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Abstract: The presence of dormant embryos in seeds and nonuniformity in seedling growth are the
main limiting factors for kiwifruit propagation. Studies on the germination of hybrid genotypes are
limited, especially at different ploidy levels. Low germination percentages and nonuniformity in
seedling growth are two of the limiting factors of kiwifruit breeding, especially new and imported
germplasm. The effect of cold moist stratification and growing substances on seed germination and
seedling growth, respectively, on different kiwifruit seed populations were evaluated in this study.
The effect of cold moist stratification (3, 4 and 5 weeks at 4 ◦C) and growing substrate composition
(peat, perlite and coco peat) on seed germination and seedling growth of different Actinidia genotypes
were assessed. In general, increasing stratification period duration often increased germination speed
and uniformity. It was also found that increasing the ratio of peat moss improved the vegetative
growth parameters of all kiwifruit seedlings. Stratification treatment, light and temperature fluctua-
tion and consequently suitable substrate can accelerate and increase the production of seedlings and
reduce seedling losses. It was also found that peat–perlite (1:1) medium was the best medium for
kiwifruit seedling growth.

Keywords: Actinidia spp.; cold stratification; dormancy; seed germination; soilless medium

1. Introduction

Kiwifruit, belonging to the family Actinidiaceae and the genus Actinidia, is a dicotyle-
donous, perennial, deciduous plant that includes a number of important commercial
species [1]. In Iran, kiwifruit is one of the most important horticultural and export products
that can be cultivated only in Northern provinces such as Mazandaran, Guilan and a small
part of Golestan province [2]. Iran ranks fourth in the world for kiwifruit production after
China, Italy and New Zealand [3]. The most common kiwifruit cultivar grown in Iran is
‘Hayward’ with green flesh. However, a small number of kiwifruit orchards in Iran contain
red-fleshed cultivars. Therefore, for sustainable production and export, the kiwifruit indus-
try needs to introduce novel kiwifruit cultivars with different flesh colors and flavors. To
achieve this goal, a population of seed plants with natural or controlled crosses should be
available [4]. The presence of dormant embryos in seeds and nonuniformity in seedling
growth usually increase the losses of kiwifruit seed populations. A production model that
is dependent on only one cultivar of a species decreases the interest in that cultivar over
time, causing its price to decrease and kiwifruit growers to give up its production. This
situation hinders sustainable production. As a result of solving the problems related to the
production and reproduction of different kiwifruit cultivars for a sustainable production
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model and transferring them to kiwifruit growers, their sale at higher prices is allowed.
Thus, indirectly, different cultivar demands of consumers will be met, and it will be possible
to increase the competitiveness of local kiwifruit growers.

Seeds are an important material both for the propagation of seedlings and breeding
new kiwifruit cultivars, but their germination capacity is very low [5]. Additionally, an-
other disadvantage is the impossibility of determining the sex of seedlings and genetic
differentiation in generative propagation. Because of the low germination ratio of Ac-
tinidia seeds, they must be treated with chemicals and kept in damp, aerated conditions,
alternated between day and night, under low temperatures to increase their germination
rate. According to researchers, stratification under cool and moist conditions and/or some
chemical treatments can improve the germination rate of kiwifruit seeds [4,6,7].

Germination of kiwifruit is poor or erratic because of dormancy. Seed dormancy is
a physiological condition that reduces or inhibits germination in favorable conditions.
Previous studies suggested low temperature and gibberellic acid can overcome kiwifruit
seed dormancy [8–11]. Kiwifruit seed dormancy is a physiological condition that restricts
or prevents germination in otherwise favorable conditions and determines the range of
conditions permissive for germination. Additionally, germination is a complex process that
cannot be fully understood by studying one or two factors; thus, it is necessary to adopt a
multidimensional strategy, combining the analysis of multiple factors to achieve optimal
germination percentages. The intrinsic molecular mechanisms determining dormancy can
have an embryo and/or a coat component that can interact to determine the degree of
‘whole-seed’ dormancy [8,10].

Although some studies showed that gibberellic acid can enhance kiwifruit seed ger-
mination [4,11,12], other studies indicated that cold moist stratification is more effective
than gibberellic acid in breaking kiwifruit seed dormancy [8,9,13]. They also found that
vermiculite is not a suitable medium for seed germination. The growing media used for
germinated kiwifruit seeds is very important for subsequent seedling growth. Atak and
Yalçın [14] reported that different media were effective in rooting in kiwifruit. González-
Puelles et al. [15] reported that some germination procedures, including dry stratification
and/or lower GA3 concentration, can increase seed germination by 80%. Çelik et al. [4]
were able to achieve about 99% germination of seed from ‘Hayward’ fruit using gibberellic
acid treatment and bottom heat and peat medium. Hsieh et al. [9] were able to induce 80%
germination in freshly harvested kiwifruit seed using alternating temperatures (25/15).
Others demonstrated the role of fluctuating and constant temperature and far-red and red
light in the germination of stratified ‘Hayward’ seed. They also found a positive effect
of fluctuating temperature (20/30) on breaking kiwifruit seed dormancy. However, red
light had no role in kiwifruit seed germination, but far-red light had an inhibitory role in
germination [10].

In this study, we attempted to determine the best germination and development con-
ditions for kiwifruit seeds belonging to different Actinidia species as a result of some appli-
cations. The effect of cold moist stratification and growing substances on seed germination
and seedling growth, respectively, was investigated on different kiwifruit seed populations.

2. Materials and Methods
2.1. Plant Materials

Seeds of 16 kiwifruit populations from Actinidia chinensis var. deliciosa (DA), Actinidia
chinensis var. chinensis (CK) and Actinidia arguta (AA) and a hybrid of A. chinensis var.
deliciosa × A. chinensis var. chinensis (according to Table 1) were obtained and transferred to
the lab at the University of Guilan, Rasht, Iran. After the harvest, fruits were stored at 23 ◦C,
and the ripening stage was controlled every week. Seed extraction was carried out to ensure
the fruit was ripe and soft. The fruit pulp was extracted in a juice extractor. The seeds were
washed with water and dried and stored at 4 ◦C until required for germination studies.
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Table 1. List of kiwifruit genotypes and their characteristics.

Symbol Flesh Color Ploidy Level Species

CK1 Red - Actinidia chinensis var. chinensis

CK2 Red 4x Actinidia chinensis var. chinensis

CK3 Red 2x Actinidia chinensis var. chinensis

CK4 Red 2x Actinidia chinensis var. chinensis

CK5 Red 2x Actinidia chinensis var. chinensis

CK6 Red - Actinidia chinensis var. chinensis

CK7 Gold 4x Actinidia chinensis var. chinensis

CK8 Gold 2x Actinidia chinensis var. chinensis

CK9 Gold 4x Actinidia chinensis var. chinensis

DA1 Green 6x Actinidia chinensis var. deliciosa

DA2 Green 6x Actinidia chinensis var. deliciosa

DA3 - - Actinidia chinensis var. deliciosa

DA4 Green 6x Actinidia chinensis var. deliciosa

DA5 Green 6x Actinidia chinensis var. deliciosa

Hybrid Green 4x Actinidia chinensis var. deliciosa X
Actinidia chinensis var. chinensis

AA Green 4x Actinidia arguta

2.2. Treatments

For disinfection, the seeds were soaked in a solution of 2 mg L−1 fungicide (Maxim
XL 035) for 1 min and immediately transferred onto paper cloths to remove excess water at
room temperature. In the first experiment, 300 disinfected hybrid seeds of each combination
divided into three replications were placed into Petri dishes with moist Whatman No. 1
filter paper and incubated at 4 ◦C for three, four and five weeks. After that, the stratified
seeds were placed in a chamber with alternating temperature and light at 24 ◦C (16 h)/5 ◦C
(8 h) and then transferred to a growth chamber with constant temperature (20 ◦C) and
continuous light for germination. Here, their germination was followed for 8 weeks. This
experiment was performed as a factorial experiment in a completely randomized design
with three replications.

In the second experiment, the germinated seeds were transferred to greenhouse
conditions with 80–90% relative humidity and 25–30 ◦C temperature with supplemental
light and sown in 45 cell trays. The growing media contained different ratios of coco-
peat (salinity = 500 mS, pH = 5.8–6.5), perlite (in horticultural size 1–3) and peat moss
(pH = 5.5–6.5, salinity = 1 mS/cm, moisture content = 40–60%) with cocopeat–perlite (1:1),
cocopeat–peat–perlite (1:1:1), peat–perlite (1:1) and peat–perlite (1:2). The experiment was
carried out in a completely randomized design with three replications.

2.3. Data and Statistical Analysis

Daily seed germination was processed using the Germin program, which is based
on the linear interpolation of cumulative germination points over time [16,17]. Using
this program while measuring the germination percentage (GP), two important traits,
including seed germination rate (R50) and germination uniformity (GU), by calculating
the time (days) required for germination of 10% (D10), 50% (D50) and 90% (D90) of seeds
according to the following formulae were determined. It should be noted that the shorter
the germination time, the more uniform the seed germination.

GP =
∑ ni

N
× 100%
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where N is the total number of seeds, and n is the number of germinated seeds at the end
of the experiment.

R50 =
1

D50
GU = D90 − D10

To determine the effect of substrate composition on seedling growth at the end of
two months, the vegetative growth characteristics, including leaf number, stem diameter
(using digital caliper) and seedling height (using ruler), were measured.

The obtained data were analyzed using Proc GLM of SAS statistical software ver-
sion 9.1 [18], and means of treatments were compared with Tukey’s test at the 5% probabil-
ity level.

3. Results
3.1. Germination Characteristics

The results showed that the maternal genotype and the stratification period and their
interaction had a significant effect on the seed germination characteristics of all three
combinations, DA, CK and AA and the DA × CK hybrid (Table 2).

Table 2. Analysis of variance for effect of genotype and stratification duration on kiwifruit seed germination characteristics.

Mean Square

Source of Variation df Germination Percentage Germination Rate Germination Uniformity

Genotype (A) 15 4224.5292 ** 0.3935 ** 554.6365 **
Stratification duration (B) 2 6249 ** 0.0995 ** 361.0304 **

A × B 30 527.0667 ** 0.0211 ** 143.6298 **
Error 96 7.7917 0.0003 0.7035

** Significant at 1% probability level.

There is a significant difference between kiwifruit genotypes and stratification pe-
riod (Table 3). The seed germination percentage of the genotypes belonging to DA was
higher than the CK genotypes. Among the nine genotypes belonging to CK, the highest
germination percentage, 86%, was found in CK2 after four weeks’ stratification, and the
lowest value, 1%, belonged to CK7 and CK9 after three weeks’ stratification. The longer
the duration of stratification, the higher the germination percentage. In DA genotypes,
the highest and lowest germination percentages belonged to DA2 (99%) and DA4 (34%)
after four weeks’ cold moist stratification, respectively. The germination percentage in AA
ranged from 8% to 67% after 3–5 weeks, respectively (Table 3).

The results showed that the germination rate of kiwifruit genotypes in stratification
periods was different. The highest germination rate of 0.55 in CK genotypes belonged to
CK4, and the lowest value of 0.03 was found in CK3, CK9 and CK7. However, the highest
germination rate in DA genotypes was observed in the DA3 genotype (0.96) and the lowest
in DA2 and DA4 genotypes (0.1). The hybrid genotype also had the lowest germination
rate (0.03). In hybrid and CK9 genotypes, changes in stratification duration had no effect
on germination rate, but in DA1 and DA3, increasing the stratification period increased
the seed germination rate. However, the highest germination rate in DA5 was observed
in the four-week treatment. In CK1, 3 and 5 weeks’ cold stratification showed a higher
germination rate than the 4-week treatment. However, the highest germination rate was
found in CK2, CK3 and CK4 genotypes after 5 weeks. In CK6 and CK8, the germination
rate increased with increasing stratification period, but in CK5, 4 weeks’ stratification
treatment resulted in faster germination compared to other treatments (Table 3).

Higher germination uniformity of 0.12 was found in the CK7 genotype after 3 weeks’
cold moist stratification. Thereafter, the DA3 genotype varied with 1.69 to 2.27 in all three
stratification treatments and DA2 with 2.37 after 4 weeks’ stratification. The lowest seed
germination uniformity was found in CK9 (41.2) and CK3 (39.2) genotypes both after
3 weeks and CK1 (32.97 and 29.1) after 3 and 4 weeks, respectively (Table 3).
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Table 3. Genotype and stratification interaction effects on germination percentage, germination rate and germination
uniformity of kiwifruit seeds.

Genotype Stratification Period (Week) Germination Percentage Germination Rate Germination Uniformity

CK1 3 60 i 0.26 g 32.97 b
CK1 4 59 i 0.1 m–q 29.1 b, c
CK1 5 67 h 0.28 f, g 24.96 c–e
CK2 3 52 k, l 0.11 m–p 28.99 b, c
CK2 4 86 d, e 0.15 j–l 7.42 p, q
CK2 5 54 k, j 0.26 g 15.32 j–n
CK3 3 13 q 0.04 s, t 39.2 a
CK3 4 37 o 0.09 o–r 25.6 c, d
CK3 5 27 p 0.13 k–n 14.42 k–n
CK4 3 36 o 0.09 o–r 19.5 f–j
CK4 4 34 o 0.09 o–r 19.16 f–j
CK4 5 62 i 0.55 c 19.13 f–j
CK5 3 62 i 0.11 m–p 13.68 l–o
CK5 4 69 g, h 0.16 j, k 15.67 j–m
CK5 5 68 h 0.11 m–p 11.25 m–p
CK6 3 77 f 0.09 o–r 14.49 k–n
CK6 4 76 f 0.15 j–l 11.51 m–p
CK6 5 60 i 0.28 f, g 8.69 p
CK7 3 1 s 0.03 t 0.12 r
CK7 4 26 p 0.03 t 22.17 d–h
CK7 5 57 i, j 0.04 s, t 23.15 d–f
CK8 3 48 l, m 0.11 m–p 20.76 e–i
CK8 4 59 i 0.13 k–m 21.34 d–h
CK8 5 61 i 0.18 i, j 16.22 i–l
CK9 3 1 s 0.03 t 41.2 a
CK9 4 52 k, l 0.03 t 16.45 i–l
CK9 5 45 n, m 0.04 s, t 18.1 g–l
DA1 3 69 g, h 0.15 j–l 9.84 o, p
DA1 4 82 e 0.21 h 7.31 p, q
DA1 5 92 b, c 0.44 d 3.9 q, r
DA2 3 92 b, c 0.1 n- q 7.08 p, q
DA2 4 99 a 0.2 h, i 2.37 r
DA2 5 95 a, b 0.17 i, j 7.47 p, q
DA3 3 57 k–m 0.84 b 2.27 r
DA3 4 74 f 0.93 a 1.71 r
DA3 5 85 e 0.96 a 1.69 r
DA4 3 42 n 0.1 m–p 17.56 h–l
DA4 4 34 o 0.08 p–r 14.11 l–o
DA4 5 49 k–m 0.12 l–o 10.83 n–p
DA5 3 43 n 0.3 f 19.46 f–j
DA5 4 73 f, g 0.4 e 7.29 p, q
DA5 5 90 d, c 0.22 h 8.79 p

Hybrid 3 10 q, r 0.03 t 20.4 f–i
Hybrid 4 13 q 0.04 s, t 19.48 f–j
Hybrid 5 36 o 0.06 r–t 20.68 f–i

AA 3 8 r 0.14 k–m 11.33 m–p
AA 4 50 k–m 0.07 q–s 22.73 d–g
AA 5 67 h 0.08 p–r 18.73 f–k

For each column, values with similar letters are not significantly different (p < 0.01).

3.2. Seedling Growth Parameters

The seedling growth characteristics significantly depended on kiwifruit genotypes
and growing media (Table 4). The highest seedling stem diameter belonged to CK1, CK5,
CK6 and DA1 genotypes in peat–perlite (1:1) and CK2 and DA3 in peat–perlite (1:2). In
contrast, cocopeat–perlite (1:1) showed the lowest seedling stem diameter. However, CK2,
hybrid, DA2 and DA3 did not show a significant difference between peat–perlite (1:1)
and (1:2) medium for stem diameter. In the other eight genotypes, stem diameter in the
peat–perlite (1:1) reached about 3 to 4.5 mm after two months of germination. In the case
of DA4, the largest stem diameter was observed in the peat–perlite (1:2) mixture (Table 4).
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Table 4. Genotype and media interaction effects on crown diameter, leaf number and height of kiwifruit seedlings.

Genotype Media Crown Diameter Leaf Number Height of Seedling

CK1 Cocopeat–Perlite (1:1) 2.04 k–m 7.3 d 8 i
CK1 Cocopeat–Peat–Perlite (1:1:1) 3.82 b–f 5.2 f 5 l, m
CK1 Peat–Perlite (1:1) 4.63 a 5 f 9 h
CK1 Peat–Perlite (1:2) 0 0 0
CK2 Cocopeat–Perlite (1:1) 0 0 0
CK2 Cocopeat–Peat–Perlite (1:1:1) 1.74 l–n 3.5 h 1.65 r–t
CK2 Peat–Perlite (1:1) 3.92 b–f 5.31 f 11.41 g
CK2 Peat–Perlite (1:2) 4.21 a–d 5.33 f 15.05 d
CK3 Cocopeat–Perlite (1:1) 0 0 0
CK3 Cocopeat–Peat–Perlite (1:1:1) 1.25 n–p 3.6 h 0.75 u–w
CK3 Peat–Perlite (1:1) 0 0 0
CK3 Peat–Perlite (1:2) 0 0 0
CK4 Cocopeat–Perlite (1:1) 1.34 n, o 3.23 h 1.25 s–v
CK4 Cocopeat–Peat–Perlite (1:1:1) 2.6 h–j 4.33 g 4 n, o
CK4 Peat–Perlite (1:1) 2.26 i–k 4.13 g 3.75 n–p
CK4 Peat–Perlite (1:2) 0 0 0
CK5 Cocopeat–Perlite (1:1) 1.3 n, o 3.41 h 1.3 s–u
CK5 Cocopeat–Peat–Perlite (1:1:1) 1.24 n–p 3 h 1.32 s–u
CK5 Peat–Perlite (1:1) 4.31 a, b 6 e 18.8 a
CK5 Peat–Perlite (1:2) 3.52 e–g 5.33 f 16.6 b
CK6 Cocopeat–Perlite (1:1) 1.6 n, m 4 g 2.1 r
CK6 Cocopeat–Peat–Perlite (1:1:1) 1.04 o, p 3 h 1.5 r–u
CK6 Peat–Perlite (1:1) 4.26 a–c 4 g 16.9 b
CK6 Peat–Perlite (1:2) 3.58 e, f 5 f 17 b
CK7 Cocopeat–Perlite (1:1) 0 0 0
CK7 Cocopeat–Peat–Perlite (1:1:1) 2.57 h–j 4.6 g 3.25 p, q
CK7 Peat–Perlite (1:1) 3.85 b–f 5 f 12.8 f
CK7 Peat–Perlite (1:2) 3.06 g, h 5 f 7.2 j
CK8 Cocopeat–Perlite (1:1) 0 0 0
CK8 Cocopeat–Peat–Perlite (1:1:1) 1.68 l–n 3.34 h 0.83 u–w
CK8 Peat–Perlite (1:1) 3.97 b–e 6.1 e 12.8 f
CK8 Peat–Perlite (1:2) 0 0 0
CK9 Cocopeat–Perlite (1:1) 0 0 0
CK9 Cocopeat–Peat–Perlite (1:1:1) 1.26 n–p 3 h 2.2 r
CK9 Peat–Perlite (1:1) 3.76 c–f 5.33 f 6.75 j
CK9 Peat–Perlite (1:2) 2.56 h–j 3 h 3.4 o–q
DA1 Cocopeat–Perlite (1:1) 0.77 p, q 8 c 0.5 v, w
DA1 Cocopeat–Peat–Perlite (1:1:1) 1.03 o, p 3.63 h 1 t–v
DA1 Peat–Perlite (1:1) 4.24 a–c 6.14 e 11.38 g
DA1 Peat–Perlite (1:2) 3.71 d–f 7.53 d 11.63 g
DA2 Cocopeat–Perlite (1:1) 0 0 0
DA2 Cocopeat–Peat–Perlite (1:1:1) 1.52 n, o 4.3 g 2 rs
DA2 Peat–Perlite (1:1) 3.68 d–f 7.24 d 11.2 g
DA2 Peat–Perlite (1:2) 3.97 b–e 6 e 11.6 g
DA3 Cocopeat–Perlite (1:1) 0 0 0
DA3 Cocopeat–Peat–Perlite (1:1:1) 3.39 f, g 6.2 e 8.2 i
DA3 Peat–Perlite (1:1) 3.96 b–e 6.18 e 14.6 d
DA3 Peat–Perlite (1:2) 4.29 a–c 6 e 13.6 e
DA4 Cocopeat–Perlite (1:1) 0 0 0
DA4 Cocopeat–Peat–Perlite (1:1:1) 0.76 p, q 2 i 0.5 u–w
DA4 Peat–Perlite (1:1) 0 0 0
DA4 Peat–Perlite (1:2) 3.48 e–g 6 e 6 k
DA5 Cocopeat–Perlite (1:1) 0 0 0
DA5 Cocopeat–Peat–Perlite (1:1:1) 2.71 h, i 5 f 5.2 l
DA5 Peat–Perlite (1:1) 3.86 b–f 6.3 e 15.9 c
DA5 Peat–Perlite (1:2) 3.69 d–f 6.25 e 9.6 h

Hybrid Cocopeat–Perlite (1:1) 0.54 q, r 2 i 0.75 u, v
Hybrid Cocopeat–Peat–Perlite (1:1:1) 2.14 j–l 4.61 g 3.2 p, q
Hybrid Peat–Perlite (1:1) 3.59 ef 5 f 5.4 k
Hybrid Peat–Perlite (1:2) 3.7 d–f 4.23 g 4.4 m, n

AA Cocopeat–Perlite (1:1) 0 0 0
AA Cocopeat–Peat–Perlite (1:1:1) 2.43 i–k 9.1 b 8 i
AA Peat–Perlite (1:1) 2.6 h–j 10 a 2.9 q
AA Peat–Perlite (1:2) 0 0 0

For each column, values with similar letters are not significantly different (p < 0.01).



Horticulturae 2021, 7, 314 7 of 10

The highest seedling height was observed in CK5 when planted in the peat–perlite
(1:1) mixture. In CK2 and DA4 genotypes, the highest seedling height was produced in
peat–perlite (1:2) and in CK3 and AA in cocopeat–peat–perlite (1:1:1). In the 12 other
genotypes, plants showed higher height in peat–perlite (1:1) medium, although CK6 and
DA2 genotypes did not show a statistically significant difference between peat–perlite (1:1)
and peat–perlite (1:2) (Table 4).

The maximum leaf number belonged to the AA genotype in peat–perlite (1:1) medium.
In total, peat–perlite (1:1) was the best growing medium, so the highest leaf number for most
kiwifruit genotypes was found in peat–perlite (1:1), while cocopeat–perlite (1:1) medium
showed the lowest vegetative growth characteristics (Table 4). Furthermore, the results
showed that with increasing peat in the growing medium, vegetative growth parameters
of the kiwifruit seedlings, especially stem diameter and seedling height, increased.

4. Discussion

The results showed that seed germination characteristics such as germination percent-
age, rate and uniformity were significantly dependent on kiwifruit genotypes and cold
moist stratification periods.

According to the results, the germination percentage of kiwifruit genotypes was sig-
nificantly higher than in previous studies. The difference between kiwifruit genotypes (DA,
CK, AA and Hybrid) for germination characteristics was mostly due to differences in the
chilling requirement period. Sekhukhune et al. [13] reported that 37 days of stratification at
4 ◦C for CK seeds in in vitro culture induced 16% germination but had no effect on germi-
nation of AA genotypes. Zhao et al. [19] also found that the reason for differences between
kiwifruit genotypes in terms of seed germination could be due to differences in their ploidy.
In this study, we found that DA hexaploid genotypes need a longer stratification period for
maximum germination percentage. In contrast, in most CK genotypes that were diploid,
4 weeks’ stratification was enough for maximum germination percentage. Asakuro and
Hoshino [20] reported that the hybrid seeds of Actinidia species with different ploidy levels
had different viability rates. They reported that the viability and germination rates of
hybrid seeds obtained from the combinations at different ploidy levels were quite low.

Lastuvka et al. [21] evaluated the functional relationships between changes in the sen-
sitivity of seed population to different cycle-doses of fluctuating temperature and dormancy
alleviation under different times and stratification temperatures. Their results showed that
stratification at cool temperatures produced higher rates of change than stratification at
warmer temperatures. Similar to our study, stratification at cold temperatures can use an
important tool to overcome dormancy, resulting in more efficient and faster production of
kiwifruit seedlings or rootstocks.

In kiwifruit, however, red light does not affect seed germination, but far-red light,
even for a short period of time, can strongly inhibit germination. In addition, incubation of
stratified seeds at fluctuating temperatures compared to constant ambient temperature sig-
nificantly increases the germination percentage [10]. Temperature and plant phytochromes
are factors that can play an effective role in seed dormancy. Unlike the results of this exper-
iment, the low germination percentages reported by Sekhukhune et al. [13] were because
of seed sowing immediately after receiving stratification treatment and no light treatment.

It seems that temperature and light treatments increased seed germination percentage
when stratification was complete, which was consistent with the results from Windauer
et al. [10]. The results also confirmed the positive effect of stratification period on seed
germination percentage in different genotypes. These results were in agreement with
previous findings that showed the relationship between stratification treatment periods and
germination percentage and rate follows a quadratic [10]. In living systems, the existence
of quadratic mathematical relationships is an indication of a density-dependent growth
pattern (DDG) that, based on the concentration or period of influence of a critical factor,
considers growth to three stages, including stimulation, saturation and inhibition [22].
Increasing the stratification period to 5 weeks increased the seed germination percentage of
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both ‘Hayward’ (DA4) and ‘Bruno’ (DA5), but the germination rate of seed from ‘Hayward’
fruit remained significantly lower than that of seed from ‘Bruno’ fruit. This result is in
accordance with the results of Ahmad [23], who reported the positive effect of stratification
period prolongation on ‘Hayward’ and ‘Bruno’ seed germination However, his reported
germination rate for ‘Bruno’ was lower than in the present study.

In most genotypes studied, the treatment that resulted in maximum germination rate
also had the highest germination uniformity. Thus, the five weeks’ stratification treatment
with increasing germination rate and seed germination uniformity led to shortening of
the germination period in most genotypes. This can be due to the positive effect of the
cold period on breaking seed dormancy, and many researchers believe that dormancy is a
major factor in prolonging germination time [8]. It has been previously reported that strati-
fication treatment leads to increased germination rate and shortened germination time [9].
Prolonged germination time is an indicator of seed dormancy that can be alleviated by
using different mechanisms before seed planting. In general, when seeds break dormancy,
the germination rate increases owing to the elimination of dormancy agents, and there can
be a high correlation between the duration of stratification treatment and seed germination
rate [13].

After seed germination, subsequent plant growth is a key factor for producing healthy
and strong seedlings in a short time. In general, healthy and strong seedlings will cause
early economic fruiting in vineyard and sustainable production. The results showed that
the subsequent growth of most genotypes in the growing media containing cocopeat–
perlite (1:1) was very weak due to poor physical and chemical properties. Some germinated
seeds died, and seedling growth was poorer than with other substrates. Cocopeat has a
high cation exchange capacity [24] and moisture-holding capacity [25], and its pH is neutral
to slightly acidic. However, adding cocopeat to perlite reduces the pH of the substrate,
increases water holding capacity and thus leads to better absorption of nutrients [24], but
the uptake of potassium by cocopeat reduces its level in the nutrient solution, and less
nitrogen and potassium uptake occurs in substrates with high cocopeat [26]. In addition,
cocopeat substrate has high sodium content [27]. These factors may be possible reasons for
the weak growth of kiwifruit seedlings, which are acidophilic and require a lot of potassium
and nitrogen. In contrast, the addition of peat causing acidification of the substrate can
have a great effect on the growth of kiwifruit seedlings. The genotypes belonging to the
three taxa CK, DA and AA showed almost the same behavior in terms of the type of
suitable substrate for growth. In most kiwifruit genotypes, peat–perlite (1:1) mixture was
selected as the most suitable medium. This substrate can be used as a soilless medium
in the early growth stages of most studied genotypes. The results of this study were
consistent with the findings of previous reports on the positive effect of peat addition on
root growth of kiwifruit cuttings [28]. Sharma et al. [29] reported that GA3 and growing
media were effective in germination in their study with the seedlings of the Hayward
variety. In addition, the highest germination percentage was obtained with peat moss, as
in our study.

The positive effect of peat on kiwifruit seedling growth may be due to the presence of
a group of organic compounds called heteroxins in the peat structure and the release of
auxin from these compounds during plant growth in the peat medium, which encourages
rooting. High cation exchange capacity of peat can also be another benefit [30], which
increases the absorption of some nutrients [31]. Additionally, the content of organic matter
and the amounts of phosphorus and potassium in peat substrate are high [32]. Due to the
kiwifruit requiring light, humus-rich and well-drained soil and preferring slightly acidic
soils (pH = 5.5–6.5) for optimum growth and fruiting [33], these factors can help to better
absorb the needed plant nutrients.

It is clear that the positive effect of perlite on plant growth can be attributed to its
highly porous structure and capillary action. This structure has caused this substrate to
hold 3–4 times more water than its weight, and thus, while providing high ventilation
in the rhizosphere, sufficient water is provided for plant growth around the roots [31].
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However, increasing the perlite ratio in the growing medium reduces moisture retention
and availability of nutrients; therefore, it can have a negative effect on plant growth [34].
Overall, the incorporation of peat and perlite in the correct ratio improved the physical and
chemical properties of the growing medium and resulted in better seedling growth indices.

While the germination and development of a very limited number of genotypes or
populations were investigated in previous studies, in this study, the germination and
subsequent development of a larger number of Actinidia hybrid genotypes with different
ploidy levels were investigated. The results of the current study showed that the chilling
requirement for breaking dormancy and achieving the maximum seed germination and
seedling uniformity is significantly dependent on kiwifruit genotypes and ploidy level.
We found that the combination of low temperature, light treatment could improve seed
germination, seedling growth and uniformity. The best growing medium for the early
growth of kiwifruit seedlings was peat and perlite with a 1:1 ratio.

5. Conclusions

Overall, the results of this study showed that seed germination and seedling growth
in 16 different kiwifruit genotypes belonging to three species were significantly different
in response to stratification treatments and light, temperature conditions and medium
composition. In all three species, increasing the duration of stratification increased the ger-
mination rate and uniformity. Stratification treatments, light and temperature fluctuation
and consequently suitable substrate can accelerate and increase the production of seedlings
and reduce seedling losses.

Based on the results of this experiment, peat–perlite (1:1) medium was the best
medium for kiwifruit seedling growth due to the presence of heteroxin in the peat structure,
high cation exchange capacity, high organic matter, high amount of phosphorus and potas-
sium and pH close to the appropriate pH for kiwifruit, the possibility of high ventilation in
the rhizosphere and providing enough water around the plant roots.
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