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Effects of Aerial Zinc Application on Carbohydrate Metabolism-related
Enzymes Activities in Apple Fruit
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You-peng
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Abstract: Zn was sprayed on thirteen-year-old ‘Fuji’ apple trees at different developmental stages.
The effects of Zn on Zn contents of fruits, reducing sugar content and activities of carbohydrate
metabolism-related enzymes were investigated. The results showed that the Zn treatments significantly
increased the Zn contents and the reducing sugar in fruits at mature stage. The activity of sorbitol
dehydrogenase (SDH) was significantly higher in the fruit of apple trees treated prior to bud break and at
three weeks after bloom than the control at young fruit stage. The SDH activity of the fruit treated when
the spring shoots stopped growth was higher than the control during fruit expansion period. The fruit
treated at fruit expanding stage showed higher SDH activity than the control during fruit mature stage. The
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sorbitol oxidase (SOX) activity of all the treatments was not significantly different compared with the
control. The Zn treatment did not show significant effects on sorbitol oxidase (SOX) activity of fruits. The
Zn treatments before bud break and at three weeks after blooming significantly increased the activities of
sucrose synthase (SS)and acid inverse CAl)at young fruit stage. The Zn treatments at fruit expanding stage
significantly increased the activity of Al at mature stage, while there were no effects on the activity of
neutral inverse (NI) . Our results showed Zn treatments enhanced the biofortification of fruit Zn, which
resulted in the higher activities of carbohydrate metabolism-related enzymes and the accumulation of sugar
in fruits.
Key words: apple; Zn; reducing sugar; sorbitol metabolism enzymes; sucrose lyase

FERITA B LR R TR L —, R B KBRS TR Z OO s FIE TR 28 15 A
(White & Broadley, 2009). #:1Ek 300 2 Fif (1) 4544 Dy RER 1557 (Andreini & Bertini, 2012),
TEAEY) DNA Sl s B 0o O o AR 2 4t o0 2400 A S5 AR U G 3 Hh ke o 38 2 H
(Hacisalihoglu et al., 2003; Broadley etal., 2007). Jeffery 5 (1984) W5 Ak IEE e 111 F i it &1 1
PEEAR R, FKESE (2001) MR TUR WAL BARSAT P EERe T s A Al CAD g TE. B
RPFTFEZME RS S, RES RO CE R, &Y m R eESE, Wigm
SRS, GE AN R A R S R P R s i DAL AR R T s e, b
113487t 80% (Loescher etal., 1982). 1IALEF /%G (SDH) FlLALEFAILEE (SOXD J&3p SRR L
AL EAQ I () - B, AR R L A A A 8% (Yamaki & Ishiwaka, 1986; Yamaguchi et al.,
19960, XM FEEIE PEAE R SR T TR A A (Yamadaetal., 1998; Parketal., 2002), I
SDH 1375 1 75 48 i SR S22y 7 e % A A (Nosarszewski et al., 2004), i E N FE sz rp 75 2
TERE A (SS) FIALEEAE 0 f# J OB (Koch, 2004), SS RN Akl 5 i RS2 () e 5k 1 5 i i
BEACHT (Hockema & Etxeberria, 2001). ASSZHG = Fls iR I0 2 0, MRANIEEE n] 5 25 48 s S R R sl
(PRI R o, AH R A 45 S R S R R TP AR, R WARIE . AR R SR B IR
HEE SRR 8 LA OGN OC &R, X SR 7 B A S SO AR U IR AR B LA B2 S, oI A
SR ARIMEE R it B2y SRS BT B FER A

1 MRS

1.1 iREHR 5Kt

DL A3 SEAE W A K 2% B & 7 B EES (Malus x domestica Borkh. ‘Red Fuji” /M. hupehensis
Rehd.) SAik#t, T 2012 4FAE L ZR B3l SR 00 2R [ (116°50°E, 36°14°N) #EATAH LA,

IEMUE K — BRI, 7ERBA B OSB3 Wt ZnSO.H0, MRAE iR 45 2, & 5 Mk
. (1) WiZERT (3 H 19 HD Wi 2% ZnSO,-H,0; (2) 165 3 F (5 F 21 H) Wi 0.3% ZnS04-H,0;

(B)FEME KT H 10 HHOWEiE 0.3% ZnS04-H,0; (4) Jes2 i KHI(8 A 17 HOMWEiti 0.3% ZnS04-H,0;

DAAIEERE g o PRk N, BENLIX 200 A0, ACBRIE WA Rk, 5 IREHE .. B ZERT ik TRk Ay 2
AT N N ) I 2 v S [ T I = i o £ o A S5 = P ol S T 3 P g T T
WK, BEFEZ) 10 Lo 28 1 RMCFEAEAE S 10 d, BRS04 et v A0 R 2R 7 7 1) 4% HR 20 AN SR8,
PUGHRE 30 d MU 1 IkFE, AN EE S A0 et o 350 71 R AR PG 7 I ORE RN 7 i H 4 AN SR8

ZHE WIS (1993) X HSER B WIRHE iR, FRLSASRE WX ST 1£)510~80d
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FARIA, fE)5 80~ 160d Ay B A, 165 160 ~ 190 d Ay B SE kA,

12 MEmMBS5AZ
121 #4548

RV A ARIRHET, BHE S T e %W (Zarcinas etal., 1987). FRALSETHF 1.00 g Aidy
22 HNO;3 - HCIO, 7%, S0t g 5 IR W e T (AAS, J:E PYE 23w 42 ] SP9-400
R W RO
122 &R MHAEESZ N

0 1.00 g B 6 S IS B AT 3% )i, 5 mL 280K 0 SO e ik s 2 A e B 31 10 mL 30
1200 mint B0, W BIEW, PRI 5 mL ZEMKEE B0 1K, SIF EISWEAE 50 mL, H
3,5 - K IR (DNS) Mg ik Jsifli &+ GBIl 5, 2008).
1.23 B & A E e M

IR % : 2% Keller Fil Ludlow (1993) [ VAN A, HURT#E R A 0.50 ~ 1.00 g kit
WFES, Bk 10 mL SEBGRETEE AT . $REGR S 3%: 50 mmol - L HEPES - NaOH (pH
7.5), 10 mmol - L™ MgCl,, 1 mmol - L EDTA, 2.5 mmol - L™ DTT ( R B, 0.05% (fARIEL)
Triton X-100 1 0.1% (i AR LL) BSA (E MG D o KA KL 4 A HII N2 A id 3§ 48 50 mL
BT, 2°C, 120001 - min™ B0 15 ~ 20 min, B RVEWR, MR T (2~4°C) P 10 1%
PRRAIFRRE 10 A5 EGR (L Bk Triton X-100) 3EAHT 15 ~ 24 h, EAT 5 I EEED o] FH B v il
o IALEE SRS (SDH) H1EZ 2% Rufly fil Huber (1983) U5k 1AL EE A LEE (SOX)
WTES 2% Yamaki (1986) [HJ77kMIE; HEMESE (SS) 2ri /7 ml v PEARHE Huber (1983) #7774l
s BRYEEALEE (AD KIIETEZS % Merlo (1991) J5iEdllsE; HIE#eiklE (ND iETES% Merlo
1 Passera (1991) J7 il &

By 25 BETERAMSSHE TR SAS8.2, Fr 2 k4 AL LSD v, 7E 0.01 7K Ll
ko

2 ZER55HT

21 MMEEENREFEET AR

R 1R, RS EARNRIOLF ML LIHA FREES, £1e)5 70 d B2 m{E, %)
FRE TR AT BE A PR A 3K AN I 140 i 23 2 HE i, X BRARRT BUE FR IO SE S ), IR, B SE
PRI, B BACAE R RN I W Ak W 2R AT (03 - 09) Wik, fE)5 3 i (05-21) Wity

F1 FTEANAGHMRIZEIEHESEHTME

Table 1 The effects of zinc spraying at different development stages on zinc content of fruit (mg - kg DW)

KB H /M - D 1eJ5 R4 Days after bloom

Treatment date 10d 40d 70d 100d 130d 160 d 190d

Xt Control 7.11b 8.79b 9.80¢c 9.26 b 7.02 ab 351c 1.64c
03-19 7.80a 9.54a 10.42 b 9.60 b 7.30a 4.06 ab 2.83ab
05-21 9.90a 10.99 a 9.72b 741a 434a 3.23a

07 -10 10.13a 743 a 3.86b 2.31b

08 - 17 4.01 ab 2.25b

e R RSB R AR NG P RN ZE R IK 5% B E K. T,
Note: Different small letters in a column mean significantly difference at the 5% level. The same below.
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FHEE T ORRE WA A IR SR R S e, ANEIN SR AR FEAE AR S 130 d S REE S RS
AN, ATREE RN BRI R S A T EGE R, SRR BB N K . RIS K (07 - 10)
W W A T ARG 100 d RS EES . AN I EE R B P T B R S (RS
PLBAZERT (03 -09) FIfE)T 3 J& (05 - 21) AbFREES B M.

22 BHESEMRILEESETHRFIN

2 2 B, ERIEANAERN], WEEEA S S IR I B S8 JrUbE Ay B T .
AP (03-09) Wi%E. fe)5 3 i (05 -21) MEEIRIE, 4S9 S JGOoR & /S5 IROC I8 22 o
JIT A W e Ak B ol B R I P O SR B B B v T I, W 2EET (03 - 09D, AEJ5 3 A (05 - 21).
BRI (07 - 100 BSZIE A (08 - 17) AbFH () 5L Sz JEURE & B A0 IR 2> )42 757 6.6%. 6.8%-
6.1%. 13.3%. UEHAZEZNIRI, WiErAb IR 0 A IR 5 2 AN 3 AR LR T, Wi
Qb B 55 06T TR (1 22 S R I e, B RGN 22 S e K

®2 TRAHABSENERBRALERRSETL

Table 2 The effects of zinc spraying at different development stages

reducing sugar of the fruits (mg - kg'FW)

WFLH /M - D 165 K% Days after bloom

Treatment date 10d 40d 70d 100d 130d 160d 190d

X} Control 9.12a 17.10 a 25.14a 40.33b 58.40 ¢ 76.14 ¢ 8242c
03-19 9.46 a 18.47 a 26.75a 43.93b 65.31b 84.08 b 90.71b
05-21 19.72a 28.74a 4553 a 65.35b 85.66 b 90.88 b
07-10 48.18a 7160 a 85.91b 90.25b

08 -17 91.52a 96.42 a

2.3 BEhEsEX R FIESR R R EE TR E T LAY

X3 BN, R GEREN LR AN (SDH) WEHERG, f6)5 40d il A, FiEG
100 d BEA N F%, f6)5 160 d ik B KM, Rl Iing N, #52FR0 (03 - 09) Fife)5 3 J
(05 - 21) Wpr g 8 e T 4 vk SDH (s e, (R R A I A ey, 55 R 70 i 2% 25 7%,
HREK B (07 - 10) WIEEIMERE, {65 100, 130 d S5 SDH itk i m, 25 5 iz
TN EAN T E . R (08 - 17) WieE g E P m T RS2 SDH v . B 1L AL AR,
fhlE (SOX) EPE, fEf6)E 40 d X 3E KM, BE)GE T, f6)5 70d BHAR[E, 2 EsH LA FET
FROE o WPEFAR BN S SOX I TG 235 5 ) o Ut B W = Bt 16755 SDH iyd vE s ma 1 L B4R (AR T

%3 EI R HERE R B T o LB B SRR L R MBS T LR

Table 3 The effects of zinc spraying at different development stages on

SDH and SOX activity of fruit (mmol - h™ . g'FW)
Aty WFEEHIM - D 16 )5 X H Days after bloom
Enzyme Treatment date 10d 40d 70d 100d 130d 160d 190d
Ly A T it S X} 1 Control 0.26 b 0.58 ¢ 2.36b 5.33b 475b 5.99 b 5.24b
SDH 03-19 0.55a 0.86b 2.80a 591a 476b 6.27b 5.24b
05-21 1.20a 2.86a 597 a 4.88b 6.19b 5.23b
07 - 10 6.14 a 530a 6.24b 5.26b
08-17 6.63a 594 a
LAY A AL T X} 1% Control 1.39a 2.45a 0.88a 1.15a 1.45a 151a 153a
SOX 03-19 1.49a 2.45a 0.9 a 1.17a 145a 154a 153a
05-21 252a 1.01a 121a 1.44a 151a 152a
07 - 10 1.23a 147a 154a 152a

08 - 17 1.58 a 154a
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24 WERESEXSRELENEAE (SS) A EEMETLAIFMm

R4 Won, EEADRIOFERT, R SS A RIEHT FREES. YR AFH, SS (4
T FEVER R, WIEFAT (03 -09). ) 3 8 (05 -21) WEEEALBIIRSErh SS HE ML 2 2w Toxd
M, A AR B X IR C 2 2 . KT REDN D SRS K IR S0 SS I3 s 10t PG, B Ak
BN HAE I RCRAN R, AR A F ] SS 70 il U5 i Ak F-iG BRI, WEBE AR B R K

®4 FRRPABHMNRIPERSEIBAEEET AR

Table 4 The effects of zinc spraying at different development stages

SS cleavage activity of fruit (mmol - h™ - g'FW)

W HIIM - D 165 K ¥L Days after bloom

Treatment date 10d 40d 70d 100d 130d 160d 190d
X #& Control 8.62b 6.68b 2.74c 3.32a 244 a 221a 134a
03-19 9.38a 719a 295b 349a 2.39a 2.34a 1.36a
05-21 740 a 321a 349a 2.56 a 2.38a 153a
07-10 3.70a 2.61a 232a 157a
08 - 17 252 a 1.69 a

25 [ REEBEE LI T UG

&5 HH, MERLMRE, BIEELEE (AD MLl (ND WEPE BT & AR
ke, AL YES T NI ALEYEZESE )G 100 d JF4G FRE, 10 NI ZE4E)G 70 d JF4R FI%. fE)5 70 d
W, BEZERT (03 -09) WEEE. f6)5 3 J (05 -21) WEEFMISEsE Al 3G W E m T . s K
WIWEEE (07 - 100 X Al BISEPETC 23 52 7RSI, SR KM EE (08 - 17) [HISRSE Al
W TN R R S NI RS T TG R

IR FULE Zn = EUE PR AL 3P R e S S R R A

R5 RIS R P (AR ch {5 (LG (LA B0

Table 5 The effects of zinc spraying at different development stages

Al and NI activity of fruit (mmol - h™ . g*FW)
Aty WFEEHIM - D 16 )5 K H Days after bloom
Enzyme Treatment date 10d 40d 70d 100d 130d 160d 190d
[rqeeziai- X1 Control 8.13b 9.18 b 11.69 b 13.35a 9.14a 8.06 b 8.29b
Al 03-19 8.8la 9.82a 12.66 a 13.63a 9.14a 8.10b 8.55b
05-21 10.01a 13.01a 13.79a 9.15a 8.25b 859hb
07-10 14.01a 9.39a 8.30hb 8.60b
08 - 17 8.73a 9.13a
SRR %t # Control 6.2la 691a 9.66 a 9.49a 6.63a 56la 5.23a
NI 03-19 6.46 a 7.09a 9.75a 9.39a 6.47a 577a 5.37a
05-21 7.14a 10.06 a 941a 6.43a 5.68a 5.37a
07 -10 9.43a 6.56 a 5.82a 529a
08 - 17 5.90a 553a

26 RIAPEES=E. KEES S NEXEEEMHEREXM

SR G IR B SR R R I R S5 AR SRR AR DS PE b g 3 (3R 6) KW, fEAE)T 40, 70.
100. 190d 4EY SDH HA WM, FEEANKEIN, Y5 SOX BB #4 % 185 10,
70. 100 d ¥ 5 SS A B EAMH M, 165 104 40, 70, 160. 190 d 55 Al B A1 15 25 5 e A0 ¢
Ph: Ae)5 10, 40, 70 d B 5 NI BAG B &AM R AT HES SDH. SS. Al NI fRAH M
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B, ERSERAVHEES SDH. Al IAHC R R . {6)5 40, 90 d I8 J5HE 5 SDH 2 B AH 5, &
J5HE S SOX To ki FHAHOCME, 7Eik)5 100 d & 5 SS HAT W AHC I, {65 40 d A 4L)5 160 d.
190 d b 5 Al BT A CHE, 165 100 70 d B J50E S NI 2 BB A G . B TR 70 2% A
U R] L 52 2%, BT DA SO 5 A DG 1A A DG 1 T B St A

*6 EETEREHSHEXEEE. ERESEXMEEMEAXRY
Table 6 Correlation coefficient between Zn and related enzymes, reducing sugar and
related enzymes in different time after bloom

i H EiFLan 165 R ¥ Days after bloom

Item Index 10d 40d 70d 100d 130d 160 d 190d

Zn SDH 0.40 0.67" 0.72" 0.63" 0.52 0.48 0.58"
SOX 0.36 0.45 0.68 0.44 0.55 0.33 0.29
SS 0.67" 0.56 0.75" 0.67" 0.50 0.18 0.18
Al 0.89™ 0.93™ 0.76" 0.16 0.09 0.65" 0.62"
NI 0.68" 0.73" 0.77" 0.21 0.03 0.40 0.16

I JEB SDH 0.30 0.68" 0.57 0.53 0.34 0.50 0.62"

Reducing sugar ~ SOX 0.28 0.16 0.53 0.28 0.33 0.28 0.27
SS 0.24 0.52 0.52 072" 0.37 0.37 0.36
Al 0.48 0.84" 0.59 0.49 0.56 0.64* 0.78"
NI 0.73" 0.60 0.82" 0.12 0.05 0.15 0.31

*P <0.05, **P<0.01

3 g

SEFEE A= LU AL A e s i B R s, L LD, 32 RS LAY IE
RIS 2 Al NIL SS. SDH. SOX S5 AE F I B LM 14 26 05 P9 s JsU Ik 8% (Loescher et al.,
1982; Berlter et al., 1997). & LSRR RSCDIR BRI R e 2, A0, REME Rz, A OB R
Ko E—ERE e TR R (BN 25, 2009). AGRE A AS [ I A RS 35 e iy 1k
RIS s S, AR T RS R R s, FErr SRS ORI (08 - 17) BRI JEOBE s
OB W . ER SRR WA S, W A F R OB ¥ e RO SRR R OE W R
F2 5 I I AL S A AR SR R B 2 S e T A B 45 R AT % (Koch, 2004)

SDH &Pl LU B 741 A % A7 B i 00 (Jeffery et al., 1984). 1ALz ) sz, 76 SDH
(I T Ak Sk Sop gl e A e 2 5 e A8 (Nosarszewski et al., 2004). ARG, misE D #i8m
T SDH 3G PE, (23t T ILALRER . AR5 I EE T SOX Ji M JE 25 5, ] B2 IRk 3
RS SOX iE M e K, 80% LA o gy, SyE A SDH [#) 1/5 (Chong, 1971).

RER IS BRI HLE SSy AL K NI IR T 20 i by FObERVRST A5 08 (2 A SR S 500 Bl 350 T R e vk
FE 22, OREHLNZAP) A RERE Y 2R (Wind etal., 2010). SS 27 [n 45 4050 % & W B A B mmid bk,
BGAIAL TRARAKT (B8R 45, 2002). WiZFRi e o 3 FEmier B4 1 SS 0 f 5 In IR is 7k
He B S50 G RE 2, WReCY SS TE4 R MG MER my,  Jh A A 22 IR PR T — 1ol I ] 265 H
(UDPG) H T4 A= fiw Sty T i & 1, 0 RS AR AN TG 2L UDPG,  [RITfT SS 43 7 1) FRE PR 48
I, WAEERTHLRE RSN o Zn X Al SR AR EE R (EUKFE 4%, 2001), AR T-4Er Ham kiAo .
AIRK R, WEEEALEE R E S T AR TE, X NI

Jsirf SDH. SOX. SS. Al NI ZEHHAC Ui il 1R 7% 12k 15 SR S 2 ) B UIAH DG (BRaKF 4%, 2008),
Forh SDH. SS A1 Al S PEAEAR KL L vksE TR SE )% )1 (Nosarszewski et al., 2004; Zhou et al.,
2006). £EL5 SDH. SS (SR 71D Al BATE ARG, 1 JLRR R (E Ak L B R0 R R0 N
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TWE S IR RS SRR . T CAAS [RI P S A o ey AR S T BES B, #Rifi e T SDH. SS
HUAL SN, RS, AR TR 3R SR,

BEHBES 50 AR AAA) FFRE R (GA) MI4EY & Rk (Cakmak et al., 1989; Sekimoto et al.,
1997), IAA FIl GA # AT L3R RS2 % ) (Liuetal., 1983; Igbal etal., 2011). GA; Al LL{E#E SOX
TEPERIEE R, SDH JEPERT LR R IAA BOE GRS 45, 20050, TAA & R DAFE my h A4 3 2k
ANEMIRE ) GiRKSE 4%, 2008) . ASiRES T EE T Al o B2 = AR S IAA R GA SR iy AR sz (1) 2
J3, HE SRS v i) SFURE AR AR S

gr b, WIZERT. ARJS 3 . BRI B 4 A OS5 AR A EE R 0 SR s oA
BFNEEI E AR R s 4 ANBHA I B E RS T SDH BWETE: WA, AR5 3 AL B B
T SS AR T MG BT 4RSS 3 AL RS W S T AL INE Y, (U R I ()
K, BRSBTS .
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