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Abstract: [Objective] Sunburn occurs in the vineyard as the result of a combination of high-light
intensities, high temperature and UV radiation. It is a physiological disease that widely occurs on
grape berries, which is closely related to light, temperature, grape berry structure and
physiological and biochemical changes within grapes. Grape sunburn causes brown spots on the
surface of the fruit, and the fruit shrinks and wilts, which greatly reduces the quality and yield of
the fruit and affects the economic income. Under the climatic conditions of high temperature and
strong light in Guangxi, some grape varieties under the two-harvest-a-year cultivation mode have
serious sunburn phenomenons. Here, in order to enrich the law and mechanism of grape sunburn
and provide theoretical basis for prevention and control of sunburn in production. We explored the
differences in sunburn sensitivity and sunburn process between summer and winter fruits of
Jumeigui grape under two-harvest cultivation mode. [Methods JFrom April to December 2022, in
the grape planting base of Guangxi Zhencheng Agriculture Co., Ltd., Nanning, Guangxi, the
berries of Jumeigui grape in different phenological periods of summer fruit and winter fruit under
two-harvest-a-year cultivation were used as test materials. The sunburn of Jumeigui grapes in each
phenological period was artificially induced by high-light and high-temperature heating lamp. The
sunburn induction was stopped when the corresponding sunburn traits occurred on the berries. For
each sampling phenological period, the threshold temperature on the surface of Jumeigui grapes
was determined when the sunburn occurred and the incidence of sunburn berries was calculated
after induction for a certain period of time. By comparing the incidence of sunburn berries and the
threshold temperature of sunburn, the typical sunburn sensitive and insensitive phenological
periods of Jumeigui were determined. In the typical sunburn sensitive and insensitive phenological
periods of the summer and winter fruits of Jumeigui, the paraffin section method was used to
make sections and hematoxylin staining was used to study the anatomical structure of the berries
during different sunburn process, namely “Normal berries”, “Berries under sunburn induction for
6 min”, “Light sunburn berries” and “Severe sunburn berries”. Meanwhile, the content of total
phenols in fruits was determined by Folin-Ciocalteau method, and the results were expressed as
gallic acid equivalent (GAE), the content of N in fruit was determined by flow analyzer, and the
content of P, K, Ca and Mg was determined by inductively coupled plasma emission spectrometer.
The difference significance analysis and basic trait discussion were carried out for the above
indicators. [Results] The results of this study showed that the summer fruit and winter fruit of
Jumeigui grape under two-harvest-a-year cultivation were consistent with the more sensitive
phenological period of sunburn, both of which were E-L 31-32 period, and the threshold
temperature of sunburn was about 41.1 °C. The incidence of sunburn berries in winter fruit was
significantly lower than that in summer fruit after the same artificial sunburn induction time. In the
anatomical structure of the fruit, compared with the sunburn sensitive period (E-L 31-32), the fruit

in the sunburn insensitive period (E-L 36) had larger epidermal cells, smoother cuticle, more



closely arranged cells, and less starch granules. Compared with the sunburn sensitive phenological
period, the total phenol content of the fruit in the sunburn insensitive phenological period
decreased significantly by 36.11%, and the contents of K, Ca and Mg of the fruit in the sunburn
insensitive phenological period increased significantly by 22.97%, 51.58% and 56.22%
respectively. Compared with summer fruits, the contents of K and Ca in winter fruits increased
significantly by 23.66% and 31.68% respectively, while the contents of N and P decreased
significantly by 364.14% and 24.99%. In addition, the contents of N, P, K, Ca and Mg in severely
sunburned fruits were significantly higher than those in normal fruits during the sunburn process
of artificially induced fruits. [ Conclusion] Under the two-harvest-a-year cultivation of Jumeigui,
the sunburn sensitive period of both summer fruit and winter fruit was E-L 31-32, and the
resistance of winter fruit to sunburn was better than that of summer fruit to a certain extent. The
sensitivity of Jumeigui grape to sunburn at different phenological stages was also different, which
was related to the characteristics of wax layer and epidermal cell wall in fruit anatomical structure
and total phenol content in fruit. At the same time, sunburn sensitivity was also negatively
correlated with K and Ca contents in fruit, and positively correlated with N and P contents.
Therefore, in order to prevent the sunburn of Jumeigui grape in production, it can be considered to
apply K and Ca fertilizers before its sunburn sensitive phenological period ( E-L 31-32).
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Table 1 The division standard of sampling phenological period

k7 ] RHIE
Phenophase Feature
HREFEKT 7 mm {H A
E-L 31-32 Berries with the diameter greater than 7 mm, before bunch closure when the

berries do not touch each other
HRNIRE, G
Berries still hard and green

RARTFUEEAL, BEEITIRIRTT

E-L 33

E-L 34
Berries begin to soften, brix® starts increasing




KR EHEO, SR EE
E-L 36
Berries with intermediate brix® values medium equivalent

He R B TE B R M R
E-L 38
Berries harvest-ripe
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Table 2 Division criteria of different sunburn processes after sunburn induction treatment

P ES [SP e
Pseudocarps Sunburn process
IEH R Tohb B
Normal berries No treatment
P4 6 min TFUE N LT H A BAEE R TP 0 R 2 F R SR i
Berries under sunburn induction for 6 min Berries that were artificially induced of sunburn but had not yet occurred sunburn
BEHKR H R TR 5 FRLE R TR 1/4 R sk

Light sunburn berries Berries with sunburn surface area accounting for 1/4 of the total surface area of fruit



grains

H PRI 5 SRS R TR 3/4 5k
AR
Berries with sunburn surface area accounting for 3/4 of the total surface area of fruit
Severe sunburn berries
grains

A: EER; BiFELE6omin R; C: BEHMR; D: EEHNMR

A: Normal berries; B: Berries under sunburn induction for 6 min; C: Light sunburn berries; D: Severe sunburn
berries
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Fig.1 Grapes with different sunburn processes after sunburn induction treatment
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Different lowercase letters indicate significant differences in different phenological periods within the same season
(p < 0.05).* represents the difference between summer fruit and winter fruit in the same phenological period (p <
0.05), and if there is no asterisk ( * ) in the figure, there is no significant difference between the treatments among
all the sampling phenophases. The same below.
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Fig.2 The threshold of surface temperature of sunburn of summer fruit and winter fruit of
Jumeigui grape under artificial induced sunburn treatment
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Fig. 3 The incidence of fruit sunburn of Jumeigui grape in different
phenological periods of summer fruit and winter fruit were induced by artificial
induction for 10 min and 20 min
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X represents the summer fruit of Jumeigui, D represents the winter fruit of Jumeigui, M represents the sunburn
sensitive phenological period of Jumeigui, B represents the sunburn insensitive phenological period of Jumeigui,
0-3 represents normal berries, berries under sunburn induction for 6 min, light sunburn berries and severe sunburn
fruit respectively, C represents stratum corneum, E represents epidermal cells, SE represents subepidermal cells, S
represents starch grains.

B 4 EXRARE BAHIEAER LHMBRIEN
Fig. 4 Anatomical structure of grape berries with different sunburn process of Jumeigui
grape
%3 EXRERANE HKIEIR R R K RIS FHE
Table 3 Characteristics of the skin of the Jumeigui with different sunburn levels during summer

harvest.

S5 H %13 #% Sunburn process

Parameter XM-0 XM-1 XM-2 XM-3 XB-0 XB-1 XB-2 XB-3




Uz B L
cuticle
thickness
/um
% B2 44 M
K
Subepiderma
1 cell length
/um
% B2 44 M
TS
Subepiderma
1 cell width
/um
E &) NS
% Epidermal
cell length
/um
% Epidermal
cell width

/um

6.74+2.89

18.20+

7.17+2.45

23.28+

10.70+

7.83+2.65

18.95+

4.82

8.65+4.60

31.12+

12.63+

8.14+2.77

29.63+

7.77+0.92

36.11+

12.10+

6.08+2.06

13.36+

9.75

1.72+2.44

8.61+6.13

12.54+

1.81%*

33.75+

4.90*

11.25+

3.18%*

26.93+6.56

2133+

2.98%*

12.14+

1.86*

32.10+4.90

8.83+3.18

34.32+2.65

19.49+3.35

9.41+2.04

45.13+

2.39%

6.78+1.26

39.10+3.54

9.74+1.35

4.41+1.18

56.58+

8.20+1.03

e R BRI EZ R B EE (p<0.05) o - RARHL O, TERERE, TH

Note : * indicates that there are significant differences in different phenological periods of the same sunburn

process ( p < 0.05 ). - Indicates that the organization has been destroyed and data cannot be collected. The same

below.
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Table 4 Characteristics of the skin of the Jumeigui with different sunburn levels during winter

harvest.
S5 H 3% Sunburn process
Parameter DM-0 DM-1 DM-2 DM-3 DB-0 DB-1 DB-2 DB-3
i 2 R
cuticle
5.01+1.75 6.75+0.87 5.92+0.90 3.45+0.62 9.80+1.95* 8.79+1.20* 6.34+1.49 5.07£1.37
thickness
/um
P R 4
K
14.83+ 16.39+ 25.03+ 19.70+ 21.87+ 22.96+ 2391+
Subepiderma 26.51+2.20*
3.79 0.82 4.21 1.66 0.56* 3.69* 2.47
1 cell length
/um
ME 2 B0 12.02+
. 6.30+0.72 7.62+1.22 5.61+1.58 4.30+1.57 6.35+0.81 5.52+0.54 4.58+0.42
T 1.16%



Subepiderma
1 cell width
/um
JZ Epidermal 22.88+ 28.46+ 37.48+ 28.17+ 40.76+
28.30+1.57  38.83+5.44
cell length 3.03 7.32 5.53 0.50 5.53
/um
JZ Epidermal 11.26+ 14.20+ 10.05+
9.00+£0.65  9.95+2.28 8.52+1.05 11.23+1.97
cell width 0.63 1.89% 0.98

/um

67.67+

12.13*

11.57+4.53

24 AEIBMHEETEXREEERMERRINEHSEESR

3 BB 4 B AN A SN [R] H R U M S % E R BERR 10 SR S s 8 &,
K 5 fin . ELECE H U i i 155 5. HA5S 6 min HESRTER E H AR R szt e
My & B B3 T AR ], B IRPRI 0 T 24.53%. 32.60%. 46.07%, %
BRI T 9.69+ 3.09 F15.82 mg-g'e WA A TS H JEfR vh 5z By & & (142
WkF, BT ERBUEI RS ETHES 6 min B NS RFEFAE; 725 AU
S BAEYE S 6 min I RS ETF, fEE B H RN B, A RIS & & T 6 min

IR B e I BT, A RABURIE B &SR TS 6 min I _ETH R .

)= 58U 1 Sensitive period of summer fruit [ 5 A 85U #] Insensitive period of summer fruit
A% 58U 9 Sensitive period of winter fruit  [J& 58U 1 Insensitive period of winter fruit

225 —
a(a) a(a)
18.0 |- %
".‘{m :
on a
£ a®)
w135 H
&1 B b(c)
Bi5] = C d)
w 8
K3 90 H
5
&
=
=
&
45 H
0.0
R R H 1% F6min it BEHMR HE PR
Normal fruit 6 min of sunburn Light sunburn Severe sunburn
induced fruit fruit fruit
H KBk

Sunburn process

FESHAFRNG FRER IR F A R DR BERE R 22 57 B2 E (p <0.05) 5 65 WAFE/NG 7 BERIR A

A H R BEREA RS 2 57 B (p <0.05) » T

Different lowercase letters indicate that there are significant differences between different sunburn processes in the



same phenological period (p < 0.05); different lowercase letters in brackets indicate that there are significant
differences in different sensitive phenological periods of the same sunburn process (p < 0.05). The same below
& 5 MUHEAE BAEE TEXCRAERE DM I ENTN
Fig. S Changes of total phenolic content in Jumeigui grape fruit under different sunburn
processes in two-harvest-a-year cultivation
25 AEBHMNEETERRARERMERRINT RTEREXUER
25 I AEIHMERETEXRREEERMNERRINA LRSI ELUER
K 6 Oy B BB 4 SR AESRAN R H A BUBI I % H R R R SE R R TR & & A
FIBUEIIE TR & B, BRI & R 0B IR H R R SEh e 58N 7.52
gkgl, RFEFET HEBURKIIIN 1.93 gkg!, £ 6 min HAIRSE. BB H KRS EZ H A
R rp b R I AR R 2 St AR 6 min HAYRSE, 20F B R R 2 5
Ho BRIEIUR & B ERE 5 TH YA R H R AR . WASFE H R HERE R s
TCRBNEHE, BB E RN R BB A BUR I R ROC R & RS
EPOLibp & XIFiN

[0 80U 1 Sensitive period of summer fruit [T, S ASEURI 1 Insensitive period of summer fruit
A% F 805 1 Sensitive period of winter fruit  [J& 5 A 80K 1 Insensitive period of winter fruit
11.0 —

a(a)

ES
Nitrogen content of fruit/(g-kg™)

EH R F 4497 5:6min it L JRPOR S HERAKR
Normal fruit 6 min of sunburn Light sunburn Severe sunburn
induced fruit fruit fruit
SPOpETE

Sunburn process

6 P BIEARI HMAR TEXRABDRIATEZIENEN
Fig.6 Changes of nitrogen content in Jumeigui grape fruit under different sunburn
processes in two-harvest-a-year cultivation
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Fig.7 Changes of phosphorus content in Jumeigui grape fruit under different sunburn
processes in two-harvest-a-year cultivation
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Fig.8 Changes of potassium content in Jumeigui grape fruit under different sunburn

processes in two-harvest-a-year cultivation
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Fig.9 Changes of calcium content in Jumeigui grape fruit under different sunburn
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