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Effects of plant growth regulators on fruit quality and peel thickness of
Jinfeng Kiwifruit
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Abstract: [Objective] Kiwifruit is a berry with pericarp that can be divided into exocarp, mesocarp,
and endocarp. The exocarp, known as the peel, protects the flesh from the adverse external environment
and plays an important role in maintaining the hardness of the fruit and moisture in the fruit. Jinfeng ki-
wifruit (also known as Fenghuang No. 1) is a new yellow-fleshed kiwifruit cultivar selected from the
seedlings of Actinidia chinensis. It has the comprehensive advantages such strong vigor, large single
fruit weight, uniform fruit shape, delicate flesh, and high sugar and dry matter contents. This cultivar is
a medium-to-late cultivar. It has the characteristics of strong adaptability, good stress resistance, high
quality, and high yield. However, the peel of this cultivar is extremely thin and prone to bruises, abra-
sions, scratches, etc., which is very unfavorable for storage and long-distance transportation and thus
limits the production and sales of the cultivar. In this study, plant growth regulators and mineral ele-
ments were used to treat the young fruit of Jinfeng, to screen out the effective treatment measures suit-
able for thickening the peel and improving the fruit quality of Jinfeng kiwifruit and provide technical

support for its application. [Methods] Three plant growth regulators, 6-BA (6-benzylaminopurine, at
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25mg-L", 50 mg-L"'or 75 mg-L"), GA;(gibberellic acid, at 50 mg-L"or 100 mg-L"), and NAA (naph-
thylacetic acid, at 25 mg-L" or 50 mg- L") were selected. At the same time, different concentrations and
combinations of CaCl, and Zn (NO), were also applied, and the treatments were divided into two types:
fruit soaking and foliar spraying. For fruit soaking treatments, the fruit was completely soaked in the
treatment solutions for at least three seconds 15 days after full bloom to ensure that the entire fruit sur-
face was wetted. Three trees with basically the same vigor were selected for each treatment, and at least
50 fruit were randomly treated for each tree. For foliar spraying treatment, a sprayer was used to spray
the leaves of the test trees at 15, 25, and 35 days after full bloom until both sides of the leaves were drip-
ping. After the fruit reached the commercial maturity (soluble solids content = 8%), at least 30 fruit of
the same size and free of diseases and pests were picked for each treatment. The fruit were brought back
to the laboratory immediately after harvest, and the fruit appearance indexes (transverse diameter, longi-
tudinal diameter, single fruit weight, and fruit shape index) were measured. After the fruit placed at
room temperature reached the edible state (soluble solids content = 17.5%), the internal quality indexes
of the fruit were determined. The soluble solid content was determined by a handheld digital sugar me-
ter. The soluble sugar content was determined by anthrone colorimetry, and the total content of titratable
acid was determined by the NaOH neutralization titration method. The content of ascorbic acid was de-
termined by molybdenum blue colorimetry. The dry matter content of the fruit was determined by the
drying method. The peel at the equatorial part of the fruit was fixed with FAA (alcohol formalin acetate
mixed fixative solution), stained with the saffron solid green, and then observed and photographed with
an upright white light photographing microscope. The number of epidermal cell layers, epidermal thick-
ness, length and width of the peel cells were measured with the Image-Pro Plus 6.0 software. Finally,
the activities of enzymes related to cell wall metabolism, including phenylalanine ammonialyase (PAL),
peroxidase (POD), polyphenol oxidase (PPO), cellulase, and pectinase, were measured. SPSS 22.0 was
used for analyses of difference significance and correlation. Origin 2018 was used for graph drawing.
[Results] All the treatments increased the length and single fruit weight of Jinfeng kiwifruit. The aver-
age single fruit weight in the foliar treatment of 1 g- L' Zn (NO;), + 25 mg - L' NAA was the highest.
Saffron solid green staining showed that the main component of the peel of Jinfeng is lignin. Paraffin
section observation showed that different plant growth regulator treatments significantly increased the
thickness of Jinfeng kiwifruit peel, among which 25 mg- L' NAA foliar spray treatment, and 25 mg- L™
and 50 mg-L" 6-BA fruit soaking treatments had the most significant effect on the thickening of Jinfeng
kiwifruit peel. The combination of 100 mg-L" GA; + 5 g-L" CaCl, treatment had the best fruit quality,
but the effect in improving peel thickness was not obvious. The storage time of Jinfeng kiwifruit treated
with 25 mg - L'' NAA was significantly prolonged with the increase of peel thickness. [Conclusion]
Based on the effects of each treatment on fruit quality and peel thickness of Jinfeng kiwifruit, as well as
the simplicity of operation technique, 25 mg- L' NAA foliar spray is the best treatment.

Key words: Jinfeng kiwifruit; Plant growth regulators; Fruit quality; Peel thickness; NAA
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Table 1 Different treatment combinations

and treatment methods

puse bUSEEENE LIS YIE N

Treatment  Treatment combination  Treatment methods

Tl 25mg-L"' 6-BA ¥ Fruit soaking treatment
T2 50 mg-L' 6-BA ¥ 3 Fruit soaking treatment
T3 75 mg-L" 6-BA ¥ 3 Fruit soaking treatment
T4 50 mg-L" GA; V2 H Fruit soaking treatment
T5 100 mg L' GA; V23 Fruit soaking treatment
T6 100 mg-L" GA;+ V23 Fruit soaking treatment
5 gL' CaCl,
T7 50 mg-L"' GA:+ 123 Fruit soaking treatment
50 mg-L' NAA
TS 5g-L" CaCl, i Foliar spraying treatment
T9 10 g-L" CaCl, I i Foliar spraying treatment
T10 25 mg L' NAA Wi jti Foliar spraying treatment
T11 50 mg-L' NAA Wi fti Foliar spraying treatment
Ti2 1 g-L"' Zn(NO;),+ Wi jti Foliar spraying treatment
25 mg-L' NAA
T13 5g-L"'CaCl, + 51t Foliar spraying treatment
25mg-L"' NAA
CK EK 125/ it
Water Fruit soaking treatment/Foliar

spraying treatment
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VA) , 5K H Duncan’s 2 5 ¢ 72 ko 56 1E 47 FF A (7] 22 57
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R FH AN [ b 248 AN T Joid 0 94 (e A A T
FURE R IC & 0 A BE2H 25 56 4 Z2 ok SR Se kAT b
B, AME SRR AR A R R 2 B . BR T9 Ab 3
A, Fodth b R Sz R AR 1 BB R T IR, e T12
A fR A R B B K, I8 3 58.11 mm, 5 CK A LE 4
Y 24.48%. FiA ARSI (R RE T SR SEH RN IR
RGN, T2 MR R R RIA R R KE, N
147.50 g, 5 CK AHEEL T+ 751 1 83.68% : T4 T9 AL BH 1)
RILFRHE CK 257 B3, KRS CK Z (A8 &
EER.

F2 TNEIEX & SERBRMRSEIMERERAIFN
Table 2 Effects of different treatments on the external quality of Jinfeng kiwifruit

43 Btz Iz IR BUR RIARE
Treatment Transverse diameter/mm Longitudinal diameter/mm Mass per fruit/g Fruit shape index
T1 50.17£2.20d 69.85+1.65 def 102.82+7.37 gh 1.39+0.06 abc
T2 51.53+1.61d 71.61+2.81 cde 107.33+7.85 fg 1.39+0.04 abed
T3 53.94+1.54 be 76.64+2.99 ab 130.76+5.61 ¢ 1.42+0.09 ab

T4 51.42+1.78 d 74.21+2.54 be 111.28+6.01 ef 1.45+0.06 a

TS 54.87+1.69 be 73.19+2.27 cd 111.92+4.08 ef 1.3440.06 cde
T6 54.16£2.95 be 73.95+1.61 be 116.1848.56 de 1.37+0.08 abcde
T7 52.57+1.89 cd 72.17+2.95 cde 114.21£7.38 def 1.38+0.09 abcde
T8 52.434+3.72 cd 67.49+5.73 f 99.64+7.16 h 1.29+0.12 de
T9 47.96+1.86 ¢ 69.13+2.94 ef 92.68+7.78 i 1.44+0.06 a
T10 55.92+1.89 ab 72.48+2.43 cde 128.18+5.03 ¢ 1.30+0.06 d

T11 54.21+0.86 be 72.23+2.11 cde 121.23+4.21d 1.33+0.0 4cde
T12 58.11+1.36 a 79.34+4.26 a 147.50+8.94 a 1.37+0.08 abcde
T13 57.43+2.36 a 74.79+2.58 be 138.02+7.02 b 1.30+0.06 de
CK 46.68+1.60 ¢ 63.19+2.46 g 80.31+5.49 j 1.36+0.08 bede

E:FIAENG FRERRZE R 3 (p<0.05). FFE.

Note: Different small letters in the same column indicate significant differences at the 0.05 level. The same below.
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®3 PREIIER & FHRRMRSEAE RERAIFN
Table 3 Effects of different treatments on the internal quality of Jinfeng kiwifruit

e w(ﬂ?ﬁ‘fi@ﬁé#%) wCFHID w'(iﬁﬁﬁﬁlﬁ) wCAVE TR PR LL W(Tﬁl‘/ifml&)
Treatment Soluble solids Dry matter Titratable acid Soluble sugar Soluble sugar content/  Ascorbic acid
content/% content/% content/% content/% Titratable acid content  content/(mg-100 g")
Tl 16.40+0.42 cd 19.29+0.56 be 1.06+0.00 ¢ 13.19+£0.68 a 12.46+0.59 be 105.61£1.26 cd
T2 15.80+0.73 de 18.19£1.09 de 1.04+0.01 cd 12.67+0.11 abc 12.14£0.16 be 105.62+4.29 cd
T3 17.50+0.84 ab 20.60+1.98 a 1.01+0.01 e 12.49+0.68 abed 12.38+0.71 be 119.82+2.84 a
T4 15.80+0.81 de 18.58+0.47 cd 0.96+0.01 f 12.85+0.73 ab 13.42+0.85 a 110.0240.10 be
TS 14.90+0.60 ef 18.43+0.83 cd 1.04+0.01d 10.71£0.31 10.32+0.24 d 113.13+0.21 b
T6 18.10+0.24 a 19.79+0.50 ab 0.97+0.01 f 12.54+0.28 abed 12.98+0.35 ab 119.12+1.94 a
T7 15.10£0.53 ef 17.74£0.48 def ~ 1.00+0.01 e 12.11£0.05 bede 12.10£0.18 be 110.76+1.47 be
T8 15.20£0.70 ef 17.7240.22 def ~ 1.01£0.01 e 9.06+0.21 g 9.01+0.17 ¢ 111.45+1.64 b
T9 16.30+0.46 cd 19.41+0.41 be 1.03+0.01 d 9.40£0.33 g 9.10+£0.30 ¢ 106.07+0.40 cd
T10 16.70+0.51 be 18.58+0.24 cd 0.99+0.01 e 11.79+0.59 cde 11.88+0.54 ¢ 97.84+2.47 ¢
TI1 14.60+£0.94 £ 16.86+0.24 f 1.04+0.01 d 9.70£0.10 g 9.34+0.15 ¢ 104.314+2.60 d
TI12 15.20+0.26 ef 17.19+0.49 ef 1.19£0.01 a 12.31+0.23 abed 10.33£0.28 d 101.21+1.33 d
T13 15.30+0.38 ef 17.97+0.44 de 1.00+0.00 e 11.67+0.32 de 11.67+0.32 ¢ 101.55+0.59 de
CK 17.90+0.68 a 20.00+0.71 ab 1.08+0.01 b 11.25+0.29 ef 10.42+0.22 d 98.12+2.35 de
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A SRR R R Y(B. JEBEH S C. R AU D. BN B F4H. L0 XUHT S Rom R A 2 R s D 5 P g
LRAIRR L ANIARAT , F LR P AN R AT
A. Lignin in pericarp stained with safranin; B. Thick-walled tissue; C. Epidermal dead cells; D. Thin-walled cells; E. Stone cell. The red double ar-
rows indicate the thickness of the epidermal cell layer. The long line in the red cross indicates the long diameter of the epidermal cells, and the short
line indicates the short diameter of the epidermal cells.
1 SFERREAEY R
Fig.1 Paraffin section of the peel of Jinfeng kiwifruit
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Fig. 2 Effects of different treatments on the anatomical structure of the peel of Jinfeng kiwifruit
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Fig.3 Effects of different treatments on cell wall-related metabolic enzyme activities of Jinfeng kiwifruit
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