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Effect of plant bio-regulators and urea on growth of walnut seedling
under Kashmir condition
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ABSTRACT

The experiment was carried out by adopting double split plot design with eighteen treatments replicated
thrice. The treatments combinations consisted of foliar sprays of gibberellic acid (GA,) and Indole-3-Butyric Acid
(IBA) each at 200 and 400 ppm and urea at 0.3% alone or in combinations. Of the tested treatment combinations,
application of 400 GA, + 200 ppm IBA + 0.3% urea resulted the highest growth of walnut seedlings in respect of
seedling height (66.33 cm), number of leaves per seedling (70.67), leaf area (63.27 cm?) and stem diameter (17.18
mm) whereas, the longest tap root ( 52.73 cm) and highest number of secondary roots (33.20) were noticed the
plants, sprayed with 200 ppm GA, + 200 ppm IBA + 0.3% urea. The maximum percentage of graftable size seedlings
(100%) attaining diameter of 10 - 15 mm was obtained in the treatment comprising of GA, @ 0 ppm + 200 ppm
IBA + 0.3% urea, however application of 400 ppm GA, + 200 ppm IBA + 0.3% urea registered 86.7% graftable
size seedlings, having a diameter more than 15 mm. Minimum sturdiness quotient of 3.66 was recorded with
400 ppm GA, + 200 ppm IBA + 0.3% urea. Based on the results, it can be concluded that four foliar applications
of 400 ppm GA, + 200 ppm IBA + 0.3% urea on walnut seedlings at an interval of 21 days, starting from 3-4 leaf
stage, significantly increased the overall growth of walnut seedlings and thus, led to the production of more

number of graftable size plants with in a year.
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INTRODUCTION

Persian walnut (Juglans regia) is native to Persia
and is extensively grown in temperate areas of
the world between 1,200 to 2,150 m amsl. China,
USA, Iran, Turkey are the major walnut producing
countries of the world, however In India, UT of Jammu
and Kashmir is the leading walnut producer with a
production of 2.94 lakh MT from an area of 0.86 lakh
hectare (Anon., 2). Majority of walnut production
in the country comes from seedling origin, having
long juvenile period with huge variability in nut size,
vigour, quality and a high shell-kernel ratio. The
major problems in walnut cultivation are the lack of
vegetatively propagated plants of superior quality,
suitable rootstocks and inadequate cultural practices.
Due to the non-availability of vegetatively propagated
plants of walnut in sufficient number, walnut is mostly
grown as scattered trees and thus well laid out
regular walnut plantations is seldom found (Sharma
et al., 16). Use of superior cultivars and appropriate
rootstocks together with optimization of production
methods are important to improve the quantity and
quality of walnut production.

Walnuts are generally propagated on seedling
rootstock and the seedling raised from seed require
two years to attain a graftable size (Vahdati et al.,
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18) with an increase in the production cost of nursery
plants. To obtain the seedlings ready to graft within the
shortest time period (5-6 months), the use of PBR’s
and nutrients may be the cheapest technology to
enhance the quantity and quality of planting materials
of walnut. Foliar applications of IBA and GA at early
vegetative leaf stages have been shown to increase
the rate of crop development because of their positive
interaction (Ghodrat et al., 6). Similarly, the role of
nitrogen in stimulating vegetative growth is well known
in stimulating the growth in fruit trees. Therefore,
this experiment was designed to produce walnut
seedlings suitable for grafting in one planting year,
with the foliar application of PBRs and urea sprays.

MATERIALS AND METHODS

The study was conducted at the experimental
fields of Division of Fruit Science, Sher-e-Kashmir
University of Agricultural Sciences and Technology
of Kashmir, Shalimar, Srinagar during the year 2019-
2020. Temperature ranges from 35°C in summers
to @ minimum of -7°C in winters. Freshly harvested
walnut seeds were sown in well prepared open field
at a spacing of 60 cm x 10 cm in the first week of
December, and in-situ stratified for a period of three
months at approx. 4 + 1°C. The seedlings were foliar
sprayed with different treatment combinations of
GA, (200 and 400 ppm), IBA (200 and 400 ppm) and
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urea (0.3 %) at 3-4 leaf stage, and repeated thrice
(total spray given four) after 21 day interval. The
experiment was laid out according to Double Split
Plot Design comprising of eighteen treatment, and
replicated thrice with fifteen seedlings per treatment
(five seedlings per replication).

The data were recorded on vegetative characters
viz., seedling height (cm) and length of tap root (cm)
with the help of a scale at the end of the growing
season. In the end of October, before leaf fall,
a total number of leaves per plant was counted,
whereas leaf area (cm?) of ten fully expanded leaves
was measured using leaf area meter. Number of
secondary roots per seedling was counted at the end
of experiment, while seedling diameter (mm) was
measured with the help of digital Vernier calipers at
15 cm height above the ground level in the month
of December. Sturdiness quotient was calculated

Table 1. Effect of plant bio-regulators and urea on height,

by dividing height (cm) of the seedling with seedling
diameter (mm). Seedlings diameter in the range of
5-10 mm, 10-15 mm and = 15 mm were counted
in the month of December. Data generated from
these investigations were analyzed statistically as
per the procedure of Gupta et al. (7). The level of
significance was tested for different variable at 5 %
level of significance.

RESULTS AND DISCUSSION

Foliar application of plant growth regulators
and urea showed the significant results for all the
studied parameters. The longest plant (66.33 cm)
was recorded statistically with the foliar application
of 400ppm GA, + 200ppm IBA+ 0.3% urea closely
followed by 400ppm GA, + 0 ppm IBA + 0.3% urea
(63.01 cm), while it was shortest (34.67cm) in
untreated control (Table 1). The longest plant may be

number of leaves and leaf area of walnut.

Treatment Seedling height (cm) No. of leaves/plant Leaf area (cm?)
U, U, Sub- U, U, Sub- U, U, Sub-
mean mean mean
GA, @ IBA @ 0 ppm 34.67 46.27 40.47 40.00 46.00 43.00 37.85 39.56 38.70
0 ppm IBA @ 200 ppm 4460 56.73 50.67 43.67 5833 51.00 4161 5235 46.97
IBA @ 400 ppm 41.60 54.47 48.03 43.00 54.67 48.83 39.69 50.41 45.06
Sub-means 40.29 52.49 46.39 42.22 53.00 47.61 39.72 47.43 43.57
GA, @ IBA @ 0 ppm 49.27 50.05 49.66 48.33 51.77 50.05 43.29 4514 44.21
200 ppm |BA @ 200 ppm 60.80 62.65 61.72 6179 6823 6501 5665 6165 59.15
IBA @ 400 ppm 58.80 61.30 60.05 62.80 66.00 64.40 56.99 60.01 58.50
Sub-means 56.29 58.00 57.14 5956 62.00 59.82 5230 5540 53.85
GA,@ IBA@ O ppm 5140 63.01 5720 51.33 64.00 57.67 4656 5890 52.73
400 ppm |BA @ 200 ppm 60.60 66.33 63.46 60.23 70.64 65.45 56.70 64.14 60.42
IBA @ 400 ppm 47.67 47.40 47.53 54.33 56.73 55.53 43.02 45.78 44 .40
Sub-means 53.21 5891 56.06 5529 63.80 59.54 4878 56.31 52.54
Sub- IBA @ O ppm 45.11 56.00 50.55 46.55 56.44 51.50 42.56 50.94 46.75
means IBA @ 200 ppm 55.00 56.37 55.68 60.66 62.02 61.34 54.43 55.75 55.09
IBA @ 400 ppm 4936 5369 5152 5322 56.78 55.00 4754 5140 4947
Sub-means 49.82 55.35 52.58 53.48 58.41 55.94 48.17 52.69 50.43
CD0.05
Urea 2.59 1.74 213
GA, 1.08 1.27 1.26
IBA 0.61 1.19 0.97
GA, x Urea 1.53 1.79 1.78
IBA x Urea 0.87 1.68 1.37
GA, x IBA 0.87 1.68 1.37
GA, x IBA x Urea 1.23 2.45 2.56

UO0: 0 per cent Urea U1: 0.3 per cent Urea
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attributed to the fact that auxin causes acidification of
cell walls, which promotes cell elongation, increases
the plasticity of cell walls, and also allows the
walls to expand due to the force of cell internal
turgor pressure (Majda and Robert, 10). Gibberellin
promotes growth by stimulating cell division and
elongation in the cambium tissue of the internodal
region, by increasing mechanical extensibility and
plasticity of cell wall, which is followed by hydrolysis
of starch to sugar, resulting in lower water potential
and allowing water to enter inside the cell (Rastogi
et al. 14). Rana et al. (13) also reported maximum
plant height with 1500 ppm GA, application in Persian
walnut. Application of nitrogen in combination with
plant growth regulators also resulted in enhanced
height of seedling and which can be explained by
the fact that nitrogen is utilized in the formation of
protein which is the main component of protoplasm
in the plants. Therefore, with an increase in the foliar
spray of nitrogen source, the synthesis of amino
acids in the plants might have accelerated, which
is indirectly exhibited by enhanced growth in walnut
seedlings (Dipta, 5). Rattanpal and Singh (15) also
observed similar results reported that seedlings
treated with urea recorded maximum plant height in
Rough lemon.

Maximum number of leaves (70.64) was observed
with foliar application of 400 ppm GA, + 200 ppm
IBA + 0.3% urea which were statistically at par
with 400 ppm GA, + 200 ppm IBA + 0.3% urea i.e.
68.23, however minimum number of leaves (40.00)
was recorded in untreated seedlings (Table 1). The
activation of physiological processes and action
of GA, which stimulates the production of new
leaves more rapidly and promotes linear growth
and accelerated translocation of food material in the
tissue, may be responsible for increase in number of
leaves with GA, and urea treatment. Nazim et al. (11)
also reported that treatment with gibberellic acid and
auxin resulted in the production of more number of
leaves in mango, which could be due to the vigorous
growth promoted by these growth regulators, which
resulted in a greater number of branches, which in
turn allowed the plants to harvest more sunlight,
resulting in a greater number of leaves. Rana et
al. (13) also reported that the number of leaves/
plant increased with the application of gibberellins
in walnut. Increase in the number of leaves may
also be attributed to the fact that as the number of
roots increased under IBA treatment, more number
of apical roots also increased which are responsible
for synthesis of cytokinin thus lead to the formation
of more number of leaves.

Leaf area was significantly influenced by
application of plant growth regulators and urea

and highest leaf area (64.27 cm?) was measured in
treatment combinations of 400 ppm GA, + 200 ppm
IBA + 0.3% urea which was statistically at par with
treatment combination of 200 ppm GA, + 200 ppm
IBA + 0.3% urea (61.65 cm?) whereas minimum leaf
area (37.85 cm?) was attained by untreated seedlings
(Table 1). The increase in leaf area might be as
a result of increased synthesis of nucleoproteins
responsible for enhancing leaf initiation and leaf
area due to GA, activity at the apical meristem. Urea
also leads to overall increase in the actively growing
tissues of the plants, resulting in an increase in
number as well as size of individual cells. Vishal et al.
(19) also observed similar results and reported that
application of GA, resulted in maximum leaf area in
strawberry however application of IAA also increase
the leaf area in strawberry.

Application of plant growth regulators and urea
significantly influence length of tap root, number of
secondary roots and seedling diameter (Table 2).
Statistically longest tap root (52.73 cm) was measured
with 200 ppm GA, + 200 ppm IBA + 0.3% urea closely
followed by 0 ppm GA, + 200 ppm IBA + 0.3% urea
(49.25 cm) whereas smallest tap root (29.00 cm) was
measured in untreated seedlings, i.e. control. The
increase in the growth of tap roots with the application
of GA, may be attributed to its role in stimulation of
cambium growth through cell division and expansion
(Al-Maathedi et al., 1) because plant growth occurs
by two processes i.e. cell division by mitosis which
adds new cells and cell elongation of already existing
cells by enlargement of the vacuoles. This might also
be due to increased synthesis of photosynthates
and their translocation to the root zone via phloem,
which could be responsible for enhancing the root
growth. These results are in agreement with Dipta
(5) in walnut who also observed maximum primary
root length with GA, and IBA, respectively. With the
increase in concentration (400 ppm) of both GA, and
IBA, the length of tap root decreased. This could be
due to the fact that auxin induces the synthesis of
ethylene which inhibits root growth. However, even
if ethylene biosynthesis is specifically prevented, low
concentrations of auxin encourage the growth of intact
roots, whereas higher concentrations restrict growth.
As a result roots may require a minimal concentration
of auxin to grow, auxin concentrations that promote
elongation in stems and coleoptiles substantially
impede root growth (Taiz and Zeiger, 17). Maximum
number of secondary roots (33.20) was counted with
200 ppm GA, + 200 ppm IBA + 0.3% urea @ which
was statistically at par with 200 ppm GA, + 200
ppm IBA + 0.0 % urea (32.27) number of secondary
roots however minimum number of secondary roots
(21.47) was counted in control (Table 2). Lateral roots
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Table 2. Effect of plant bio-regulators and urea on length of tap roots, number of secondary roots and diameter of

seedlings.
Treatment Length of tap roots (cm) No. of secondary roots = Diameter of seedlings (mm)
uo U1 Sub- uo U1 Sub- uo u1 Sub-
mean mean mean
GA,@ IBA@ 0 ppm 29.00 34.07 3153 2147 2440 2293 6.89 9.87 8.38
0 ppm  |BA @ 200 ppm 4533 4925 4729 2987 3160 30.73 11.51 13.81 12.66
IBA @ 400 ppm 36.40 4253 3946 2673 27.40  27.07 10.64 12.99 11.81
Sub-means 36.91 4195 3943 26.02 27.80 26.91 9.68 12.22 10.95
GA,@ IBA@ 0 ppm 43.07 4720 4513 2793 3093 2943 11.10 13.09 12.10
200 ppm |BA @ 200 ppm 4953 5273 5113 3227 3320 3273 16.47 16.57 16.52
IBA @ 400 ppm 3220 3780 3500 2567 26.60 26.13 15.42 15.45 15.43
Sub-means 4160 4591 43.75 2862 3024 2943 14.33 14.85 14.59
GA,@ IBA@ 0 ppm 3573 4160 3867 26.33 2753 26.93 11.09 14.65 13.27
400 ppm |BA @ 200 ppm  34.40 4042 3741 2587 2867 2727 1632 1718  16.75
IBA @ 400 ppm 33.93 3420 34.06 2547 2593 2570 10.68 13.20 11.94
Sub-means 3469 3874  36.71 2589 27.38 26.63 12.70 15.01 13.85
Sub- IBA @ O ppm 3593 4095 3844 2524 2762 2643 9.69 12.39 11.04
means  |BA @ 200 ppm 4413 46.66 4540 30.00 31.16  30.58 14.80 15.82 15.31
IBA @ 400 ppm 3462 37.04 3583 2596 26.64 26.30 12.55 13.16 12.85
Sub-means 3823 4155 39.89 27.07 2847 27.77 12.35 13.79 13.07
CDO,OS
Urea 3.41 4.28 0.47
GA, 0.54 0.57 0.80
IBA 0.87 0.80 0.71
GA, x Urea 0.77 NS 0.13
IBA x Urea 1.24 NS 0.01
GA, x IBA 1.24 1.14 0.24
GA, x IBA x Urea 1.75 1.61 0.76

UO0: 0 per cent Urea U1: 0.3 per cent Urea

emerge from small groups of cells in the pericycle
are usually found above the elongation and root
hair zone. These pericycle cells are stimulated to
divide by auxin. The proliferating cells gradually
form into a root apex and the lateral root emerges
from the root cortex and epidermis (Taiz and Zeiger,
17). Exogenous application of auxins increases
lateral root initiation, according to numerous studies,
lateral root development is strongly dependent on
auxin and auxin transport. GA, and urea promoted
secondary roots by enhancing root cell elongation,
cell division, auxin metabolism due to GA, and more
vegetative growth due to nitrogen (Pandiyan et al.,
12). Present results are in the accordance with the
earlier findings Karunakaran et al. (9) also reported
that the secondary and fibrous roots increased with
application of GA, and urea.

Statistically highest seedling diameter (17.18
mm) was recorded with the application of 400ppm
GA, + 200 ppm IBA + 0.3% urea closely followed
by 200 ppm GA, + 200 ppm IBA + 0.0% urea (16.57
mm), however lowest seedling diameter (6.89 mm)
was observed in control. Plants use nitrogen for the
synthesis of proteins, nucleic acids and hormones
however, when plants are nitrogen deficient, their
growth is stunted and nitrogen has a positive
correlation with GA,, resulting in maximum stem
diameter since GA, stimulates cell elongation.
The beneficial effect of GA, was probably due to
cell elongation and rapid division of cells following
germination. Chiranjeevi et al. (4) in Aonla also
reported similar findings where seedlings diameter
increased with the application of GA,. Increased
diameter may be due to radial growth of stem, which
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is achieved by activity of ring of vascular cambium
by process of cell division and cell enlargement.

A less rigorous, but non-destructive index is the
‘sturdiness quotient’, which compares height (cm) over
root collar diameter (mm). The sturdiness quotient was
significantly influenced by the application of growth
regulators and urea (Table 3). The application of all
the treatment combinations resulted in sturdiness
quotient of less than the recommended threshold
value of 6, which is appropriate. Minimum sturdiness
quotient (3.66) was recorded with 400ppm GA, +
200ppm IBA + 0.3% urea closely followed by 200ppm
GA, +200ppm IBA + 0.0 % urea (3.67) and 200ppm
GA, + 400ppm IBA + 0.0 % urea (3.68) whereas
maximum sturdiness quotient (5.04) was recorded
under control. Alow quotient indicates a sturdy plant
with a better chance of survival, particularly on windy
or dry sites. A sturdiness quotient of more than 6.0
is considered undesirable (Jaenicke, 8).

Graftable size of walnut seedling rootstock is 12
mm (Sharma et al. 16) and in present study (Fig 1)
maximum percentage of graftable seedlings (100
per cent) having diameter between 10-15 mm was
obtained with the application of 0 ppm GA, + 200ppm
IBA + 0.3 % urea followed by 0 ppm GA, @ 0 ppm
+ 200ppm IBA + 0.0 % urea where 93.30 per cent
of seedlings having 10-15 mm size, however above
15 mm maximum percentage of graftable seedlings
(86.70 %) was obtained with the application of
400ppm GA, + 200ppm IBA + 0.3% urea followed
by 200ppm GA, + 200ppm IBA + 0.3% urea having
80.00 per cent of the seedlings. Maximum growth
of seedlings and attaining graftable size might be
due to the growth promoting effect of GA,, IBA and
urea. Nazim et al. (11) in mango and Bandana (3)
in apple reported that the combined application of

Table 3. Effect of plant bio-regulators and urea on
sturdiness quotient of walnut seedlings.

Treatment uo U1 Sub-
means

GA,@ IBA@ 0 ppm 5.04 4.72 4.88

0 ppm IBA @ 200 ppm 3.82 412 3.97
IBA @ 400 ppm 3.88 419 4.03
Sub-means 4.24 4.34 4.29

GA,@ IBA@ 0 ppm 4.47 4.92 4.69

200 ppm |BA @ 200 ppm 367 372 370
IBA @ 400 ppm 3.68 3.82 3.75
Sub-means 3.94 4.16 4.04

GA,@ IBA @ O ppm 4.62 4.64 4.63

400 ppm |BA @ 200 ppm 382 366 3.74
IBA @ 400 ppm 4.43 4.26 4.34
Sub-means 4.29 419 4.24

Sub- IBA @ 0 ppm 4.71 4.76 4.73

means  |BA @ 200 ppm 3.77 3.83 3.80
IBA @ 400 ppm 3.96 4.09 4.03
Sub-means 4.15 4.23 4.19

CDO.OS

Urea NS

GA, 0.21

IBA 0.11

GA, x Urea NS

IBA % Urea NS

GA, x IBA 0.16

GA, x IBA x Urea
UO0: 0 per cent Urea

0.22
U1: 0.3 per cent Urea
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Fig. 1. Effect of plant bio-regulators and urea on graftable seedlings (%) stem diameter
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auxins + gibberellins and foliar spray of GA® + urea,
respectively resulted in maximum per cent of graftable
seedlings.

From the present study it is clear that four sprays
of these growth regulators (GA, and IBA) together
with urea starting from 3-4 leaf stage of walnut
seedlings, at an interval of 21 days helped to achieve
better seedling growth, but the treatment (400ppm
GA, + 200ppm IBA + 0.3% urea) proved to be the
best in terms of growth parameters and percentage
of seedlings attaining graftable stem diameter.

AUTHORS CONTRIBUTION

Conceptualization of research (Ul, AK, MMM);
Designing of the experiments (SM, Ul); Contribution
of experimental materials (SM, Ul, MMM); Analysis
of data and interpretation (Ul, AK, RI); Preparation
of the manuscript (SM, AK, RI); Review and editing
(Ul, AK).

DECLARATION

The authors declare that they do not have any
conflict of interest.

REFERENCES

1. Al-Maathedi, A.F., Abbas, A.J. and Al-abdaly, H.M.
2018. Effect of growth regulators on improving
productivity and quality of carnation (Dianthus
caryophyllus L.) flowers with economic study.
Ann. Agric. Sci. 63: 109-14.

2. Anonymus, 2023. District wise Area and
Production of Major Horticultural crops in
Jammu and Kashmir state for the year 2022-23.
Directorate of Horticulture, Kashmir Division (J &
K):1-2.

3. Bandana, 2014. Studies on the nursery
production of apple (Malus x domestica Borkh.)
under protected conditions. M.Sc. Thesis, Dr YS.
Parmar University of Horticulture and Forestry,
Nauni-Solan (HP).

4. Chiranjeevi, M.R., Muralidhara, B.M., Sneha,
M.K., Shivan and Hongal 2017. Effect of growth
regulators and biofertilizers on germination and
seedling growth of Aonla (Emblica officinalis
Gaertn.). Inte. J. Curr. Microbiol. Appl. Sci. 6:
1320-26.

5. Dipta, K. 2016. Studies on vegetative propagation
of walnut (Juglans regia L.) under protective
conditions. M.Sc. Thesis, Dr. Y.S. Parmar
University of Horticulture and Forestry, Nauni-
Solan (HP).

6.

10.

1.

12.

13.

14.

15.

16.

179

Ghodrat, V., Rousta, M.J., Tadaion, M.S.
and Karampour, A. 2012. Yield and yield
components of corn (Zea mays L.) in response
to foliar application with indole butyric acid and
gibberellic acid. Amer. Eur. J. Agric. Environ.
Sci.: 1246-51.

Gupta, V.K., Parsad, R., Bhar, L.M. and Mandal,
B.N. 2016. Statistical Analysis of Agricultural
Experiments: Part | - Single Factor Experiments.
ICAR Publications. 396 p.

Jaenicke, H. 1999. Good Tree Nursery Practices:
Practical Guidelines for Research Nurseries,
ICRAF, Nairobi. pp. 8-15.

Karunakaran, G., Chithiraichelvan, R., Sakthirvel,
T. and Kumar, S. 2007. Role of agrochemical
sprays on enhancing the seedling growth of
Citrus sp. Indian J. Agric. Sci. 77: 299-301.

Majda, M. and Robert, S. 2018. The role of auxin
in cell wall expansion. Inter. J. Mole. Sc. 19:
doi:10.3390/ijms 19040951

Nazim, J.N.M., Rao, V., Halesh, G.K. and
Dayamani, K.J. 2017. Effect of growth regulators
and macronutrients on seedling growth of mango
(Mangifera indica L.). Inter, J. Pure Appl. Biosci.
5:2110-13.

Pandiyan, R., Manivannan, K. and Kumar,
R. 2011. Effect of growth regulator and age
of rootstocks on the propagation of jackfruit
through grafting. Res. J. Agric. Sci. 2: 214-43.

Rana, S.P., Singh, S. and Saxena, A.K.
2020. Impact of plant growth regulator (GA,)
treatment on germination percentage and
growth attributes of Persian walnut (Juglans
regia L.) at Dehradun valley. Inter. J. Chem.
Stud. 8: 985-88.

Rastogi, A., Siddiqui, A., Mishra, B.K,
Srivastava, M., Pandey, R., Misra, P., Singh,
M. and Shukla, S. 2013. Effect of auxin and
gibberellic acid on growth and yield components
of linseed (Linum usitatissimum L.). Crop Breed.
Appl. Biotech. 13: 136-43.

Rattanpal, H.S. and Singh, H. 2014. Effect of
nitrogen fertilization on the growth and nutritional
status of rough lemon (Citrus jambhiri Lush.)
seedlings. Indian J. Sci., 7: 11-15.

Sharma, O.C., Singh, D.B., Mir, J.l., Kumawat,
K.L., Raja, W.H., Narayan, R., Kishore, A,



17.

18.

Indian Journal of Horticulture, June 2024

Kirmani, S.N., Bashir, D., Zahoor, S., Yousuf, N.
and Sheikh, M.A. 2020. Quality planting material
production in Walnut. Walnut Bulletin No. 1/2020,
ICAR-CITH, Srinagar. 22 p.

Taiz, L. and Zeiger, E. 2006. Plant Physiology.
4t edition Sinauer Associates, Inc., Sunderland.
690 p.

Vahdati, K., Sadeghi-Majd, R., Sestras, A.F,,
Licea-Moreno, A.P. and Sestras, R.E. 2022.
Clonal propagation of walnuts (Juglans spp.): A
review on evolution from traditional techniques

180

19. Vishal,

to application of biotechnology. Plants 11, https://
doi.org/10.3390/plants 11223040.

V.C., Thippesha, D., Chethana, K,
Maheshgowda, B.M., Veeresha, B.G. and
Basavraj, A.K. 2016. Effect of various growth
regulators on vegetative parameters of strawberry
(Fragaria ananassa Duch.) cv. Sujatha. Res. J.
Chem. Environ. Sci. 4: 68-71.

Received : May, 2024; Revised : June, 2024;
Accepted : June, 2024



