >R H] QuantStudio 7 Flex sys-
tem(Applied Biosystems, 3¢ [ ) 26 it AT (LA 7
SN, K DR A 6 2 38 B SR FH 27 AT kA
AT I B 1,

1.3 HiELE

S F Microsoft Excel 2016 il SPSS #4755 43

M, R LSD #4505 225007 -

2 ERESH

2.1 WIS BT B SR X SR S SR R R 201

10J5 88 d(7 H 19 H) HEATHLAKAE BY i 5 , b 5 24
K CK R RILPREMT B A BF
Z5 A 15 dJE MT B3E & F CK(E 1A .B) , ALk
BBy H A K T RS R AR AR . BRI BY
R 80 d It (B )5 168 d) T AL o PR o i LR
S, CKOAY B i - 244 5 93.62 g, 1 MT 1Y
B R IR S T 109.34 g, M T CKL4E
J& 247 d FRE IR MT (°F- 3 508 ot i A X CK 42
T 25.04% (B 1D) o S0 B 7E B s i vp g iy
FEAR , MT (968 25 5 T CK H E3 465 168 d P iR 2 5
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Table 1 List of primers used for expression analyses of the genes in this study
HE J¥31 Sequence(5'-3) VeI 1D o Sk
Gene 1E 8514 Forward primer J2161 514 Reverse primer Sequence ID or reference
SS1 ACCAGTAGTTCATGCCACCG GCGAAAAGGACCACCCTGTA orangel.1t02742.2
SS2 GTTGAAAGGCACTGACACGC CCAATGGAGGGGGTTTTGCT Cs6g21370.1
SS3 CTTCAACGGGTTCCTCTGCT TTCCCACAGGTGTTTTCGGT Cs2g03070.1
SS4 AGCGTGTGGTAATGCTGGAA TGCCTTAGCCAGCAATCCTT Cs2g03790.1
SPS1 TCTCCACCGTTCCTGGGTTA ACGACGTTTCGCCATTCTCT Cs4g05380.1
SPS2 TTTCATGGCCTGAGCACTGT CGTTTTTGTCGCCTTCCAGG Cs4g05380.1
SPS3 CGCATTTGGCATCTTACCCG CCTTGTTCCCGCTCCAATCT orangel.1t03668.1
SPS4 ATATGTGCTGGCGCATTTGG CGGCATCATTACGACCTTGC Cs5g19060.1
Acol TGAGAGATTTAGTATTGATCT AACTCTCACATTTTACAACCG [10]
Aco2 GGCAATGATGAAGTGATGGCT GTTGGAACATGGACCGTCTTT [10]
Aco3 TCCTCCATTAGTTGTTGCT CATGTCAGGTAAGACGCTAG [10]
ACLal GATACTGTTGGAGACTTGGG GCTCTCTTACGACCATCAGG [11]
ACLa2 TACAGTGGAGCACCCAACGA CCTTCAGGGCTTGGATTATG [11]
ACLp GAGGAGATAACAGAGACAAA AACAAAGAGCCCATTCAGAT [11]
NADP-IDHI GAAAATTGGGGATTGGGATT CAACAGAGGTGCAGCTCAAA [12]
NADP-IDHZ2 CAGCGGACATGTGAACAATC CCGTCCATTTCAACGATAGG [12]
NADP-IDHS3 TACCGGGTTCATCAGAAAGG AGGCTGCTTCCAGTTTCTCA [12]
Actin CCGACCGTATGAGCAAGGAAA TTCCTGTGGACAATGGATGGA

e 5t 25 (B 1E ) HUAAE 5Y i 2 dnb 25 48 5 1 RS

FEAL R A 67 T, DL BT B 5 X SR 90 i SR By
RS LA B (K 2 A) ;465 206 d B
MT HyF 251 @R S5 o E# L T CK HAE 220 d
A3 I 3 2 S, AILBRUA B s e T AR S 1
i 2 (E 2 B) s R AFESHOE () 974
RS LML, —HE2ZmE AR EEF (K2C);
T 7E 6 PR AN Jy T, MT /19 CCI (citrus color in-
dex) 2 F L F CK H BIE 5 206 d , HLAK & 5 5
HEZZ T S CCL Y 3G AR A 5% ) i J5 19 & 8
(E2D) .
2.2 HHEHRRENRIANERRIZT

i A SR 512 0] % PR [ JE 9 (total soluble solids,
TSS)FLE 2, 65 191 d MT B TSS 7 f He sk 1
Jn, 46T 206 d FF 46 W3 T CKLAEJG 220 d k3 T
11.57% W & i T CK 19 10.33% , 3 Z [ AR F5 ik
EEFRHERI(E 3 A) . A E R (titratable ac-
ids, TA)FFZE T g, CK A 2.19% [ % 0.6%,MT M
2.01% F& 2 0.56 %0 BB FEEMR T CK, b5
206 d 225 W3 (K 3B). PLMEoym R B8 m T
R SR S 08 AT O P [ R A kB — e R LR AIR
T T R

A5 206 d I MT Y EERE & 5353 1 50.63 mg/g,

i 5T CKAY 39.62 mg/g, LA 35 i 5 & $2
TR SRS R A (4 A R R B S
HIEGHEAR L, B 52 RIS B B 2R 152w (1414 B
C) s MR M ZE T R 1Y & B Rp SR AR, HLAIAE BY 5 2R
MR T AT IR A A T IR R AR EUEE (K14 D F)
16J5 168 d ZAEJG 247 d SRR M) & =R A B, 1
J5 206 d FF 45 MT SRR & &t i % = T CK (&1 4

E), MU 55 i R4 & 1 SRR 5 i

12 7 25 H (EJ5 247 d)RWCRSE, e it o B SR 5
KN, KBS B 5 SR AL FEZH (MT ) B4 S48 <255
mm [ R 52 ; 55~60 mm &5k 2.81%, A CK Y
6.59% ; 60~65 mm & H 12.39%, #Fk 68 4, Iy CK
) 20.88 % 3 65~70 mm & kb 28.49 %0, FLik 156 4>, Ky
CK 9 65.50% ; 70~75 mm K 5 5 ¥ 34.14% , Btk
1874, CK A 1.824% ; >75 mm #5351 22.17%,
HRR 1224, 8 CK Y 2.87 fi% . %2 12 A 25 H 2RIk
RS S R % B, MT (- 25 3 Bz JE oy 3.54
mm, 5 CK i EH R L EE 3.30 mmiKA B & 2R,

HUBKAE B G R A AL 2R B R 1 O 35 BT
TRARHI(F2),

2.3 HHIEHRRSERAHAXERRAKF
Eﬁm‘]

RS T T A SRR IS BT G R AR = 1A
AR S B HRE I 5 A R R R W R R AR T A
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Fig.1 Effects of mechanical pruning-mediated fruit thinning on external quality of Ponkan fruits
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Fig.2 Effect of mechanical pruning-mediated fruit thinning on the color parameters of Ponkan fruit
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Fig.3 Effects of mechanical pruning-mediated fruit thinning on TSS (A) and TA (B)
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Fig.4 Effects of mechanical pruning-mediated fruit thinning on soluble sugars and organic acids of Ponkan fruit

F2 HMEEG R R L KN R 2R

Table 2 The effect of mechanical pruning-mediated fruit thinning on the size and yield of Ponkan fruit

b3 SRR/ % Fruit transverse diameter distribution " MR T /g bR kg SRR /mm
it 1
Treat- <55  55~60 61~65 66~70 71~75 75 *"hﬂﬁ/mm Single fruit Yield per Peel
Mean diameter . .
ment mm mm mm mm mm mm weight plant thickness
CK 4.53 23.56 33 24.18 10.44 4.29 66.10+1.38 122.8848.27 102.53 3.3040.19
MT 0 2.81 12.39 28.49 34.14 22.17 76.74+1.54" 153.654+9.70" 72.23 3.5340.11

R S AT R . PRI, AT B B RIEMT
T CK SR S v AR A I AH OC KL R 1 2R3k Ko LA
16 87 B 5 b B 25 d I CsSSs 7E CK 19 6 5 /K F- i
Z T MT AH L5 HU S 5 6 SR SR 52 CsSSs (19 4H
X Rk P T, BRI 50 d 5 3 T CK,
Forpr CsSS4 B TMFR B fe e, w8 i [a] — B 4 KSR s v
FEIRIKF1Y 3545 (5 A) 5 CsSPSs 1 F3K7K A8 4k
TS CsSSsAML(E 5 B) o TEREG B JCIE A A 3
IR MT S5 b el & o 1 % & T CKAR 5L

SEERATTE, HMT A CK SRS 2 0] EpE & R
F 2 SRR IE S 206 d, 1 MT 352 i ERE& %
FHOCSER 3 LI A it E] A6 J5 191 d 2465 220 d
WIIE) , 38 2Z 18] B AR Ak s ) b — 380, 3 WA MILARAE BY i
SRR fiEs#E i [ CsSSs Fl CsSPSs, It H & CsSS4.
CsSPS1,CsSPS3 1 CsSPS4 WS ik 45 w5 1 KMt 5 52
(1) TR B i

[FRE, FoATH0IE T MT Fl CK 352 h Al i R 35
FHOGIE R (0 2R 3K Ko Fr 68 R AR At A DG R 1A vy, L



AL A U 5 AL AR TR AT S 2 5 5T 4 £ B L 73
A B
E ?
£ 30 CsSpS] *#* aCK 2 oCK
rpe s v e j Cssps2 - B
iy iz
Mg 20 < & 3
® =15 _g 2
TS 10 = 8 2
= B s z 1
3 < 0 =0
- 25 50 75 50 75 = 0 25 50 75 o 0 25 50 75

B & BY g S A 3 s () /d

Time after mechanical

BUBH A 57 16 5 Ab 3 ) A )/

Time after mechanical

BLAK A& B 15 S A 2 5 At [ /d

Time after mechanical

P AE BY g S 4 3 Ast )/l
Time after mechanical

pruning-mediate fruit thinning  pruning-mediate fruit thinning pruning-mediate fruit thinning pruning-mediate fruit thinning

E oCK ~ -
525 =MT 5 ssee @CK z
- - CsS54 =MT = 10r cssps3 @CK CsSPS4
il o .S 4 .S 8 oMl
gD i3 216
Z 10 SF2 g
22 =< '
*.z 05 21 =L 2
= 00 Z 0 TE
2700 25 80 75 =0 25 80 75 T 0 25 50 75 0 25 50 75

B & BY g S A 3 s () /d

Time after mechanical

BUBH 1 B 16 5 Ab 3 ) A )/

Time after mechanical

BLAKAE B 15 S Ak # 5 Asf [ /d

Time after mechanical

BUBRAE 5 gt A4 Ak B2 I i (5]l
Time after mechanical

pruning-mediate fruit thinning  pruning-mediate fruit thinning pruning-mediate fruit thinning

A: CsSSs (FEMEA BUEGILT ) (335007 ; B : CsSPSs (BB fR A& s AGIL ) (3635

tase gene) ; B:Expression levels of CsSPSs (sucrose phosphate synthase gene).
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Fig.5 Effects of mechanical pruning-mediated fruit thinning on expression of genes associated with sucrose metabolism
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Fig.6 Effects of mechanical pruning-mediated fruit thinning on expression levels of citric acid metabolism related genes
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Effects and mechanisms of mechanical pruning-mediated fruit
thinning on improving quality of Ponkan fruit

SHI Ying"*,ZENG Yike', CHEN Siyi®, LI Guojing”, HUANG Xianbiao®,
LI Shanjun’, LI Chunlong', XIE Zongzhou', LIU Jihong'

1.Key Laboratory of Horticultural Plant Biology ,Ministry of Education ,Huazhong Agricultural
University, Wuhan 430070, China;
2.Dangyang Extension Centre of Technology for Specialty Products ,Hubei Province,
Dangyang 444100, China;
3.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
4.Shaoyang Academy of Agricultural Sciences , Hunan Province ,Shaoyang 422002, China

Abstract ‘Egan No.1’ Ponkan was used to study the effects of mechanical pruning-mediated fruit
thinning on improving fruit quality to find a labor-saving way for thinning fruit in a more efficient manner. At
the same time , the expression patterns of genes associated with sucrose and citric acid metabolism were ana-
lyzed. The results showed that the fruit thinning speed and efficiency were substantially accelerated by me-
chanical pruning, leading to significant labor-saving.In addition, mechanical pruning-mediated fruit thinning
significantly increased the transverse diameters, longitudinal diameters, single fruit weight and fruit firmness
of the Ponkan fruit. Meanwhile, the proportion of large-sized fruit at the stage of ripening was significantly
increased to 57 % .Mechanical pruning-mediated fruit thinning accelerated the color change of fruit peel, sig-
nificantly increased total soluble solids to 11.57% and reduced the content of titratable acids. The content of
sucrose was significantly increased to 52.10 mg/g. The result of quantitative real-time PCR showed that
genes involved in the synthesis of sucrose and the degradation of citric acid were significantly up-regulated
in the fruits collected from the thinned trees in comparison with the unthinned trees.Mechanical pruning-me-
diated fruit thinning can be used as a labor-saving fruit thinning method to improve the quality of Ponkan
fruit by up-regulating genes associated with the synthesis of sucrose and the degradation of citric acid.

Keywords Ponkan; mechanical pruning; fruit thinning; fruit quality ; the metabolism of sucrose and

citric acid
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