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Effect of xenia on fruit quality of Majiayou

MAO Sangyin', LU Zhihao', ZHANG Xiang', YE Junli', YI Hualin', CHAI Lijun', DENG Xiuxin', WU
Fangfang”, XU Qiang"

('National Key Laboratory for Germplasm Innovation and Utilization for Fruit and Vegetable Horticultural Crops/Huazhong Agricultur-

al University, Wuhan 430070, Hubei, China; *Majiayou Technology Research Center, Guangfeng District, Shangrao City, Jiangxi Prov-
ince, Shangrao 334000, Jiangxi, China)

Abstract: [Objective] Pollination of Majiayou with a local variety Xinmuyou and a tetraploid grape-
fruit was used to investigate xenia effect on the fruit quality of Majiayou. It was expected to improve
the fruit quality of Majiayou by selecting pollen parent. [Methods] Mature 9-10-year-old Majiayou
trees were used as the seed parent. Xinmuyou and a tetraploid grapefruit were used as the pollen parents
(pollination A group, Majiayou X Xinmuyou; pollination B group, Majiayou x tetraploid grapefruit),
and natural open pollination was used as the control. After the fruit ripened, a fruits from different polli-
nation groups were analyzed for fruit quality, primary metabolites in the pulp, and volatile substances in
the pericarp. [Results] Pollen viability of Xinmuyou and the tetraploid grapefruit was 94.34% and
93.75%, respectively. Cross-pollination significantly increased the fruit set rate of Majiayou, and the ef-
fect of the tetraploid grapefruit was more significant compared to that of Xinmuyou. The average single

fruit weight was 1 109.09 g in pollination A group, which was higher than pollination with the tetra-
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ploid grapefruit (pollination B group) and the control. Single fruit weight in pollination B was the low-
est. Fruit diameter, pericarp weight and pericarp thickness (2.06 cm) in pollination B were significantly
lower than the other groups. Pollination A significantly increased seed weight. Seed weight in pollina-
tion B group was the lowest, and most of the seeds were shrunken. The flesh recovery was highest in
pollination B group, followed in descending order by the control and pollination A group. The differ-
ence between pollination B and pollination A was significant. In the control, total soluble solids (TSS)
content and titratable acidity (TA) was higher than the other two pollination groups. However, TSS/TA
ratio was 13.48 in the control, significantly lower than in pollination A and B groups. The primary me-
tabolites included amino acids, organic acids, sugars, and alcohols. There were significant differences in
the content of primary metabolites between different pollination groups, but there was no clear pattern
in the contents of primary metabolites in fruits among pollen parents. Pollination B resulted in the high-
est citric acid content (2.35 mg - g") and sucrose content (39.19 mg- g'), which were significantly higher
than the control and pollination A. Glucose content in fruit of pollination A group was 43.52 mg- g/,
which was significantly higher than that of the other groups. In pollination A and B, the main amino ac-
id in the fruit was proline, whose concentration was 0.32 mg- g ' in group B, which was significantly
higher than the other two groups. A total of 85 volatile compounds were identified in fruits from differ-
ent pollination groups and fruits from open pollination of the parents. They included 11 aldehydes, 28
terpenes, 16 esters, 14 alcohols, 14 ketones, 5 aliphatic hydrocarbons, 7 phenols, and 7 carboxylic acid
compounds. 41 volatile compounds were detected in the fruit from open pollination, with limonene be-
ing the most abundant, accounting for 87.48% of the total content. In fruit from pollination A group, 36
volatile substances were found, with limonene accounting for 92.57% of the total content. In the fruit
of Xinmuyou, 47 volatile substances were detected, with limonene making up 91.07% of the total con-
tent. In fruit from pollination B, 38 volatile substances were detected, with limonene representing
88.52% of the total content. In the fruit of the tetraploid grapefruit, 49 volatile substances were detect-
ed, with limonene constituting 88.65% of the total content. 21 volatile substances exhibited a significant
xenia effect, including most of the terpene substances. Limonene content in fruit from open pollination
was 25 822.76 pg-g', while it was 154 583.28 ug-g"' in Xinmuyou fruit. However, in fruit from pollina-
tion with Xinmuyou, limonene content reached 84 271.06 pg- g, which was more than three times high-
er than that under open pollination. This indicates that pollination with Xinmuyou pollen substantially
increased the limonene content in the Majiayou fruit. [Conclusion] In conclusion, cross-pollination can
increase the fruit set of Majiayou, and Majiayou fruit quality can be directly improved through the xe-
nia effect. This research provides a theoretical basis and technical support for the practical production of
Majiayou.

Key words: Majiayou; Pollen xenia; Fruit quality; Aroma components; Cross-pollination
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Teh K Us TekE 71 AL LR
Pollen source Pollen vitality/% Fruit set/%
VU F5 44 & Al 93.75 33.33+2.14a
Tetraploid Grapefruit
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Note: Different small letters indicate significant difference (p<<0.05).
“/” indicates that the pollen vitality cannot be determined under this

treatment. The same below.
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A. Fruit from pollination with tetraploid grapefruit pollen; B. Fruit from pollination with Xinmuyou pollen; C. Open pollination fruit.
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Fig.1 Fruit shape and seed condition in different pollination treatments
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Xinmuyou Xinmuyou pollen  Natural pollination 4x Grapefruit ~ 4x Grapefruit pollen  Natural pollination
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Fig. 3 Principal component analysis of volatile substances in two pollination groups
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Table 4 Comparison of volatile substance content in pericarp of the fruits from
different pollination treatments and parental pericarp (png-gh
FER M) 5T H AR BN fEARM N [EEN: dx TR 4x HI Al
Primary metabolite Natural pollination Xinmuyou pollen Xinmuyou 4x Grapefruit pollen 4x Grapefruit
2 Aldehyde
3-CVJfifi% 3-Hexanal 6.21+0.30 8.39+1.92 18.88+1.02 15.64+0.53 45.24+3.29
1F CU/#% Hexenal 11.66+1.08 18.62+5.07 10.78+0.18 16.47+0.14 10.33+0.57
Jz 3-2- O % Trans-2-hexenal 20.02+0.50 5.94+0.85 5.19+0.22 8.62+0.59 10.72+0.29
(-)-& 5 (-)-Citronellal - - 34.11£2.19 - 182.56=10.53
1E3¢ % Octanal - - - - 1215.74+73.39
IEZ2 % Decanal - - - - 565.11+30.08
FrEgE Citral - - - - 286.65+16.71
%X 75 B Dl-Perillaldehyde - - - - 112.31+6.59
HFER% Lauryl aldehyde - - - - 97.94+4.79
Fit BB Sinensal - - - - 201.58+10.36
T- /% Nonanal - - - - 79.48+4.81
15 72 Terpenes
3-¥8/fi 3-Carene 167.08+6.94 885.07+222.07 2 101.08+147.31 68.42+7.39 118.88+6.03
F2:J# Sabinene 40.64+1.65 211.97+56.65 691.96+54.28 16.45+1.67 4323.57+280.84
i iE-B-3iR I (1S)-(1)-p-pinene 464.69+15.26 2 489.26+693.85 5865.18+418.14 142.50+14.73 8 334.90+536.66
Fr 15 i Limonene 25 822.76+951.39 84 271.06+14 187.77 154 583.28+6 566.76 11 157.49+864.50 194 799.03+10 751.78

(D-(E)-AFT RN

(+)-(E)-Limonene oxide
S-TE N - Umbelliferone

(-)-% PUAAN (-)-Thujopsene

a- il a-Maaliene

FAMATTT I Caryophyllene oxide
7K 74 o-Phellandrene

' #)# p-Ocimene

S FA 4 Terpinolene

BT )% p-Elemene

11.87+0.49

65.42+4.01
7.64+0.36
9.54+0.45
12.06+0.80

43.8449.89

324.77£103.05
17.78+3.96
13.78+1.49
47.08+16.10
552.59+86.96
6.83+2.22
9.87+2.62

15.12+0.79

683.72+50.28

15.93+£0.38
137.74+10.12
1775.88+£76.47
15.77£1.50
22.5+1.31

8.97+0.65

12.38+1.17
8.20+0.84

5.27+0.48

61.98+2.89

146.42+8.65

35.29+2.19

21.11+1.08
56.35+2.79

T R RIS S ORI 2R 5

Note: “=” in the table indicates that the substance was not detected in the sample.
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(pg-gH
FER M5 H RN [EARMB N IEE N Ax T E A 4x T E
Primary metabolite Natural pollination Xinmuyou pollen Xinmuyou 4x Grapefruit pollen 4x Grapefruit
B-H111 4% p-Caryophyllene - 70.17+13.78 205.80+12.05 - -
(-)-¥Ji(-)-Camphene - - 17.08+1.06 - 23.07+1.99
2,6- - 1HE-2,4,6-% = I - - 22.76£1.51 - -
2,6-Dimethyl-2,4,6-octatriene
0-J)7 o-Pinene - - 46.7542.16 - 3 534.90+235.87
a-£177)# a-Caryophyllene - - 18.46+1.20 - -
ELE V6 A7 4 Valencene - - 41.05+1.37 - 226.45+14.25
(2)-—+ HBR-17-17 11.25+1.46 - 87.58+36.58 - -
17-Pentatriacontene
4L 71 )% Perillen - - - 2.81+0.17 -
= Fal Cedrene - - - 1.68+0.02 -
(-)- A7 17 ¥ Trans-Caryophyllene - - - 7.70+0.76 165.70+£11.47
BEJE i} Cadinene - - - 8.22+1.01 148.66+9.28
JK & k24 4-Thujanol - - - - 62.92+2.72
i & il 4 Terpinolene - - - - 68.01+3.87
(+)-FRE 78 )i Cyclosativene - - - - 12.55+0.55
(E)-B-%= 15 Wi (E)-p-Farnesene - - - - 56.64+2.86
fi5 2% Esters
W12 = £, Triethyl phosphate 40.64+3.92 52.15+19.52 36.15+10.96 44.66+4.81 36.64+0.65
2-HI S g F e 10.33+0.24 - 10.89+0.60 9.81+0.38 13.53+0.32
2-Methyl octanoate methyl ester
2-FHE-S-(2-THIEE)-2- K CfF-1-FE 4 14.15+0.56 37.52+15.76 10.03+0.34 8.29+0.86 -
R Carvyl acetate
ZFRFE AL Nerylacetate 30.40+1.41 148.75+13.35 64.50+9.01 5.54+0.55 -
L% CUE Hexyl hexanoate 10.4940.37 16.79+6.36 - 7.96+1.01 -
ST CUE Hexyl octanoate 10.88+0.48 - - 3.58+0.44 -
PUR LR — KR AR I 233.17+£37.55 24434439 81 236.80+37.29 43.17+5.82 395.48+7.05
L-Ascorbyl dipalmitate
L3RI 6~ T 1 M 94.27+11.02 86.17+13.33 134.00£14.65 - 125.06+4.26
M-L-Ascorbic acid 6-stearate
T B A1 Citronellyl Butyrate - - 39.82+1.45 - -
LR Mg Acetic acid geranyl ester - - 95.42+5.73 - -
(E)-2-H 3:-2- 1) % U1 2- Butenoic - - - 5.14+0.68 -
acid,2-methyl-, hexyl ester,2 (E)-
AR °% Y5 Formic acid, octylester - - - - 15.14+0.45
FH R4S T T Terbutyl formate - - - - 258.05+14.86
3,7- — W H-6-F i B ] BRI 3,7-Di- - - - - 35.07£1.55
methyl-6-octenol butyrate
Fr 2 F i Methyl geranate - - - - 13.29+0.62
()- “E LR TR - - - - 4.7140.30
(-)-Lavandulyl acetate
%% Alcohols
3-CUJ%-1-B# 3-Hexen-1-ol 13.58+0.56 - - 13.89+0.74 -
()M S (-)-Cis isopentenol 3.09+0.27 - - - -
7 )Tl Carveol 11.40+0.94 26.25+4.17 7.95+0.82 6.05+0.50 -
J 2P AL AL () - Trans-Nerolidol 31.05+1.57 53.95+4.99 170.21+12.83 11.37+1.13 -
I #3% Maaliol 98.90+6.66 55.83+25.24 103.0626.40 49.55+5.02 -
4 & WK Farnesol 476.27+31.40 209.99+70.31 136.67+9.43 204.00+19.50 -
2-[(2)-+ )\ BR-9-J S8 k] 2. E 176.08+7.23 132.34421.54 - - -
2-[(Z)-9-Octadecenyloxy]ethanol
A-E L a-Acorenol - 7.25%1.62 5.77+0.90 3.67+0.39 8.87+0.68
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Table 4 (Continued)

(pg-gh

RN

Primary metabolite

H R H fE A AR

Natural pollination Xinmuyou pollen

fEAA

Xinmuyou

dx HEAREAY 4o T Al
4x Grapefruit pollen 4x Grapefruit

5 F& i Linalool - -
PEAERE Nerol - -
I Geraniol - -
Ly ¥R I (E)-Verbenol - -
1FE &L Hexanol - -
4 7 ¥ Terpinine-4-ol - -
fi 2% Ketones

A5 e TR (+)-Carvone

-7 Bt i a-Cyperone

(+)-FHAMH (+)-Nootkatone

8-J2 Ak-4-BEVE Sl M -3- T
8-Hydroxy-4-cadinen-3-one

Leke It Alkanes

17 PP -4 (1- P 2 2 ) 2 3F ke
Cyclohexane, 1- methylene-4- (1- methy-
lethenyl)-

4-53: P £ H 2K P-cymene

3-2.3-5-- 28T+ )\
Octadecane,3-ethyl-5-(2-ethylbutyl)-

1- 1 2E-4-(1- 2 20 ) 2

Benzene, 1-methyl-4-(1-methylethenyl)-
2,6,10-= HIEE-PU ke

Tetradecane, 2,6,10-trimethyl-

HAth Others

4-EHE-1,5- R TR
4-Amino-1,5-pentandioic acid

2,4- U T B

2,4-Di-t-butylphenol

6-1 )\l 6-Octadecenoic acid

2,2'- 37 JE XU - (4- H Bk -6- 50 T 3 2y
Phenol,2,2'-methylenebis[6-(1,1-di-
methylethyl)-4-methyl-

10,12-4 )\ bk - -
10,12-octadecadiynoic acid

9(E), L L(E)-F )\ B} &R - -
9(E),11(E)-9,11-Octadecadienoic acid

a-V R a-Linolenic acid - -

8.54+0.56

14.49+1.94 -

1 198.64+87.56
28.52+6.50

6.07+1.04

3.88+0.08

4.36+0.73 -

2.38+0.04 -

5.18+1.22

2.58+0.06 -

7.30+1.00

222.09+£33.75
109.48+27.71 -

32.51+10.94

631.79+216.03
13.58+4.29

6.42+1.37

8.69+2.51

8.42+2.57

11.35+4.21

271.71+0.40

45.66+2.73 - 2 069.24+115.33
23.49+1.90 - 14.39+0.91
15.22+1.13 - -
5.06+0.33 - 218.67+12.45
- 5.46+0.32 -
- - 16.73+0.61
5.25+0.33 6.62+0.41 25.52+1.24
13.23£0.68 - -
1 663.03+104.00 548.12+54.76 30.10+1.66
38.56+3.33 - -

20.55+1.77

- 2.76+0.06 -

9.19+0.24 3.86+0.89 -

8.38+1.30 4.53+0.45 -

302.89+41.11
140.93£30.73

32.29+11.02 -

92.93422.39 164.56+16.69

- 10.94+1.08 -

634.79+£22.03

641.02+£15.45

Yol AR B B (e BN , P AT I 5
FEL R B0 e Bt i 3 2R, U E By BLIRHE 35 K
PEA o 5 T R ISR

TE¥ BLIRAE AR 2 SR XA R, BARAER B
TR HATLAR A 15 AR BT, (ELA P A8 L IBRORL 01 AT A
B A PR AR BRI . EFAEAT
X 1 S SR AR SRR T BB 1 5Ah 2R
SK i R AR RE IR 5 5 RO B SRSB4 £ B0 3 P AT PR
R B SR TR AR AR .

4 4w

X B SN AN R0 4 A, BE T 2 BT AN Rl 4%

Ty L5 1) RS AR R 5 RS i, RIS EH AR IR
ALFEAREL , SEAEBAR FT LA i S SR AR SR AR [ %)
Ly SRR H I b 5 A AN (R R B P 503, e mp DU £ 4
B MR PT DAAT 8 R SRR 8 2 1 i) AL £
AR AT LRGN 5 5 2R fe A< JE I BL AT
CIRYEEE €)M 7N gl nt ¢ 1 ERE U B IR REE R ES
S it O PR R 4 (R A (AL A A A R 4 AR S
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