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Abstract: [Objective] The chloride requirement of kiwifruit is more than 10 times that of other crops.
However, irrational application of chloride-containing fertilizers in kiwifruit production and easy leach-
ing of chloride ions from orchard soil have resulted in kiwifruit being prone to chloride deficiency,
which seriously restricts kiwifruit vine growth as well as yield and fruit quality improvement. Chloride
application can improve plant photosynthesis, nutrient absorption, fruit yield and quality. Therefore, this
experiment aimed to investigate the effects of application of different concentrations of chloride fertiliz-
ers on the photosynthetic characteristics, mineral element absorption, and fruit yield and quality of kiwi-
fruit plants. [Methods] The experimental site was located in the main kiwifruit planting area of Mian-
zhu City, Sichuan Province. The material for this experiment was selected as Hongshi No. 2 kiwifruit,

and the rootstock was wild kiwifruit from the Delicious line, which was planted in 2014 and was an
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adult bearing vine in full production. Four chloride level treatments (0 kg-hm?, 90 kg-hm?, 180 kg-hm™,
and 360 kg - hm™) were set up, and the amount of nitrogen, phosphorus and potassium was the same in
each treatment. Fertilizers (basal fertilizer, sprouting fertilizer, pre-flowering fertilizer, fruit-promoting
fertilizer, fruit-expanding fertilizer and quality-enhancing fertilizer) were applied six times throughout
the year. Fertilizer was applied by spraying water after spreading to promote the dissolution of fertilizer
into the infiltrated root layer. This test was conducted in a positional manner for 2 consecutive years
(2022 and 2023). Leaf net photosynthetic rate, chlorophyll a, chlorophyll b, and total chlorophyll con-
tents were measured at the fruiting stage. The dry matter contents of different parts of kiwifruit (new
shoots, leaves, and fruits) and the mineral contents in leaves (nitrogen, phosphorus, potassium, chloride,
calcium, magnesium, iron, manganese, and zinc) were determined at harvest. Fruit yield and fruit grad-
ing were measured during harvest, and the appearance quality (single fruit weight, longitudinal diame-
ter, transverse diameter, and fruit shape index) was measured after fruit picking, and the intrinsic quality
(soluble solids, titratable acid, vitamin C, and soluble sugar) was measured after soft ripening. [Re-
sults] Leaf chlorophyll a (Chl a), total chlorophyll content (Chl) and net photosynthesis rate (P.)
showed a tendency to increase and then decrease with the increase of chloride application level, and CI-
180 treatment had the best effect. Compared with no chloride treatment, leaf chlorophyll a content (Chl
a), total chlorophyll content (Chl) and net photosynthetic rate (P,) of Cl-180 treatment increased by
10.73%, 11.55% and 4.43%, respectively. Comprehensive analysis of the 2-year experiment revealed
that chloride application could significantly increase leaf chloride content, and enhance kiwifruit leaf
mineral nutrient contents. Compared with the non-chlorination treatment, the annual average nitrogen
(N), potassium (K-O), magnesium (Mg), and iron (Fe) contents with the CI-180 treatment were higher
by 14.64%, 36.27%, 14.38%, and 42.34%, respectively; but the CI-360 treatment significantly reduced
the phosphorus (P,Os) content. Chloride application significantly increased kiwifruit yield. Compared
with non-chloride treatment, chloride application increased the yield by 0.68%—14.65% per year on av-
erage, and the optimum chloride application rate was fitted to 164.0 kg-hm™. Chloride application signif-
icantly increased the rate of large fruits in kiwifruit. Compared with the non-chloride treatment, the CI-
180 treatment increased large fruit size by 10.48% and reduced small fruit size by 9.41%, respectively,
on an annual average. Chloride application significantly affected the dry matter accumulation and distri-
bution ratio of kiwifruit. Dry matter accumulation with the CI-180 treatment increased by an annual aver-
age of 15.38% compared with the non-chlorination treatment. The overall dry matter distribution ratio
among kiwifruit parts was: fruit (57.59%-63.19%) > new shoots (26.36%-31.41%) > leaves (10.30%-
13.33%). The combined 2-year results showed that the CI-180 treatment promoted an increase in the pro-
portion of dry matter allocation to fruits and branches compared to the non-chloride treatment. The 2-
year experiment revealed that the single fruit weight of kiwifruit increased and then decreased with in-
creasing levels of chloride application, and the single fruit weights with the C1-90 and CI-180 treatments
were significantly higher than those of the non-chloride treatment. Chloride application significantly im-
proved the intrinsic quality of kiwifruit fruit. The two-year experiment showed that the soluble sugar
content (SS), soluble solids content (SSC) and solid-acid ratio (SSC/TA) of kiwifruit fruits tended to in-
crease and then decrease with increasing levels of chloride, and the best effect was observed in the Cl-
180 treatment. Compared with non-chloride treatment, the soluble sugar content (SS), soluble solids con-
tent (SSC), and solid-acid ratio (SSC/TA) in CI-180-treated fruits increased by 12.16%, 12.75%, and
23.06%, respectively, and the titratable acid (TA) content decreased by 8.80%. Further analysis of the

main controlling factors affecting quality among different chloride treatments showed that, compared
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with CI-0 treatment, CI-90 treatment promoted fruit quality by significantly increasing leaf N and in-

creasing sugar and decreasing acidity, while C1-180 treatment increased fruit sugar significantly increas-

ing leaf N, Mg, and Chl. CI-360 treatment mainly decreased the absorption of leaf P,Os and Fe, and af-

fected the fruit yield and quality. [Conclusion] Reasonable chloride application can increase the chloro-

phyll and photosynthetic characteristics of kiwifruit, promote the absorption and utilization of mineral el-

ements, and further affect the vine growth as well as increase the rate of large fruit and yield, and im-

prove the fruit quality. In addition, our results indicated that the economic yield of kiwifruit could be

maximized when the chloride application rate was 164.0 kg-hm®.
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Table 1 Fertilizer application by treatments for kiwifruit at full life span during 2022 to 2023

it AL 31 Fertilization period Cl-0 CI1-90 CI-180 Cl-360

J: A Basal fertilizer 27:15:22.5:0 27:15:22.5:8.8 27:15:22.5717.6 27:15:122.5:36
A 2F I Seedling fertilizer 27:15:22.5:0 27:15:22.5:8.8 27:15:22.5717.6 27:15:122.5:36
TE T AL Pre-flowering fertilizer 54:30:22.5:0 54:30:22.5:8.8 54:30:22.5:17.6 54:30:22.5:36
{E?FEHEFruit—promoting fertilizer 81:45:45:0 81:45:45:17.6 81:45:45:353 81:45:45:72.1

[l B Fruit-swelling fertilizer 54:30:67.5:0 54:30:67.5:26.4 54:30:67.5:52.9 54:30:67.5:108.1
18 )57 I Fruit enrichment fertilizer 27:15:45:0 27:15:45:17.6 27:15:45:35.3 27:15:45:72.1
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Fig. 1 Effect of chloride application on fresh fruit yield and dry matter accumulation of kiwifruit
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Table 2 Effect of chloride application on kiwifruit fruit appearance quality

HEh A3 Rz P PS4 EX S

Year Treatment Longitudinal diameter of fruit/mm Transverse diameter of fruit/mm Fruit shape index Single fruit mass/g

2022 Cl-0 56.940.94 a 49.5+0.24 a 1.15+£0.02 a 83.3+2.64 ¢
C1-90 58.840.70 a 51.740.86 a 1.14+0.03 a 99.2+1.99a
CI-180 57.6+1.07 a 50.840.85 a 1.13+£0.01 a 92.1£2.53 ab
C1-360 57.1£0.60 a 51.8+1.22a 1.10+£0.02 a 86.3+1.88 be

2023 Cl-0 57.7£0.53 a 50.1£0.65 a 1.15+0.01 a 82.8£1.31b
C1-90 58.4+0.22 a 51.6+0.34 a 1.13+0.01 ab 96.7+1.37 a
CI-180 58.5£0.57 a 52.3+1.03 a 1.12+0.02 ab 101.0£1.93 a
C1-360 57.3£0.92 a 52.2+0.68 a 1.10+£0.02 b 88.3+3.6 b

VE : RPN F) /NG 7 R R R 4R P AN R AL B R) 22 573 2 3% (P<<0.05) . R .

Note: Different small letters in the same column indicate significant differences between treatments in the same year (P<<0.05). The same below.
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24.09% ; 2023 4F , Cl- 180 4b FE 43 W 42 =5 11.33%
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Table 3 Effect of chloride application on the intrinsic quality of kiwifruit fruits

o A

Year Treatment

w(EEZRC)

Vitamin C content,
Ve/(mg-100 g')

2022 CI-0
C1-90
CI-180
C1-360

2023 CI-0
C1-90
CI-180
Cl-360

118.0+1.74 a
115.0+11.0 ab
101.0+1.74 ab
95.5+4.95 b
115.0£1.28 a
110.0+£5.86 a
103.0£12.0 a
100.0+4.88 a

wCATHEPER) wCAT R
Soluble sugar content/%  Soluble solid content, SSC/%
14.4+0.41 b 13.7+0.06 ¢

16.0+0.50 ab 15.3+£0.13 b

16.3+0.72 a 15.7£0.06 a

15.8+0.45 ab 15.3+0.12 b

16.0£0.92 a 15.1£0.03 ¢

16.4+0.51 a 16.3+0.38 ab

17.840.22 a 16.7£0.30 a

16.0£0.13 a 15.6+0.16 be

wCATi E 1) I 2 L
Titratable acid content, TA/% SSC/TA
1.56+0.06 a 8.76+0.35 b
1.52+0.06 a 10.10+£0.47 ab
1.4540.05 a 10.90+0.36 a
1.55+0.06 a 9.90+0.45 ab
1.87+£0.02 a 8.08+0.10 b
1.74+0.01 a 9.39+0.26 ab
1.70+£0.10 a 9.86+0.68 a
1.80+0.08 a 8.75+0.45 ab
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Table 4 Effect of chloride application on chlorophyll and photosynthetic characteristics of kiwifruit leaves

JOSE] w4t a) w23 b) wCER R ED) D gy e
Treatment Chl a content/(mg-g") Chl b content/(mg-g") Chl content/(mg-g") P,/(umol-m”-s™")
CI-0 2.61+0.09 b 0.93+0.04 a 3.55+0.10 b 19.2+0.27 b
CI1-90 2.81+0.05 ab 0.98+0.07 a 3.80+0.13 ab 19.4+0.24 ab
CI-180 2.89+0.11 a 1.06+0.01 a 3.96+0.10 a 20.0+0.34 a
CI-360 2.68+0.02 ab 1.09+0.13 a 3.77+0.12 ab 18.8+0.14 b
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Fig. 2 Effect of chloride application on mineral nutrient content of kiwifruit leaves
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