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FEE . DIENEH Oy aRE ST T I T G AR AR SRS S B s R R SR E v KT BT S KUP KI5
RIRACEZ IR R . AR R W it o A0 0 238 hn 1 2 bk i e oz 4 R R RN Bl T R M g i 1
SRSCAT I ER A AT RE  a A AER T T BRSSO SO R T R SR B AN A AR A A SRR
s Bk KT/ HAK/KUP ZR R N TERE R 32 B R RIHI B 23K K P AFTE 22 57, PpeKUPT SR TE Ak AR H
W FRB KA s, HoR 2 PpeKUPS 1 PpeKUP3 | T PpeKUP14 ~ PpeKUP16 75552 52 T 7 ] st 428 1 A5 46 I 3] 36 5%
E-PpeKUPJ PpeKUP2 F1 PpeKUP7 F5% 5% /K- L X6 Wit 4 A Ak B 5 oA F50URR , L3R /KO 5 0 IR 1L, 7256 2 TR

KT (75 DAFB) Z ik B R BLAVE BT (95 DAFB) ¥ i 1054

KR, B REEE; WIE; MPEEDE; KT/HAK/KUP &%, LR FRR
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Effect of foliar spraying of potassium fertilizer on Xiacui peach quality and
expression of KUP transporter family genes

SONG Zhi-zhong, XU Jian-lan, ZHANG Bin-bin, YU Ming-liang, MA Rui-juan
(Institute of Pomology, Jiangsu Academy of Agricultural Sciences, Jiangsu Key Laboratory for Horticultural Crop Genetic Improvement, Nanjing 210014,
China)

Abstract: The effects of potassium (K") fertilizer spraying on Xiacui peach fruit quality and K™ homeostasis
status in relation to KUP gene expression were analyzed during whole fruit development process. Results showed that K* fer-
tilizer spraying significantly enhanced Xiacui peach fruit quality, as evidenced by increased fruit weight and size, improved
fruit skin color parameters, strengthened soluble solid content and soluble sugar content. Fertilizer spraying also enhanced
the fruit K™ nutritional status. In addition, KT/HAK/KUP family genes were distinctly expressed during different fruit devel-
opment stages. PpeKUPI was the most expressed gene, followed by PpeKUPS5 and PpeKUP3, whereas PpeKUP14-Ppe-
KUP16 were not detected throughout whole fruit development process. Moreover, expression of PpeKUPI, PpeKUP2 and
PpeKUP7 were more sensitive to K* fertilizer spraying, the expression levels in the treatment of fertilizer spraying signifi-
cantly increased compared with those in the control, especially from the second growth phase (75 DAFB) to commercial

harvest phase (95 DAFB).
I #5 H #3.2018-01-30 Key words: peach; fruit development; potassium
E£WA: HEARRAFEETH (31501743) WL A R FHE B fertilizer; foliar spraying; KT/HAK/KUP family; gene
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SCMAAEY AR S5 R A, S ™ B 5 R
FYILHLIZE 48 Sl v, B AR it 5 4 A
B R S B R R SR R R R % D) A
ST B - M v it O A R L R R
SERLESPEETE Y i SR L, SR TSR SE A
R BRI SRS T, A A A
JETOU R, 2 o S 00 Joi 7120 kA, it
PR T 2 A e SR S ) T R R R RS R
PRV OSRIN, 1 2 5T B AR e AR B A LR
], B E SR S AR AE K IR SR B b B K IR
SHEE I 5y T HLHIF ST iR A fef /L

KT/HAK/KUP Z 5L R gt i 5 A K iz i
A KR s o e, 4EREA )
TRPVEPZ S FR A SR, X F M BLA 1 T Rk
WA TEATERE AN T 2 WL TR P e
IF . W B ) 4 R IR T ALKUPT A 4R
HRAN AR S AR K, B EL A K A B 2R 55 (LAS)
(RFAE , CELA 1y 2 AR BT 2R 48 (HAS) IR AEN 72
FEMIRAG A FTEE TR AtKUP2 AtKUP4 T AtHAKS
F B AR B XA DA L 5K, A AR A
K* [ 4l _b 3558 i o> AKUP7 A SRS K
(AW ISR W A1) K 38 B 3 AR TS, R i) e i 2
PEF, Hols K™ AR ES ) Mo b 38 0 5% 52 /8 o
F L B EYAE B, R R A
2 FRk T g ) s 18 16 A KUP R,
G, SR, 248 L AR R (0 HZ RAAEY ) KT/
HAK/KUP FRJ5 01 D REMR SR A A

Wk [ Prunus persica ( L.) Batsch | J& — i 4> Bk #
B KA, B B D A B N A T A e L
W R 2 e 2 — 2 ARBFGE A T A
JIES it FH X B e Bk A K 4 B B SR S 4 T S ) 9
i L SE G E | PCR 400 TR R E o K 3l
BV S KUP FEFE 8K Z [ B ER ,
SRR PTG A B R SRR S R Lk
B K T 2 18] % U0 06 Z& by SRR it R 4 A 4 4t
HISAKIE

1 MRS I7E
1.1 R A A R BN

HPEA R TR Al B2 B BRI 56 el v ) 7
A LAk SRR EE G , 1050 T 2015 A1 2016 AR EE
R BRI IE—2, A SCR R BRI A 2015 4

5, APAC i AL BE 2 B R R AT R Y AR R
R, PERERl— ) 2 FTR (55 6 1R, 1Tk
R 5 mx3 m) , Hip—4 A% R, 5 —HE T T R
WAL EL , BEAEST 45 d(5 H LA)) , Rk R E s
FERGHE A 1 PR KA, %15 2 Bk it 3%
(A 5% 25 i 300 80 IS 4 6 O 745 %) 5 A e ) 149
KH, PO, 8, LAV A AR AR 44 o AR 5 45 it
R, RS SR A NG 35 d(4 A 41,30
DAFB) 2, RFF% 20 d HL—UHE, 22 SR S R b LA
JERT(6 AJEE,95 DAFB) R A 4 Wk, T H 33k
AYAT , AR E R AR SR S SR S B 1 45 T A
FRIIE .

1.2 BERLAEBIEIRNE

FH Ay BT R SR s s B, I FH AR R R
e L PR AR TN, FE RS0 as A 4w
FER ] TA.XT. Plus B R4 (S 7 7 B2 S 1R A B, 4%
L HAAE 8 mm, MHATRE 5 mm, BEABE 1 mm/s,

Z MR DB IR % 19 5125, Color Quest XE {4,
ZEHIE R AR bR, Hrh L™ FoRBEa SR,
BUETEREIA[1,100] a7 b7 FRBI A4S, BUENE
FlA[-60,60] ,a " LT 2T, b H N & ¥
GREFERR, o /b 2 WS S ) B8 5, B (B I
AN ak T R RSB h s FE A
AL IE(ERTFOR R LA B A R4

SRS PRI R 7 U, B R B R 1 2 A e A AR
PR TR R4 50 8 BT A PAL-1 0 SR 5 7y T ¥
PEFEIEA) 5 i B2 A s S AR A SR S 5
PRl tEEIEY) S, RS LL 702 SM Titrino
1 Sy LA 2 S S T R R R P i, FH 2R AR
TR AT

BB T B I AE B IR Song 251 1 77 vk RE S
£ 105 CH AT 30 min, JFAE 65 CHEFIMLSE 48 h,
Y58 W 5 F HNO,-HCLO, W Ak i 7, -3 1 47 5
IR TR UE & 4.5 h, A G A BB A5 Tk
JEF % B (ICP-AES ) Il 5E
1.3 RAZE RNA HREMEFEEE PCR

I F MiniBEST Plant RNA Extraction Kit( TaKa-
Ra 24 7] 7 i ) $2 BOCR 52 & 1Y 5 RNA IF i3t Pri-
meScript'™ RT reagent Kit & §% 55 & ( TaKaRa 2y
A2 i) A B —8E cDNA 1M, FH T 52mt 5t
7 PCR, i i NCBL/Primer-BLAST 7 £& If 55 #%
Bk PpeKUP 3 A (1 R85 323K 519, 43 51 LABK
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Ubiquitin 3: K ( GenBank No. KJ598788) I Actin &
[A ( GenBank No. KP690196) N2, BT H 51 ¥ )5 51)
Z M Song 212 3R IE i 1 ABI 7500 SZHT2E G E
12 PCR UGBk PpeKUP 3 IR 7E 8k 4 A 8] FF i it
W ZRIBFEAE, 96Uk SYBR Green ( TaKaRa
ONHEIFER) ROV RS R S A R AR
49:95 CHAEPE 30 5395 CAEVES 5,58 CIR Kk 34 s
(40 MEIR) 75 72 CHEMH 10 s,
1.4 BRSNS

B Edim it SPSS 13.0 # k4T Bt
FEARAE AL P 5 6T B 2 A0 57 kSR S (B SR A T ¢ A
F 1 BEHESRAE Bk et R AR AR

55 (P<0. 05 M B E /K, P<0. 01 il i E /K .
2 SR
2.1 TR e 6 B X Ak SR S S0 I G 2 i

B IRSC fif o B SR SC R B AR TR R (R
1), 7EBAE)E 75 d(6 H IF],75 DAFB) HELE 2 Ik
TSN M, 7E 38 B Rl 2R B (6 AR, 95
DAFB) , B bk T35 AR o i 3A B 4 =i (157. 76 ¢)
M5t KH, PO, #PIE & 2 2 5 1 AR & & B S A Bk SR
SEE S A, FE AU RO (95 DAFB) ik E| T
178.42 ¢ Rl LM T 15% (R 1 flE 1),

Table 1 Effects of potassium(K™*) fertilizer spraying on peach fresh weight and size

PR (g) Y12 (em) FE4% (em) 4% (em)

W oyl B i X AR I 5 i payiist BT payiis B T
BAEE 55 d 73.52+6.81 89.73+6.82" 3.57+0.16 4.04£0.15" 3.34+0.23 3.46+0.34 3.64+0.31 4.09+0.27 "
A 75 d 114.46+12.10 130.91+12.94" 5.36+0.31 5.80+0.26 " 5.32+0.49 5.53+0.47 5.41+0.37 6. 05+0.35"
BAENE 95 d 157.76+£0.24  181.42+16.04 " 6.25+£0.24 6.96+0.37 " 6.14+0.46 6.23+0.51 6.24+0.42 7.03+£0.33"

* FOR XTI L2 5k 5 0.05 K,

MR AAR TR A S0 & B AW, FE 2 5%
KON, BEEACR SR YA B ANA 53 i3k 3]
WHRAE(E 1), ST L, B AE B 5 e T ANR]
KR A IR FIAR B (P<0. 05) , TEZR 3R
WIBI (95 DAFB) A4 VA 43 300 £ /& T 11, 36% il
12. 65% , MitFAR A W h(R 1 MK 1),

X

B it 44 I

B 1 P O3 e S AE X Bk SR SE S R R B S i
Fig.1 Effects of K* fertilizer foliar spraying on peach appear-

ance quality

HEEJE T 5 4 bk S Rl ZERE SR S & B A
R R R s E T L, TR B
AV REERT (95 DAFB) , BERSE o Fl o™/ b" 157
WEAE . S5XFIEA L, Wi KH, PO, 40 0 B & 1ok 1
BERSCH) o Al a™/ b7, 43 4T T 20.97% F0
15.20% , X RR SRS L B IAT 500 (R 2) , Uk

A it A A AT BB A R RS o A e/ b7 EHER
R AN,
K2 WHEFENREFESHNEE

Table 2 Effects of K* fertilizer spraying on fruit skin color parame-

ters
b L* a” a*/b*
panil 54.88+4.53 26.56+1.37 1.25+0.10
BT 50.64+3.71 32.13£2.24 ™ 1.44+0.33"

U SN B R 50 A He 22 553 0.05 10.01 B K-,

2.2 BT $H BE X Bk R L MR RO R M

SRACRE R v R & | TS R A
A TR B ek A AT 2 5 e SR S PN AE T ) AR
bro FEIREIRT ML B EE B (95 DAFB) |, Wit B I 1)
b SRS ATV T 9 R P AR A X B Ay
SRR T 15. 81% M1 15. 20% , T 5 S 58 )3 F1 A ¥
R REEABEER (K3,
F3 FIEBHE SRS QRIS
Table 3 Effects of K* fertilizer spraying on fruit quality of peach
WHBE  TEMERIGY  ATEMER TR

b

HEER N A% aR(%)  AR(%)
oyl 60.46+3.59 13.41£1.33 12.63x0.26 0.25+0.032
AR 62.97+4.17  15.53+1.18% 14.55+£0.33 " 0.23+0.017

* FOR SRR L2 5 k51 0.05 B K,
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Bk R S A T AN RIIHYER A p KT A A
25t WA BEAR SR AN B A B T B, 7E56 2 1k
RS R IYI (75 DAFB) & ik 1§ Il 5 2% B (95
DAFB) K" & ik B (R 4) . FEEEAE)S 55 d.75
d F195 d, iR AL AR A K™ 5 -5 0 A e 23 5
F20.26% .16. 51%F1 21. 00% |,

R4 BUEHEXHSERAEEFEENIM
Table 4 Effects of K* fertilizer spraying on K* concentration in

peach fruit

METIRE (g/ks)

H 1
payiizl L i
AL 55 d 27.24+1.83 32.76+1.98
BAE)E 75 d 34.16+2.47 42.18+2.46*
FEAESS 95 d 36.62+2.16 44.33+3.21*%

" FOR SR IR L2 5 51 0.05 K,

23 BRI ABFiTIEF KT/HAK/KUP RixERA
KRR HFE

FERTHIIRZE 28 35 MBK S DR 41 v s O v Pt
T 16 4> KUP FIEILH ) 9k & PCR 7 #rs
WL . PpeKUPI ~ PpeKUP13 Jit PR 1E &5 ifs 5 52 v 1y
RERIIN 3], H R IK KV 22 80K, Hidr | PpeKUPT 3
PR 23Rk 7K - fe e, HEUR 2 PpeKUPS 1 PpeKUP3,
Hofy 5 A i) 3R 35 B AH XS 8AIR, T PpeKUP14 ~ Ppe-
KUP16 JEPR 7 85 Jis 2 5% b 3 A I 2] 3% 38 & (1A
2), AN, PpeKUPI ~ PpeKUPI3 FEHAEIR I 1Y 4 4>
ANTRIB A Bk S ARL, Y75 1 R SR R
(35 DAFB) FIffi k% (55 DAFB) [l 35 K P48

I bt HE S0 AR BT & T RIS T S R AR, e
PpeKUPI B ATERERZ I (55 DAFB) S o 8t HR
IKIKE29 R HoAl PpeKUP DR 5~20 435, 6B HAE
WAL KRB EE R sk (K 2)

0.901
0.75
0.60
0.45
0.30
0.15
0

AR FRIE B

12345678 910111213141516
eS|

m B SE35 d; mEAEESS d; B TEIRTS 4 s fEIR9S d
1~ 16 HRKH PpeKUPI ~ PpeKUP16 3K
B2 BRFEEZEAREH PpeKUP EEHIFRIX
Fig.2 Expression of PpeKUP genes of peach fruit during differ-

ent development stages

24 MBI XEFTE KT/HAK/KUP R & E E 3t
M5 16 $FR AIE ) i iz

PG E 7 PCR 45 R KW, PpeKUPI | PpeKUP2
Hl PpeKUP7 T 577K - st it 27 AT Ak 2L 4 A 0K
PpeKUPI [R5 K-V AEME B IE 5 19 3 YA [ A
SR ETE i PpeKUP2 F1 PpeKUP7 363k 7K F-
TESE 2 YR SEIE K (75 DAFB) Zik B Rl jl 2 i
Fh 387 J0 4 (181 3) , oAt Ik R A 5 SRk B R
IR KA 32 8 it R A 5200

L5¥ ppekup1 00 ppekup7
1.2 ‘
I8 I 0.06"
K09 Hﬂ&ﬂ “ﬁ N
T 06 = =< 0.03-
0.3 ol
0 55 715 9J5 0 55 7L5 9‘5
BEACSEIIR] (d) AL (d) BEAEEITR] (d)
—u— X —e— WA
RN GXIRAH L 22 ik #) 0.01 E K,
B 3 PpeKUP EEFEBLR KL E A [B] i B Xof 055 it £ AL 64 M
Fig.3 Response of PpeKUP genes to K* fertilizer spraying in peach fruit during different development stages
3 3 i HURRY) I E R KR AT TR
> )

KO b & i oy £ E R 2 —,

SRR SR F R R B AR
RFIE I FIZ 4B T 00 49 N 5 M 5
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JT AR SR, 25 S 3 W o it 4 A Jd 2 v T R k2R
S TR R SR e T R A A b TR
TSRS T [ R0 ] s A G o, R T TR
SEPNTE AR, T S e ke e
SR R BRBERETY RS IR BRI
B I S A S A I £ R R — 5
(1, T ELMS AR A AT Rk T Ak SR S & AN ] B 44
SRR ZE TR HEDEP R TR el A2
HET RAPRFMAE K E , v A=k R 5 i 4
TN LR R A0 FT R B SR S S A5 DA 3 1 1R
RZ—.

SPGB E SR Sk B
PR E SR T IR ST D ARBIFGE G Sk
SIHTRRER % 38 1R KT/HAK/KUP 5% 1% 5 X A 85 i ik
TSR B AN [ 1) B AR AE B X it S 1) 22
SEUE N o 45 R KT/HAK/KUP % i 3 IR AE e 52
KH 5B R K22 78 B
1 YRS KM (35 DAFB) 4% 5] (55 DAFB) iy
FIRKV-A 1R, 2 B AE Bk 4l SR 02 i AN Al A B )
T B 2 KUP fis R R, UME & R 20
K* 2 5 550 % 5 0030 40 9 25 R K i A4 Bk
T AT REA 2R 2 UORSEEZ K (75 DAFB) FR S5 AL
DA T KUK 3h Ty, fF Bl AR 5210 R B
B, KT/ HAK/ KUP Z8 05 3% K 1 e 3k 7K -8
A, BERHBE SR S0 & B R BVE 3% e 36 32 (R 1) T g
K, BERSEEE RS RN KA 1T BE ) Hofh 21 21
(N —4E A B AR IR B SR A 1) #6585 (B AR SR 4t
FRE i m A0 208 R R4S | e IR A B R s S 52
(A SEAS TR 285 A i I i,

Song % ST S5 KW PpeKUPT N 7EHk4)
BAGRR ZERn rh 38 ek, HAEMRER S 2 A Ak A
YIRS . ARG T R I PpeKUPT FE IR 7E
M AL H 19 2R 38 AR AR, IR T 12 8 0 H At 1
N, AT S5 R L PpeKUPT 3 [F 75 &5 M Bk
R BV EMAZIY (55 DAFB) HYFRIK R, 2
S HA PpeKUP FEH 357K/ 5~20 %, HAEFE 5%
IR X W it 50 A S % R, L 3R 7K S MR A2
(55 DAFB) ZIKFIELBEAEERT (95 DAFB) J&+52%
YA, PR PpeKUPT 2SR50 K B ik 72 p (4551
EYRIC R R BRI BT is ik, fE
HeRe R R E IR KRR KIEH, R Ppe-
KUPS SERERRAI T (Rl 2 AR E0 ) KT/ HAK/KUP %

JARFE A R Rk i e 1 0 (AR AL P ) Rk
AR ABFFE, PpeKUPS TERRSRSE K F
Fih K ALK T PpeKUPI , BLTEES Mo bk 550 & &
W1(35~55 DAFB) 13k 3¢ i, H % i it 4 A AS
U, BIR PpeKUP7 JE R AE Bk &)y 1 IRk AL Hh 2638
TR B 2T T Ak SR S v ik Bt SR IR
(1R, AL X S i 50 TS 2658 A B0, #5852 USRS R R M
(75 DAFB) 2K E| L AR RS (95 DAFB) Higkik
¥y R HY PpeKUPI F1 PpeKUPS TEREF:
SCEE S G AR ) 7 N e R B R R
RSFIAAEBRAY, [FEE, 78R 52 % B I8 IR
TSGR | — A A AR S5 1) B i R Pt 52 i 2 R
H,iX 3 Mz R A T RE KGR N K ) —
SEA RS B AR I SO T B RS A3 I v R
—EWVER ., Ak, PpeKUPI4 ~ PpeKUP16 JE R 1E
LR ZERI R A Rk (KT PpeKUPS) ™% {H
FERRAE FF UG A [R) I 301 35 A 63517 | PpeKUP14 ~
PpeKUP16 7B MRk R 52 & B A R B AR A 2],
UG A1 S A it FH 08 A W) S, 9853 R B 3 3 Az
TRTT RELERRAE T ORISR ST 1 M &k B Fe o & 4%
YR i A] Re S 5 HA A A i 7
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