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Effects of foliar spraying K,SO, on sugar

metabolism in ‘ Ruixue’ apple fruit

JIA Rongjian, HU Yu, YANG Jie, HE Ying, MA Yongtao, WANG Yuanji, ZHAO Zhengyang
(College of Horticulture , Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract; To explore the effects of spraying different concentrations of foliar potassium fertilizer on the fruit
quality of apple variety ‘ Ruixue’ , the most suitable concentration of potassium fertilizer for ‘ Ruixue’ was deter-
mined. Four-year-old ‘ Ruixue’ was used as the experimental material. The type of foliar potash fertilizer was
K,SO,, and three concentration gradients were set as T1 (0.1%), T2 (0.3%) and T3 (0.5%), respectively.
Spraying clear water was used as control (CK). Foliar potash fertilizer was divided into 5 stages, the first fertiliza-
tion time was May 22 (38 days after bloom) , and then sprayed every other month. Fruit samples were collected at
45, 75, 105, 135 d and 180 d after anthesis, respectively. The indexes of sugar components, activities of enzymes

related to glucose metabolism and basic fruit quality were determined. The results showed that compared with the
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control, the treatment group (T1, T2, T3) significantly improved the fruit quality of ‘ Ruixue’, which was
12.6%, 25.9% and 4.4% higher than CK, respectively; the fruit firmness of the treatment group was 7.7%, 29.6%
and 12.1% higher than that of CK, respectively; and the soluble solid content of the treatment group was signifi-
cantly increased by 1.14, 1.95 and 0.87 percentage points, respectively. The titratable acid content in the treatment
eroup was significantly reduced by 0.04, 0.05 and 0.09 percentage points, respectively (P<0.05). Among them,
the single fruit weight, firmness and soluble solids of T2 treatment were the highest, the mass of single fruit was
335.75 g, the firmness was 9.82 kg + cm ™, and the content of soluble solids was 16.35%. The titratable acid con-
tent of the fruit treated with T3 was the lowest, and the content was 0.19%. Potassium application significantly in-
creased the contents of N, P, K, Ca, and Mg in leaves, and significantly increased the contents of N, K, Ca, and
Mg in fruit, but the content of P in fruit did not increase significantly. After T2 treatment, the contents of fructose,
sucrose and glucose in mature fruits increased significantly, increased by 35.54% , 33.22% and 25.31% respective-
ly compared with CK. Potassium increased the activities of acid invertase ( Al) , sorbitol oxidase (SOX) , sorbitol
dehydrogenase (SDH) and sucrose synthase (SS) in fruits. At 180 days after anthesis, the activities of AT, SOX,
SDH and SS in T2 treatment increased by 4.54% , 2.08% , 19.11% and 12.81% respectively compared with CK. In
terms of correlation analysis, there was an extremely positive correlation between potassium application rate and glu-
cose content in fruit at 45 days and 75 days after anthesis (7,5, =0.879" ", 755,,3 =0.893" "), and an extremely
significant negative correlation with sorbitol content at 180 days after anthesis (r,gp,s =—0.861" " ). There was an
extremely significant positive correlation between potassium application rate and neutral invertase activity in fruit at
135 days after anthesis (7,355, =0.763" ") , an extremely significant positive correlation with sorbitol oxidase activ-
ity at 45 days and 75 days after anthesis (7, =0.717" ", 75, =0.880" "), and an extremely significant
positive correlation with sucrose synthase activity at 180 days after anthesis (7 gpap =0-739" ° ). The most suitable
concentration of K,SO, fertilizer sprayed on the leaves of ‘ Ruixue’ apple was 0.3% (T2) , which could significant-
ly improve the fruit yield and quality.

Keywords: ‘Ruixue’ apple; potassium; foliar spraying; sugar metabolism; fruit quality

SER ( Malusxdomestica Borkh. ) J& 1t FL U Sk 5
Z— BRTE A8 T ML R AR
A PR FIE & 2F 41 55, o N KA ¥ 25, R A2 2%
HER. BT IRV AARB B A B B A A
FEH 0 B A (0 0 G SRR A, 2019 4R i [
A A B B e D T D R e R Rk
At

PP AT IR R S T b IT R, S
SR 5 b A BN AR Ak gt R A Bt A R R
DAPRTHER SC 5 O3 I SR = i, & RED &
PN w0 3ERE A K,S0, T DL S 4R R A
., Kaack 55" WF58 & B, BN AL AT DL g 3 LR
SR R B 3 AT DL 2 AT M DR B 1 FR
R HIAWFFERY], SRR S b pR S AR
W RWE AR LA A BIE Sl R e
SR AT MRS S B R AR TR I B, it AT LA
HEIE IR P TUROE 2 2 A 1S I (] Ihp i AR 2R R
AT VIAH OG o WA T 2 6 455 R P e fL g
(AL) PR AL EE (NT) | RERE 5 B (SS) HEWE BEIR
L (SPS) | LA B 8 AL T (SOX) i 1L A4 e it

fitf(NAD" —SDH ) %, 5k 527 %t A AR < W it A
KCl J& &30, B AT DL 25 46 = S v AT NI, SS FlI
SPS % 4 Pty i, Lester 41 58 % B, AT
BRI P R M B IR 5 AU TS T, DA AR 1 SR S
R PR LR

FEAE TR R B, SR i AR I 5 T DR o AR
S HUR T B SR K, S0, AR it H Y
T TR B I A R G SRR GE , I HLBEi K,S0, %t
SRS AL A A R R DA B X SR SRR I A HL
FM AN IR, G, AR DL 4 R B S /M26
Jil b IR A R K,S0, AR ¢ B SR
SRR A HLER, AN < B SRR G B
FH T B A R L o e 25502 7 SR L B AR |
Rk
1.1 kel

RETF 2022 AEFERR PGV RE T /K B g db AR Ak
R RF FACEFAR 25 (109°32'49" E,35°12749" N)
AT RISV R R N 908 m, ARSI E11.8C
TP AE R I 577 mm, EEEPLE 7T—9 H, HAER



90 TR A X AR

542 4

WY 50% LA 1, Fbe - 5oh i a + | I A S 57
RBCHAHUTR 14.22 g - kg™ A 1.21 g - kg™ il
A 25.49 mg - kg BEASA 2.13 mg - kg AR
23.59 mg - kg™ GHALER 182.28 mg - kg™, pH 1H N
8.10, I RLE 4 4F A4 Rk B ARAL BT (Al
KA M26)2019 4F 8 H AT 545 1 A Ml i, SR E
FERRATIE R 1.5 mx4 m, 404 2750 A R 285400, A 44
HEFT R FUR AR A R

1.2 it

2022 AF7E KSR 00 ol 1o R ft e o
Pfgo—30ny 4 4R S T HME N E . X
Fe 5 3 AL B, S 5B 0.1% (T1) ,0.3%(T2)
F10.5% (T3) #eBE Y K, S0, H I, AT 45 i K
YERXTHE(CK) , AR FE 10 AR, A 3
W, K, SO0, WA 5 B AT Wit , H A6 38
d(5 H 22 H) FFIRWEE S — UK, M5 B fe— 4> g
it — K, B S — R WS il B[R] S AR S 158 d (9 H 22
H), #5174 45 d(5 H 29 H) .75 d(6
H29H).105d(7 H29 H).135d(8 A 29 H).
180 d(10 H 14 H) REAEFILAES,

1.3 MEERSFE

AL FRR A FLSIRE T 30 A, TR B T
AL B bRl 5 AR R P R AR AT R 15K
B0 % )5 2 A —80°C UKAE R AE I, 76 2R 55 L0
AN Rb ISR A S SRR S 30 AN FUETAS I 10 4, B
50 it IS e R & &,

BRI A2 R 43 B K F- (MP1100B, %% 5
PRSP ) 5 RS B 0 2 >R T GS =15 R 7K A JoT
ST (R B B BRANER 2N | ) 5 AT [ 5 D
R HAFRF ATAGO 4 1L (ATAGO) ; 7]
T 7E TR &5 7 R ] GMK - 835 RUFR i 3 ( G-WON
Korea)

SRSEAT I MW O i v SO 3 vk A
27§ Sugar—Pak TMI(300 mmx6.5 mm) {4i%
FE (B Waters 23 7)) 1 2414 75 22 7 R I 5 ( 55
Waters A H)) , T A Rl i 348 (6352

FRYERGALEE (AL) TR PEFE AL (ND) | LU ALEE A
LR (SOX) | FERE A (SS) MBI 75 2 8 Keller
1 Ludlow #9753 BURSIZREE 0.5 g vk BIFEE
A 3.5 mL $EBORBTEE Bl AI3K . SO/ AL A4 < 50
mmol « L' Hepes—NaOH (pH 7.5) ZZupi, N & 2.5
mmol + L™' DTT,5 mmol + L™" MgCl,,0.05% (v/v)
Triton X =100, 1 mmol + L™ EDTA,0.1% (w/v)
BSA,2% (w/v) PVP, 13 000 g 4°C &> 10 ~ 15
min, [JE W Sephadex G25 PD—10 b AL ik | 7

g2 M 50 mmol + L™' Hepes—NaOH (pH 7.5)
ZW, N& 2.5 mmol - L DIT, 5 mmol - L
MgCl,,1 mmol - L' EDTA, 7£ 4°C T {4 17 i 2 Bt
W, P T RS P A2 . NAD' — 1L AL 0B (NADY
-SDH) K B & il % 2 PR Park 25 Fl Yamaguchi
SN, BRIBURORN 28 PR o AN ] BRI s
[ |, ATNI.SS L& SOX &M i E 2% Lowell
SR i 540 nm Ho G I 2 AR Y A SO
SRR ER, NAD'-SDH i PEIE S % Park 41
B3 5, 3 3 I 5E 340 nm N AR AUAY NADH & 455
FE S VRO S T AL Sy 42 0k K 22 T g 1l A AX
(Infinite M200pro) ,,

X RS AS  R EAT BoC &R A il E
RS FAE 105C T AT 15 min J§, T 65CHET
JEPEATHRES . SR H,80, -H,0, k#kTiH & | 4L
WAL Flowsys ) M I H FISRSE R4 N 4 P
4 K2R HNO,—H, 0, 7L T iH &, K@Y RE TR
FEM R ARSI Ca Fl Mg,

1.4 HELESSH

RIS B K Excel 2016 #EAT88 1 FI K 2
il , JH SPSS 27.0 B A4 X K48 47 7 25 43 A S A 56
PES AT (LSD L2 8 i, P<0.05) .

2 ZER50HT

2.1 WEHE K,S0, X #HE’ REmRAIF T

2.1.1 RE#AKFARELBFIRFTERAE
M®ea WET A, CERESEIRRLLFHEER
eth-tgr AR, 5465 75~105 d ML, 7R
FEIG 45~75 d B, 25 Ab B ) B o 39 K R A M
I MR R R SR B L fEARSS 75~105 d
B, BAL IR 1 1 B R R A R B W 5 Ak
J& 105 d DUJE, SR i i3S B N R, AEAE S
105 d B, T1 F1 T2 b3 A 550 B i K T T3 Ab A
CK ; Fifi 25 Tt B Y B 1 i, 45 Ah B9 %) 2 5 T I
TE RS GAET , T1 T2 LUK T3 A B A 5 o i A L
CK 23R T 12.6% .25.9% 1 4.4% , L] Ul
BRAE AT DA 2 5 e SR S R B i (P<0.05) , HFEE
PR e P 1 P SR O A B I e B
B, BSR4 AT, T3 AL B ) BRI L T2
ARG T 17.08% .,

2.1.2 FRE#HEAFKFHRELFIAFRERE
®ea mE 2 AT RS S RN AE, R
SEA R BT R W, B S 75 d S, BB 18 Y
TR, 5 75~105 d I, B RS T s )5
105 d LAJ5 , B B2 T B B 5T 1548 2%, 105 d B T2



2 B RAGA T BEHE K, S0, X B S * SR SO s 91

A0 ) R Sy, R T R 16.6%, T1 R T3
AEPRAE SR SN R B N B A AR, & T
X IR AR T2 Ab 3 78 R SE s, T1 . T2 F T3 Ak
T S SRS A3 1 CK 85 7.7% 29.6% 1 12.1%
X HELULIA Wi K,S0, AT LA SL il B, 0 H 2 A
il AR

2.1.3 RE#ATRFAHRELFEIRF THEEE
HahegaiHon B 3EREN, W KLk
B bR R O P B R T
R, T2 AbERTE £ A I B R DR ) w8
e T At A B G BE FE SR SRR, T2 AR 3L T
BIEFIEY &8N 16.34% , CK Rl i1 BB 9 &
N 14.4% T2 AP E & T CK, SRSE AR, &
AbFR A AT PE ) o T2>T1>T3>CK, X Rl
A it 50 A T DA SR S T s DR B i A 3R (R
BEE PRI B R T, < Sy RS DR
B

2.1.4 KRB AT KPR ELF IR P TiH LR
Seaiya ME4ATLUE N fE T RN
ASREW, T R A I TR A e
JG 45~75 d B, AT E R N B R SR o B I, CK Y

4001 —p—CK
L0 | —o—T1
7 350 b
300 ——T3
£ 250
)
= 200
g
w
o 150
B 100
®
B S0
0 ; . . . . .
45 75 105 135 165 180

{£ Ji KX #1 Days after bloom/d

1 X WmE RELXFIRPRERFENZN
Fig.1 Effects of potassium on single fruit mass

during ‘ Ruixue’ fruit development

[Se]
w

= —o— CK
e ——TI
2201 —— T2
> —— T3
215
=
E
= 10f
E
2( 5_
=

75 105 135 165 180

£ J5 K % Days after bloom/d

B2 st mE REEXEFIEPRLEENZIM
Fig.2 Effects of potassium on fruit firmness

during ‘ Ruixue’ fruit development

AL E R S e 1.17% R R3] 0.50% ; fE 4L 75 d
DU, L e BRI TR Rata T2, T3 AR R
SR T A5 B 4 TR E R 1 R H AR T LAt Ak B RN
Xof BES3C U0 I AT LA A 280 3R AT SR S PN 1) T E TR
S, I HL 0TI o R B AR B I T R T ARG
22 BIMEK,SO, X ‘WE RERMRAT RITES

=1:0pAl)

k1 iR, 5 CK #H L, T1 Ab B SR N
THRBEWINT 6.5% 0 T2 F1 T3 ZbH 5, 5L
FFRM R N BT CK, 3t idd B IR vk i
REAT DA & ¢ B SRS e N A TR
REAVE FHOUAE B2, I T s i 40 RS (R A5 BT A e e P
HEERT CK, T3 ALBSHF P &8s, 4 0.12
mg - g R P HFEST CKEEFIFALE, B
BRARTH IS Y ¢ B S RS AEAS T A K SR
T CK, I HLBE - i 8 v B 1 e, 2R S RN
R K SR Sa A m s, B s
AT H AL Ca Mg &8 B E = T CKG SR
i Ca ST CKHRA T2 4bF 5 CK M 255 1
L HAMIYS CK R 2 S YRR B Mg &
HE T CK,T1 A T2 ZbHLE CK [R5 B3

—_
oo

[ —o—cCK
F —o—TI1
——T2
——T3

—_— = =
S )
T T

A [ T4 1%
Soluble solids content
=

L= S )
— T T

45 75 105 135 165 180
1t J5 K # Days after bloom/d
B3 WX mE RELFERPAAEERYAZIE
Fig.3 Effects of potassium on soluble solids content of

fruit during‘ Ruixue’ fruit development

l4r —o0— CK
12k —o—TI
- —a— T2
22| e
E]
12 0.8
QD
BI ©
Y2 0.6
0
£ S8
= e 04rF
)
0 . . . . R
45 75 105 135 165 180

1t J&i K %4 Days after bloom/d

B4 pEsExt wmE RELELETLEPAEERKNZM
Fig.4 Effects of potassium on titratable acid content

of fruit during ‘ Ruixue’ fruit development



92 TR A X AR

542 4

2.3 BEHEK,S0, XM 'WE ' REABEHLERAIAM
ESEMNI

Pt T M i A () 9 e IS 0 SR S rp o B 1
SMNE S s WA B R AEREE
ZIRE AR SRS I S R LRk LAY
TENEIL TG LI I B RS &
1o, I ANE O A TR A R A 1L A

=

ik,

TERSZHA K EF LR, T2 T3 Ab B S5
Wiz AR EE T CK,T1 435 CK %A B
FER HBN R T AP A B EE T CK,

T

D A I

TER AR F W), T2 A3 13 2850 ) FL 2
SN R, 1 I I T it K, SO, 4 W 3 4R ¢ H
T SRS A 0 B (EAH BT R R E Y K, S0,
v BE K, SO, X 384 i 2 5 v 4 25 0 5 18 1 5%
BN,

TEAENG 45 d B, 25 A 3 ) SR SRR 5 1 I
FZWT CK, TEAEIG 135 d LUG , RERE & B AR 45 Ab 3
BRI T2>T1>T3>CK, H &AM B T
CK, FUEAT L, et K, SO, XS5 bl &
YRR R ELAT R AR T, v e B 4 T AN 0 T e
HIFLER

R OEHEW WE REMFHHATRTESENFM/ (mg - g7')
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Note ; Different lowercase letters in the same column under fruit or leaf tissue indicated significant differences among different treatments ( P< 0.05).
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Table 2  Correlation coefficients between potassium and fruit soluble

sugar contents in different periods during apple fruit development

HATPN

Days after .

K Starch Fructose Glucose Sorbitol

bloom
45 0.451 0.469 0.879* * 0.392
75 0.288 0.651 " 0.893* * -0.176
105 0.584 " 0.414 0.543 0.106
135 0.404 0.418 0.603 " 0.009
130 0.428 0.116 0.523 -0.861 " "

TE: 3R = FRER B E (P<0.05), = = RREFWEE (P<
0.01), T,
Note: #* indicate significant differences ( P<0.05), * * indicate

extremely significant differences( P<0.01). The same below.
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Table 3  Correlation coefficients between potassium and
activities of sugar metabolism-related enzyme in different

periods during apple fruit development

VPN Gy S R

AL AEER .

TN
Daysaftr fL¥ LM RALs  am AL
bloom Al NI SOX SDH

45 0.682* 0.286 0.717*%* 0.457 0.304

75 0.681* -0.057 0.880* * 0.689 * 0.455

105 0.542 0.255 0.487 0.657* 0.490

135 0.512 0.763** 0.700 " 0.448 0.594 *

180 0.129 -0.418 0.271 0.464 0.739* *
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