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Effects of different types of pollens on fruit size, shape and hardness in
Ruixianghong apple

CAI Min, SUN Lulong, ZHAO Zhengyang, WANG lJiaojiao, HE Xiaoxiao, GUO Xiongxiong, WANG
Li, LIANG Jun’

(College of Horticulture, Northwest A & F University, Yangling 712100, Shaanxi, China)

Abstract: [Objective] In order to select excellent pollen that can improve the fruit size, fruit shape and
hardness of Ruixianghong apple, the present experiment was undertaken. [Methods] We selected 21 dif-
ferent types of pollens to control pollination of Ruixianghong with natural pollination serving as the
control. The fruit setting rate was investigated, the vertical and horizontal diameters of fruit during de-
velopment were measured after pollination, and the fruit weight, deflection rate and hardness of the har-
vested fruit were also measured. The pollination effect was comprehensively evaluated by combining
membership function and cluster analysis. [Results] The effects of different pollination combinations
on fruit setting rate, fruit longitudinal and transverse diameter growth, fruit shape index, fruit weight,
fruit hardness and density at maturity were different. The longitudinal and transverse diameters of the
fruits pollinated by each variety mainly increased in the early stage and tended to stop increasing at har-
vest. At the early stage of fruit development, the increase of fruit longitudinal diameter was greater than
that of transverse diameter, and the increase of longitudinal diameter and transverse diameter of most
pollination combinations showed a downward trend at harvest. In the process of fruit growth and devel-
opment, the fruit longitudinal diameter and fruit shape index of Ruixianghong were larger after it was
pollinated by Maypole and Hybrid superior line 2 and the fruit transverse diameter growth and fruit

shape index were larger after it was pollinated by Freedom and B118, while the longitudinal diameter
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growth and fruit shape index were smaller after it was pollinated by Hybrid superior line 3 and Zha’ ai
76. The fruit weight of Ruixianghong was the largest (289.86 g) after it was pollinated by Maypole,
which was significantly higher than that of the control and other pollination combinations, 20.79% high-
er than that of the control (239.98 g), and Hybrid superior line 2. The fruit weight of Ruixianghong de-
creased after it was pollinated by Zha’ai 76 (183.47 g) and Hybrid superior line 3 (169.80 g). The fruit
weight was the smallest after it was pollinated by Pink Lady, which was 156.52 g, and the difference be-
tween treatments was significant. The effects of other pollination combinations on fruit weight were dif-
ferent, but the difference was not significant. There was no significant difference in the effect of differ-
ent types of pollens on fruit shape index. The average fruit shape index was about 1.0, indicating that
pollination had little effect on the fruit shape, and the variety had excellent high-L/D retention. The fruit
deviation rate (4.33%) was the lowest after it was pollinated by Ruixianghong pollen, which was signifi-
cantly reduced by 64.88%, compared with the control (12.33%). The fruit deflection rate with Jin Shiji
pollen was the highest (18.73%), which was significantly different from the control. Except for the pol-
len of Ruixianghong, the fruit deflection rates with Hybrid superior line 1 (5.25%), Malus sp. Beijing
No. 1 (8.00%), B118 (8.33%), M. prunifolia (Willd.) Borkh. (9.40%), Anna (9.67% ) and Maypole
(9.67%) were less than 10%, which were qualified as grade [ fruits. Compared with natural pollina-
tion, they were significantly reduced by 57.42%, 35.12%, 32.44%, 23.76%, 21.57% and 21.57%. The
fruit deflection rate of other pollination combinations was greater than 10%. The results showed that
Ruixianghong maintained the fruit with high-L/D characteristic, increased the fruit weight and reduced
the deviation rate after it was pollinated by Maypole. The fruit weight of Ruixianghong was smaller and
the fruit deflection rate was higher after it was pollinated by Zha’ai 76, Pink Lady and Hybrid superior
line 3. In terms of fruit density, compared with natural pollination (1.01 g-cm™), Ruixianghong signifi-
cantly increased fruit density after it was pollinated by Hybrid superior line 3 and M. sieversii (Ledeb.)
Roem.. The fruit density of Ruixianghong decreased after it was pollinated by Zha’ai 76 (0.77 g cm™)
and Pink Lady (0.75 g-cm™), but the difference was not significant. In terms of fruit hardness, the fruit
hardness of Ruixianghong significantly increased (10.13 kg - cm™), followed by the pollens of Nagafu
No.2 (9.94 kg - cm™). The fruit hardness of Ruixianghong was the lowest (8.32 kg - cm™) after Freedom
served as a pollinator, and then M. sieversii (Ledeb.) Roem. (8.45 kg - cm™), which was significantly re-
duced by 7.75%, compared with the natural pollination (9.16 kg - cm?). The membership function meth-
od was used to establish a comprehensive evaluation on the efficacy of different pollens. The results
showed that the top pollens were Maypole, Freedom, M. sieversii (Ledeb.) Roem., Liaofu, Anna, etc.
The fruits pollinated by Pink Lady, Zha’ai 76, Nagafu No. 2, India and Jin Shiji ranked lower than the
control. The pollination effects of 21 types of pollens can be divided into 4 categories by means of
mean cluster analysis. The fruit deviation rate was large, the fruit shape index was small, the fruit
weight was relatively small compared with other pollination combinations, and the Zha’ai 76, India and
Pink Lady, which ranked lower, were divided into one category. The comprehensive ranking of May-
pole, Freedom and natural pollination, LG2, M. sieversii (Ledeb.) Roem., Liaofu, Golden Delicious, An-
na and Orin were divided into one category; B118, M. prunifolia (Willd.) Borkh., Hybrid superior line
1, Ruixianghong and Malus sp. Beijing No. 1, Hybrid superior line 2, Jin Shiji, Envy and Nagafu No. 2
were divided into one category. [Conclusion] Maypole has the best comprehensive effect after it serves
as a pollinator, which is characterized by large fruit, small hardness and low deflection rate. It is the pre-
ferred pollen for Ruixianghong.

Key words: Apple; Ruixianghong; Pollination
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Fig. 2 Effects of different pollen pollination on the vertical diameter of Ruixianghong apple fruit
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Fig. 3 Effects of different pollen pollination on fruit diameter of Ruixianghong apple
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Fig. 4 Effects of different pollen pollination on fruit shape index of Ruixianghong apple
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Table 1 Effects of different pollen pollination on fruit setting rate, single fruit weight and fruit shape of Ruixianghong apple

izl AT AL B2 T}
Pollen Percentage of fertile fruit/% Fruit mass/g Fruit shape index Deflection rate/%
K'E 25 Nagafu No. 2 77+6 be 215.90+22.04 cde 1.02+0.03 a 14.22+0.42 be
4122 Jinshiji 79+7 ab 240.49+10.40 bed 1.00£0.02 a 18.73+2.74 a
ZIC Envy 80+3 ab 242.19+8.02 bed 1.00+£0.03 a 12.75+1.14 be
i 77 £ Ruixianghong 5946 ¢ 219.22412.01 cde 0.99+0.02 a 433+1.86
Frél 4+ Pink Lady 79+4 ab 156.52+4.91 h 0.99+0.03 a 16.67+2.91 ab
Ak Orin 91+4 a 250.84+4.10 bed 0.98+0.02 a 11.25+1.35 ¢d
4 5it Golden Delicious 80+5 ab 250.75+3.31 bed 1.00+0.02 a 15.25+1.75 ab
4 Anna 7143 cd 245.99+8.61 bed 1.00+0.02 a 9.67+0.45 de
AR Liaofu 70+5 cd 248.11+5.39 bed 1.01+£0.03 a 12.00+0.21 be
EllJE Indo 7143 cd 236.13+14.25 bed 0.96£0.04 a 15.50+1.69 ab
FE i Freedom 82+3 ab 272.77+7.86 b 0.98+0.05 a 11.33£1.18 cd
#£5% Maypole 88+4 a 289.86+2.05 a 1.01+0.03 a 9.67+0.33 de
At 1 55 Malus sp. Beijing No. 1 75+3 be 248.19+5.61 bed 1.03£0.02 a 8.00+1.15 de
& T M. prunifolia (Willd.) Borkh. 80+8 ab 243.45+9.50 bed 0.98+0.05 a 9.40+0.56 de
SHrBEE SR M. sieversii (Ledeb.) Roem. 77+4 be 260.45+6.30 be 0.99£0.01 a 13.33+0.28 be
FL¥E 76 Zha’ai 76 68+2 d 183.47+12.72 f 0.95+0.02 a 14.80+2.27 ab
A2 LG2 87+7 a 256.64+8.85 be 1.01£0.02 a 14.89+2.87 ab
B118 8045 ab 261.13+4.40 be 0.96£0.01 a 8.33+1.03 de
J&A24 2 1 Hybrid superior line 1 44+1 f 225.50+24.89 cd 0.98+0.05 a 5.25+1.38 ef
3354 £ 2 Hybrid superior line 2 8143 ab 268.73+10.88 b 1.03£0.02 a 16.67+2.33 ab
F 224 % 3 Hybrid superior line 3 83+3 ab 169.80+£7.42 ¢ 0.97+0.03 a 16.00+2.73 ab
H 4R 4% ¥} Natural pollination 77+7 be 239.98+11.93 bed 0.97£0.01 a 12.33£1.33 be
FI 164558 Self-flowering fruiting 2145 ¢ J¢ None J& None Jt None

A« [ BB A ) B R ZE S R (p<<0.05,7=30). T [A.

Note: In the same column data the difference of different capital letters is extremely significant (»<<0.05, n=30). The same below.

T R 2 B AR, AH xS BB (12.33% ) & & BE K T
64.88% , Jiii B 41 FH 4 tH 40 2 K, S S A R o v
(18.73%) , 5XT A LL 2 5 B35 . BRIRZIR F 440K
Ay 238 R 1(5.25%) A 5T 15352 (8.00%)
B118(8.33%) & Pk 7 (9.40%) « %21 (9.67%) Fil 5
5 (9.67%) K R S A AL 235 /N T 10%, 9 T 2R,
5 BARBR A LG 23 ) B 35 BRAIK T 57.42%35.12%
32.44%.23.76%21.57%+21.57% , ifii £ A3 1K 32 45
JE AR T 10%.

g BRTIR B A AL SR SRR 4R T RS bk
PR, K TR &, BEK T WAL F AL
T6 M A d MR 3 ER N FH R R ER
AN AR ER IR .

23 AEEMHEMIIHELERRIZE EEMN
Al

AN TR M %o il B 1 S S 5 R DL R s FE (1) 5 1)
WIZR 2 firow , M6 F BSR40 (1.01 g-em™) , B A& 41
FH 2% 2200 2% 3 A0 a8 B S SR 500 A 52 % B2 K, 4 )
H1.34 g-cm®.1.08 g-cm”, Ab 3] 22 57 5 3% s L&
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Table 2 Effects of different pollen pollination on fruit density and hardness of Ruixianghongg apple

1647} Pollen ¥ Density/(g-cm™) fifi ¥ Firmness/(kg-cm™)
K& 25 Nagafu No. 2 0.84+0.01 be 9.94+0.18 a
440 Jinshiji 0.84+0.01 be 9.22+0.10 be
ZIt Envy 0.82:£0.01 be 9.71+0.23 ab
%t & 41 Ruixianghong 0.88+0.01 be 9.98+0.32 a
W4 Le+ Pink Lady 0.75+0.01 ¢ 9.49+0.30 ab
Ak Orin 0.97+0.04 be 8.86+0.26 cd
47t Golden Delicious 0.97+0.04 be 8.84:+0.25 cd
LU Anna 0.94+0.02 be 9.12+0.17 be
JZAR Liaofu 0.86+0.02 bc 8.82+0.21 cd
EFE Indo 0.80+0.01 be 9.23+0.11 be
E i Freedom 0.81+0.03 be 8.32+0.13 de
#£3% Maypole 0.960.12 be 8.79+0.28 cd
H5AEE 15 Malus sp. Beijing No. 1 0.82+0.01 be 10.13£0.21 a
& PT M. prunifolia (Willd.) Borkh. 0.79+0.06 be 9.40+0.21 ab
HTERIFSE L M. sieverii (Ledeb.) Roem. 1.08+0.03 b 8.45+0.25 de
JLE% 76 Zha’ai 76 0.77+0.01 ¢ 9.05+0.28 be
A2 LG2 0.95+0.02 be 9.00+0.23 be
B118 0.95+0.04 be 9.55+0.30 ab
%224 & 1 Hybrid superior line 1 0.85+0.01 be 9.5420.28 ab
A2 % 2 Hybrid superior line 2 0.90£0.06 be 9.67+0.42 ab
%1t % 3 Hybrid superior line 3 1.34+0.42 a 8.80+0.26 cd
[ 2R 4% 4 Natural pollination 1.01+0.01 be 9.16+0.04 be

R®3 FAEEHEMIREFLERRIERETNEETN

Table 3 Comprehensive evaluation of different pollen pollination on fruit traits of Ruixianghong apple

izt BRE  RIREK iR} 28 R SR He4
Pollen Fruit mass  Fruit shape index Deflection rate  Fruit density ~ Fruit hardness Ranking
K- 25 Nagafu No. 2 0.45 0.56 0.31 0.15 0.10 032 21
440 Jinshiji 0.63 0.64 0.00 0.15 0.50 0.38 19
Z Ut Envy 0.64 0.58 0.42 0.12 0.23 040 17
Hii#r £ Ruixianghong 0.47 0.54 1.00 0.22 0.08 046 11
el e+ Pink Lady 0.00 0.51 0.14 0.00 0.35 020 23
F Ak Orin 0.71 0.41 0.52 0.37 0.70 0.54

476 Golden Delicious 0.71 0.68 0.24 0.37 0.71 0.54

4 Anna 0.67 0.57 0.63 0.32 0.56 0.55 5
JZAR Liao fu 0.69 0.71 0.47 0.19 0.72 0.55 4
ENEE Indo 0.60 0.18 0.22 0.08 0.50 032 20
[ F Freedom 0.87 0.87 0.51 0.10 1.00 0.67 2
3% Maypole 1.00 0.72 0.63 0.36 0.74 0.69 1
WE5EAE ST 15 Malus sp. Beijing No. 1 0.69 1.00 0.75 0.12 0.00 0.51 8
BT M. prunifolia (Willd.) Borkh. 0.65 0.40 0.65 0.07 0.40 043 16
HIBE R M. sieversii (Ledeb.) Roem. 0.78 0.54 0.38 0.56 0.93 0.64 3
L9 76 Zha’ai 76 0.20 0.00 0.27 0.03 0.60 022 22
Whh2'5 LG2 0.75 0.32 0.27 0.34 0.62 046 14
B118 0.78 0.07 0.72 0.34 0.32 045 15
A4 % 1 Hybrid superior line 1 0.52 0.37 0.94 0.17 0.33 046 12
HeZZ 4 % 2 Hybrid superior line 2 0.84 0.99 0.14 0.25 0.25 0.50 9
42241 & 3 Hybrid superior line 3 0.10 0.30 0.19 1.00 0.73 047 10
[ 48 %2#} Natural pollination 0.63 0.26 0.44 0.44 0.54 046 13

Y TEREE.

Note: Y;. Average membership value.
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Fig. 5 Cluster analysis heat map of Ruixianghong apple fruit traits after different pollen pollination
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