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Effects of Spraying KH,PO, on Cell-wall Metalbolism of Pericarp and
Pitting Fruit Rate in Navel Orange

LI Juan'?, LUO Wei-jin’, CHEN Jie-zhong™", YAO Qing’, WAN Ji-feng’, and HUANG Zhan-wei'

('Department of Horticulture, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China; *College
of Hotirculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: Based on the different incidence of pitting fruit, two navel orange cultivars ‘Cara cara’
navel orange (Citrus sinensis Osbeck ‘Cara Cara’) and ‘Newhall’ navel orange (Citrus sinensis Osbeck
‘Newhall” ) were used to research on cell wall composition, related enzymes in cell wall metabolism of
peel and pitting fruit rate with the KH,PO, foliar application during ripening. The results showed that the
difference existed in the peel thickness, hardness and homogeneity between ‘Cara Cara’ and ‘Newhall’
navel orange with the KH,PO, spraying, the pitting fruit rate of ‘Cara Cara’ navel orange was significantly
decreased. There was a few effects on cell-wall metalbolism and pericarp character in ‘“Newhall’ than ‘ Cara
Cara’ navel orange, and there have no significant difference in pitting fruit rate of ‘Newhall’ between
KH,PO, foliar application and control. The decreasing of polygalacturonase (PG), cellulose (CXD),
xylanase (Xyn), and peroxidase (POD) activities maybe low the decomposition of protopectin,

hemicellulose and cellulose, increase peel hardness and thickness, low pitting fruit incidence.
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JUT- A M AR St R R R S B R, AR I B IR SR R AR AR R (RS 5%, 1999,
2002, 2005; Brower, 2004; Z=45, 2006, 2009; Z=45 %%, 2008, Lietal., 2009). fHifFAIRA K
AR R ETIRR I, R R R 2R, R JE TR CABIME AV S, 1995).

AT R BRI R AL A TR ik, SRR IR 2 840, Gk e R B e, Hikt
AbFA R R ks, FEAMR G M. TR E IR SRR R B R A, R
PUE IR IR — AR BRI R e AR B (VP EAE 45, 19945 Bower, 2004). BHEEAERFAH M=
BIEIRRNE R, Aoy 24, 4 M BE G (R 40 M sk Be it sl ) (LA™ N, 2003, 7403+
HTWKEZ, Tk ™E, UK, SR, fERIz (HKR &, 2004; XA %,
20100, 34t BRI v] fdf S S P e I )=, S A BN K I R a8 g, AN 5 52 R 5% AR . ) it
FHBRAE TT AR IS Je S, s R B il Zdge ), DR AT (Alietal., 20000, fEHHLE S5
R, JUHIE R dhhgmins s BN 78 2 R AR (RN, 2003), . PR & E 5 R 904K
KREZYIMIK EFFE, 1994; Quinones etal., 2007).

KT KHoPO, 5 FA IR R DL A S AL R 4 i B 4y S AR PR E 80D o BRASJBAE (2002) FH4=15
(2009) FAIWFFT BRI AR SR S SCA I REP . KOT 3R & i S MR SRR AR B UIAR G BRI, 70 S s
S FUKH, PO 4 b FE AT ARG SR Bz 40 M BE AU I 521, IR AR /S . PRG35 A B MG RSk &5 i
IR SR R AR BN, o] o AP L7 B AR B SR R R 2 e

QY VR RS DARES

1.1 e S R R

ISR AR i e BRI R R b 24T, bl H e v b, T DX S AT A A B K-
L EBEKIER, BRI, TEHASRIH 3, o iE R 8 AL Al R
JF#E& (Citrus sinensis Osbeck ‘Newhall’) HI ‘~f7~$7” JiE#E (Citrus sinensis Osbeck ‘Cara Cara’)
%20 Bk, M 2008 =9 H 29 HIF4, BERE 10 dififr—IRFEIRRR . A T8 X RERRM i fr
AR (C MBAIRE (Co) AT I, PRER . BIRAEC) (%) = (C,/C) X100. &K
vk e FE RN BR A IR S

12 KRZmAhmE &Ik 7%

2008 4 8 H 1 HAFI 15 [t 41 4 Je e A 247 259 JBF R8s (1 Rk R0 SR Sk AT /K OF D R e
(0.2%KH,PO4) MM ALEE, FEANAEFE 10 #ko 78 FSE I & AR FERA IR R A (k] B
2008 49 H 29 H—11 H 19 H, & 10 &RAF 1 IR, RHRRR 4 MF FERE </ iadt 4 A5 m
B AR, BRSNS S S JE K, PRI ZE K g, KA R AR
TCLF IR AESEIB . BRI AR R R, DI/ (KT em x %8 1 em x JE2 em) A/, -80°C
AR, & T &I

R R A =FRAF (Mitutoyo) A= [WBKB R R R (35 500-673) Wi, I
AR RN YIT . PR AR . SR Al R A 55 [ 0 RE B | A P I Instron5 542 74T £ 2
TR ERRIR LI E, MR, HAKN 8 mm, BEHE 4 400 mm - min™, FEAN RS
ANTFRBAEIN 3 Ko T RN B (R e R 2800 e vk, Por s il e SR AR S b B9, K (il
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SE R KIEC LT CE- g, 2000).

PEEUFNIN 5 J J 20 o BE) it (CWMD (Siddiqui et al., 1996); 5 5 B 40 o B 22 58 24 R e R
fiff (PG) (Pathak etal., 2000). HIZFEHF (PME) (Hagerman & Austin, 1986). £F4E 2 (CX).
ARG (POD) R Z WYLl (PPO) WifTE GROEAEFIE B, 20000 SR 40 M ¥ e oy AR
FHOC BRI 58 43 M B 3 IRICE I

FIT A $din 41 Microsoft Office Excel Al SPSS 73 M1k 4G5 1T 43 4T o

2 R ET

2.1 KH,PO, A3 % B 48 P TR SR R B 2 M

HAR AT R hr R 7 85 55 41 fap 7R i FEE 25 | o R4 Cara Cara
;EK@E&E?MT&B@’E%EE@KW ( 20t = H{if /R Newhall
1), 9 H29 H%E 10 H 18 HRRHr-EHrbaiRH \

15

w10 R RIBR R B WG, 11 340

BT 3%
Pitting fruit rate

WORSR R AR 1%, YOI R R RS R T S
2 TR L2 T 0L AR RS BRI PR 1 .
- —I’
1 RS R B W K H, POy, & SR 00-29 10-08 10-18 10-28 11-09 11-19
PTG, BB B o H=H N-D
FFRAR 14%, 1AL 2K TR 1) B IR AR 20 A % B 1 Fi-E RN R R R & RN T
& (1) Fig. 1 Difference on pitting fruit rate of Cara Cara and

Newhall navel oranges

F 1 KHPO AR+ W FHEFIAE RETHE A FHIPRRREMNRME (2008 )

Table 1 Effects of KH,PO, foliar application on pitting fruit rate of the Cara Cara and Newhall navel oranges

il Cultivar AL P Treatment IR /% Pitting fruit rate
KA Cara Cara %fH# Control 34.10+7.00 a

KH,PO4 20.12+4.10b
414 /K Newhall Xt # Control 7.23+1.01¢

KH,PO4 8.07+1.03¢

: 2 DMRT U5, ANFE/NE FRHMURE RIS B# /KT, P<0.05.
Note: DMRT test in table 1, different small letters means significant difference at P < 0.05 level.

2.2 KH,PO, Ab38 % fif 1% SR R FHsE E RO #20

ML 2 MR 3, AL KB SR B A0S, i o SR B T ) SR B BB T SR B 5, I HLASUA
P AR, DR R BB B BHII R B TSR 2 S K e A 2K IE R AR T T 2R 5 P AN
M 10 H 8 HIFFMGFAK: Mi-RB-RAFREN 9 H 29 HiE CHFE PR PR R & (9 H 29 H—10
18 HD 5 R BR AR BN N A (B 1

FER S RKINBURKHL PO J5 > 53R R AR 5 9 1 -5 o 1 52 P32 35 S =5 8, B i 2R
J3Z (1R J5 JSERIVARE JSE B39 {08 2 /I B I L 2 P Jo PEE ARV 52, v FLLBFS H P o 2R Bl 8 158 22 S 4 /05 0L p Z T
KH,POLAE P A B FH IR B 5 BEAEE M A 80, (H5 0 Ry 2w (3R 20
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® FHiFHFAT Shady peel of Cara Cara ® RH.FHiFATE Shady peel of Cara Cara

9 o T FHifHE Exposed peel of Cara Cara 5 o £ FHiFHE Exposed peel of Cara Cara
3 a AT/REAE Shady peel of Newhall a AT/REAE Shady peel of Newhall
; & ZIH/RFHTE Exposed peel of Newhall « . 4| A ZITE/REATE Exposed peel of Newhall

w3 O " 5

o S 5 Bo o3

N g 28

B’ A 4 BR
3 2
2
1 L L L L | 1
09-29 10-08 10-18 10-28 11-09 11-19 09-29 10-08 10-18 10-28 11-09 11-19

H—H M-D HA-H M-D
2 FRFRFRMAT REEREEET LML 3 FR-FHRBTE AR R AP E R R T B
Fig. 2 The difference in fruit peel thickness of the Cara Cara Fig. 3 Difference in fruit peel hardness of the Cara Cara and
and Newhall navel oranges Newhall navel oranges
F# 2 KH,PO A FHFhFHEREEEMEE R (2010 - 10-08)
Table 2  Effects of KH,PO, foliar application on peel thickness and hardness of Cara Cara navel orange
7 JEE/mm  Peel thickness WA f/MPa  Peel hardness
AP pogi
Cultivar Treatment Rl FH it Wit P i
Shady peel Exposed peel Shady peel Exposed peel
R$i 47 Cara Cara %J L Control 3.50+0.13 ¢ 3.90+£0.20d 2.06+0.23d 278+ 028 ¢
KH,PO4 4.58+0.03¢ 525+£0.02b 2.99+0.12b 291+0.13b
A fai /R Newhall %t B Control 540+0.10a 5.60+£0.20 a 3.01+0.10b 320+0.14a
KH,PO4 545+0.16 a 5.70£0.14a 326+0.13a 330+£0.17a

TE: % DMRT W%, AF/NGFRHMCERZE I8 BE KT, P <0.05.

Note: DMRT test in table 2, different small letters means significant difference at P < 0.05 level.
2.3 KHPOALEMEFEBARREN. P. KEEHFMN

FEFGIRA A 3Y], ARBEATKHL PO AL B IR B IR AL et A by ol 3 2 18- B R SRR ol i AL 4y
IRIBFREAR B NS PR E W 2258, MK DU A FER R R b AL /R A A iy (3R 3D, Ui
RRKE BAEB R R A BT Ree ) MPEH .

LR R R GRS AR R S K H, PO et e, AEBAIRER i AL R N Kb
X TR, PE R SRS REFE =R (R3) .

£ 3 FHFHFEMAGTRBRREN. P. KEEHER (2010-10-08)

Table3 N, Pand K contents of peel between Cara Cara and Newhall navel orange / (mg - kg
guff Cultivar Kb Treatment N P K
“Ef- 47 Cara Cara X # Control 9.98+0.13b 0.76 £0.04 a 5.67+0.13¢
KH,PO4 10.81 £0.09 a 0.81+0.06 a 7.54+0.07b
1757 /K Newhall X} Control 10.23+0.17b 0.75+0.03 a 746+0.52b
KH,PO, 10.95+0.03 a 0.79+0.01 a 8.56 +0.08 a

e %14 DMRT W%, ARVNEGFRRERZERE BEKT, P<0.05.

Note: DMRT test in each column, different small letters means significant difference at P < 0.05 level.

2.4 KH,PO AT X3 B #% R 2 HA 5R Ry 2 B B2 A 42 BY 52 M)

241 FEFEAALT RFAEA . 8RR A Rt i
RARLR BB L B R A R JFUR I . PR M e R S R W 25, DARH T 2R 2
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s AL R IFERER S BH TR B A4l JBE FUR S . R T RN R SR 2 R iliA RS R4 .
AR R O TR B AT A R R S v TR, TR R R B AN AU, D TR BB
TR A JEBA B 2R B 40 L BE 1 73 72 S LA T R IE RS IR K, 5 5 e SSCHE R B A B s i AN 24 5
Jrza e ZE A KA S IR R 0 A A

F 4 FHFNFEMAEREEE. AEREARERSHER (2010 - 10 - 08)
Table 4 Different contents of cell wall fractions in peels of fruit shady and exposed sides on
Cara Cara and Newhall navel orange

AP H AL SR A% FAYEFE /% Y%
Cultivar Peel position Protopectin Hemicellulose Cellulose
JF7 K+ Cara Cara BHTH Shady peel 0.45+0.08 ¢ 1.54+£031c¢ 51.02+2.36b
BH T Exposed peel 0.63+0.05b 2.96+0.46 b 60.05+1.25a
2147 /K Newhall BH1f Shady peel 0.97+0.09 a 6.54+0.17a 6232+126a
BH T Exposed peel 1.05+0.07 a 6.26+042a 61.17+1.13 a

s [ —%12 DMRT %, AR/NGFRMUERZE B BEKT, P<0.05.

Note: DMRT test in each column, different small letters means significant difference at P < 0.05 level.

242 KH,PO 4L B2 aF Firtes RK 4m 0 EE s 0 55 o)

M5 BT, FERAIR AL i R AR BEATKH PO LT it (1) I 46 S R SRR . PP 4P 4 =
B MBI S 5 A Al g R IBERE R iy Ay R IR PG PR AR SR T B 5 SR R IR AP R R
e T MK T SR 5 40 FR R R L o P A K

KH,POL AL FERE 2 2 W IR P R A A R S R BT e RN R . HPaERos
(1R 35 Aol SR B 400 2 K B 0 R AL B A M st B ) 386, 2 4 3R TR M It 3 KT S R A R R (1 il
FBUHIRAE ST, (RIS R BEAK . 1TTKH PO, AL B Ji5 2 a7 213 J5F R SR 1z 400 PR e o 1) 5 e s A 184
HRERIEBEFEEZ R, X EKH, PO B A B3 PRI R AL R i R 2 —.

£5 KH,POMEM-FH-FHBHEAR REHERRAMEHSHIEE (2010 - 10 - 08)

Table 5 Effects of KH,PO, foliar application on cell wall fractions in peels of Cara Cara and Newhall navel orange fruits

A sl TSR/ % LT HR /% LTYER/%
Cultivar Treatment Protopectin Hemicellulose Cellulose
E$7-E$7 Cara Cara X} it Control 0.54+0.02 ¢ 2.25+0.08 c 55.54+£0.71b
KH,PO4 0.63+£0.04b 5.93+£0.08b 62.17+1.27a
21455 /K Newhall X Control 1.01£0.07a 6.42+0.39a 61.75+1.81a
KH,PO4 1.12+£0.04 a 735+0.47a 6227+1.25a

E: [7—51%4 DMRT 5, AF/NEGFEAURZERISLE K, P<0.05,

Note: DMRT test in each column, different small letters means significant difference at P < 0.05 level.
2.5  KH PO A 3t 48 A FAHA SR B 4R AR B2 X i1 4R X BB TR 1 Y 220
251 FHEFIA @M RFAED . Fa D R a0 I AE KSR K B M 6 P

W& 6 Prow, Al R IR B S BH i SR B A M e B 1 R AT fw o v 2= 5 ASh, Al i 1 2
AN o RIS SRR R TR I L H IR B A ZRBEAT B - - U S R L
T AR S L 2T 4 3R AN R FHY ) LA BH TSR 5 v, mT REEAL DAy IH T 2R B 232 D JRE
Z TR AR B, o mT RE I B T R B 20 L s e 4 IR B I e A P P88 /N 5 Js PR T R, A I T 2
FOREJSEARFBHIIER K2 (R 2D
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& 6 FRFRBHENAR R, FBEREAMENIGIEREEE (2010-10-08)

Table 6 Difference of enzymy activities in peels of fruit shady and exposed sides on Cara Cara and Newhall navel orange

o . JEe/ EaRA i B - PFUREFIEE A ERRE  ARbERE/ ISR/
FII‘IA:E[:J %&Hﬂ{l I -1 R | . ST | RIS | [PTRS
Cultivar Peel position (pmol - min~ - mg) (umol - min” - g") (mmol-s” +g") (U-min" -g) (umol-min" -g ) (U'min" -g")
w P PG EC B-Gal PE Xyn POD
R4y i Shady peel  4.16+0.01b 17.99+0.32b 3.48+0.11a 1441+£0.07b 88.40+291a 61.00+0.28 b
Cara Cara  [{{]fij Exposed peel 4.83+0.12a 18.94+0.13 a 3.43+£0.06a 16.03+£0.11a 92.58+1.17a 70.56+1.39 a
A faf /R B1fl Shady peel ~ 3.46+0.02d 13.31+0.10 ¢ 3.23+0.08b 1123+021¢c 7453+2.36b 52.97+1.26¢
Newhall T Exposed peel 3.85 +0.06 ¢ 13.50£0.27 ¢ 3324006b  1143+£029c 77.54+123b  5549+133c

s [ —%12 DMRT %, AR/NGFRMERZE B BEKT, P<0.05.

Note: DMRT test in each column, different small letters means significant difference at P < 0.05 level.

2.5.2 KH,PO & B2 af e R K 4m o BEARGHHAR K Bl & b 69 %5 v

REKH, PO, WAL IFT = hr R hr AARr R IR SR B v 1 4 22 Wl AR - P FUM s M 2
ZEr, MARMCHE . R IR . ARG oS P LR R R R R A (R 7D . R
R RS B R R v (R S . SR R TR P A SR R ) DR B s A A R A T R R
o PRIk AR A B T T BRGNP RE (R AP e, A PR £ s 5 s (PR SR BTG PR Ik T 4T 4 3=
(PR, BRI R S (R R

KH, PO, AbBERE W & PEAIC R PR hr b SR B R SR s . 2P e =il SRR TR . L S il s
PEs EXS A fr R R AL ER I, LR BRI . £ o R R (0 PR 5 A, A RS Tk PR N
B R o W, £ FKH,POKIAEIRTS R P7 R Hr s %7 5 R K s 14T 4k 22 f0
B BEE T F BARG, 7 40 R i 55 AR, P R DRSS SR (1) 2 M e

R 7 KH,PO, SIS Hi-F BN AR/R B R R RS R 48 X BEE £ A2 (2010 - 10 - 08)

Table 7 Effects of KH,PO, foliar application on enzymy activities in peels of Cara Cara and Newhall navel orange fruits

o P SRR/ AN B L Eray  URTEREY O ARHEE R Ea7) [

A Ab . B L a4 L L S
Cultivar  Treatment (umol - min™ - mg~) (umol-min™ -g”) (mmol-s” -g’) (U:-min" -g") (umol -min~ -g”) (U-min -g")

witva catme PG EC B-Gal PE Xyn POD

RhiRAL X Control 4.49+0.02a 1846+ 1.16a 3.95+0.0la 1520+£0.02a 10949+1.81a 65.78 £1.09 a
Cara Cara KH,PO, 3.53+£0.04b 15.51+0.64 b 334+0.0l a 1280+0.01b  88.89+1.16b 43.89+0.02 ¢
4141 7K Xt Control  3.48 +0.06 b 18.00+0.58 a 3.58+0.37a 11.33+0.12¢ 76.54+2.80 ¢ 5423+0.80b
Newhall KH,PO4 3.15+0.12¢ 17.32+0.13b 3.55+046a 11.17+0.15¢ 76.30+2.18 ¢ 50.10+£1.39b

s [W—%12 DMRT %, AR/NGFRMGERZE R BEKT, P<0.05.

Note: DMRT test in each column, different small letters means significant difference at P < 0.05 level.

3 e

AWFFORI: PR IR 1 = PR R SR, dlar R IR 8 TR IR R b, 7EFRIR R
R, Alar R TR B T SRR PR R B R LR 5T B SRR T B IR A A R R R R BT RS,
Rz R IR 7 R R A () B TR T A R A, BRI R K T AL AT R R, R R R
PERA BRI Bz J5 B A B AN Sy el R e i B R AR R R 2 — . X5 € REE (1994) 7E4L
VIR B e R —2, Wi, spbk e R ALR L G IR = 2R R . Merrill (1970) 1A A L
BEAR T R etk S8 T MR R R A

MAIREPG. T FH RGP i, AR R v (R SR (S B R, TR R R, 4 R
PE 5 R AE R B A (AR AT, 1993) 0 milIETHE R I SR . A SRBI B % 1 ] 5 84t
Pe R IRAR, RS R B 4 R D) AR RN S 2 k. (Redgwell et al., 1997),  [RI4H o BE B 70 B SRR
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Uiz, AR RS SR MR S5 M RANME (BZREE 45, 1998). AW, mibfiRR%
KA AR AT KH, PO o A HE 1= F7 A= 17 5505 0 5 1z A4t PR e b S Je ity . SR FR R . i Ak il . R
SEPEMGIE VL 2 TR PRI R R AP LA R RS, LR R efdi s, ARG e E KT
SR Aur R IERE 3 I SR Bz 4 R AU 1 22 S S 38 O T A Aar ZR PR, ASEA bz R P JB s R R A
JEFEAN SIS FIASAL T 5, g R R AR B o A8 SR SE N R it KH , PO 4 Y 25 FRAIG R oz R BRI ALy K
O L S ) RS 2T R M, LA DR A 01 A JR B R AN B TR AR R, KHL PO A FE X FE
S R REACU DL R g2 ke (RS WD) Mg mii - Rbr R e, B 2% PRI,
XEBRABEE (1999, 2002) .« Bower (2004) . ZE4H (2006, 2009) . ZE4H%E (2008) M5 4S
T30 B0 TRt 1 e P R AV P R 1R v B B IR R IR R AR A AR OK s, A SR S KO
HATKH, PO AR, BlAE SRS b, nl ek L5 Bz 50 M FH IR G 10 7% 1k 388 ol i, B B SR R 11
filt, AMMA T e, WA REAG WM, FBIREEIEPLS T RERRK. 75 RS KN TKH, PO,
AEBE, 5 SR A AU A SR R BRI i CRFE IR B SRS . RS AL ) AR Ak T - 350t e )
IR R AR AN

FESESE G RIS R fr R fr f g AR RS B K H, PO, J5, RZP S EAA RS, N K&H
WET A, RPCRPR LR MR WG, BT B AR B A R 2 A ), A R B R
JERE . R TC B E ARk . IX 5 Monselise 25 (1976) K ILI4E BAHUT, 4 531 HEK AR fit B0 St o
FHARS S PP BB IR AR IR 2 o vl 8 DA A 4 S S R N 1 R3S s SR S 6 S AE I, a6 =4
S, A F IR I G INK R R e R AN R s B E A R, TR IR AR B AT R
S M 32 oK R A R PR, DT SR T SR R R A R (R R, (AT
HREACU A OCH, WUR RS 2T, oSl ARZRPEE S PE G, SR R AN
AR R IR RE )09, £T4ER . FArdER SR, SRR ae J) o, PR R IR AL AR,
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