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R R Bt B A A B, T e=1000Xa" X
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1.3 EBREFREDH

XY A A Mh R A A RNA I PLANT pure i
FHAEY) B RNA P42 BUR5R & (Aidlab, 36 50) $2HL .
H HiScript [l RT SuperMix for qPCR(+gDNA wip-
er) A i cDNA J& , Z J&5 F Nanodrop 1000 48483566
FE1t (Thermo Scientific ) I & vk B, I o 0 v B

PEE] 200 ng/pL G RA4FF —20 °C. RH ChamQ Uni-
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1.4 REEENE
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Table 1 List of primers for quantitative real-time PCR

J¥ 91 1D 53k

FEH LR 51¥IF 31 Sequence(5'-3)
Gene name 1ET 514 Forward primer S 15 4 Reverse primer

Sequence ID or reference

SUS1 GGATTTATGAAAGGTACACCTGGAA

GGGTCTCACGCCTCTCAAGT

Cs5g33470.1

SuUSsz TAGCTGGGGTTTATGGCTTCTG
SUS3 TTGAACAAGGGGCAGAAACT
SUS4 CAAACAAAGTGCTGAACATGGGA
SUS> TGCTGAAAGACCGCAACAAG
SUS6 GAGTGGAGTGTATGGCTTCTG
SPS1 GCGACAAAAACGAAGGTGGTA
SPS2 TATTGGATGCGGGAAGTGGC
SPS3 AGAGGCAGCTCAGAGAATGG
SPS4 GCTTAGGCTCTCTGTGGATGG
PEPCI TGGATCCAGGGGACTCCAT
PEPC2 GGCATGCAAAACACTGGTTA
PEPC3 GAACAATGACGGACACAACG
CS1 GGTGCCCCCAATATTAACAA
CS2 ACTGGTGTATGGATGCGACA
Acol TGAGAGATTTAGTATTGATCT
Aco2 GGCAATGATGAAGTGATGGCT
Acod TCCTCCATTAGTTGTTGCT
GADI TTGTCTGGAGGACCAAAGATG
GAD?2 GAGGAGATAACAGAGACAAA
Actin CCGACCGTATGAGCAAGGAAA

GACGGACTTTGCCAGATCAC
TGACTGCTGGCTCTGACATT
CAGGTTGCTGGGATTCAACTG
TCCTATCACCACCCACTACG
TCTGAACCTGCTTGCGATACA
AACATACTTCCGCCTCCTCAA
TTCACGAGTATTCCTTGTTGCT
TCCCCTTTTTCTCCCTCAGAC
GCCTCAACATGGGATACTTGC
TTTGATCCTTCGACGGTGGG
CATGTTCATTACGGCTTGGA
TGGACTCGCTTCCAACTTCT
AGAGCTCGGTCCCATATCAA
TCTTCGTCTTGTGGCATTTG

Cs9g03980.1
Cs6g15930.1
Cs5g16700.1
Cs4g06850.1
Cs4g06900.1
Cs7g05690.1
Cs4g05380.1
Cs5g19060.1
orangel.1t03668.1
orangel.1g002089m
orangel.1g002112m
orangel.1g001537m
orangel.1g012107m
orangel.1g010304m

AACTCTCACATTTTACAACCG [19]
GTTGGAACATGGACCGTCTTT [19]
CATGTCAGGTAAGACGCTAG [19]

ATGGGCAGTTTTCGTGGATA
AACAAAGAGCCCATTCAGAT
TTCCTGTGGACAATGGATGGA

Csbgl6440.1
orangel.1t01622.1

2 HR5HH

BTPC(FE2),

2.1 IZFERIEXT R EIME MR R

TEAE G 203~256 d, i 4% 15 (PC) 2 52 Ay L
JEhE R AR TF CK, BRI BOe i A8 1k .
i 5 S S A, T 3 SR S 1 R R SR T R AIGL {H PC Y
RALRF R FRFEE, G 22T d R E 2R, A
ZAEJE 256 d, CK #1241 21 j i 7 Oy 2 167.38 mm,
PC -1 5 f Ry 1 464.54 mm, CK 552 ffi i i 3%

PC RELAFES L FEAE)T 203,214 F1256 d ¥
HCKARELER  BRSHCTE FHRErh Hg
16 )5 203 #1256 d 5 CKA 22 5%, HA i 1) CK & T PC
WA BEER CFESE O BIRRI LT T
FACFR B A, SR B B (7 A8 i 213~227 d 4k (5% hy o
& A EE AR S A SR o R R (R
2), CK ARSI EEAEAE IS 256 AT PC(E 1)
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Table 2 Changes in fruit quality of ‘ Cocktail’ grapefruit under different cultivation modes
e b b3 JFAEJE IS H]/d Time post anthesis
Index Treatment 203 214 227 240 256
WS i/ g CK 413.50+32.87 450.6425.12 480.00-18.26 502.844-42.35 525.18+32.86
Single fruit weight PC 440.1023.58 467.14732.09 497.78-20.96 528.134-43.03 557.84+39.14
Bit%/em CK 96.284-3.99 102.77+4.68 105.75+3.88 104.304.00 105.38+1.87
Fruit diameter PC 99.6043.81 101.66=+ 3.13 105.86+2.63 105.97+3.97 108.3345.03°
Y/ em CK 91.8244.27 91.7545.22 95.192.43 95.7521.69 98.43+3.95
Fruit length PC 92.304-3.27 92.764-5.06 97.004-3.02 99.1341.29" 101.894.60
R HEE CK 0.924-0.01 0.904-0.02 0.884-0.04 0.914-0.03 0.914-0.04
Fruit shape index PC 0.894-0.01 0.924-0.04 0.894-0.04 0.934-0.06 0.914-0.04
LSRR /(kg/cm”) CK 2392.002244.24  2503.924297.93  2280.604-398.85  2050.48=218.57  2167.384319.20
Fruit hardness PC 2464.034238.91  2599.224:365.11  1976.02-2437.04"  1851.23£322.14"  1464.54--286.26""
SR LT CK 55.554-0.96 58.714-0.50 63.344-0.87 69.504-2.11 63.920.98
The value of L” PC 60.2941.24" 53.90+1.517 64.9741.29 72.6341.20 65.704-0.13"
LIS o CK —4.19+1.05 —0.4940.80 8.970.90 16.0941.54 17.074+0.72
The value of & * PC —1.560.2" —1.620.92 8.354-0.71 16.087-0.32 14.0740.72°
B 0 CK 47.7341.92 49.29+40.93 52.79-+2.39 68.79-+3.81 53.99-+0.79
The value of 6 PC 41.9641.39" 57.324:5.52 52.914-1.64 67.534-0.24 55.204-0.30
[aREZiop e S CK —1.58-+0.37 —0.18+0.28 2.66+0.21 3.38+0.44 4.9540.31
Citrus color index PC —0.6240.11° —.610.34 2.4470.29 3.2840.13 4.054-0.22"

TE R PR U EY B M RS .+ e o318 PC RN CK AR BEAE 0.05,0.01,0.001 K EAFTE R 225, R Il

Note: The data in the table are the average standard deviation of three biological repetitions.* , ** , *#* indicated significant difference at

=]

.05,0.01 and 0.001 levels. The same as follows.
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2.2

37.80 mg/L 4N 43.38 mg/L, %I B Ve & 11
FCK(E2D),
2.3 MRS RIAIAETER BB

16 )5 214~256 d, PC B IR & & T CK L AEJS
256 d PC Hi1 CK 1y 1 B & & 43 3 iy 49.63 . 40.35
mg/g (&l 3A) . [R5 S5 v ) 2 At 5 12t R SR 5 12
AR A —F, o PC KT CK(EI3B.C) .
UE W it R 35 AR T X 2 Al ) TR R A
VMR R, AT B X R A A A SR S ] A T b
i,

16J5 203~256 d, PC FF IR (25 TR & 2 0 3
BT CK, CK Sz B R & i it 3.61 mg/g & &
3.08 mg/g; PC 4 S2Hy 1 e & ikl 4.70 mg/g 1% %=
3.79 mg/g, CK LB T M 20 14.64 %, 1fi
PC 5K 19.22% (F 3D F) . {EJ5 203~227 d PC
(32 SR & /T CK, HAE G 227~256 d i} PC 3¢
R 20 T (B 3E) o X Rk s A Al
X 2 A A AT IR R 4 TR 1Y A
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Fig.2 Effects of different cultivation modes on fruit quality of ‘Cocktail’ grapefruit
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Fig.3 Content of soluble sugars and organic acids in grapefruit under different cultivation modes
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Fig.4 Effects of different cultivation modes on genes related to sucrose metabolism in ‘Cocktail” grapefruit fruit
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Fig.5 Change of different cultivation patterns of citric acid-related metabolic genes expression of Cocktail grapefruit

© o 30 .
é_ 1sf o —«CK —e-PC 7:: 95 - ——CK-e-PC
= N €3

SIS 10 - = = 20

< ~ oY =

®E sl A B E 15

A g2 N> ) E

Zg O < w2 10

HE \\K\‘ : s
£ _ ) = 0
= 1203 214 227 240 256 203 214 227 240" 256

FFAE S5 i a)/d FFAE S5 i a)/d

Time post anthesis

Time post anthesis

A SRR B R miE . A:Minimum temperature ; B: Maximum temperature.

BE6 RMEHERER M

Fig.6 Effect of protected cultivation on temperature

T, ELREME & R A8 T P rh S A, MR IR R

AET DL

‘X A A R T A R

TEA LR &

T 5 15 W U B R

SR YRR 1 A PR (R
HE S B

TR WAL RS T B R 0 Pl = 2 47 o AV A7 2R
S i TR A R BREE X AT A L 4 9 A



130

LS N AN S o ¢

943 %

FHE24 S Komatsu 252X R 201 35 8 R 5 P %)
5% K B CitSPS1 1 CitSPS2 %5 5 K V-4 8 o X #
TS e AR VD WG BB 18] , CirSUS2 1y 3
IRIKOF FIRERE & i S IE ARG . ARIFFRas R i
it % 155 7T B 3 % CsSPS2 . CsSUS2 Hl CsSUS4 1)
FEIR IR AR A T < X 8 4 26 Al 2R S bR
£ . Vimolmangkang %'%7' % BBk SPS3 Y 3¢ 35 H
S REREALSE & R R A OC H Rk i A . HARME
8 CsSPS4 W ik i i i , CsSPS2 5 s & 2 &2
TEAR DG 55 I AT i T I R SE A RS [ BT
HER

B W5 LB PEPC CS i PE FFF B IR & 5 % V)
AHOCE (B A BT R CS I 5B &= 28tk
TEH Liu 25 0TS0 YR M A 5 S 21 AT 20 AT 2% B
CsGADI1# Z K ER GAD TEHE R B2 EAMAHG, A
WSRO, Bt SR S R B L AR 5 P X 2
AT IR & i i A TR KAk, X 5 CsPEPCs
FeIR A3, W] CsPEPCs 2235 R 168 R (14 8452
AEBEEM . BRI, Bt Ak 5 T feiE o T
CsACO2.CsGAD1 W K5 7K~ #1 L H CsPEPCs 1)
FEIR KT 15 X e A A Al A A R L DA
P i N 2 A A A R S XU

BE A, il Ak 355 2 30 o 52 1) B 15 DT 52 i S 512
7 R BT o TRt R B PR B IR A 2 TR Rk
L TE 5 R TR IR R 21 0 CRLN B, 137t A
KRBT SRR 5 “CAe AT, (SR S4B R KA . 31X
S e g R — B AR B A KB R
Mg 2s  Hoas SRR Ak i TR ARG Y s <R
A R T R 1 A 52 02 v T 18t ok 5 4
X 58 KAR B 298 1 Y 0 A, FLISEJt AR 15 1 3l
FEAFAE B A TC I T R0 I 400 328 T 00 PR S 8 1 e
I, I LA Ry 3 g2 S B0 il AR 1 P SR S 0T S iR AN
FEIETR T i KRR IR N 2 — . 7EZ 5 g
3R Tl R b P T A A DR A T R 4 1 A 3B
B TR R X A Al R S A B AR AR
T2, Ry X R A e A T T DX R e R R 4
PRI ELRIRE

% % L #k References
(1] FUEyaE, R, 38 46 09 A5 ARl a9 & AR Ik b

AR T] Wiy M4 L 2015, 32(1) : 16-18.KE F Z,XU J G,
LUO J Q, et al. Variety characteristics and cultivation tech-
niques of chicken-tailed grapefruit[J].Zhejiang Ganju, 2015, 32
(1):16-18 (in Chinese).

[2]

[3]

[4]

(6]

(7]

[8]

(9]

[10]

[11]

ZERPE, 2RI RS, 55 X0 R A A AN A L 5 I X 1Y
FIAR WA [T]. LR R4, 2018(5) : 79-80.LI X D,
GONG S M, YANG J J, et al.Preliminary report on introduc-
tion experiment of chicken-tailed grapefruit in Chongming dis-
trict, Shanghai [ J]. Shanghai agricultural science and technolo-
gy,2018(5):79-80 (in Chinese).

XN, B, RS, A G A A AL WA N 5 R
B (7). Wi VAR B2, 2017, 58 (1) : 65-68. LIU C R,
WANG Q W, WU X Z, et al.Introduction experiment of grape-
fruit with chicken tail in Quzhou, Zhejiang Province[ J].Journal
of Zhejiang agricultural sciences, 2017, 58 (1) : 65-68 (in Chi-
nese).

SREEAR , KRBk, VAR, 55 ol [ R A 4 el R P 1 28 B
IS TR TEPELT]. P A B 2015, 48(9) « 1785+
1794.ZHANG G W,ZHANG Q Y, JIANG D, et al.Phenolic
composition and antioxidant activities of grapefruit varieties
cultivated in China[ J].Scientia agricultura sinica, 2015,48(9) :
1785-1794 (in Chinese with English abstract).

Az B SRR B R 1 1 PR BRI ] S Al
f& B, 2021 (2) : 8-9. DENG Y M. Principles and technical
points of protected cultivation of fruit trees[J]. World tropical
agriculture information, 2021(2):8-9 (in Chinese).

SRACE R OC BT 77 B S BRI [T ] ) Al
2022, 56 (1) : 88-90. ZHANG J F. Research on high-quality
and high-yield cultivation and management techniques of Cit-
rus [ J]. Guangdong sericulture, 2022, 56 (1) : 88-90 (in Chi-
nese with English abstract).

TH5, RES XFR, 5 AR Bt H Tt 7],
WG, 2019,36(3):2-6. WANG D L,WU X Z,LIU CR,
et al.Research progress on greenhouse cultivation of Cizrus[J].
Zhejiang Ganju,2019,36(3):2-6 (in Chinese).

Pl B SGLH B AT DT AIE S SR MEO SR S5 i B B AT 5
WA [D]. 7 e VP Ol K%, 2016, ZHONG J. The effect of
delayed harvest precocious Satsuma mandarine on fruit quality
and shelf life in greenhouse[ D ].Nanchang: Jiangxi Agricultur-
al University,2016 (in Chinese with English abstract).
RS R AR [ N E A TR LS N A TR I R )
G102 B BRI AR LT, [ R 7 SR, 2021, 50(4) -
162-165. TANG Z M, CAl J G, TANG X Z, et al. Perfor-
mance of Hongmeiren mandarin in southern Hunan and tech-
niques for protected cultivation[J].South China fruits, 2021, 50
(4):162-165 (in Chinese).

R IV T PRI B, 45 . R I JE  42 K X K B AR S
BRI £ 55 3045 A2 [T]. i Tl B2, 2021, 62(4) - 725-
727.WU D J,SUN Q N ,CHEN M J, et al.Preharvest rain
shelter cultivation influenced fruit quality and economic benefit
of peach[J].Journal of Zhejiang agricultural sciences, 2021, 62
(4):725-727 (in Chinese).

TRER . BRI XA MR S Lt B G Y AF R (D .
BoM WL AR K2, 2020.ZHANG C.Effects of facilities cul-



o511

BURTE 2. WAL X B R XGRS A AR RS B R

131

[121]

[13]

[14]

[15]

[16]

[171

[18]

[19]

[20]

[21]

tivation on fruit growth and quality formation of red bayberry
(Myrica rubra) [D].Hangzhou: Zhejiang A &. F University,
2020 (in Chinese with English abstract).

25 HHE, BT 2R, MO AR, 45 . BOM R X R 715 7 2R 5
AR R E R B SZ ST LT ] v B R O 2R R 2022, 51
(4):49-52.L1 R W,HUANG G D,CHEN Y S, et al. Effects
of protected cultivation on fruit growth and quality of “Guire
Castanopsis 71" [J]. South China fruits, 2022, 51 (4) : 49-52
(in Chinese).

U W . AN [kl 5 R 58 R o 28 A A 5 SR R4 1Y 52
[D]. BIH7/R 35 BLR K%, 2021.FAN P P.Different cultiva-
tion environments and their effects on the growth, fruits and
benefits of winter jujube[ D ].Alar: Tarim University, 2021 (in
Chinese with English abstract).

BRI, BRAEF BT, S AT AR RO 1 X b B A
ARSI i BB [T ] #2007, 48 (1) : 28-29,
34.QIAN J B,GUO Y P,CHEN Z M, et al.Effects of protect-
ed cultivation of citrus on soil physical and chemical properties
and fruit quality [J].Journal of Zhejiang agricultural sciences,
2007,48(1):28-29,34 (in Chinese).

R I T P Q7 A N G e & S0 I AN THEAE S
S BTISEIR [T]. 285 bR 5Y, 2019, 37(4) :67-74. TANG X
H, WEI'Y R,ZHANG T, et al. Effects of fruit bags made of
different materials on fruit quality in ‘Nanya A’ avocado[J].
Non-wood forest research, 2019, 37 (4) : 67-74 (in Chinese
with English abstract ).

XU L H,XIAO L Y,XIAO X Q, et al. Analysis of soluble sug-
ar content in minute quantities of rice tissues by GC-MS [J/
OL]. Bio-protocol, 2021, 11 (13) : e4077 [2022-12-09]
https://doi.org/10.21769/BioProtoc.4077.

W], A 2 WRAEAG A . I R TR A S S ok B A AL
AR REHLI RS LT]. Bl 202740, 2022, 49(11) - 2419-2430.
ZENG Y K,SHI Y,CHEN S Y, et al.Effects of film mulching
on improving fruit quality of ponkan and possible mechanisms
[J]. Acta horticulturae sinica, 2022, 49 (11) : 2419-2430 (in
Chinese with English abstract).

LIVAK K J, SCHMITTGEN T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
2722C(T) method[J].Methods, 2001, 25(4) : 402-408.
MANUEL C. MANUEL T, GUILLERMO S, et al. The
aconitate hydratase family from Cizrus[J/OL]. BMC Plant Bi-
ol, 2010, 222 [2022-12-09]. https://doi. org/10.1186/1471-
2229-10-222.

TLBE DU DXt A 5 AT AR 2R 92 B G i B R AR AT 5
[D]. R AP K 2, 2009.JIANG Q.Study on fruit de
velopment and quality change of Cizrus under protected cultiva-
tion in Wuhan area[D]. Wuhan: Huazhong Agricultural Uni-
versity, 2009 (in Chinese with English abstract).

BEREE . AN [ R 28R DA AR AR o5 4 S 2 AT 78 [ D], 58
WAl K2F, 2005.ZENG X G.Studies on contents and

[22]

[23]

[24]

[26]

[271]

[28]

[29]

[30]

composition of sugar and acid in Cizrus from different species
and production areas[D]. Wuhan: Huazhong Agricultural Uni-
versity, 2005 (in Chinese with English abstract).

Gy WSS B, X R AR, 55 IR N B R S s 5 0 I R S
PR B A G HE DR #3840 A [T ] Lo e olk K22 4k, 2022,
44(1) :35-44.YI M L, XIAO S, LIU D C, et al. Analysis on
changes in sugar and organic acid and related gene expression
in fruit of Satsuma mandarin during delayed harvest cultivation
[J].Acta Agriculturae Universitatis Jiangxiensis, 2022,44(1) :
35-44 (in Chinese with English abstract).

XA, AR AR SR SO AR 25 TR A S A BT 5
[J]. B 25244, 2003, 30(4) :457-459.1L.1U Y Z, LI D G.Sugar
accumulation and changes of sucrose-metabolizing enzyme ac-
tivities in Cizrus fruit [J]. Acta horticulturae sinica, 2003, 30
(4):457-459 (in Chinese with English abstract).

BV UL, ok IE B, 55 AR MR REME & iS4 () CsSPS 11
Y ISR IR T]. 2044k, 2020, 47(2) : 334-344. WEL Q T,
MA Z Z,LE S, et al.Identification and expression analysis of
sucrose-phosphate synthase (SPS) genes in Citrus [J]. Acta
horticulturae sinica, 2020, 47 (2) : 334-344 (in Chinese with
English abstract).

KOMATSU A, TAKANOKURA Y,MORIGUCHI T, et al.
Differential expression of three sucrose-phosphate synthase
isoforms during sucrose accumulation in Cizrus fruits (Citrus
unshiu Marc.)[J].Plant science, 1999,140(2):169-178.

XUFR T, 200, B, A5 ARG I AR AR SR SR R B 5
W[ 3], s E AR, 2015,48(11) :2217-2228. LIU X Y, LI
J,HUANG M, et al. Effect of citrus rootstock on sugar accu-
mulation in shatang citrus [J]. China agricultural science,
2015,48(11):2217-2228(in Chinese with English abstract).
VIMOLMANGKANG S,ZHENG H,PENG Q, et al. Assess~
ment of sugar components and genes involved in the regulation
of sucrose accumulation in peach fruit[J]. Journal of agricultur-
al and food chemistry,2016,64(35) :6723-6729.

SO BEPRI, W 0, A5 PR S F i R A LR A L
PRI Al 0 P ) AR AR [T Bl 2227 41, 2001, 28 (2) : 161-163.
WEN T, XIONG Q E,ZENG W G, et al.Changes of organic
acid anabolic enzyme activity during navel orange fruit develop-
ment [J]. Journal of horticulture, 2001, 28 (2) : 161-163 (in
Chinese with English abstract).

CANEL C, BAILEY-SERRES J N, ROOSE M L. Molecu~
lar characterization of the mitochondrial citrate synthase gene
of an acidless pumelo ( Citrus mazima) [J]. Plant Mol Biol,
1996,31(1):143-147.

LIU X, HU X M, JIN L F, et al. Identification and transcript
analysis of two glutamate decarboxylase genes, CsGADI and
CsGAD?2, reveal the strong relationship between CsGADI
and citrate utilization in citrus fruit[J]. Mol Biol Rep, 2014,41



132 LRI I NI <3 4 843 %

(9):6253-6262. i P 3% R SRS BT A BIF 5 [T ] Y070 Rl R 2741, 2000,
[31] A& MRPERE . FEl 20800t A i 7Kk 23 4 [0 ], e b 25 2R 22(1):70-74.HU C S,ZHAO S D,XING W Y, et al. Study

F§, 2001 (1) : 21.CHENG D L, LIN X C. Water control in on influencing factors and fruit quality evaluation of "Good

horticultural cultivation[J]. Northwest horticulture, 2001 (1) : Place" green food citrus[J]. Acta Agriculture Universitatis Ji-

21 (in Chinese). angxiensis, 2000, 22 (1) : 70-74 (in Chinese with English ab-
[32] AR BUEAR R — , & I by 6 £ R ARG ot B stract).

Effects of facility cultivation on fruit quality of
‘Cocktail’ grapefruit in Hubei Province

HE Chenfei'?,SU Fuyuan®, PANG Zaihu®, FANG Linchuan®,
PEI Xian’, WANG Yan*, LI Changlin*, LIU Jihong'

1.National Key Laboratory for Germplasm Innovation & Ultilization of Horticultural Crops,
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Wuhan 430075, China;
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Abstract The differences in fruit quality of ‘Cocktail’ grapefruit between the mode of facility cultiva-
tion and open cultivation (CK) were studied to improve the quality of ‘Cocktail’ grapefruit in Hubei Prov-
ince. The results showed that the single fruit weight, transverse and longitudinal diameter and fruit shape
index of facility cultivation were larger than those of CK. There was no significant difference in peel hard-
ness during fruit development. There was a significant difference in peel hardness between facility cultiva-
tion and CK from 227 days after anthesis. Facility cultivation significantly increased the content of soluble
solid in fruits to 10.43%. The content of titratable acid and V¢ in facility cultivation was higher than that in
CK. The results of GC-MS analysis showed that facility cultivation increased the content of sucrose in
fruits to 49.63 mg/g. The results of real-time quantitative PCR analysis showed that facility cultivation in-
creased the content of sucrose in fruits by upregulating the expression levels of CsSPS2, CsSUS2 and Cs-
SUS4. Tt is indicated that facility cultivation can improve the fruit quality of ‘Cocktail’ grapefruit.

Keywords ‘Cocktail” grapefruit; facility cultivation; fruit quality ; sugar and acid
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