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Abstract: This study investigated pollen application methods for artificial pollination in tetraploid
kiwifruit cultivars ‘Halla Gold” and “Sweet Gold’ grown in a nonheated plastic-film house in Jeju,
Korea. Pollen of the hexaploid cultivar ‘Bohwa’ (A. chinensis var. deliciosa) bred in Korea was used
for artificial pollination. We examined the effect of repeated pollination, pretreatment of stigma
with wetting materials, application of dry pollen or pollen in suspension on fruit quality, and seed
formation. With repeated pollination, pollen tubes in the pistil reached and penetrated the ovule
three days after artificial pollination, although the pattern varied depending on the number of dry
pollen applications. In both cultivars, the number of pollen tubes was clearly higher following re-
peated pollination than following single pollination, and fruit weight, dry matter (DM), number of
seeds, and 100-seed weight were also higher. When pistillate flowers were pollinated with dry
pollen immediately after water sprinkle, both cultivars showed the lowest fruit weight, DM,
firmness, number of seeds, and 100-seed weight, whereas there were no significant differences in
fruit quality or seed formation for dry pollen application 1 h after water sprinkle, or immediately
or 1 h after suspension medium sprinkle. For pollination using a pollen suspension, the fruit
weight was lower in both cultivars. There were no significant differences in fruit quality and seed
formation following application of dry pollen or a pollen suspension, except for fruit weight in
‘Sweet Gold'. It could be seen from the results of this study that raindrops or dewdrops on the
stigma might reduce the efficiency of artificial pollination using dry pollen. Still, the application of
repeated pollination enhanced the efficiency of artificial pollination.

Keywords: dry pollen; pollen suspension; pollen tube growth; repeated pollination;
stigma desiccation

1. Introduction

Satisfactory pollination of fruit crops is a key requirement to achieve a sufficient
fruit set [1]. Inadequate pollination is one of the main causative factors of low yield and
low quality in many fruit tree species, such as olive [2], kiwifruit [3], and pistachio [4].
Kiwifruit (Actinidia chinensis) is dioecious, requiring either natural pollination by insects
or artificial pollination by humans. For successful natural pollination, the transfer of
pollen from staminate flowers to pistillate flowers requires appropriate climatic condi-
tions during the flowering season [5]. Due to the short effective pollination time in ki-
wifruit [6], growers tend to prefer artificial pollination rather than natural pollination by
honeybees to ensure a satisfactory yield [7]. The methods employed for artificial pollina-
tion include hand pollination, blowing or spraying of pollen dust, and spraying of pol-
len suspension [3,5,8-10]. In Korea, artificial pollination of kiwifruit is routinely per-

Horticulturae 2022, 8, 150. https://doi.org/10.3390/horticulturae8020150

www.mdpi.com/journal/horticulturae



Horticulturae 2022, 8, 150

2 of 10

formed by applying a mixture of dry pollen and lycopodium powder to pistillate flow-
ers, which minimizes management costs.

High-quality pollen is essential for artificial pollination. Recently, many studies on
the effect of the cultivar and ploidy of pollen used in artificial pollination on seed for-
mation and fruit quality have been actively reported [11-16]. In addition, other factors
also affect fertilization and pollination efficiency, including physiological conditions of
the receptive stigma, application time and method, and environmental conditions. Gen-
erally, artificial pollination for kiwifruit is performed on a fine day; however, the exu-
dates on the stigma tend to become desiccated around noon when the air temperature is
high and humidity low, and this can cause a decline in pollen germination and pollen
tube penetration. During artificial pollination, achieving a uniform pollen load on the
stigma depends on labor expertise; insufficient or uneven pollen loading by unskillful
labor may necessitate repeated pollination. It was suggested in kiwifruit that successive
pollinations might arrest the growth of some pollen tubes already in transit through the
style by competition with each other [10]. As the transmitting tissue of style has a role of
guiding and nurturing pollen tubes, pollen tube competition might be associated with
the inhibition of nutrient absorption for already traversed pollen tubes [17]. However, to
date, few studies have reported on repeated pollination in kiwifruit, and the procedure
is not fully understood. Additionally, kiwifruit producers face many difficulties due to
the increase in labor cost and the rising pollen price for artificial pollination. Methods to
improve the efficiency of artificial pollination in the kiwifruit industry are still sought.
Recent studies have investigated the application of pollen in suspension [18-20], but on-
ly a few have involved yellow-fleshed kiwifruit. Several studies have examined pollina-
tion methods using the A. deliciosa cultivar ‘Hayward’ [9,17,21,22], but studies on artifi-
cial pollination techniques in other cultivars are lacking. This study investigated differ-
ent pollen application methods for their effect on fruit set and quality and seed for-
mation in two yellow-fleshed kiwifruit cultivars in Jeju, Korea.

2. Materials and Methods
2.1. Plant Materials

The experiment was carried out for two consecutive years, from 2018 to 2019, on
mature vines of the tetraploid pistillate A. chinensis var. chinensis cultivars ‘Halla Gold” (8
years old) and ‘Sweet Gold’ (5 years old). The kiwifruit vines were trained to the pergola
system and cultivated following general management practices such as pruning, fruit
thinning, fertilizer management, and pest control in an unheated plastic-film house at
commercial fields located in Jeju, Korea.

2.2. Pollen Preparation, Viability Testing, and Pollination

Pollen of the hexaploid cultivar ‘Bohwa’ (A. chinensis var. deliciosa) bred in Korea
was used for artificial pollination. Staminate flowers were collected in both 2017 and
2018. Each flower’s anthers, petals, calyx, and peduncle were separated using separation
equipment (SWX-400; Samwoo Engineering, Korea). The separated anthers were then
dried in a forced-draft static drier (SWX-6000; Samwoo Engineering) at 25 °C for 24 h.
Pollen grains were separately collected from the dried anthers using a pollen collector
(SWX-6000; Samwoo Engineering). The collected pollen grains were frozen and stored in
the freezer. Pollen viability was assessed using two staining methods [23], fluorescein
diacetate and 1% iodine potassium iodide, to confirm that the viability of the fresh pollen
was 290% before use in both years. For the preparation of pollen dusting, pollen was
carefully mixed with lycopodium powder at a ratio of 1:10. Pollen suspension was pre-
pared by suspending 4 g of pollen and dissolving 0.2 g of Food Red No. 2 dye (Oh Jung
Commercial Co., Ltd., Seoul, Korea) in 1 L of suspension medium. Pollen dusting was
carried out using a spray applicator (PS-100, Jeju Bio Tech Co., Ltd., Jeju, Korea), and
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spraying of the pollen suspension was carried out with a hand sprayer (Apollo Industri-
al Co., Ltd., Siheung, Korea).

The pollen application experiments were designed to examine three different
treatments: differing repetitions of sprays of pollen dust, pretreatment using different
wetting materials before pollen dusting, and dry and wet pollination. Three vines with
similar vine size and vigor were selected in both pistillate cultivars for artificial pollina-
tion. When 50% of these vines bloomed, about 200 flowers were pollinated for each
treatment. In the first experiment, examining repeated pollination, pollen dusting was
performed as follows: a single dusting at 10 am on the first day of flowering (M); single
dustings at 10 am and 4 pm on the first day of flowering (MA); single dustings in the
mornings of the first and second days of flowering (MM); a single dusting in the morn-
ing and afternoon of the first day and the morning of the second day (MAM). In the
second experiment, examining pretreatment with different wetting materials, pollen was
applied on the morning of the second day of flowering as follows: pollen dusting spray
without pretreatment; water sprinkling (WS) followed immediately by pollen dusting
spray (WS0), WS then pollen dusting spray 1 h later (WS1); suspension medium spray
(SS) followed immediately by pollen dusting spray (SS0); SS then pollen dusting spray 1
h later (SS1). The third experiment involved two application types, pollen dusting and
pollen suspension, applied on the morning of the second day of flowering.

2.3. Observation of Pollen Tube Growth

To observe pollen tube growth after repeated pollination, pistils were collected on
the first and third day after final pollination in 2018 and 2019, fixed in formalin/acetic
acid/alcohol solution, and kept at 4 °C until further processing [24]. The fixed pistils
were softened in 2N NaOH solution at 60 °C for 60-90 min and stained with 0.1% aniline
blue for 24 h in the dark at room temperature [25]. The stained pistils were mounted into
a block of 4% agarose (Agarose LE, Biomedic Co., Bucheon, Korea), sectioned onto glass
slides at a thickness of 7 pm using a Vibratome (Series 1000, The Vibratome Co., St. Lou-
is, MO, USA), and observed under a fluorescence microscope (Leica DMRBE, Leica Co.,
Wetzlar, Germany) [12].

2.4. Fruit Quality Analysis

Fruit quality characteristics were evaluated at harvest using 30 kiwifruits for each
treatment. The fruit weight, dry matter (DM), soluble solids content (SSC), acidity, firm-
ness, and flesh color were measured. The fruit weight was measured immediately after
harvest, and the DM was measured after drying the equatorial part of the fruit (section
thickness 2-3 mm) at 60 °C for 24 h [26]. The SSC and acidity of the juice squeezed from
the fruits were measured using a digital sugar and acid analyzer (GMK-707R, G-won
Co., Seoul, Korea). Fruit firmness (FF) was measured using a Fruit Texture Analyzer
(capacity: 5 kg; FHM-5, Takemura Co., Tokyo, Japan) with a 5-mm diameter plunger af-
ter removing the peel and external flesh of fruits to a thickness of 1 mm. The flesh color
was measured using a colorimeter (CR-400 Chroma Meter, Minolta Co., Tokyo, Japan)
after removing the skin and external flesh to a thickness of 2-3 mm.

2.5. Seed Number and Weight

When the harvesting season started, 20 kiwifruits from each of three vines for each
treatment were harvested, their seeds were carefully separated, and they were then counted
using a seed counter (Countador, Pfeuffer GmbH Co., Kitzingen, Germany). The 100-seed
weight was measured using an electronic scale (EL-2000S, Setra Inc., Acton, MA, USA).
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2.6. Statistical Analysis

Statistical analysis was performed using the SPSS program (SPSS version 18, IBM
SPSS Software Inc., Chicago, IL, USA). Significance at the 95% level was tested, and then
the significance between the means was analyzed with Duncan’s multiple range test.

3. Results and Discussion
3.1. Repeated Pollination with Dry Pollen

The fertilization process following repeated artificial pollination was investigated
by examining pollen tube growth in the pistil (Figure 1). In both “Halla Gold” and ‘Sweet
Gold’ cultivars, in all treatments (M, MA, MM, and MAM), pollen tubes could be seen to
extend past the stigma and along the style one day after pollination (DAP). By three
DAP, the number of pollen tubes in the style had increased, and the pollen tubes had
reached the ovule in all treatments. The previous study reported that pollen tubes start-
ed to reach the ovule on the third day in ‘Sweet Gold” and ‘Halla Gold’ [11], which is in
agreement with our observations. However, in our study, the number of pollen tubes
reaching the ovule was clearly higher in treatment groups where pollination had been
repeated than in group M. This difference was related to the fruit quality parameters
and seed formation (Tables 1 and 2).

g...

M

MA

DAP1 DAP3 DAP1 DAP3

g...
g...

Figure 1. Pollen tube growth in the pistils of ‘Halla Gold’ (HG) and ‘Sweet Gold’ (SG) pollinated
with dry pollen. DAP—days after pollination, M—pollination only in the morning on the day of
full bloom, MA —pollination in the morning and afternoon on the day of full bloom,
MM —pollination in the morning on the day of full bloom and in the morning on the following
day, MAM — pollination in the morning and afternoon on the day of full bloom and in the morn-
ing on the following day. Scale bar indicates 100 pm.
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Table 1. Fruit quality and seed formation in kiwifruit cultivar ‘Halla Gold’ following repeated pol-
lination with the dry pollen.

Soluble Flesh 100-Seed

Year Rel?eatfed Fruit Weight = Dry Matter Solids Acidity Firmness Chromaticity Seed Weight
Pollination (g (%) Content (%) (kgf) Number

(‘Brix) W (mg)

2018 M x (once) 778+09zby  13.0+02bc 11.8+0.2 09+0.1 5.0+0.1bc 98.3+0.7 408.0+9.5b 12.0+0.02b
MA(twice) 826+11a 13.7+02ab 11.8+02 09+01 5.6=02ab 99.9+0.5 4393+11.0a 141+0.01a
MM(twice) 843+04a 145+03a 11.6+02 09+0.1 55+02a 99.9+0.5 4416+12.7a 143+0.01a

MAM(triple) 81.0+1.2ab 123+03 ¢ 119+02 09+0.1 48+0.1c 100.5+0.7 428.4+7.3 ab 12.8+0.01b
Significance W * * ns ns * ns * *

2019 MY (once) 91.6+33Db 12.7+0.2 114+02 12+0.1 54+0.1 108.3 +0.4 509.7+9.0b 12.5+0.01 b
MA(twice) 954 +32ab 13.1+0.2 11.3+02 1.2+0.1 55+0.1 107.3+0.5 547.1+58a 149 +0.02 a
MM(twice) 96.9+35a 12.6+0.3 135+01 1.1+0.1 54+0.1 107.9+0.5 549.7+8.1a 14.4+0.01a

MAM(triple) 93.5+3.2ab 125+0.3 11.3+02 12+0.1 4.7+0.1 107.4+0.5 526.1+8.6ab  13.1+0.01 ab
Significance * ns ns ns ns ns * *
z Mean * SE (n = 30). v Different letters in a column within the same species indicate statistically
significant differences by Duncan’s multiple range test at 5% level. * M—pollination only in the
morning on the day of full bloom, MA —pollination in morning and afternoon on the day of full
bloom, MM —pollination in the morning on the day of full bloom and in the morning on the fol-
lowing day, MAM—pollination in the morning and afternoon on the day of full bloom and in the
morning on the following day. ¥ ns and *—not significant and significant at p < 0.05.
Table 2. Fruit quality and seed formation in kiwifruit cultivar ‘Sweet Gold’ following repeated
pollination with the dry pollen.
Soluble Flesh 100-Seed

Year Du%)lic;.ate Fruit Weight = Dry Matter Solids Acidity Firmness Chromaticity Seed Weight

Pollination (g) (%) Content (%) (kgf) Number
(‘Brix) hu (mg)

2018 M x (once) 927+122z¢cy 171+01bc 124+0.1 1.0+0.1 56+0.1a 110.6 +0.7 a 808.2+85b 11.8+0.01b
MA (twice) 98.0£0.7 a 183+03a 123+0.2 1.0+0.1 54+01a 110.0+0.7 a 8453 +55a 13.2+0.02a
MM(twice) 97.5+0.4 ab 181+03ab 123+01 1.0+0.1 55+0.1a 1069+1.1b 843.6 +7.4 ab 13.6+0.01 a

MAM(triple) 94.1+0.9 bc 16.7+03 ¢ 127+01 1.0+0.1 45+0.1b 111.5+0.2a 826.4+ 8.6 ab 12.5+0.01 a
Significance W * * ns ns * * * *

2019 MY (once) 80.4+0.6c 174+02ab 13.1+01 09x0.1 51+0.1a 108.5+0.9 7604+7.6b 10.9 +0.02 b
MA(twice) 86.4+0.5a 17.7+0.2a 135+02 1.0+0.1 54+01a 107.1+1.1 780.4+9.1a 13.0+0.01a
MM(twice) 872+05a 17.6+0.2a 133+02 09+0.1 51+0.1a 107.9+1.0 790.8+82a 13.0+0.01 a

MAM(triple) 83.8+0.8b 16.7+0.2b 132+01 09+0.1 48+0.1b 108.9+0.9 785.6+9.7 a 12.3+0.02 ab
Significance * * ns ns * ns * *

z Mean + SE (n = 30). ¥ Different letters in a column within the same species indicate statistically
significant differences by Duncan’s multiple range test at 5% level. * M—pollination only in the
morning on the day of full bloom, MA—pollination in the morning and afternoon on the day of
full bloom, MM —pollination in the morning on the day of full bloom, and the morning on the fol-
lowing day, MAM —pollination in the morning and the afternoon on the day of full bloom and the
morning on the following day. ¥ ns and *—not significant and significant at p < 0.05.

Fruit weight was highest in treatment MM, and lowest in treatment M. DM was
more elevated in treatments MA and MM, while it was typically lower for M and MAM.
Values for SSC, acidity, and k" did not differ significantly. FF was more deficient in
treatment MAM. The number of seeds and 100-seed weight was higher in treatments
with repeated pollination than in treatment M. To maximize fertilization, pistillate flow-
ers in most pollination-dependent plants must receive sufficient pollen [27,28]. In ‘Hay-
ward’ kiwifruit, it has been reported that repeated hand pollination of the same flower
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with dry pollen over one or more days resulted in smaller fruits with fewer seeds than
when single pollination occurs; this was attributed to the arrest or inhibition of pollen
tube growth caused by following pollen tubes [10]. However, those results are not re-
flected in our study in which fruit weight, DM, FF, seed weight, and 100-seed weight
appeared to be high when pollen was repeatedly applied to the pistil. On the other hand,
it was reported that the number of pollen tubes had an effect on the increase in fruit
weight and the number of seeds in “‘Hayward’ [29]. In this study, it is considered that
fruit weight and the number of seeds were high due to the effect of the number of pollen
tubes even in repeated fertilization. These differences might be due to differences in cul-
tivar, polyploidy levels, or applied pollen type. Further studies on repeated artificial
pollination are needed to elucidate the factors controlling these differences.

3.2. Pretreatment of Stigma with Wetting Materials

Results for fruit quality parameters and seed formation following artificial pollina-
tion after pretreatment with water or pollen suspension are shown in Table 3 (‘Halla
Gold’) and Table 4 (‘Sweet Gold’). Fruit weight, DM, SSC, and FF were the lowest in
both years in treatment WS0. Likewise, the number of seeds and 100-seed weight were
lowest in treatment WSO0. Fruit acidity did not differ significantly. Values for 1 were
typically higher (except in 2019 for ‘Sweet Gold’) when artificial pollination was per-
formed immediately after the pretreatment of water (WS0). In light of the observation
that treatment with the suspension led to better fruit quality than that with water, it is
considered that various nutrients (carbohydrates, proteins, vitamins, minerals, and oth-
ers) in the suspension had a favorable effect [19].

Table 3. Fruit quality and seed formation in kiwifruit cultivar ‘Halla Gold’ following either dry
pollen application after pretreatment with water spray or application of pollen suspension.

Soluble Flesh 100-Seed
Year Mode of Fruit Weight = Dry Matter Solids Acidity Firmness Chromaticity Seed Weicht
Pollination (g (%) Content (%) (kgf) Number 8
oo 1'% (mg)
("Brix)
2018 No 806+1.17ay 135+02ab 114+02 10+01 52+01ab 100.5+0.7ab  413.8+83a 120+0.02a
pretreatment
WS(0) 717+24D 13.0+03b 112+02 1.0+£01 50+0.1Db 100.8+0.7a  321.1+£109b 6.9+0.02b
WS(1) 825+09a 13.7+02ab 11.8+01 0901 52+0.1ab 99.9+0.5ab  4047+102a 11.9+0.03a
S5(0) 83.0+£0.7 a 145+03a 11.6+02 09+01 55+0.2ab 98.1+0.6b 403.5+99a 11.1+0.01a
S5(1) 84.7+0.8a 13.7+03ab 119+02 09x0.1 57+0.1a 98.8 0.5 ab 4145+123a 121+0.02 a
Significance W * * ns ns * * * *
N 11.5+0.2
2019 © 95.6+3.4a 13.0+0.3 bc 50 1.0+01 54+01ab 1051+0.6ab  541.8+93a 13.6+0.01a
pretreatment ab
10.8+0.1
WS(0) ¥ 827+1.8b 124+02c . 1.0+01 49=+01c 107.1+£05a 4723+99b 10.7 +0.02 b
11.2+0.1
WS(1) 95.3+0.8a 13.2+0.2bc be 09+£01 52+0.1bc 100.3£0.6 5440+9.8a 13.8+0.02a
11.7+0.1
S5(0) 955+0.7 a 144+03a ab 1.0+01 58+0.1a 103.5+0.4b 5288+9.0a  132+0.01ab
12.0+0.1
SS(1) 96.7+04a 13.8+0.2 ab a 09+01 5.6=+0.1ab 103.3+0.4b 553.0+85a 14.0+0.02a
Significance * * * ns * * * *

z Mean + SE (n = 30). ¥ Different letters in a column within the same species indicate statistically
significant differences by Duncan’s multiple range test at 5% level. X WS—water sprinkling,
SS—pollen suspension medium spray, 0—immediate pollen dusting spray, 1—pollen dusting
spray 1 h later. ¥ ns and *—not significant and significant at p < 0.05.
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It was reported that pollen adhesion in kiwifruit was lowered when it was deliv-
ered with water [30]. Furthermore, it was reported that pollen might lose viability due to
osmotic shock when it is suspended directly in water, but that it might maintain viability
for about 3 h when suspended in a suspension medium [10]. High temperature and high
humidity should be avoided in order to maintain the viability of pollen on the stigma.
This study showed that immediate pollination after a water sprinkle caused the viability
of pollen to be low due to the high humidity of the pistil. These results are in accord
with those from orchards, in which artificial pollination on a sunny day rather than on a
rainy day normally results in superior fruit quality and seed formation. In addition,
since dew often forms on the pistil at dawn, growers should not work early in the
morning for effective artificial pollination. Thus, it is recommended that artificial polli-
nation by pollen dusting should be avoided until raindrops or dewdrops on the stigma
have evaporated, although further studies on artificial pollination conditions and proper
timing are advised.

Table 4. Fruit quality and seed formation in kiwifruit cultivar ‘Sweet Gold’ following either dry
pollen application after pretreatment with water spray or application of pollen suspension.

D Soluble Flesh 100-Seed
Mode of Fruit Weight Y Solids Acidity Firmness Chromaticity Seed .
Year R Matter - 7 Weight
Pollination (g o Content (%) (kgf) Number
(%) N h (mg)
("Brix)
2018 No 943+127ay 187+03a 126+0.1a 09+01 55+01a 109.5+02b  8329+11.6a 12.0+0.02a
pretreatment
WS(0) x 884+08b 168+02b 119+02b 11+01 48+01b 111.5+02a  5379+138b 65+0.01b
WS(1) 952+0.8a 18.1+02a 123+02a 1.0+01 54+01a 111.1+£02a 8144+114a 11.1+£0.02a
SS(0) 96.4+05a 186+03a 125+02a 1.0+01 53%01a 110.2+0.1a 807.5+121a 11.7+0.02a
SS(1) 958+0.7a 187+03a 127+0.1la 1.0+01 53+02a 109.8+0.7 b 8119+104a 11.1+0.01a
SigniﬁCal’ICe w * * * ns * * * *
2019 No 802+09a 174+02b 135+02a 1.0£0.1 54+0.1 109.8 £0.9 7431+75a 11.6+0.02a
pretreatment
16.7+0.2
WS(0) ¥ 734+08c ab 11.7+0.1b 09+0.1 50£02 107.1+2.4 536.2+17.6b  6.9+0.01b
WS(1) 784+11ab 190+02a 123+01ab 1.0£0.1 52+0.1 110.7 £0.2 7514+142a 11.6+0.01a
18.5+0.2
S5(0) 763+05b ab 123+0.1ab  1.0+0.1 55+0.1 110.7 £ 0.2 763.1+94a 11.3+0.02a
18.6+0.2
SS5(1) 780+05b ab 123+04ab  1.0+0.1 51+0.1 109.9+0.1 7524+82a 11.1+0.01a
Significance * * * ns ns ns * *

z Mean + SE (n = 30). ¥ Different letters in a column within the same species indicate statistically
significant differences by Duncan’s multiple range test at 5% level. ¥ WS—water sprinkling,
SS—pollen suspension medium spray, 0—immediate pollen dusting spray, 1—pollen dusting
spray 1 h later. ¥ ns and *—not significant and significant at p < 0.05.

3.3. Application of Dry Pollen or Pollen in Suspension

Table 5 shows results for fruit quality parameters and seed formation in ‘Halla
Gold’ and ‘Sweet Gold” kiwifruit at harvest following pollination with either dry pollen
or pollen in suspension. Fruit weight, number of seeds, and 100-seed weight in both cul-
tivars tended to be higher following dry pollen pollination than wet pollination, alt-
hough a significant difference was observed only in the fruit weight of ‘Sweet Gold’. In
all other parameters, no statistically significant differences were seen.
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Table 5. Fruit quality and seed formation in two kiwifruit cultivars following pollination using
either dry pollen dusting or pollen in suspension.

Soluble Flesh

Fresh D 100-
. Mode of r?s Ty Solids Acidity  Firmness Chromaticity Seed 00 S'eeds
Cultivar  Year .. Weight Matter _— Weight
Pollination ©) %) Content (%) (kgf) i Number (me)
& o (‘Brix) h &
Halla
Gold 2018 Dry pollen 806+11z 135+02 11402 1.0=x0.1 52+0.1 98.8+0.5 413.8+8.3 12.0
Wet pollen 766+19 13.7+02 129+02 09+0.1 52+0.2 99.1+£0.6 397.9+9.1 10.1
Significance nsy ns ns ns ns ns ns ns
2019 Dry pollen 95.6+34 13.0+03 115+02 12=x0.1 54+0.1 107.1+0.5 541.8+9.3 12.6
Wet pollen 921+33 133+03 12402 1201 56+0.1 108.6 + 0.5 529.1+84 12.2
Significance ns ns ns ns ns ns ns ns
Sweet  ,018  Drypollen  943+12 177+03 126401 09401  55+01 111.1+02 8319 + 12.0
Gold 11.6
Wet pollen 89.1+1.8 183+03 12.7+02 1.0x0.1 53+0.2 111.5+0.2 810.1+9.7 11.1
Significance W * ns ns ns ns ns ns ns
2019 Dry pollen 821+09 175+02 13.6+02 1.0+0.1 54+0.1 109.7 +0.9 7441+75 11.6
Wet pollen 774+1.0 183+02 13.0+02 1.0+0.1 51+0.1 107.9+1.0 7:132'77i 11.7
Significance * ns ns ns ns ns ns ns

zMean + SE (1 = 30). ¥ Mean separation within columns by t-test at 5% level. ' ns and *—not signif-
icant and significant at p <0.05.

It was reported that wet pollen application using pollen suspension and dry pollen
application using lycopodium powders did not result in significant differences in the
number of seeds, SSC, acidity, or FF in the kiwifruit cultivar ‘Hayward’ [31], which was
in accord with ours. Consequently, we conclude that the use of pollen suspension in-
stead of lycopodium powder as the pollen diluent during pollination of ‘Halla Gold” and
‘Sweet Gold’ cultivars makes no difference to either fruit quality or seed formation. Fur-
ther studies on suspensions containing nutrients that can enhance the moisture effect on
yellow-fleshed kiwifruit are needed [19]. However, using a wet application (pollen sus-
pension) may help reduce operating expenses in orchards since labor and pollen re-
quirements are smaller, though further studies on the appropriate dilution ratio of pol-
len in the suspension according to the cultivar are needed.
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