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Introduction

Kiwifruit (Actinidia deliciosa and A. Chinensis) a 
plant originally from China, is an economically 

important cash crop (Zhang et al., 2015). It belongs 
to the family Actinidiaceae and is vigorously growing, 
deciduous warm-temperate perennial vine (Li et al., 
2007). Kiwifruit is cultivated on more than 120,000 ha 
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of orchard in the world and has an annual production 
of about 1.4 million metric tons of fresh fruit (Huang 
et al., 2013; Zhang et al., 2015). 

Currently, there are several kiwifruit species available 
for research and cultivation purposes (Liu et al., 2017), 
however, Actinidia deliciosa (green flesh) and Actinidia 
chinensis (yellow flesh) are the two main species of 
kiwifruit that are grown on commercial basis in the 
world.

Budding and grafting of seedlings rootstock, 
rooting of semi-hardwood cutting from mother and 
father plants and micro-propagation are four major 
methods used to produce kiwifruit plants (Tanimoto, 
1994). However, it takes one extra year to prepare 
seedlings through budding and grafting as it requires 
the growing of seedlings rootstock, and the process of 
budding and grafting also requires skill. Conversely, 
propagation through cuttings is the quicker, 
convenient and feasible method of cloning important 
horticultural plants (Hartman et al., 2011). The 
problem with this method is that the rooting ability in 
kiwi cuttings is very low as a result the survival rate of 
seedlings also remains minimum (10-15%). However, 
this problem can be overcome to sufficient extent by 
treating cuttings with root growth hormones such as 
Indole-3-Butyric Acid (IBA) and Naphthalene acetic 
acid (NAA) (Testolin and Vitaglian, 1987).

Previous experiments on the propagation of kiwifruit 
plants through cuttings and application of different 
concentrations of rooting hormones have revealed 
variable rooting ability and survival rate of seedlings 
from kiwi cuttings (Testolin and Vitaglian, 1987). 
Abhi et al. (1991) reported that treated with IBA and 
NAA cuttings of Actinidia deliciosa cultivar “Monty” 
produced 61.5% rooted cuttings as compared to 
untreated cuttings (54%). Abdel-Hussain and Salman 
(1988) observed that wounding plus IBA treatment 
at the rate of 4000ppm result in the highest rooted 
cuttings percentage with higher number of roots, 
root length and root weight plant-1 of olive seedlings. 
Daud et al. (1989) reported increase in the number 
of roots of kiwi cuttings treated with 2000, 3000 and 
4000 ppm IBA as compared to control.

In Pakistan, kiwifruit is a new horticultural crop. 
PARC-National Tea and High Value Crops Research 
Institute (PARC-NTHRI) in Shinkiari, Mansehra is 
the only research institute in Pakistan that has started 

organized research and development studies on 
kiwifruit during the last three years. PARC-NTHRI 
has for the first time in Pakistan introduced kiwifruit 
on farmer field. During the last three years, it has been 
observed that there is great demand of true to type 
plants of kiwifruit. Therefore, the present experiment 
was conducted with the objectives to optimize 
concentration of IBA for successful propagation of 
true to type kiwifruit plants and find the optimal 
concentration of IBA for better rooting and survival 
rate of seedlings from kiwi cuttings. 
		
Materials and Methods 

Experimental procedure
The experiment was carried out at National Tea and 
High Value Crops Research Institute (NTHRI) 
Shinkiari, Mansehra, Pakistan during 2015-16 with 
the objectives to test the response of kiwi cuttings to 
different concentrations of IBA and find the optimal 
level of IBA for better rooting and establishment 
of seedlings. The experiment was laid out according 
to Randomized Complete Block Design with three 
replications. There were twenty cuttings in each 
treatment. Treatments were control-1 (distilled water), 
control-2 (5% Methanol), 1000, 2000, 3000, 4000, and 
5000 ppm Indol-3-butyric Acid (IBA). Four budded 
hardwood cuttings were dipped in distilled water 
(control-1), 5% methanol (control-2) and different 
concentrations of IBA for 10 seconds before planting 
in polythene bags on 10th March 2015. The medium 
utilized for planting was garden soil mixed with farm 
yard manure (3:1). The cuttings were planted under 
green net shade at NTHRI nursery. 

Preparation of IBA solutions
A stock solution of 5000 ppm Indol-3-butyric Acid 
(IBA) was prepared by dissolving 2.5 gram IBA in 
small amount of Methanol (5%) and then the volume 
of the solution was brought to 500 milliliters by adding 
distilled water. Then all the other concentrations (1000, 
2000, 3000, 4000, and 5000 ppm) were prepared from 
the stock solution. For example, 20, 40, 60, and 80 ml 
of the stock solution was mixed with 80, 60, 40, and 
20 ml of distilled water to prepare 100 ml of each 
1000, 2000, 3000, and 4000ppm concentrations of 
IBA. 

The study lasted for eleven months, cuttings were 
regularly observed and the data were recorded on bud 
sprouting (%), seedling survival rate (SSR %) and 
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plant height in the first seven months. The SSR % 
was determined by following formula.

To avoid wasting of and damage to seedlings the root 
architecture data (number of adventitious roots and 
average root length) were recorded in February, 2016 
when the seedlings were dormant. 

Statistical analysis
The data were subjected to analysis of variance 
(ANOVA), correlation analysis and least significant 
difference (LSD) test with the help of computer based 
statistical software Statistix 8.1 (McGraw-Hill, 2008).

Results and Discussion

Bud sprouting rate (%) 
Analysis of the data (Table 1) indicated that there 
were no significant differences among various IBA 
concentrations for bud sprouting rate (BSR %) of 
the kiwi cuttings. However, the BSR % was higher 
than 95% in all treatments. This higher BSR % in all 
treatment may be due the reserved food present in the 
cutting and available for the plant to grow for some 
weeks without formation of the root Similar non-
significant findings have also been documented by 
other study where different concentration of IBA had 
no significant effect on the bud sprouting rate in kiwi 
cuttings (Riaz et al., 2007).

Number of first-order adventitious roots plant-1 (NFARP) 
Data relating to number of first-order adventitious 
roots plant-1 (NFARP) have been presented in 
Figure 1. Analysis of variance (Table 1) revealed that 
application of different concentrations of IBA highly 
significantly (P<0.0001)increased the NFARP of 
seedling from kiwi cutting in this experiment. The 
average NFARP of different treatments ranged from 
minimum of 2.13 to maximum of 9.5 adventitious 
roots plant-1. The highest NFARP (9.5) was recorded 
in those plants where cuttings were treated with 3000 
ppm IBA followed by 4000 ppm IBA with NFARP 
value of 8.1 which was at par with 3000 ppm IBA 
as against the minimum NFARP of 2.1 and 2.1 
recorded in control-1 (distilled water) and control-2 
(5% methanol) respectively (Figure 1).

The root system architecture of a species which is 
determined by the length of the primary/adventitious 

and density of the lateral root plays a vital part in 
establishment of a crop by supplying water, nutrients 
and anchoring the plant into the soil (Khan et al., 
2012). The root architecture of plant could be used in 
estimating whether a plant will establish and become 
successful in a particular environmental condition 
(Malamy and Benfey, 1997). The lateral roots develop 
from main or adventitious roots while the adventitious 
roots develop from vegetative parts such as stem or 
leaf derived cell (Bellini et al., 2014). Induction and 
development of adventitious root is a crucial stage 
in vegetative propagation of true to type important 
horticultural and woody plants and enable clonal 
propagation and quick evolution of superior genotypes 
(Han et al., 2009). Development of adventitious roots is 
a complicated procedure and is believed to be regulated 
by numerous factors including phytohormones, soil 
moisture, light intensity, temperature, nutritional 
status and genetic characteristic of the plant (Han 
et al., 2009). Due to these complexities the rooting 
ability in kiwi cuttings is very low as a result the 
survival rate of seedling usually remains minimum 
(10-15%). However, phytohormones, particularly 
auxin such as IAA, IBA NAA play an important role 
in regulating root initiation, development and thus 
improving the seedling survival rate (Testolin and 
Vitaglian, 1987; Connor, 1982). This important role 
of IBA was also obvious from the present study where 
application of all concentration of IBA significantly 
increased the number of adventitious roots plant-1 
over the control treatments. In the present study 
the increase in number of roots plant-1 with 3000-
4000 ppm IBA is in partial agreement (Is it partial 
agreement or complete agreement as the best level 
in your study is 3000 and 4000 ppm?) with Riaz et 
al. (2007) and Yasar et al. (2010) who reported that 
application of 4000 and 5000 ppm IBA resulted in 
the highest number of roots per plant in kiwi cuttings. 
However, in our case increase in IBA concentration 
beyond 4000 ppm had detrimental effect on NFARP 
formation as there was significant decrease in NFARP 
when the concentration of IBA increased to 5000 
ppm. This may be due to the toxic effect of higher 
dose of IBA on the formation and development of 
lateral roots. De Klerk et al. (1999) reviewed that 
dedifferentiation of cells occurs through the first 24 h 
after taking the cuttings. During this lag period cells 
begin to make a response to the rooting stimulant, 
auxin and accumulate starch during these initial 24 h. 
The next stage is the induction stage which extends 
up to 72 to 96 hours. During this induction phase, 
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Table 1: Analysis of Variance (ANOVA) of response of measured traits to different concentrations of IBA.
MS
S. O.V. df BSR (%) NFARP MRL (cm) SSR (%) PH(cm)
Replication 2 2.05 2.4914 58.926 35.76 315.74
Treatments 6 2.00NS 149.21** 333.91* 682.52** 1832.18**
Error 12 1.05 0.878 39.83 38.19 17.82
F-value - 1.91 28.32 8.38 17.90 102.79
P-value - 0.16 P<0.0001 P<0.001 P<0.0001 P<0.0001
LSD @alpha =0.05) - NS 1.67 11.23 11.05 7.51

**= means significant difference at P <0.0001 and *= means significant difference at P<0.01 level of probability and NS means non-significant 
difference. (MS= Mean Square, S.O.V. =Source of variation, df= Degree of Freedom), BSR%=Bud Sprouting Rate%, NFARP= Number of 
First-order Adventitious Roots per Plant, MRL (cm) = Main Roots Length in cm, SSR%=Seedling Survival Rate. PH (cm)= Plant Height in cm.

the already stimulated cells become progressively 
dedicated for the development of root primordia 
by the rhizogenic action of IBA. Within this phase 
of 72 to 96 hours, the rhizogenic hormone pulses 
promote the maximum number of adventitious roots. 
At later stage after 96 hours, the rooting hormone is 
no further required, and their higher concentrations 
of rooting hormones IBA that are promising for the 
development of root meristemoids have detrimental 
effect on root formation during this phase. These 
results are supported by Edson et al. (1991) who 
observed decline in rooting ratio with increase in 
hormone (IBA) concentration. They concluded that 
higher concentrations of auxin (IBA) hormones 
Which Hormones?) have adverse influence on 
adventitious root formation and development. 

Figure 1: Number of First-order adventitious roots plant-1 
(NFARP) as affected by different concentrations of IBA; The data for 
NFARP were statistically highly significant according to analysis of 
variance Table 1. Means with different alphabetic letters indicate 
statistically significant differences according to Least Significant 
Differences (LSD) test (P< 0.05).

Main root length (cm) 
Data relating to main root length (MRL) have been 
presented in Figure 2. Analysis of variance (Table 1) 
revealed that application of different concentrations 
of IBA significantly increased MRL. Comparison 
of means of the data indicated that higher IBA 
concentration of 5000 ppm induced the longest MRL 
(50.67 cm) followed by 4000 and 2000 ppm (43.11 
and 40.22 cm) while the shortest MRL of 21.89 and 
24.22 cm recorded in control treatments (Conrol-1 
and Conrol-2 respectively).

Table 2: Correlation among different growth 
attributing traits.

BSR (%) NFARP MRL SSR (% ) PH(cm)
BSR (%) 1
NFARP 0.35 NS 1
MRL -0.12 NS 0.65 NS 1
SSR (% ) 0.42 NS 0.96** 0.61Ns 1
PH(cm) 0.33 NS 0.95** 0.77* 0.97** 1

**= the correlation is significant at P value <0.001 and *= the 
correlation is significant at P value <0.05, BSR%=Bud Sprouting 
Rate%, NFARP= Number of First-order Adventitious Roots per 
Plant, MRL (cm) = Main Roots Length in cm, SSR%=Seedling 
Survival Rate. PH (cm)= Plant Height in cm.

Initiation of fast growing and deep root system is 
essential during the initial growth stage of seedlings 
for competition with weeds, acquiring of nutrients 
from deeper layers of soil and absorbance of water 
during drought season (Robinson, 1994). A deep root 
system plays a vital part in flourishing a plant in a 
specific environment (Malamy and Benfey, 1997). In 
the present experiment there is gradual increase in 
root length (RL) and other growth attributing traits 
with increase in IBA concentration from 0 to 2000 
ppm while there is sudden decrease at 3000 ppm 
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IBA concentration which is optimal for NFARP and 
other growth parameters. This decrease in RL may 
be due to the competition among increased number 
of roots plant-1 at this concentration of IBA. While 
at higher concentration of IBA (5000 ppm) there 
is significant decrease in NFARP and other growth 
attributing traits. This shows that longer root system 
may be beneficial for the growth of plants but not on 
the cost of reduction in NFARP as NFARP in this 
study is more related with all the growth attributing 
traits as compared MRL. It is not obvious whether 
the increase in MRL at higher concentration is due 
to the timely induction of roots at higher dose of the 
hormone and acquisition of nutrients by the plants 
as suggested by Ingle (2008) or due to minimum 
number of roots and lack of competition among 
the roots. The increase in MRL in this research is 
in partial agreement with those obtained by Bradley 
(2011) who recorded higher rooting percentage, fresh 
and dry root weight and root length in kiwi cuttings 
at the concentration of 5000 ppm IBA as compared 
to control (distilled water), 1000 ppm and 2500 ppm 
IBA. Ercisli et al. (2002) also reported highest root 
length when they treated kiwifruit cuttings with 6000 
ppm IBA.

Figure 2: Main Roots Length (MRL cm) as affected by different 
concentrations of IBA; The data for MRL were statistically significant 
according to analysis of variance (P< 0.001) Table 1. Means with 
different alphabetic letters indicate statistically significant differences 
according to Least Significant Differences (LSD) test (P< 0.05).

Seedling survival rate (SSR) 
Data regarding Seedling survival rate (SSR) have 
been presented in Figure 3. Analysis of variance 
of the data (Table 1) exhibited statistically highly 
significant differences for SSR % among different 

IBA concentrations. The highest SSR (%) of 51.67 
was recorded in those treatments where cuttings 
were treated with 3000 ppm IBA followed by 4000 
ppm (43.67%) which was at par with 3000 ppm IBA 
treatment (Figure 3). The lowest SSR (%) of 11.66 or 
12.33 % were recorded in control-1(distilled water) 
and Contol-2 (5% methanol). Seedling survival rate 
(SSR %) is an important growth parameter which 
can be used as a good indicator to predict seedling 
growth and establishment. The increase in SSR% with 
application of all concentrations of IBA as compared 
to the control could be due to the formation of higher 
number of roots and their faster growth mediated by 
IBA. While the highest SSR% of seedlings at 3000 
and 4000 ppm IBA could be due to the balance dose 
of IBA at this concentration for kiwi cuttings. These 
results are in partial agreement with Ercisli et al. 
(2003), Riaz et al. (2007), who also reported gradual 
increase in SSR% of seedlings from kiwi cuttings at 
all concentrations of IBA applied to the kiwi cuttings. 
However, they recorded the highest SSR% at 4000 
to 5000 ppm IBA with which our results are not 
in agreement. The data also revealed that there was 
gradual decrease in SSR% when the concentration of 
IBA increased beyond 3000 ppm to 4000 and 5000 
ppm (Figure 3). 

Figure 3: Seedlings Survival Rate (SSR %) as affected by different 
concentrations of IBA; The data for SSR% were statistically highly 
significant according to analysis of variance (P< 0.0001) Table 
1. Means with different alphabetic letters indicate statistically 
significant differences according to Least Significant Differences 
(LSD) test (P< 0.05).

This decrease in SSR% at higher concentration of 
IBA (5000 ppm) may be due to some toxic effect on 
the initiation of roots as one year old kiwi shoots are 
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semi hardwood (Preet and Vishal, 2011) contrary to 
hardwood cuttings as in case of apple or peach (Halil 
et al., 2009). The rooting and survival ability in kiwi 
cuttings is generally very low (10-15%) without the 
application of growth hormones as reported by Riaz et 
al. (2007) and Muhammad et al. (2014). Nevertheless, 
several studies have reported variable improvement 
in seedling survival through the application of 
growth hormones (Preet and Vishal, 2011). The data 
regarding SSR% in this study resulted in a sigmoid 
model or S-curve shape where there is gradual 
increase in SSR% with increase in IBA concentration 
from 0 to 3000 ppm and then gradual decrease at 
higher concentrations of IBA (4000 and 5000 ppm). 
These results are in partial agreement with Ercisli et 
al. (2003), Riaz et al. (2007), who reported gradual 
increase in SSR% of seedlings from kiwi cuttings 
with increase in IBA concentration up to 5000 ppm 
and they also reported decrease in SSR% at higher 
concentration of IBA (6000 ppm). This difference in 
the results may be due to the method of application 
of IBA as well as different environmental conditions.
 
Plant height (cm) 
Data regarding plant height (PH) is presented in 
Figure 4. Analysis of variance (Table 1) indicated 
that application of IBA highly significantly increased 
plant height of the seedlings. The tallest seedlings 
(85.52 cm) was recorded in those plots where kiwi 
cuttings were treated with 3000 ppm IBA followed by 
4000 ppm IBA with plant height of 79.38 cm which 
was statistically at par with plant height of 85.52 cm. 
While the lowest seedlings height of 23.67 and 25.62 
cm recorded in control-1 and 2. In addition, the data 
also followed nearly the same pattern as the data of 
NFARP and SSR (%) which is obvious from Figures 
1 and 3.

The increase in plant height with increase in IBA 
concentration may be due to the formation of increased 
number of roots through which the plants absorbed 
sufficient nutrients from the soil and thus achieved 
maximum height. These results are supported by the 
results obtained by Chandramouli (2001) during his 
study on Bursera penicillata cuttings, who reported that 
increase in IBA concentration also increases seedling 
height and number of leaves plant-1. He attributed the 
increase in seedling height to the better acquisition 
of nutrients from the soil through better growth of 
roots induced by the rooting hormones. Riaz et al. 
(2007) and Gjeloshi et al. (2013) also recorded the 

highest plant height at 3000 and 4000 ppm IBA 
applied to kiwi cuttings. The data also revealed that 
there was gradual decrease in PH with increase in 
IBA concentration beyond 3000 ppm. The decrease 
in plant height at higher concentration (4000 or 5000 
ppm) might be due to inhibitory effect of IBA at 
supra-optimal concentration (De-Klerk et al., 1999; 
Han et al., 2009). These results are consisted with 
those obtained by Riaz et al. (2007) and Gjeloshi et 
al. (2013) who also reported adverse effect of higher 
concentration (5000 and 6000 ppm) of IBA on plant 
height and root formation.

Figure 4: Plant Height (PH cm %) as effected by different 
concentrations of IBA; The data for SSR% were statistically highly 
significant according to analysis of variance Table 1. Means with 
different alphabetic letters indicate statistically significant differences 
according to Least Significant Differences (LSD) test (P< 0.05).

Correlation between phenotypic traits
Statistically highly significant and positive correlations 
were observed among different phenotypic traits 
(Table 2). The R2 value for the significant Pearson 
correlation among different growth parameter varied 
from 0.77 to maximum 0.97. The highest correlation 
of R2 0.97, 0.96 and 0.95 was observed between PH 
and SSR %; NFARP and SSR% and NFARP and 
PH respectively (Table 2). The lowest significant 
correlation of R2 value 0.77 and P value <0.04 was 
recorded between MRL and PH. While the trait, 
BSR % was statistically not correlated with any other 
growth parameter. The strong positive correlation 
among PH, SSR and NFARP may be due to the 
increasing effect of IBA on enhancement of root 
traits. On the other hand, the lack of correlation 
between MRL and SSR% and NFARP may be due 
to the fact that SSR% and NFARP were adversely 
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affected by higher concentrations of IBA compared 
to MRL. While the trait, BSR % was statistically not 
correlated with any other growth parameter. This may 
be due to the fact that BSR% was not affected by the 
application of IBA as compared to the other growth 
attributing traits. These findings are consistent with 
those obtained by Mobli and Baninasab (2009) during 
their experiment on three Pistacia vera species who 
reported that survival rate of the seedlings was highly 
significant and positive correlated with number, 
length, fresh and dry weight of roots. They concluded 
that increasing effect of IBA on survival rate of 
seedlings is through enhancements of root traits. 
Khan et al. (2012) who reported highly significant and 
positive correlation among lateral root number, root 
fresh weight, root dry weight and root diameter with 
seedling shoot fresh weight, shoot dry weight, shoot 
length and shoot diameter during their experiment 
on a recombinant inbred lines (RIL) population of 
tomato. They also observed weak correlation between 
main root length and other growth attributing traits. 
Kormanik and Ruehle (1989) during their study 
on sweet gum seedlings also reported significantly 
positive correlations between numbers of roots and 
seedling survival rate, seedling height, and root collar 
diameter after first growing season in the field. Based 
on this finding, they concluded that evaluation of 
numbers of seedlings roots are one of the best method 
for predicting seedling survival, establishment, field 
performance, and overall quality of out-planted 
seedlings. Although seedling physiology is perhaps 
the ultimate factor assessing seedling quality, but, 
performing time-consuming and labor-intensive 
physiological tests are more difficult for nursery 
growers than simple morphological measurements 
which can be carried out as seedlings are prepared 
for shipping. The strong linear correlations among 
NFARP, SSR% and other plant growth parameters 
reveal that evaluation of seedling root systems could 
be used to predict the potential, development and 
successful establishment of seedlings in the field.

Conclusions and Recommendations 

Based on the findings of the present study, it is 
concluded that application of IBA in all concentrations 
improved the rooting ability of kiwi cuttings as a 
result improves seedlings growth, survival rate and 
establishment of good quality out planted kiwi 
seedlings. However, the best results are obtained 
when kiwi cuttings are treated with 3000 to 4000 ppm 

IBA. It is also concluded that higher concentration of 
IBA (5000 ppm) has detrimental effect on seedlings 
survival and growth due to their inhibitory effect on 
adventitious root formation. It is further concluded 
that seedling survival and growth in kiwi cuttings is 
more associated with NFARP compared to MRL. 
From the strong correlations between NFARP and 
seedling performance, it is concluded that numbers 
of seedlings roots are one of the best predictors of 
survival, field performance, competitive ability and 
overall quality of out-planted seedlings compared 
to root length. To the best of our knowledge this is 
the first time to establish such association between 
NFARP and seedling performance in kiwifruit 
plant. Based on these results, it is recommended 
that application of IBA concentration in the range 
of 3000 to 4000 ppm for achieving best results from 
kiwi cuttings. However, further research trials are 
needed to test the intermediary dose between 2500 to 
3500 ppm if one can get better results than the ones 
obtained during this study. It is also recommended to 
take in consideration NFARP of kiwi seedlings while 
checking the quality of kiwi seedlings for their overall 
field performance.
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