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The impact of dopamine on the photosynthetic performance and

quality of Shine Muscat grapes in the hexi corridor of gansu province
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Abstract: [ Objective 1 The hexi corridor region in gansu province experiences high
temperatures in summer, cold and cool conditions in autumn and winter, scarce rainfall, barren soil,
and varying degrees of salinization, which can lead to premature yellowing and senescence of
grape leaves. This results in weakened photosynthesis, reduced assimilates, insufficient nutrient
storage in the plant, and often leads to insufficient fruit ripening and a decrease in yield, severely
restricting the sustainable development of delayed cultivation of grapes in facilities. Dopamine has
physiological functions such as enhancing the photosynthetic capacity of crops, promoting plant

growth and development, and improving fruit quality. To study the mechanism of dopamine's
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impact on the photosynthetic performance and quality of grapes, and to screen for suitable control
concentrations and methods for production. [ Methods 1 The experiment used Shine Muscat
grapes grown in a delayed facility cultivation as the material, setting four exogenous dopamine
concentrations: 50 uM (T1), 100 uM (T2), 150 uM (T3), and 200 uM (T4), with water as the
control (CK). The whole plant was sprayed at different stages: the initial flowering stage, young
fruit stage (30 days after flowering), fruit expansion stage (60 days after flowering), and color
change stage (90 days after flowering). Photosynthetic performance of the leaves at different
stages and fruit quality indicators at maturity were measured. [Results] The results showed: (1)
Dopamine treatment could enhance the leaf quality of Shine Muscat grapes cultivated in delayed
facilities, with the treatment at T2 being the most pronounced. Under the T2 treatment, the leaf
thickness, palisade tissue, spongy tissue, upper epidermis, lower epidermis thickness, and palisade
to spongy tissue ratio at different stages increased by 8.72%, 13.68%, 8.62%, 23.18%, 12.44%,
and 3.92% respectively, compared to the control (CK). (2) Dopamine treatment could improve the
photosynthetic performance of grape leaves. Specifically, the average content of Chl a at different
stages increased by 24.42%, 48.37%, 42.56%, and 19.08% with treatments T1 to T4 respectively,
compared to CK; the average content of Chl b increased by 30.67%, 61.26%, 48.17%, and 16.34%
respectively; the average content of Car increased by 60.76%, 111.72%, 99.30%, and 31.37%
respectively; the average content of Chl t increased by 26.88%, 53.44%, 44.77%, and 18.00%
respectively; the average net photosynthetic rate (Pn) increased by 7.09%, 16.97%, 12.69%, and
7.86% respectively; the average stomatal conductance (Gs) increased by 5.17%, 18.28%, 14.14%,
and 5.17% respectively; the average intercellular CO2 concentration (Ci) decreased by 4.55%,
6.27%, 5.86%, and 2.48% respectively; the average transpiration rate (7t) increased by 3.98%,
8.17%, 7.45%, and 4.95% respectively; and the average water use efficiency (WUE) increased by
3.01%, 7.83%, 4.87%, and 2.92% respectively. All the above indicators were optimal with the T2
treatment, significantly higher than the control (P <<0.05). (3) Dopamine treatment improved the
appearance quality of grape fruits, soluble solids, sugar-acid ratio, soluble sugars, Vc, total
phenols, anthocyanins, total flavonoids, and sugar components (fructose, glucose, and sucrose)
content, while reducing the content of titratable acidity and tannins in the fruits, with the T2
treatment showing the most significant effect and the T3 treatment being the next best.
Specifically, the single fruit weight increased by 26.32%, 16.56%, 7.54%, and 3.53% with
treatments T1 to T4 respectively, compared to the control (CK); fruit firmness increased by 9.27%,
33.66%, 19.51%, and 1.46% respectively; the content of soluble solids increased by 10.64%,
13.83%, 11.57%, and 8.38% respectively; the content of titratable acidity decreased by 6.55%,
10.48%, 11.79%, and 21.83% respectively; the content of soluble sugars increased by 3.32%,
4.92%, 3.36%, and 3.12% respectively; the content of total phenols increased by 40.82%, 20.86%,
12.32%, and 6.56% respectively; the content of tannins decreased by 19.78%, 26.35%, 20.13%,
and 18.45% respectively; the content of fructose increased by 1.78%, 7.92%, 6.65%, and 0.06%
respectively; the content of glucose increased by 27.17%, 23.64%, 21.00%, and 20.18%



respectively. [ Conclusion] Compared to the control (CK), dopamine treatment can improve the
leaf quality of Shine Muscat grapes cultivated in delayed facilities and enhance their
photosynthetic performance, thereby improving the fruit quality. Treatment with 100 pM
dopamine can significantly increase leaf thickness, palisade and spongy tissue thickness, upper
and lower epidermis thickness, and the palisade to spongy tissue ratio, and improve the content of
photosynthetic pigments in the leaves, thereby enhancing the utilization rate of chlorophyll light
energy and the net photosynthetic rate. After dopamine treatment, the appearance quality of grape
fruits, soluble solids, sugar-acid ratio, soluble sugars, vitamin C (Vc), total phenols, anthocyanins,
total flavonoids, fructose, glucose, and sucrose content were increased, while the content of
titratable acidity and tannins in the fruits were reduced. Through principal component analysis to
comprehensively evaluate the impact of various indicators on the fruit quality of Shine Muscat
grapes, it was concluded that the treatment with 100 pM dopamine was the most effective.
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Fig. 1 Transverse section of leaves of grape at maturity stage under different treatments
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Table 1 The effect of exogenous dopamine on the leaf tissue structure at different phenological stages of Shine Muscat grapes

LIHL R 2 - =X =¥ TR
P SHHE 5 b W ffﬂﬂi},ﬂ,/\lrﬁ {ﬁ,%,ﬂ,/.\lrﬁ Jj%ﬁhﬁ _ T%ﬁhﬁ *}bﬁ‘«ﬁ 54 - .
. . . Palisade mesophyll Sponge tissue Upper epidermis Thickness of lower Ratio of palisade tissue
Phenological period Control and treatment Blade thickness/um Rk R . . . .
thickness/pm thickness/pum thickness/pum epidermis/pum to spongy tissue

CK Xt 92.63+2.23 a 35.67+0.95 a 42.90+2.97 a 6.07+0.42 a 4.90+0.29 a 0.84+0.07 a

T1 89.97+4.37 a 34.13£0.94 a 38.90+2.05 a 5.93+0.45 a 4.97+0.61 a 0.88+0.07 a
1<)].?-Eﬁﬂ . T2 93.73+2.94 a 35.93£3.04 a 4197191 a 6.23+0.37 a 5.13£0.49 a 0.86+0.11 a
Initial flowering

T3 93.87+3.17 a 36.37+2.46 a 44.13£1.89 a 6.20+0.24 a 5.37+0.21 a 0.824+0.04 a

T4 92.77£3.22 a 33.47+0.74 a 41.07£2.92 a 6.80+0.37 a 5.00+0.36 a 0.824+0.08 a

CK (XfH#) 103.97+£3.26 b 38.10+1.92 a 46.20+2.30 be 7.10£0.22 a 5.23+0.33 a 0.83+0.08 a

T1 102.67+2.64 b 37.67+1.87 a 45.50+3.31 ¢ 7.03+0.60 a 5.73+0.12 a 0.83+0.07 a

)

BN . T2 108.90+2.89 ab 39.2742.60 a 52.27+1.60 a 7.30+0.33 a 5.80+0.29 a 0.75+0.07 a
Young fruit stage

T3 112.70+£2.29 a 40.80+1.58 a 52.74+2.40 a 7.43+0.21 a 5.73+0.21 a 0.78+0.06 a

T4 108.20+2.13 ab 38.63+2.24 a 51.57+2.80 ab 7.20+£0.29 a 5.80+0.16 a 0.75+0.08 a

CK (XfH#) 114.80+4.49 a 39.13+045a 53.13+3.25a 7.20+0.33 a 6.00+0.08 a 0.744+0.04 a

T1 115.47+3.40 a 40.17£1.94 a 54.97+2.79 a 7.1740.25 a 6.07+0.46 a 0.73+0.07 a
N

. . T2 123.50+4.32 a 4337+2.14 a 57.30+4.79 a 7.63+0.31 a 6.27+0.37 a 0.76+0.08 a

Expansion period

T3 122.97+3.75 a 42.27+0.59 a 57.17+4.05 a 7.43+0.17 a 5.97+0.12 a 0.74+0.05 a

T4 115.33£3.92 a 39.73+2.92 a 54.87+2.00 a 7.30+0.22 a 6.03£0.41 a 0.72+0.03 a

CK i) 132.43+1.96 ¢ 42.83£3.66 b 62.50+2.79 b 8.67+0.39 ¢ 6.73+£0.49 b 0.68+0.09 a

Tl 145.5743.21b 51.83+2.55a 65.07+2.19 ab 9.77+0.25 ¢ 7.43+0.45 ab 0.80+0.04 a
%éﬁﬂ . T2 151.90+1.44 a 54.03+2.98 a 69.07+2.47 a 13.00+1.07 a 8.20+0.29 a 0.784+0.03 a
Veraison period

T3 145.87+1.54 b 52.90+3.14 a 68.00+3.19 ab 11.27+0.74 b 7.60+0.79 ab 0.78+0.06 a

T4 138.27+£3.99 ¢ 48.40+2.26 ab 63.63+1.72 ab 9.47+0.56 ¢ 7.77+0.45 ab 0.76+0.06 a




CK i)

Tl
2
ma% . ™
Maturity period

T3

T4

116.63+5.70 ¢

126.90+3.97 ab

131.30+2.19 a

128.80+3.40 ab

121.8742.62 be

38.27+1.44 ¢

40.93+3.47 be

47.37+£0.62 a

44.00+2.44 ab

41.23£1.73 be

54.50+2.06 b

59.63+2.05 a

60.97+1.11 a

60.53+3.89 a

60.67+0.65 a

7.50£0.08 ¢

8.17+£0.21 ¢

10.83+£0.57 a

10.53+0.53 a

9.43+£0.70 b

6.07+0.34 b

6.27+0.26 ab

7.13£0.39 a

6.87+0.57 ab

7.07+0.40 a

0.70+£0.05 a

0.69+0.08 a

0.78+0.02 a

0.73+0.06 a

0.68+0.03 a

T RPAF/NG FRERORFESIE — P 5 A B R 22 57 5 (p<<0.05) .

Note: Different small letters in the table indicated that there were significant differences among treatments in the same phenological period in the same column (»p<<0.05).
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Fig. 2 Effect of dopamine on photosynthetic pigment content in leaves of Shine Muscat grape
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Fig. 3 Effects of dopamine on photosynthetic parameters of Shine Muscat grape leaves
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Fig. 4 Effect of dopamine on chlorophyll fluorescence parameters of Shine Muscat grape
leaves
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Fig. 5 Heatmap of correlation analysis between photosynthetic performance and tissue
structure of Shine Muscat grape leaves
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Fig. 6 Effects of dopamine on the external quality of Shine Muscat grape berries
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Fig. 7 Effect of dopamine on the intrinsic quality of Shine Muscat grape fruit
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Fig. 8 Effect of dopamine on the content of phenols in Shine Muscat grape fruit
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Fig. 9 Effect of dopamine on the content of sugar components in Shine Muscat grape fruit

2.2.5 2 ELJon BH 't B0 3 46 2R S PR 25 VRO

IS0 A 2 P R SE 3 16 TR AR AT F o A, AR F R TR, HER 2 WAL
FROGECR AT B S I 2 A T psr, & B FRHEE R T 1, HIXPA e i R it 7
ZETTHRERIAR] T 97.08%, Ut HHFHYCBURI 2 A psr Sk BT L it & Fabr I BT A 5 B
X AN )R B 2 T g A B B G OB A A EAT 2R G VPN 0 i, AR HHER G VR T2, 45 Rk 2
JiiR, PHOGEBORH & LR 5155 s BURAK KON T2>T3>T1>T4>CK, WA 78k & ab
FRACR AT R, S A FER I T2 AeBRUR B e, T3 Iz, ULHA 2 BRI 100 p
mol- L AL R RS i et (B 150=T7 Z 0THRE 1xFACI+77 Z TR % 2xFAC2)



R 2 2 EBCEN PR E N ERIBOR

Table 2 The principal component score table of dopamine treatment on Shine Muscat grapes

posiil LRE1R5 4
FAC1 FAC2

Treatment Comprehensive score Ranking

CK -1.31 1.20 -1.08 5

Tl -0.07 -0.83 -0.12 3

T2 1.35 0.67 1.26 1

T3 0.49 0.15 0.45 2

T4 -0.46 -1.19 -0.50 4

FFF{E Eigen value 14.30 1.23

75 Z£ DIk 2 Variance contribution/% 89.39 7.69

Rt 7 Z 5T #k % Cumulative variance  89.39 97.08

proportion/%

Ve SRR AU R SRS b A R I S A
Note: The quality index of grape fruit in principal component analysis was measured at maturity stage.
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