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Abstract- This study was conducted at Boch, Bhimeshwor-8, Dolakha, Nepal from January to May, 2019 to study the effect of scion
variety and wrapping materials on growth performance of kiwi seedling rootstock. The field experiment was carried out in Factorial
Randomized Complete Block Design using four replications. The treatments consisted of four scion varieties (Monty, Bruno,
Hayward, Allison) grafted onto one year old kiwi seedling (Actinidia deliciosa) and two types of wrapping material (Grafting tape and
Polyethylene plastic). The measured traits included sprout length, diameter, number of leaves, and number of sprouted bud per graft,
graft success, mortality and survival percentage of grafts. The success rate of kiwi grafting was significantly affected by the scion
variety and the wrapping materials. Allison variety showed the minimum days (61.72 days) to first sprouting and the maximum length
of sprouts, diameter, number of leaves and number of sprouted bud per graft at the final observation. Monty variety showed the lowest
growth performance. The maximum graft success (96.87%) and survival percentage of grafts (93.75%) was observed in Allison
variety statistically at par with Bruno and Hayward and the lowest graft success(73.44%) and survivability(64.21%) was observed in
Monty due to high mortality of the sprouted grafts. Grafting tape was superior to polyethylene plastic in terms of days to first
sprouting (64.08 days), number of sprouted buds per grafts, number of leaves, graft success (92.18%) and survival of the grafts
(87.01%) at the final observation. Interactive effect was found non-significant. In a nutshell, Allison is the best scion variety for
grafting under the climatic condition of Dolakha and the grafting tape was the suitable tying material.

Index Terms: Kiwifruit, grafting, graft success, variety, wrapping materials

INTRODUCTION

Kiwifruit is a dioecious vine, belonging to family Actinidiaceae and genus Actinidia with basic chromosome no
2n=58(Crowhurst et al.,1992). The fruit is rich in vitamin C and contains relevant levels of dietary fibre, potassium, vitamin
E, folate, antioxidants and many other bioactive compounds (Richardson et al., 2018). Kiwifruit, being native to China was
also called Chinese gooseberry and plants were introduced into New Zealand in the early 1900s, which subsequently became
the world's largest exporter of kiwifruit (Morton, 2011). The top 10 producing countries in the world are China, Italy, New
Zealand, Chile, Greece, France, Turkey, Iran, Japan and United States and they produce more than 1.37 million tons
of kiwifruit (FAOSTAT, 2013/2014). The total area, productive area, production and yield of Kiwifruit in Nepal are 551 ha,
186 ha, 719 mt and 4 mt/ha respectively while that of Dolakha are 185 ha, 60 ha, 330 mt and 5.5 mt/ha respectively (MOAD,
2016/17). Two main species of kiwifruit are grown throughout the world: Actinidia deliciosa and Actinidia chinensis.
Actinidia deliciosa includes cultivars like Hayward long, Hayward round, Abbot, Allison, Bruno and Monty while Actinidia
chinensis includes Red Kiwi, Hort 16, Golden Kiwi(Dhakal 2018; Sims,2011).

Asexual method, particularly tongue grafting is suitable for kiwifruit propagation (Mohammadi, J.,& Abdi, M., 1993).
Rootstock and scion influence various growth parameters and pomological traits of grafted plants such as height, leaves,
growth habit of the tree, time of fruit maturity and yield. After grafting, graft union is tied to promote healing and preventing
drying of buds and scion which can be done in different ways (Hartman et al., 2007). Soft tying materials like grafting tape
prevent humidity loss and prevent the drying of scion, as a result of which wound tissue over the cut surface could be
produced more easily for healing and cambial connectivity between stock and scion set rapidly (Zenginbal et al., 2006).
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Despite the escalating demand of the saplings for the commercial production, farmers usually face the problem of low graft
success, which is huge loss to the kiwifruit growers. Suitable varietal identification for a particular domain/area with
appropriate wrapping materials to prevent moisture desiccation is a key to achieve higher success rate. Graft incompatibility
due to improper varietal selection could be the reason for graft failure. The objective of this experiment was to study the
effect of different varieties of scion and tying materials on success rate and growth parameters of Kiwifruit under Dolakha
condition.

MATERIALS AND METHODS
Experimental Site
The research was conducted at Temperate Fruits Rootstock Development Centre,Boch, Bhimeshwor-8, Dolakha from January 21 to
May 21, 2019. The site is located at an altitude of 1975 meter above sea level and 11 km west of Charikot within 27°28'-28°0' N
latitude and 85°50' - 86 ° 32' E longitudes(DADO, Dolakha, 2016). The area is characterized by temperate climate with frost free
winter season.

Climatic Data

The average annual temperature is 14.7°C and average annual rainfall is 2091 mm. The meteorological information on maximum,
minimum and average temperature was recorded from

Temperate Fruits Rootstock Development Centre.
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Figure 1: Average monthly temperature and total rainfall of Dolakha district (2019)

Experimental Materials

One year old disease-free rootstocks were uprooted and four varieties of scion, one year old terminal shoots ranging from 0.6 to 0.8
cm in diameter and 10 cm long and having 2 buds each were collected from the Temperate Fruits Rootstock Development Centre,
Boch. The operation of tongue grafting was performed as bench grafting at January 21, 2019 and tied with two different types of
wrapping materials. The grafts were placed under callus house having restricted light and regulated temperature to enhance callus
initiation for 2 months and transplanted in the main field.

Experimental Design
The experiment was laid out in 4x2 factorial Randomized Complete Block Design (RCBD) designed for heterogeneous field
condition.

Factor A: Scion Variety
V1= Monty, V2=Bruno, V3= Hayward and V4= Allison

Factor B: Wrapping materials
W= Grafting Tape and W»= Polyethylene Plastic

The experimental field was divided into four replication unit; each replication was divided into 8 plots. The size of each plot was 0.18

m? with an alley of 25 cm in between to provide space for intercultural operation. The grafts were laid out randomly in each plot in
each replication with spacing of 15 cm* 15 cm.
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Data collection

To measure the growth parameters, five sample plants were taken from the central part of the plot to minimize error due to border
effect

i) Days taken to first sprouting: The days taken to first sprouting in each treatment was recorded from the date of grafting to date
of first sprout.

ii) Average length of sprout (cm): The length of sprouts (cm) was measured in each treatment with the help of scale in each
tagged grafted plants at 75 days of grafting and at fortnight interval.

iii) Average diameter of sprout (mm): The diameter of selected sprout was measured in millimetre by vernier calliper at 15 days
interval.

iv) Average number of leaves: The total number of leaves was counted on newly emerged shoots of graft at 15 days interval.

v)Number of sprouted buds per graft: Each scion having 2 buds were selected for grafting. The total number of sprouted buds
per graft was counted at 75 days after grafting and at 130 days after grafting.

vi) Percentage of graft success (%): The percentage of graft success was recorded in each treatment at 4 to 5 months after
grafting with the help of following formula:
No. of sprouted grafts

Graft t =
rart success percentage Total grafted plants *

vii) Percentage of Dead grafts after sprouting (%): The total number of dead grafts after the sprouting was recorded in each
treatment at 4 to 5 months after grafting and percentage of dead grafts after sprouting was calculated as:

Dead erafts aft ting% = Number of dead grafts after sprouting « 100
cad gratls alter Sproutingo = =1 tal number of successful grafts

viii) Survival percentage (%0): The total number of successfully sprouted scion after deducting the mortality of sprouted grafts
will be recorded and survival percentage will be calculated as:

Total number of sprouted scion — Dead grafts after sprouting % 100

Survival% = -
0 Total number of sprouted scion

Statistical Analysis

The collected data was compiled by using the Ms-excel program and subjected to analysis of variance as per the procedures given in
R-Studio statistical computer package for the randomized block design. Duncan’s Multiple Range Test (DMRT) for mean separations
was done from the reference of Gomez and Gomez (1984). Graph and tables were constructed by using the MS-Excel.

RESULTS AND DISCUSSIONS

Days to first sprouting

Days taken to first sprouting of the grafted scions was found to be significantly influenced both by the scion variety and wrapping
materials. Allison variety showed the minimum days (61.72 days) to first sprouting. The maximum days (69.87 days) to sprout was
recorded from the Hayward variety. According to Gotame et al.,(2016), Hayward requires high chilling requirement of 600-800 hours
for vegetative bud sprouting and is a late maturing variety. Allison however has lower winter chilling requirement (250-700) hours at
32 to 45°F and hence had lower days to first sprouting. The variation in varieties for sprouting is due to genetical differences in
translocation of food reserves and change in the cambial activity (Bose et al, 2019).

Table 1: Effect of Scion variety and wrapping materials on the number of days to first sprouting in Dolakha, Nepal 2019

Treatments Days to first sprouting
Scion Variety

Monty 64.930¢

Bruno 63.49°

Hayward 69.87¢

Allison 61.728
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SEm(z) 0.85
LSD.05) 2.5
Wrapping Materials

Grafting Tape 64.082
Polyethylene Plastic 65.92°
SEm(z) 0.607
LSD(0.05 1.787"
CV(%) 3.74
Grand Mean 65

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at
0.01 P level, *** significant at 0.001 level, SEM: Standard error of mean, CV: Coefficient of Variance
The effect of wrapping materials on days to first sprouting was also found to be significantly different. The grafted scion tied with
grafting tape showed minimum days (64.08 days) to first sprout. The grafted scions tied with polyethylene plastic showed significantly
maximum days (65.92 days) for the first sprouting of the scion. Early sprouting in grafting tape might be due to higher elasticity which
stretches more evenly and uniformly making a tighter seal. According to Hussain et al,(2016), the grafting tape prevented the
desiccation of the cut surface and early callus formation that has positive effect on cambial activity at the graft union resulting in
slightly faster sprouting initiation.
The interactive effect of scion variety and wrapping materials on number of days taken for first sprouting was found non-significant.

Sprout length

At the final observation, the maximum length of sprouts was seen in Allison variety (24.55 cm) making it statistically different from
rest of the varieties and the minimum length was observed in Hayward variety (16.45 cm). Varietal characters had a role in the length
elongation of the sprouts. The highest length of scion noticed in Allison variety was probably due to earlier callus formation and
maximum cambial continuity between rootstock and scion. Bruno showed slow increment in sprout length at the final observation due
to early flowering initiation.

The effect of wrapping materials on the length of sprouts was found non-significant at any of the observations. However at the final
observation taken at 130 days after grafting, the length of sprouts found on grafting tape and polyethylene plastic was 20.16 cm and
18.57 cm respectively. The interaction between scion variety and wrapping material on the length of sprouts was also found non-
significant at any of the observations.

Table 2: Effect of Scion variety and wrapping materials on the average length of sprouts in Dolakha, Nepal, 2019

Sprout length(cm)

Treatment 70 DAG 85 DAG 100 DAG 115 DAG 130 DAG
Scion Variety

Monty 1.172 4,255 6.82° 9.523P 17.11°
Bruno 1.24 5.66° 8.952 14.522 19.35°
Hayward 1.215 4.40b 6.70° 9.54b 16.45°
Allison 1.26 5.462 8.69° 14.972 24.55?
SEm() 0.083 0.28 0.473 1.13 1.358
LSD(0.05 0.245 ns 0.844™ 1.39" 3.32™ 3.99™
Wrap Materials

Grafting tape 1.225 5.02 7.865 12.87 20.16
Polyethylene plastic 1.218 4.87 7.72 11.45 18.57
SEm(z) 0.06 0.203 0.33 0.799 0.96
LSD(0.05) 0.173 ns 0.59 ns 0.983 ns 2.34 ns 2.82 ns
CV(%) 19.29 16.42 17.16 26.31 19.82
Grand Mean 1.22 4.95 7.8 12.14 19.36

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at 0.01
P level, *** significant at 0.001 level, SEM: Standard error of mean, CV: Coefficient of Variance

Average diameter of sprouted scion

The effect of scion variety on the growth of diameter of the sprouted grafts was found significant at 85 days, 100 days and 115 days
after grafting and highly significant at 130 days after grafting. At the final observation done at 130 days after grafting, the maximum
diameter of the sprouted graft (5.06 mm) was observed in Allison variety followed by Bruno (4.85 mm) and the lowest diameter was
observed in Monty variety (4.40 mm). Maximum diameter in Allison might be due to getting maximum time by scion for producing
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more food through its leaves and excellent physiological condition. Excellent sap flow and continued food supply from stored food
that enhanced graft union process resulting in higher growth in diameter of scion (Hartmann et.al, 2007).

The effect of wrapping materials on the growth of the diameter of the sprouted grafts was found non-significant at each observation.
Increment in diameter of sprouted scion was solely due to varietal feature and the tying materials had no role in diameter elongation.
The interactive effect of scion variety and wrapping materials on diameter of sprouts was also found non- significant at any of the
observations.

Table 3: Effect of scion variety and wrapping materials on average diameter of the sprouts in Dolakha, Nepal 2019

Average diameter of sprouted scion(mm)

Treatments 85 DAG 100 DAG 115DAG 130DAG
Scion Variety

Monty 2.72° 3.31%® 3.57° 4.40°
Bruno 3.17%® 3.692 4.12 4.852
Hayward 2.73° 3.152° 3.78% 4.43°
Allison 3.30° 3.70° 4.23 5.06°
SEm() 0.146 0.15 0.193 0.13
LSD(0.05 0.43* 0.436* 0.476* 0.37**
Wrap materials

Grafting tape 3.07 3.513 3.97 476
Polyethylene plastic 2.94 3.418 3.876 4.62
SEm() 0.10 0.11 0.11 0.09
LSD.05) 0.304 ns 0.324 ns 0.336 ns 0.264 ns
CV(%) 13.90 12.25 11.67 7.65
Grand Mean 2.978 3.465 3.922 4.69

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at 0.01
P level, *** significant at 0.001 level, SEM: Standard error of mean, CV: Coefficient of Variance

Number of sprouted buds per graft

Number of sprouted buds per graft is the total number of buds that is sprouted out of two buds per scion. The effect of scion variety on
the number of sprouted buds per grafts was found significant both at initial and final observation i.e. at 70 days and 130 days after
grafting. At 130 days after grafting, Allison had the maximum number of sprouted buds per graft (1.77) and the minimum number was
observed in Monty variety (1.45). Monty showed less number at 130 days which might be due to unfavorable temperature which
inhibited bud bursting and higher death of grafts. Ability of two kinds of plants to form a successful graft union is related largely to
their natural relationship attributed to rapid callus formation and union of graft that led to higher bud break (Sharma, 2002).

The effect of wrapping materials on number of sprouted buds per graft was also found significant at both the observations. At the final
observation i.e. at 130 days after grafting, higher number of sprouted buds per graft was observed in grafting tape (1.67) than
polyethylene plastic (1.55) which may be due to the formation of earlier cambial contact between two graft components.

However, the interaction between scion variety and wrapping materials on number of sprouted buds per graft was not found
significant at both the observation.

Table 4: Effect of scion variety and wrapping materials on number of sprouted buds per graft in Dolakha, Nepal 2019

No. of sprouted buds per graft

Treatments 70 DAG 130 DAG
Scion Variety

Monty 0.725P 1.45¢
Bruno 0.85° 1.65%
Hayward 0.675° 1.57%
Allison 0.8752 1772
SEm(z) 0.041 0.05
LSD(0.0s) 0.121* 0.12™
Wrapping Materials

Grafting Tape 0.85% 1.672
Polyethylene Plastic 0.71° 1.55°
SEm(+) 0.03 0.034
LSD0.05) 0.08™ 0.08"
CV(%) 14.944 7.24
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Grand Mean 0.781 1.612

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at
0.01 P level, *** significant at 0.001 P level, SEM: Standard error of mean, CV: Coefficient of Variance

Average number of leaves

At the final observation, Allison variety showed the highest number of leaves per sapling (9.20) and the minimum data was recorded
in Monty Variety (6.25). This higher number of leaves of grafted scion may increase the rate of photosynthesis, and hence increase
growth. The varietal character shows differentiated translocation of food materials which also enhances excellent flashing of new
leaves (Bose & Howlader, 2018).

Scion tied with grafting tape showed higher number of leaves (8.49) than polyethylene plastic (6.94). The significant result at last two
observations might be due to better bud growth and increment in the number of sprouted buds per grafts in grafting tape which
subsequently results in higher number of leaves. The elasticity of grafting tape prevent humidity loss and drying of bud sticks, wound
tissue over the cut surfaces could be produced more easily for healing(Zenginbal, 2006).

There was no significant difference in the interaction effect of scion variety and wrapping materials at any observation.

Table 5: Effect of scion variety and wrapping materials on average number of leaves at Dolakha, Nepal 2019

Average number of leaves

Treatments

70 DAG 85 DAG 100 DAG 115 DAG 130 DAG
Scion Variety
Monty 15218 2.92° 3.937° 5.17° 6.25°¢
Bruno 1.7282 4,162 5.3182 6.632 7.94%
Hayward 0.93° 2.74P 4.8 6.342 7.46"
Allison 1.812 3.57% 5.892 7.01° 9.20°
SEm(z) 0.197 0.27 0.4 0.36 0.55
LSD(0.05) 0.58" 0.816™ 1.2 1.06" 1.62"
Wrapping material
Grafting tape 1.65 343 5.37 6.782 8.492
Polyethylene plastic 1.34 3.26 4.59 5.78° 6.94°
SEm(z) 0.14 0.196 0.28 0.25 0.39
LSD.05 0.41 ns 0.578 ns 0.85 ns 0.75" 1.15"
CV(%) 37.1 23.4 23.1 16.2 20.2
Grand Mean 15 3.35 4.99 6.29 7.72

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at 0.01
P level, *** significant at 0.001 level, SEM: Standard error of mean, CV: Coefficient of Variance

Percentage of graft success and survived grafts

Graft success is the total number of successful grafts over total number of grafts per plot at the final observation. Successful grafts
were those which had sprouted scion; un-sprouted and dead scions were considered as the failure grafts. The effect of different scion
variety on graft success was found significant at the final observation at 130 DAG. Allison variety gave the highest graft success
(96.87%) which was statistically at par with Hayward and Bruno. The lowest was recorded from Monty (73.43%). Survived grafts are
those saleable grafts obtained excluding the dead graft and the mortality of sprouted grafts. The highest percentage of survived grafts
was obtained in Allison variety (93.75%) statistically similar with Hayward (86.75%) and Bruno (85.49%) and the lowest survival
was seen in Monty (64.21%). The varietal character matched up with the prevailing atmospheric condition in Allison variety and lead
to the less number of un-sprouted grafts and mortality of grafts after sprouting leading to higher graft success. Hayward showed late
sprouting but after the fulfillment of chilling period, it also showed significantly higher success percentage. The lowest success
percentage observed in Monty was due to higher dead grafts and mortality of sprouted grafts which might be due to unsuitable
climatic conditions for graft success leading to graft incompatibility. Hartmann et al. 2007) reported that genetic factors had a
significant effect on grafting success. The ability of two kinds of plant to form a successful graft union is largely based on
their natural relationship(Sharma, 2002).

Table 6: Effect of Scion variety and wrapping materials on percentage of graft success and survival percentage in Dolakha,
Nepal 2019

Treatments Graft success (%) Survived grafts (%)
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Scion Variety

Monty 73.437° 64.212°
Bruno 92.1872 85.492
Hayward 92.1872 86.76%
Allison 96.875? 93.752
SEm(z) 2.53 3.24
LSD(0.05) 7.45™ 9.53™"
Wrapping Materials

Grafting Tape 92.1872 87.012
Polyethylene Plastic 85.156" 78.08°
SEm(z) 1.79 2.29
LSD(0.05) 5.27" 6.74"
CV(%) 8.08 111
Grand Mean 88.7 82.6

(Means followed by common letter(s) within columns are non-significantly different based on DMRT at P=0.05, ** significant at 0.01
P level, *** significant at 0.001 level, SEM: Standard error of mean, CV: Coefficient of Variance

The effect of wrapping materials on success also gave the significant result. Tying the graft union with grafting tape gave the
significantly higher graft success (92.18%) and survival percentage(87.01%) but the grafted rootstock tied with normal plastic
recorded significantly lower graft success (85.15%) and survival percentage(78.08%). The lowest success rate in polyethylene plastic
might be due to less tight cambial binding which adversely affected its differentiation to form vascular cambium and associated
vascular system and led to comparatively higher death. This may be because the polyethylene plastic did not provide a waterproof
barrier, which Lipetz (1970) suggested may be a prerequisite for wound healing. Grafting tape can be stretched over the whole graft
union for a complete cover, and it acts as a mechanical barrier preventing the scion from drying out, hence improve grafting survival.
Furthermore, it allows for easy and rapid application. The result was in conformity with Zhang & Hao(2015).

Percentage of dead grafts after sprouting:

25 -
20.67%
20 -
m Grafting Tape m Polyethylene Plastic

K15 -
= 12.74%
T‘E 10.25%
S10 -

5] 3.125% 3.125%

0 |

Monty Bruno  ¢.on Variety Hayward Allison

Figure 2: Percentage of dead grafts after sprouting

The highest mortality was obtained in Monty variety (16.70%) while the lowest was seen in Allison variety (3.12%) at the final
observation. The prevailing temperature and humidity might not be optimum for Monty variety which could not ensure better
movement of water and nutrients towards leaves and photosynthates away from the leaves leading to higher death of the sprouts.

CONCLUSION
Based on the result of this experiment, Allison variety was the superior variety in terms of graft success and other growth parameters
under the climatic condition of Dolakha and grafting tape was better than locally used polyethylene plastic due to its tight cambial
binding for the large scale propagation of tongue grafting in Kiwifruit.
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