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Abstract. Jinyan (Actinidia eriantha 3 A. chinensis) is one of the gold-fleshed kiwifruit
cultivars currently being promoted in south China. However, its fruit dry matter is
usually less than 16%, which seriously affects fruit quality including taste and flavor. This
causes a financial loss to growers: not only are the prices paid for the fruit low because of
their bad reputation for quality, but some orchards have been removed. Improvement of
fruit quality is essential. In this study, a method is described for squeezing and twisting
flowering shoots before flowering and removing the distal vegetative parts of flowering
shoots after fruit set. The effects on fruit quality were determined. The dry matter of fruit
was increased by 6.6%. Fruit size also increased as did the chlorophyll a content and the
chlorophyll:carotenoid ratio. The significantly increased fruit dry matter, resulting in
significant increases in fruit soluble solids concentrations (P < 0.01), thereby possibly
improving fruit taste. Fruit weight, fruit length, and carotenoid and ascorbic acid
concentrations were significantly enhanced in comparison with controls (P < 0.01),
increasing by 20%, 7%, 12%, and 19%, respectively. However, there was no significant
difference in soluble sugar concentrations, titratable acid concentrations, and the reduced
chlorophyll b concentrations. This research provides a practical method to increase fruit
dry matter, and hence a way to allow fruit quality to reach commercial requirements for
cultivars such as Jinyan, which under previous management systems had significant
shortcomings in fruit flavor and taste.

‘Jinyan’, a kiwifruit cultivar selected and
promoted by the Wuhan Botanical Garden,
Chinese Academy of Sciences during the last
decade, is one the most promising gold-
fleshed cultivars for the south of China. It is
thought to be an interspecific hybrid from the
cross Actinidia eriantha as mother, with A.
chinensis as father (Zhong et al., 2015). Many
reports have shown that ‘Jinyan’ produces
good crops of fruit, with attractive, gold-
colored flesh. It is true that in vitro experi-
ments by Wang et al. (2019) showed ‘Jinyan’
to be highly sensitive to kiwifruit canker
disease, a bacterial disease that is fatal and
destroys commercial kiwifruit orchards. But
our own field trials in Gannan, Jiangxi and
reports from Pujiang, Sichuan (W.B. Zhao,
personal communication) indicate that ‘Jin-
yan’ is more tolerant of the disease than other
cultivars widely planted in south China, such
as ‘Hongyang’, a red-fleshed kiwifruit culti-
var. In Pujiang County, Sichuan, 4000 ha of

Jinyan have been planted, making it the most
widespread gold-fleshed kiwifruit cultivar
there. Considerable plantings have also been
established in Jiangxi, Zhejiang, Hunan, and
other provinces in the south of China.

However, the dry matter of the mature fruit
from Fengxin County, Jiangxi is generally less
than 16%, and this seriously affects fruit taste
and flavor. Dry matter is an important index of
fruit quality; it determines the fruit flavor and
taste of Actinidia fruit when they are eating
ripe (Burdon et al., 2004; Nardozza et al.,
2011; Wu et al., 2013). Low dry matter even-
tually becomes a financial issue for kiwifruit
growers, and the problem seriously affects the
economics of kiwifruit orchards because of
the dislike of customers of such inferior fruit
(Jaeger et al., 2011; Wu, 2019).

Although there are many ways to improve
dry matter (Patterson and Currie, 2019; Wu
et al., 2012), there are only a few reports on
how the method of pruning affects fruit

quality (Miller et al., 2001; Patterson and
Currie, 2011; Thorp et al., 2018). In addition,
fertilization, exogenous hormones, moderate
drought stress, and other methods can be
used to improve the dry matter of fruit crops
(Sale and Lyford, 1990; Wu, 2015; Wu et al.,
2012). However, fruit growers prefer to use
pruning, girdling, summer pruning, and so
forth to control shoot growth and vegeta-
tive growth to achieve high fruit dry matter,
fruit size, and desired crop load (Patterson
and Currie, 2019; Wu, 2019), because such
methods are safer, without potential chemical
contamination,more effective, and have fewer
adverse effects on both the vine and the
environment.

In this study, a new summer canopy man-
agement methodology has been developed, in
which the terminal parts of flowering shoots
are twisted and squeezed before flowering,
then removed after fruit set. Aspects of fruit
quality such as flesh color, flavor, and taste of
the fruit from treated shoots were evaluated
and compared with controls. The aim was to
provide a practicalmethod to increase fruit dry
matter, thereby allowing fruit quality to reach
commercial requirements.

Materials and Methods

Plant materials
The orchards used belonged to the Insti-

tute of Kiwifruit, Jiangxi Agricultural Uni-
versity, and were they were located in
Fengxin County, Jiangxi Province, China.
‘Jinyan’ was the predominant fruiting kiwi-
fruit cultivar planted in the orchard. The male
cultivar Moshan 4 was used as the pollinizer
planted at a ratio of 1 male to 8 females along
the row. The orchard was under standard
management. Summer pruning method was
applied in late April, on sunny days when the
local temperature was 25 to 28 �C.

A modified commercial cultivation sys-
tem was used in this study with a support
structure (Fig. 1A). In the present study, six
healthy vines of nearly the same growth
status were selected for the experiment. They
were randomly divided into three groups
(replicates) with two vines in each group:
one treated, the other the control. Five flower-
ing shoots were selected in each vine. At flower
popcorn stage, they were twisted and squeezed
by hand, distal to the top flower bud (Fig. 1B
and C); untwisted fruit shoots were used as
controls (Fig. 1D). Twisting was carried out
by putting one hand at the position of the top
flower bud and slowly rotating the other
hand in a clockwise direction and squeezing
the distal part of the shoot. Not all flowering
shoots were treated—only vigorously grow-
ing, nonterminating flowering shoots.

Determination of size, weight, and inner
quality of fruit

About 60 fruit from different directions
(east, south, west, and north) of the twisted
and squeezed shoots of each vine were
harvested when their soluble solids concen-
trations reached 7.5% (Chen et al., 2019).
These were placed at room temperature
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(25 �C, 95% RH). Thirty fruit randomly
selected from each treatment were weighed,
then measured to calculate fruit shape index
(length/width) and the dry matter. After 2
weeks of storage at room temperature when
the fruit had become edible (firmness was
1 kg/cm2) (Liao et al., 2019a), fruit quality
was evaluated by measuring dry matter,
flesh color, and soluble solids concentration
following the methods described (Chen
et al., 2019; Liao et al., 2019a; Seal et al.,
2013; Wu et al., 2013). Soluble solids con-
centrations were measured by a digital re-
fractometer (0% to 50% ‘‘pocket’’ PAL-1;
Atago) and flesh color by Chromameter
CR-400 (Konica Minolta, Japan; the illumi-
nant of the chromameter was D65). The con-
centrations of soluble sugars, titratable acids,
pigment, and ascorbic acid concentrations
were measured after the fruit pulp was ground
in liquid nitrogen (Liao et al., 2019b).

Data analysis
The experimental data were statistically

analyzed and processed with Microsoft Excel
2016 and SPSS 17.0. A two-tailed Student’s t
test was used to detect differences atP# 0.05
and P # 0.01.

Results

Effects of twisting the shoots on the fruit
size, flesh color, and weight

Twisting and squeezing the shoots signif-
icantly affected fruit flesh color (Fig. 2); the
hue angle of treated fruit and control fruit was
91.67 ± 1.36� and 98.12 ± 3.65�, respectively.
The closer the hue angle is to 90�, the more
golden the flesh. Fruit weight and length were
significantly increased (P < 0.01) by, respec-
tively, 20% and 7%. With this treatment, the
yield increased by 15% compared with the

Fig. 1. Sketch maps and photos separately show the modified supporting commercial kiwifruit planting
system used in this study with the procedure and position of this summer horticultural pruning
technique. (A) Supporting commercial kiwifruit planting system with the main kiwifruit canopy
structure. (B) The fruiting shoots produced on one-year-old canes; the red line marks the twisted and
squeezed position of the shoots (last flower position), (C) The red circle shows the real twisted and
squeezed shoot with flower buds before bloom. (D) Untreated shoots with flower buds as controls. The
arable numbers in (A) and (B) separately show main supporting structure with a beam (1) and iron
wires (2), and vine’s structure with trunks (3), main leaders (4), one-year-old wood canes (5), flowering
shoots (later fruiting shoots) (6), nonterminating flowering shoots (Ferguson, 1990) (7), flower or fruit
stalks (peduncle) (8), flower buds or fruitlets (9), and the position where the twisting and squeezing of
flowering shoots is applied (10).

Fig. 2. (A) Fruit attributes (size, shape, and flesh color) of ‘Jinyan’ (Actinidia eriantha · A. chinensis) from the
treatment with twisted and squeezed fruit shoots before bloom, to compare with (B) untreated shoots (CK).
‘‘L’’ stands for brightness: the higher the value, the brighter it will be. The ‘‘a*’’ value represents the red/
green color difference index: the larger the positive value is, the deeper the red is; and the smaller the
negative value is, the deeper the green is. The ‘‘b*’’ value represents the yellow/blue color difference index:
the larger the positive value is, the deeper the yellow is; and the smaller the negative value is, the deeper the
blue is. The ‘‘c’’ stands for chroma (the degree of saturation or purity). The ‘‘h’’ is the hue angle: when the
value of hue angles is closer to 90�, the flesh is more golden. The * shows a significant difference found at
P # 0.05 on the same traits tested between treatment and control CK.
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control group. The fruit shape index did not
change significantly (Fig. 3).

Effects on fruit internal qualities of
twisting and squeezing the shoots before
flowering

Soluble solids concentrations, dry matter,
titratable acid, and soluble sugar concentrations.
The summer pruning method significantly
increased fruit dry matter (P < 0.05) by
0.84% units (15.25% to 16.09%) and soluble
solids concentrations (P < 0.01) by 0.43%
units (from 16.57% to 17%). There was no

significant effect on titratable acid and solu-
ble sugar concentrations (Fig. 4).

Ascorbic acid, chlorophyll a, chlorophyll
b, and carotenoid concentrations. The sum-
mer pruning method significantly increased
ascorbic acid (P < 0.01), chlorophyll a (P <
0.05), and carotenoid concentrations (P <
0.01) by 19.35%, 12.45%, and 12.43%, re-
spectively (Fig. 5). Chlorophyll b was sig-
nificantly lower, 18.23%, than in the control
(P < 0.05).

Total soluble solids:acidity ratio, sugar:acid
ratio, and chlorophyll:carotenoid ratio. The

taste and flavor of the fruit depend mainly on
the total soluble solids:acids ratio and the
sugar:acid ratio when the total soluble solids
content does not vary. The color of the fruit
flesh depends on the chlorophyll:carotenoid
ratio. The treatment increased the total sol-
uble solids:acids ratio (P < 0.01), while the
chlorophyll:carotenoid ratio had been re-
duced (P < 0.01) by the treatment. However,
no significant change was found on the
sugar:acid ratio (Fig. 6).

Discussion

The economic value of kiwifruit is deter-
mined by fruit weight, crop yield, and fruit
quality—mainly fruit size, flesh taste, and
flavor. Dry matter is especially important in
kiwifruit as an index of fruit taste and flavor
quality (Nardozza et al., 2011; Wu et al.,
2012, 2013). Many factors affect dry matter
accumulation and distribution, such as tem-
perature, humidity, fruit load, and sunny days
during the fruit growing season, as all these
factors affect photosynthesis and carbohy-
drate product accumulation (Adams and
Holder, 1992). We can improve dry matter
accumulation by management techniques
such as pruning, soil management, and mea-
sures affecting vine growth and fruit devel-
opment, if we understand the physiological
mechanisms involved. Management by prun-
ing does not involve the use of chemicals, and
there is therefore no risk of chemical resi-
dues. The pruning methods developed by us
result in greater dry matter accumulation and
do not harm the vines. There is a vigorous
period of vegetative growth before flowering.
During this period, carbohydrate or photo-
synthate could supply shoot growth, but the
flower buds are also developing and need
nutrients (Chao and Li, 2000). So, we infer
that the new summer pruning method im-
proves the fruit dry matter by reducing the
sink strength of the growing vegetative
shoots. At this stage, vegetative shoots with-
out flower buds or fruit should be removed
and the fruiting shoots are twisted and
squeezed, resulting in increased supplies of
the products from photosynthesis to flower
buds. However, not all the shoots should be
treated in this way; the short and spur shoots
and the shoots used to renew vines should not
be twisted, because this could reduce overall
canopy photosynthetic capacity and lead to
inadequate carbohydrate supplies to the de-
veloping flower buds (Albert et al., 2010).
After the long shoots are twisted and
squeezed, the leaves can still continue to
photosynthesize and supply photosynthate
for flower development and fruitlet setting
and growth. While the leaves’ and shoots’
own growth is reduced after damage, they do
not compete so strongly for photosynthate.
This may be an important reason why the new
summer pruning method improves the dry
matter, fruit weight, and other economic fruit
traits. Zero-leaf pruning as developed by
Patterson et al. (2009) removes growing tips
from shoots where there is sufficient leaf area
present and where the shoot is not required to

Fig. 3. Effects of twisted and squeezed shoots before bloom on fruit and weight of ‘Jinyan’ (Actinidia
eriantha · A. chinensis) fruit (** shows a significant difference found between treatment and control
CK at P # 0.01).

Fig. 4. Effects of the twisted and squeezed shoots before bloom on soluble solids concentrations, dry
matter, titratable acid, and soluble sugar concentrations of ‘Jinyan’ (Actinidia eriantha · A. chinensis)
fruit (* and ** show a significant difference found between treatment and control CK either at P# 0.05
or P # 0.01).
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be part of the following year’s fruiting can-
opy. The pruning method developed in our
study is rather different, because zero leaf
pruning removes all vegetative growth distal
to the last fruit after fruit set. Zero leaf
pruning was originally intended to maintain
an open canopy. Our method starts earlier,
before flowering, to ensure an adequate sup-
ply of photosynthate to the developing
flower, and our method is then followed by
zero leaf pruning.

The quality of flower buds and fruitlet
development has a large effect on the ulti-
mate fruit quality. The new summer pruning
method described here is aimed at improving
the quality of flowers and fruitlet develop-
ment, so as to increase the dry matter and
weight of the fruit. This has been achieved in
tomatoes (Xiao et al., 2005) and pears (Liao
et al., 2003). In addition, many studies have

shown that dry matter is positively correlated
with soluble solid concentrations (Liao et al.,
2019c). But how this new summer twist
method alters the accumulation of pigments
is unclear, and further research is needed. The
summer pruning method increased soluble
solids concentrations, but it had no effect on
soluble sugar or titratable acid concentra-
tions. This is consistent with studies on
grapes (Jia, 2014). The soluble solids con-
centration is made up of soluble sugars, acids,
and other soluble compounds present in fruit
juice. Although both soluble solids concen-
tration and soluble sugar were higher than in
the control, only soluble solids concentration
showed a significant difference. It is likely
that the new summer pruning method has no
significant effect on the components and
contents of organic acids (Jiang et al.,
2020). The difference in the ratio of total

soluble solids:acids leads to the difference in
taste. In general, chlorophyll makes the flesh
appear green, and carotenoids make the flesh
appear golden. In this study, the new summer
pruning method increased the carotenoid con-
centrations and reduced chlorophyll concen-
trations, resulting in the fruit flesh appearing
more golden (Huang et al., 2014). This was
also further confirmed by the hue angle value.

Conclusion

Our results showed that the dry matter of
kiwifruit can be effectively increased by
twisting and squeezing the distal ends of
flowering shoots before bloom and then re-
moving them after fruit set. This new summer
pruning method not only significantly im-
proves dry matter but also increases the
chlorophyll a and the chlorophyll:carotenoid
ratio (P < 0.05). In addition, the soluble solids
concentrations, fruit weight, fruit length, ca-
rotenoid and ascorbic acid concentrations
also significantly increase (P < 0.01). How-
ever, no significant differences have been
found in soluble sugar concentrations, titrat-
able acid concentrations, and reduced chlo-
rophyll b concentrations. These changes
eventually result in the flesh becoming more
golden and increasing the dry matter of fruit.
The method described increases the fruit dry
matter, allowing the quality point of more
fruit to reach commercial requirements.
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