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Effects of prohexadione—calcium treatment on flower bud
differentiation and plant growth of strawberry in Beijing

HE Qiang"?, YANG Fen®, GAO Dehang®, DONG Zhenfei*, XU Tengfei’, MAO Lirong?,

WANG Hongging"*
(1. CAU-SCCD Advanced Agricultural & Industrial Institute, Chengdu 610041, China;
2. College of Horticulture, China Agricultural University, Beijing 100193, China)

Abstract To investigate the effects of prohexadione-calcium (Pro-Ca) on the flower bud differentiation,
flowering and fruit of strawberry, strawberry variety ‘Kaolino’ was taken as the experimental material, and
Pro-Ca was applied to the leaf surface before planting. The growth index of strawberry after spraying were
determined, the morphology of flower bud differentiation was observed, and the expression of related
genes was deteced. The flowering stage after planting and measuring the yield and fruit quality of strawberry
at each stage were recorded, and the effects of Pro-Ca treatment on the growth, flower bud differentiation,
yield and quality of ‘Kaolino’ strawberry were explored. The results showed that: 1) Pro-Ca treatment
could significantly inhibit the growth of strawberry (P<Z0.05) , and the relative content of chlorophyll in
leaves increased by 6.28 to 9. 07 compared with that before treatment. 2) Pro-Ca treatment could regulate

the expression of floral meristem determining gene FaAP7 and floral meristem specific gene FaLFY, and
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promote the early differentiation of flower buds by about 2 weeks. 3) The appropriate concentration of Pro-

Ca treatment could advance the beginning flowering and fruit setting period of strawberry by 3 days, and

the fruit ripening period by 6 days, which significantly improved the fruit quality of strawberry (P<<0.05),

increased the initial fruit weight and yield per plant, and increased the yield by 5.85% to 10.37%. In

summary, leaf spraying Pro-Ca treatment 40 days before the planting of ‘Kaolino’ strawberry in Beijing area

can effectively inhibit the growth of strawberry, increase the relative content of chlorophyll, advance flower

bud differentiation, advance flowering and fruit, improve the initial fruit yield and fruit quality, and contribute

to early listing of strawberry.

Keywords strawberry; flower bud differentiation; prohexadione-calcium; yield; fruit quality
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Table 1 Primer sequence of strawberry flower bud differentiation related genes qRT-PCR

EIR7E2 FIWFH(57-37) P

Primer name Primer sequence(5'-3") Source
FaAPI-F GGAGAAGGCAATCAAGGAGCA

FaAPI-R GAGCTGGTTCCTCCTCACCT

e

FalLFY-F TCCAAACGCGTTCACTGCGA

FalLFY-R AGCCCGGAACATCTCCTCCA

FaACTIN-F TGGGTTTGCTGGAGATGAT

BAER

FaACTIN-R CAGTTAGGAGAACTGGGTGC
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Table 2 Effects of Pro-Ca treatment on plant height and root diameter of ‘Kaolino’ strawberry

PR /cm HZEH/mm
fob 7 Plant height Root thickness
Treatment Ak BT 4k 1 Ak B R Kb B

Before treatment After treatment Before treatment After treatment
CK 20.08+1.96aB 30.20+2. 25aA 4.9040. 40abB 8.1042. 06abA
T1 22.40+1.18aB 24.37+2.81bA 4.92+0.44aB 7.60=+1. 39aA
T2 19.46+2. 36aB 25.01£3.45bA 4.67+0.43aB 8.36=+1.96aA
T3 21.54+3.47aB 26.81+3.89abA 4.7640. 85aC 8.46+2.10aA

e CK TR ; T T2 R T334 0.3.0.45F10. 6 g/L [ Pro-Ca kb Bl . A [i] /NG 2 BF 36 7% R [ Ab B i) B & 38 M 25 57 (P<<0. 05) , #
] /N B R R AN ) b 3R] T 3 1 22 5 (P=>0. 05) 5 AN [1] R 5 Rk 3R Ab B i R Ak 35 B AT W 38 1k 2% 1 (P<<0. 05) M [ K5 FHE &

73 Kb B A AL RS T W 25 R (P=>0.05) . IR,

Note: CK, control group; T1, T2 and T3 are Pro-Ca treatments of 0. 3, 0.45 and 0. 6 g/L, respectively. Different lowercase letters indicated

significant difference between different treatments (P<Z0.05) , while the same lowercase letters indicated no significant difference

between different treatments (P=>0. 05). Different uppercase letters indicated significant difference between before and after treatment

(P<C0.05), while the same uppercase letters indicated no significant difference between before and after treatment (P=0.05). The

same bellow.
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Fig. 1 Effects of Pro-Ca treatment on relative chlorophyll

content of ‘Kaolino’ strawberry
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Fig. 2 Morphological observation of strawberry flower bud differentiation
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Fig. 3 Effect of Pro-Ca treatment on flower bud differentiation of ‘Kaolino’ strawberry
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Fig. 4 Effect of Pro-Ca treatment on the expression of genes related to flower bud differentiation of ‘Kaolino’ strawberry
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Table 3 Effect of Pro-Ca treatment on flowering and fruit of ‘ Kaolino’ strawberry

Ak B s M AW A 5 2
Treatment First flowering period Full flowering period ~ Time of fruiting Initial ripening period

CK 10-13 11-24 12-09 11-03

T1 10-10 11-24 12-06 10-28

T2 10-10 11-24 12-15 11-03

T3 10-22 11-27 12-09 11-03




%5 5 4 R

R I 15 Ak X b X A A 2 O B A KR Y S 103

AL P B 10, 37 % 5 T2 Ab B AT 50 i < 77 B B4 11
F 7y B ERN B R i W] PR N 5. 85%4 5 T3 Ab

FRAT A T EAE 11 H —WRAE 2 AR PR
A1 H F12 F sk =, nl i = i n 7. 68 % .

®4 Pro-CatBBX'BFH EE~EHHMN

Table 4 Effect of Pro-Ca treatment on yield of ‘Kaolino’ strawberry

IR g T .

Jib 1 Average single fruit weight Average yield per plant (k /f 2
m?
Treatment 11H 124 1A 2H 3 11H 124 1A 2A 31 iicld
Nov. Dec. Jan. Feb. Mar. Nov. Dec. Jan. Feb. Mar.

CK 7.82 13.49 12.21 12.49  10.08 5.35 10.65 52.49 58.97 24.39 13666.50
T1 8. 24 8.51 12.05 16.08 9.63 8.45 11.87 54.56 59.26  33.46 15083.70
T2 8.33 8.56 12.29 14.64 8. 86 12.17 4.17  45.36 69.06  29.97 14 465.85
T3 10. 64 14.01 12.41 14.72 9.85 6.08 11.61 45.03 72.36 28.43 14 715. 90
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R =20 @ LLAFIOR R T LS AR FUERIE 45
B, N3 5 TR, Pro-Ca R A AR < 5 7 w445 R L
WIRRGIE S TR T2 Ab B G 35 P AT 4 2 S o 2 =
AR (P<C0. 05) , % SRS G2 AR IE 45 $00) 7 12
FE AT B AL B, T3 4h BT ¢ I R AR R

2.5

SRR 7. 0%, W RR U R R AR E R O B
Erem AR B SAGIT ET

W2 6 9T 7, 38 2 A B e e SR S Tl R
AR B AT T E R A N AE A T & B, Pro-Ca &b
FAT G 2 B O R b nT S PR B RN Ve & & (P<
0. 05, {H X i 5 5 SR B A3 /K 5 ) I8 Wb 2 5%
T2 4b 35 AT 5 3 18 i m] i R A i (P<<0.05) ; T3 4b
B AT AT 5 M [ 9 AT A R R LR o
HmP<<0.05),

RS Pro-CafbExt' HE EHINERRM T
Table 5 Influence of Pro-Ca treatment on external quality of ‘Kaolino’ strawberry
p p e R R [BETES W 1B 2R
R /g 4% /mm Hh4% /mm U Z1E i b L
Ak 3 . . o . /% /% /%
Weight of single Transverse Longitudinal Fruit shape . . )
Treatment . . . . Special grade Commercial ~ Malformed
fruit diameter diameter index . . .
fruit rate fruit rate fruit rate
CK 30.31+4.11a  37.8043.29 50.1645.47a 1.34+0. 24a 11.6 56.6 13.7
T1 22.72+1.79cd  32.87%0.98cd  47.61=x5.60a 1.45+0.19a 4.5 53.8 9.8
T2 23.0243.10cd  33.4043.65cd  47.5344.84a 1.45+0.25a 5.0 56.4 14.1
T3 27.03+4.25ab  35.6042.31labc 48.9046.04a 1.38+0.22a 9.7 63.6 17.0
F6 Pro-Cat B B EHENERRNZM
Table 6 Effects of Pro-Ca treatment on the intrinsic quality of ‘Kaolino” strawberry
B/ MRHERDR MW TR/ i Veddt/  wAkE/Y
4 g z/ & O & [} LR Y o F‘ik}: d
Treatment (N/cem®) Y/ % (mg/g) (mg/g) Organic acid (mg/kg) Content of
eatmen anic ac
r Hardness Soluble solids ~ Soluble sugar ~ Titrable acid reame act Ve content water
CK 9.7241.13a  9.29+0.99b  66.6141.72d 6.37=0.05b 0.50=+0.01bc 291.8040.57b 92.50=+0.01a
T1 9.344+1.37a 9.86+1.41ab 73.3240.64b 6.03+£0.18b 0.48+0.04c 397.6240.85a 92.17=+0.0la
T2 10.06+1.69a 9.484+1.05ab 76.64+0.59a 7.4440.22a 0.514+0.01b 378.04+1.36c 92.33+0.01a

T3 10.02+1.30a 10.10£1.04a  69.66=+0. 46¢

7.50£0. 08a

0.5540.01a 365.8741.29d 92.50+£0.01a
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B Y ZF A0 A0 T A A IR A BT R L
SRR, ¥ S5 e RE R AR S AL AR . BAE AL )
b B it SR RE Ay 5~27 °C, 1 BLIR E  10~20 °C,
R 1 7 S/ L A 3L [T ¥ A7 B o A ¢
o0 X 2 R R AR, EL R TR AR S e R AR K, S R
T BB AT AR ZE A Ak, R S R T AR 25 SR ]
BH A% 2 B bl o A WF5E i F RC-4HC & & M i
R B I SR AT S Ak 28 40 TR A0 PN 3 3 2 B0, b ol
B 7 X 2023 4F 7—8 H PR E R 26.3 °C, H f 5
TN 38.5 °CLE S T AL k. fERE AR H
Rk B R AR R A R R AR 2 A A Oy U AR
Z WA L E R B AR | R AT R AT R IR
4 b P A X B 0 0 A R LA ZE A AR L AR
117, F 1R i S R o L A G M DL S —
778 B 5 25 BF 0 BT AR Ak B 25 fdE N A A 4
T 5 A1 Tk ¥4 7 ALk B 20 I TR A A FLAS T
A b HR 2 B A ER AR R . B, R
TPk — A ), A 5T 4G A S PR AR TR L
D R SR e L (R SNV N
I A A 1) R 40 A R R AT Ak B R 2R A A I
Jiti AN 7] e B Pro-Ca Ab B X} %5 4 2 43 1k K 7= & Fl
sl JOR (14 5 T

Y AR Y T RE S R R AR R F
oy fead #29. A ABESE Wow |, Pro-Ca &b # ] fi i
) A6 28 50 A0 R0 s A6 10205 AR B 5 5 ke o
B A6 2F 3 Ak HE TR E AT 25 24 00 5% R0k DN 5 45 4K 2F
I3 AEAR SE I IR Y F 3k 0, & BE Pro-Ca Ab B nT i 2 &
Fi A6 e L ke 58 BE I FaAP 1 FIAE 43 A 20 445 53
SN FaLFY 3P i 323k, AT 42 #F 4 28 4 7o 1k
i AE 2F A3 AT 2 8 2 A o o Wk BE Sl 0. 45 R0
0.6 g/L ) Pro-Ca A B XF 46 2F 43 46 (1 41 2 35 SR A T
W PN 0.3 g/L 1y Pro-Cakb¥ . f# /1 0.6 g/L Pro-
Ca 4b #EF, ml & 2 &8 46 43 A 41 20 e e 58
FaAP1fAe 5y HE A8 ¢ 5 B FaLFY B 1 3R
1k, {H 0. 3H10.45 g/L Y Pro-Ca 4b ¥ ik U] 3% A i 2
P25 5 4 ] BE 32 Pro-Caifi 1 ik B 3R 55 2% 57 5k
At 9 4 0 28 S R AR AR e A NI 5T, A
162 A 23 32 BE SR T B KOE IR DG R
LEHEFEMFZm T WA FESE K B APTIE
2k S Z B R BV R LFY JF R

FLH FTHFFAEIHF TFL1 5205 LFY %
PR A6 28 o fb ad B e ROT iR Rk 3L, 5 AP
BRI AT DL AR IE T LY JE R fE S AP 3
P R AR U k5 25 1wk
J& Pro-Ca kb ¥ 0] 5 35 52 W 5085 4 2F 23 Ak AH OC JE A
2R a5 ARk B Ak 2 U] I PR 3 3K R B &, Pro-Ca X}
FEEAY ZF A3 AR 1 5 i ML ERATY R HE— A T

A ABIE ST 2 B, Pro-Ca kb B AL AT DL 9F 55 4§
AT AR, B AR IR A 0 R R B OE R 3 O
TR S A B SR R AR Al SRR R S R
Bt o S S R A R ORI R, R
RE R MR 2000 TR Pro-Ca 4b B, A I 540 ) %5
REHE G, 7 I 28 2R 6 % 3G 6. 28~9. 07, =y vk
JE Pro-Ca it $a] 38 il 75 AR 2SR, 330 % 1S 5 2 45
GHe) AR R AR IR RAE 2k AL I R —
E 1 i Ab 34 BE 02 B A T O R M 3R ) L B
AT . G R B, 18 TR Y Pro-Ca &b
B AT e 4 A6 01 R0 Ak SR 4R AT 3 d, R S8 a2V A
6 d, ARG ST N 0T AL A B G AR, nT G N R A 45
SR A0 3 PR L N BB R, 6 R A SRR R A B
S, AL R N 5. 85%~10.37% . %3 4h,0.3
F10. 45 g/1 1Y Pro-Ca Ab B 2> {iff 45 5 497 9 45 9% IR o
R FREAK,0.6 g/L A Pro-Ca 4b BRI % A7 2 3%
AR | W B S -1 B NS N S
—

4 & it

AU 3T X A B B g SE R R 40 d AT I I
Jiti Pro-Ca 4k B, AT A7 2800 i) 0 4 A8 bR HE A, 38 o i
S N ROl N R R R o R TR D
AR SR LA B TR AR T AR
DrRER I H AR
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