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Effects of Dwarfing Treatments on the Appearance and Storage
Quality of Banana Fruit
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Abstract: Objective: This study investigates the effects of dwarfing treatment on the appearance and postharvest quality of
banana fruits. Methods: The experimental material used in this study was 'Guijiao No.9'. A dwarfing agent, primarily
composed of uniconazole and potassium dihydrogen phosphate, was dissolved in water and applied to the roots. The banana
seedlings undergo their first treatment with the dwarfing agent when they reach the 18th leaf, followed by a second
treatment when they reach the 23rd leaf. The fruits were harvested once they reach the desired level of commercial maturity.
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Fruit appearance (peduncle length, fruit finger circumference) and postharvest quality, including peel color (value L', a*, b,
C", h"), fruit hardness, respiration rate, ethylene release, soluble sugar content (fructose, sucrose, glucose), and organic
acid content (oxalic acid, quinine acid, malic acid, succinic acid, V, citric acid, fumaric acid) in the flesh were taken as
reference indicators to study the effects of dwarfing treatment on the storage quality of banana fruits. Results: The peduncle
length and finger circumference between the dwarfed group and the control group showed extremely significant differences
(P<0.01) and significant differences (P<0.05), respectively. Under the storage condition of 22 °C, there was no significant
difference in peel color chromatism and firmness change between the dwarfed group and the control group. After the
climacteric stage, the CO, and ethylene production of the dwarfed group were higher than those of the control group, but
with no significant difference. The malic acid content in the fruits of the dwarfed group was lower than that of the control
group during the entire ripening period and reached a significant level at maturity stage 3 (P<0.05). At maturity stages 4 and
5, the succinic acid content in the dwarfed group was significantly lower than that of the control group, with extremely
significant differences (P<0.01) and significant differences (P<0.05) were observed, respectively. The quinine acid content
in the dwarfed group was significantly (P<0.05) lower than that of the control group at maturity stage 5. There was no
significant difference in the content and trend of glucose, fructose, and sucrose between the two groups. Finally, at maturity
stage 7, there was also no significant difference in the sugar-acid ratio between the two groups. Conclusion: The dwarfing
treatment reduced the peduncle length and fruit finger circumference of Banana 'Guijiao No.9' and altered the metabolism of
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some organic acids, but did not significantly change the storage life and eating quality.

Key words: ‘Guijiao No.9’; dwarfing treatment; appearance traits; ripe characteristics; storage quality

7+ #£ ( Musa acuminate AAA group, Cavendish
cultivar) J&) PO HE SR R AP ARSI L =z —,
FAET LT PEARRT A BT B Rk RIS 83U E
IEZ Az — BRI P AR AR
SR R A ES AN, Mg 9 SR LA
ZRARRR R LT WK, B PR R R, )
H AT B2 AP Z=IR & A AL R, (B A R
FASSUR, AEARREE m O, ARG, b L SRR
PMERE R, 5 UEE H SR U XU, HH A B G,
HTPATEAZ . PN REAEARIS R S B2, X REAIRA:
FERAS, YRR XU, HE S AL AR Y H A B
X 5F SRR L, SRR T s SR e
GG, TR R A CE T LS
Z, MIMAERIFER AFIZE Y IR RIIE LT, s
GrrrE S TR . BRI TT RS R .. B
(AT TR AT =TI LSS TN iR SO W A = Ly 2]
LGB pAb, A B S I F A AR B b Ek .
SRR, TR . 2505 | 45 H A S,
BRITATE AT AR, TREZIRAGH . SRR AR
XA R AN = AR T,

SEALT AR Y AR PR R 0 —Fh, & R
FIA 2R L 250k | IOl T LG R 85— Fh ek 2Ry
HA, BT RN 245 T 0] FE . HERHZERF L I
WA R A AR VEAR R AR B SR PR
SO BBRALTIAUBAUAEERR, [RITREAS IV EY 52
P HLAL T T, AN 22 soms A B2y b 1) H S5 SR e
FEEHEY, N AR S g R 1, B R T IE
HARINS 2l S, 4 2 P s AR 0 AR s U,
TGRSR SRR AN Y 8 REI AR ITRI X AEY
A S AN AR [A], S0 B AN fif FAS [R) kB nd 2t 2R
i Ze s iR A B ) H SEAR AR, 455 FREH 300 mg/L
2O R SEA SR TR A s 222050 AL SEASA S T ASARS 1

AR R BER RN T ARG, R ZR AL e B 4
PR K RERT, ST FH AL i i AR 1
oA EN LR, EINSNE ) IZ IR TSR, BisE
SRR A HEDE, B AR PLIR . nT s & A
LB T SR R AR L B, SR R RS
TEAN RIS S A X B A S 28 it IO S RS M) 7 T,
HRJEE 14 2 M5 1) B 25 v WA I L T AR < g R
TR RS BRSO RS ek, 41 B
SR BEIS A, B SOCPEALE AU mkE CO, i
T2 2 a MREMRT S SR 2E 7 T, B AL R
SRR P AR G P 9 23k, 2T S S S
T, 2 i v SRR () R O), AR AT 1
B BCRNRRA SN LA AT T Z B A SR, ey Fvks
AR, TG P, AR SR 2R Y R A
SENLRI A3 T — a2 R Y R

H T2 A A FHRXCT 5 A ARSI U580 i JO PR3 M A 5
H AT AN Z2 UL, AR S50 FH A WA AR, T s
ARAD B T AL A UL L K T 280 i S i (R, AF
FEGEIRNS TR ARAE A e v HA &
1 FHFITE
1.1 MRS5E

TR SR A PR BT S S, S A
FfE 9 B, FAET T 2020 4E 10 H 24, S2UGTH AR
120 17, #&1b2H 60 w1, X HRZH 60 ff; &fkl W)
PHE R LB A BRAS AL 45 0802, 2 pli sy
AT RO R TR — SC s SO . TR . A2 . B
TR SERRR . BRIAMR . V. FrERR . LETH R AR AR
HESE T YRR AT R F AR 1y
FRIEERHERRAL 28 FR A F

HP-200 ¥4 224 T AR =BT eeRt G
BRAE]; CT3 Bt SEETHE) K2 ] ; Check point



- 310 - £ Tl B4

20244 7 A

3 TS SARSTHTAL FFEZEREFR 7] Agilent 6890N
AT SEEZEHEORHE A IR |]; LC-20A 5
ROWE AR 354X . ELSD-LT- II 25 & G #% . SPD-
M20A S FAIKIINES  H AR EYA A &S i
M RIEAR RS BT A AR A BN F] 5 Ultimate AQ-
C, g TitE AR (i) A BRA .

1.2 EWHE

1.2.1 FAEBACA B R w55 B ie7iE T
2 LKJSHEAR, X Bt FHAF i /K . HFAET K 25
18 FrihEsHe IR AL IS8 — IR Bk, K E58 23 Hritast
T RIEAL, IR 0.25 g/bk, AL R 4Oy
R 2.65 m, X} R 2395 S 3.10 m.
20214F 7 A 13 H 835, 2021 4F 10 A 12 H Rk .
SR A K T AR — B A S AL A BRI HE SRR o
FEHLLERE = AR L 7~8 A0 IS, RIS e 5,
G BRI I 37 R i2 3% 00 EE . I hiE veSe . SBR
W . RER R/ NS, e BTCR B . JCH LA
it FEFS, 7E 22 °C, RH 90%~95% HIFEE FIE7HE, 4%
AbLH X FBLH A FE S 3 IR Bfbdidnic oy T, X8
bRich CKo

1.2.2 BAERIX 5y 208 Stover 25 (k. #%
T AL 2 N G- Y B 4y SR 1~7 36 7 A il A
Do ENED R IRBCUNR 2 1.

Rl HE 9 T ARIMEBAR GO I KK

Table 1 Days corresponding to fruit ripening class of
'Guijiao No.9'
45 1% 2% 3% 4% 59 6% %
CKA 1d 6d 24d 29d 30d 31d 32d
CKB 1d 6d 24d 29d 30d 31d 32d
CKC 1d 6d 19d 24d 29d 31d 32d
TA 1d 6d 24d 29d 30d 31d 32d
TB 1d 6d 24d 29d 30d 31d 32d
TC 1d 6d 19d 24d 29d 31d 32d

1.2.3 R ENE hTEEREA L TAER,
PRI T A RS AR AR 2R A AR R, 3 A I e Ak
FRMA] e/ NI R REFE AW, nTAS R T LA B
AR EsZm o RS RIS SN A 1R,
X} 52 Sk AL RN R AR B0 A — AR R (B k4
T1. XFHEZH CK1) FNEE /\HAEHE (BR1bdH T8 . XTHRLH
CK8), fabs 3 ~E 4, 5F — i E S I & 10 1R,
5/ JUAEENE 14 2.
1.2.4 FEFRFEMGE 0 a0 Hhdse k) BE R Ab H ]
f/IN—HEAEFR I RS, PTAS SN HEAAR A RAR X VI
Do Rz UM AL S 14 SR, X G A B AL R
M LB S — AR HS, B A A R S i B
Ab, FRANEE 3 ANEEE, FEEN 6 HEETE
1.2.5 REEiEaE SRS IR R RR R
HUSE v, & EHEET, K/ IN—, DRI i S 9 1 A
EprrEe YRt Y N N Sl e G UL N S Ty E =

{F R o PEFR e (22 | R | PP . 2R AR TR
FEPREBCRED &, 22 B AT 3 N, AR
I 3 TR, =08 Pelayo EPY 1977 s, AL S
LME. aH. bH. CMH. h'H. LMEARERKIER R EI
Lo BH B B, L R R 10 I B (o s, N0 HH B £,
AR ; a (EARRLT A ai et ) R R, o (ELIE UL
BHER (AR ET., £ 4501 W B e m st s &7 (EACER B (o nli ik
) JoR B B, b T 08 I B 6o 2, 7 50 A Bt
O CARF O EE, TR0 R = (R R e, iy
FIREBRAIS, AR IIR ; A (B R A, 23T 180,
B (el a7 2%
1.2.6 RECMEREM G BANIE 3 4L, BE A
3 AME . FERE ST T AT SR R SR, FERE A
TENS JAE b I 3 = e 5 PR Y s i 4B =X, RSk 2R
TAA41 B JE 3R Sk ofe i) i SR S i 5 o 0 i 33 3Ry
2 mmy/s, PR ZBE Ty 2 mmy/s, )5 35355 T %
—30 MR EE N 1 em, (SE=EBIFEA 5 s; BiRae sk
oA 10 pps; il & AEH R 5 go BUMEEGE R H 3RAS 10
FABNE AR TERE, 2R g
1.2.7 SRECPPUEHRMGE PR AR FH 3 RE
TRAER 3 AL, AREEW 3 ME. #EE 3 RETS,
25 °C FET 2.5 L &, M in et — A bk
FORFLST L, 1 h 5, I a2 28 1k B — S A Ak A 1A R
P 33 3R BRI R 23 =R
([CO,It; = [CO, It) x V
100M x (t; —t;)
Forfr, Reo, A8 2 & Ak ik A= Al 19 3 %%, mL/
(kg h); [CO,]t; Fl [CO, ]t 53 SR i (143 s AN 2
TEBF AR AR TS E0, Yot FIT ¢ 43 S ER I 4
B AR AN BE], hy V2B &0 A AR, mL;
M SRR, keo
1.2.8 RPN RS 2 TR0 I a2 SR
JHERER: . A 3 A EE, BEEN 3 MME. ik
B3 N#EHE,25 C TEHET 25 LEHBE S 1 h)5
b A= N 3 S SN R S S R i A A R E SRl =
(30 mx0.53 mmx=0.25 um), H#EH 80 °C, #HA ANEA
S(He), KIAE FHRMZS (FID); {6 180 °C, #EFE
MR EE 150 °C, 2 Sy 30 mL/min, ZHEFE{ARFH
0.5 mL,
VAl 7 2 e AEh 1 B /N W =
ifvxx; N e))
Hrp, NfUERGZFEMN MU BE, ul/L;
H SR EETH], hy V AR B NS TRl R 2R 524
BRI SAAAT], L
1.2.9 REAEMEESENE TR S ENE
FriEZ IR ERR GB 5009.8-2016 £ v %2 4= [ S bn i
B AU AR . R . 2220 ZLEEAYIE )-

Rcozz ﬁ (D

LRI (uL kg -h) =




45 % 55 14

SRS, 25 TR PR A A ARSI MUY 58 ot S )5 <311 -

B RCRAH AR 36T, B 3 NEE, A
EEW 3AMEH, RS KA, AR 40 °C, i
BhAH A 2 : /K=70:30, FHiiE# A 1.0 mL/min, #FFEE
20 pL, EEFLAIEE 80~90 °C, BERTE] 30 min.

M AL 9 5 I PR T PR A W TrT R,

FZHIERR GB 5009.8-2016 & L4 E AR &
i P SR AT AR . RENE . 22 200 LB e Y
R AR AE I £ H A 100 g SRR FR AT Y
T,
1.2.10 REHEVIREEINE  BYLR S =N E 5
ZHREAR GB 5009.157-2016 B G224 FE FARvE &
A TP AT HILIR PRI S ) - e SRR Gk PO AT I
XS AR DU | 5F FNAESR, A4 3 R
B, REEWN 3AE.. = OS5, AR
40 °C, FLshAHN 0.1% BElE : H =97.5:2.5, il A
0.8 mL/min, #EAE & 20 L, 22 40K I 25 % K N
210 nm,

3 3 AR TGN AT A2 9 S SR AR vp
AHHLRI TR, -2 ERR GB 5009.157-20164&
e A E FRARE B i A LR AT 2 Y R B R ifE
HHZR B 4T 1 kg SR P HLER I A
1.3 B

it Excel 2013 34 78@E 933, it Graphad
9.4.0 A TEHR AT &L | PrEIE L il R <2 45 5
AT 2 WP . SR t A5 ik, P<0.05 3R
INZESF R, P<0.01 FoRZEF
2 HBRESH
2.1 BAAIERTHEE 9 S NI EIR N
2.1.1 B BEXTEF RN E sEm SRR
PerE T F AR S A R A it iz T, SRAN T,
SRR R R S A . FRIE 1a AT, T1 SRR
AL INT CK SR 1 P 40, T8 HRARE
By /N CK8 SRANK B 2. CK1 Al
KEAE 23 mm LB RES, T RN K EAE 19~
22 mmZE A EEH, CK8 AR K ELE 30 mm /&2
FECAEET, T8 AR K ELE 25 mm ZEA 5,
MG AT AT LAE H SR A2 AR 3 HE X BEZH A
KEE ., BE b &5 T1 2K ESFHE DT
CK1 AR B MH, P 25 508 B0 b 35 /K F
(P<0.01); T8 JRANICBEFIE/NT CK8 RANIC L
PIE, 3 2 TR B R K (P<0.01) o AR$E -
O, SRALLH RS HE L SR K B 2E R
2.1.2 FEALACIRAT AR R e AEFR Y A
KT DL B 2 R S M am A B .t B 2a Al 5,
T1 AF5 B NT CR1 AT AR A2,
CK1 ZEFE AR 11.20 cm e NHEH, T1 2E45)H
KAE 10.70 cm F1 11.20 cm 2458 8+, Wit
DRI LLUE HY BB A A MR iR 25 38 S8 K LL X B MR A2 4R
FIK /. BE 2b #5350 CK1 248 B KSE I (E R T

a 401
30+
g g ()
W
®
101
0 T 1 1 1
CKI Tl CK8 T8
b 40- o
*% I_
30+ | T
g T
g i
20 - Al
W .
= .
B 10+ -
0 -
T

CK1 1 CII(8 T8
B SEACAURT BN K BE 23 A (a) SR IR LA (b)
Fig.1 Comparison of the approximate distribution of petiole
length (a) in the dwarfed group and the control group and the
mean value of plantain petiole length (b)
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Fig.2 Approximate distribution of plantain finger girth (a) in
the dwarfed group and the control group and comparison of
mean plantain finger girth (b)
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Fig.3 Appearance of banana fruit during storage in the dwarfed group and the control group
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glucose (c) with maturity grade in dwarfed group
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acid (g) with maturity grade in dwarfed group and the control group
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