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Introduction

In our country, walnut tree propagation is traditionally done through seed cultivation, often resulting in seed rot
and death due to fungal, bacterial, and viral contamination (MC Granahan et al., 1986; Driver & Kenyuki, 1984;
Saadat & Henry, 2002). The traditional method, in addition to low multiplication rates, leads to high variation in
resulting seedlings, potential loss of seedlings due to contamination, and reduced efficiency in subsequent stages
(Unit, 2012; Kaur et al., 2006). Previous research has mainly utilized concentrations of one milligram per liter of
benzyl adenine along with small amounts of indole butyric acid for Iranian walnut growth and enrichment
(Rodrigues, 1982; Revilla et al., 1989; Penuela, 1988; Mejzadeh et al., 2010, 1997; Amiri & Qaraati, 2012; Riosleal
et al., 2012). This research aims to build upon and optimize previous work, evaluating the effectiveness of different
concentrations of two growth regulators, benzyl aminopurine and adenine sulfate, on walnut plantlet regeneration
and growth traits in tissue culture.

Materials and Methods

This study was conducted to optimize the tissue culture protocol for the "Chandler" cultivar walnut and
determine the most suitable culture medium and hormonal composition for micropropagation. Lateral and terminal
buds from the current season's branches were sterilized and cultured in DKW medium containing 2 mg/liter of
benzyl adenine hormone and 100 mg/liter of indole butyric acid hormone, with polyvinyl pyrrolidine at one g/liter
and activated charcoal at 2 g. Two-factorial experiments were used to process and multiply the plant after the
establishment phase. The first factor was DKW culture medium containing five levels of adenine sulfate (0, 20, 40,
60, and 80 mg/liter), and the second factor was benzylaminopurine plant growth regulator with five hormonal levels
containing 0, 0.5, 1, 1.5, and 2 mg/liter in combination with 0.01 mg/liter of indole butyric acid hormone. DKW
base culture medium without any plant growth regulating substances was considered as control. After two months,
growth traits including plantlet weight, stem length, number of leaves, number of buds, and number of leaflets per
plantlet were measured in different culture media. The resulting data were statistically analyzed using SAS 9.1
software, and means were compared using Duncan's multiple range test with a five percent probability level.
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Results and Discussion

The analysis of variance showed that both plant growth regulators, benzyl aminopurine and adenine sulfate, had
a very significant effect at 1% probability level on plantlet weight, stem length, number of leaves, number of buds,
and number of leaflets. The interaction effect of benzyl aminopurine with adenine sulfate treatment on plantlet
weight and stem length was significant at the 1% probability level. However, the interaction effect of benzyl
aminopurine with adenine sulfate treatment on the number of leaves, number of buds, and number of leaflets was
not significant. The results indicated that an increase in the levels of growth regulators benzyl aminopurine and
adenine sulfate led to an increase in plantlet weight. The positive effects of increasing the levels of growth
regulating substances in increasing plantlet weight are likely due to their direct effect on nutrient absorption,
utilization, and the photosynthesis process. These results align with the research of Hatemzadeh et al. (2017) and
Saadat and Henrati (2002). The positive effects of higher concentrations of both growth regulators on the increase in
the number of sprouts and the lack of significant difference between the two high concentrations confirm that the
use of high levels does not exceed the economic threshold. It can be justified that in excessive and unconventional
concentrations, positive effectiveness is not achieved, but it can also impose more costs on the walnut tissue culture
program. The appropriate concentration of BAP and adenine sulfate increases the leaf surface through the effect on
cell divisions, resulting in receiving more light radiation and increasing the rate of photosynthesis. It seems that the
two growth regulating substances in the appropriate concentration intensified each other's effect, affecting the rate of
absorption and utilization of materials from photosynthesis, leading to an increase in the fresh and dry weight of the
seedling. This, in turn, leads to a decrease in the length of the reproduction period in the resulting seedlings and an
increase in the efficiency of the seedling production in walnut tissue culture.

Conclusion
The use of both studied growth regulators significantly increased plantlet weight, stem length, number of leaves,
number of buds, and number of leaflets compared to the control treatment. Plantlet growth was achieved with the
use of plant growth regulators, whereas no growth was observed in their absence. All assessed traits increased
significantly with the addition of plant growth regulators, with the highest trait values obtained through the
simultaneous use of benzylaminopurine and adenine sulfate.
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Table 1- ANOVA for the effect of plant growth regulators on plantlet regeneration and growth traits of walnut cultivar

‘Chandler’
~ a3 oo oniile
Ol s 2alio i Means squares
Source of varitions ilbf) aals 49 aslw Job S g9 dlaxs &ilg> dlasi A8 g Slaxd
) Plantlet weight Stem length  Leaf number Bub number Leaflet number
Ol ki 4 1893.73** 1395 54** 14.61%* 19.44%* 487.96%*
BAP (B)
_Qw’w‘}"bl 4 654.01** 2111.77** 5.86** 7.99** 198.89**
Adenine Sulfate (AS)
Bx AS 16 28.72** 53.55** 0.15ns 0.41ns 198.89ns
e 50 7.44 9.29 0.53 0.59 7.55
Error
Sl e 9.16 7.95 25.55 21.28 18.35
C.V (%)

oy ) g0 Jleis] e j3 )b pixe ©glds g b gime Cglas 3939 pis iy ki g % NS
ns, *and **: Non-significant, and significant at 5% and 1% of probability levels, respectively
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Figure 1- The interaction effect of thediffrent levels of BAP xadenine sulfate on the plantlet weight of walnut cultivar
‘Chandler’ 8 weeks after cultivation (DMRT, p<0.05)
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Figure 2- The growth of walnut plantlets cultivar ‘Chandler’ in different benzyl aminopurine levels in 8 weeks after
cultivation
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Table 2- The interaction effect of the different levels of benzylaminopurine xadenine sulfate on the growing traits of walnut
plantlets cultivar ‘Chandler’

Ua o Sidgus 0] ol Ja 5 2l o9 Wlo Job  Spdlaw dlgs e ddy dlas
Treatments Adenine RSLY Plantlet weight ~ Stem length Leaf Bub Leaflet
Sulfat (mg.I'Y) AP (mg.IY) (9) (cm) number number number
1 0 0 0.00 p 0.00 n 0.00i 0.00 ij 0.00n
2 20 0 12.00 0 24.331m 1.00 hi 1.33j 12.00 mn
3 40 0 13.67 0 26.33j-m 1.33 ghi 1.67 hi 13.67 mn
4 60 0 16.33 no 28.33 jki 1.67 fgh 2.00 ghi 16.33 Im
5 80 0 27.00 h-k 30.331j 2.00 e-h 2.67 e-h 27.00 i-1
6 0 0.5 19.00 mn 22.00m 1.67 fgh 2.33f-i 19.00 jkI
7 20 0.5 25.00 jkI 33.67 hi 2.00 e-h 3.33c-f 25.00 g-k
8 40 0.5 24.33 ki 38.33fg 2.67cdef  3.67b-e 24.33 f-k
9 60 0.5 26.00 -1 42.67 ef 3.33 bed 4.33 abc 26.00 e-i
10 80 0.5 29.33 g-j 48.33 cd 3.33 bed 4.33 abc 29.33d-h
11 0 1 21.67Im 24.67 kim 2.00e-h 2.67e-h 21.67 kI
12 20 1 26.67 h-k 34.00 ghi 3.00 b-e 3.67 b-e 26.67 f-k
13 40 1 30.00 f-i 40.67 ef 3.33 bed 4.33 abc 30.00 f-j
14 60 1 32.33 efg 44.00 de 3.33 bed 4.00 bed 32.33d-h
15 80 1 34.33 def 51.33¢ 3.33 bed 4.67 ab 34.33 bed
16 0 15 25.67i-1 25.67 kim 2.33d-g 3.00d-g 25.67 hijk
17 20 15 30.67 fgh 35.67 gh 3.33 bed 4.00 bed 30.67 c-g
18 40 15 36.00 de 41.00 ef 3.67 abc 4.67 ab 36.00 b-e
19 60 15 41.00c 50.67 ¢ 4.00 a 4.67 ab 41.00 c-f
20 80 15 40.67c 61.67b 3.67 abc 4.65 ab 40.67 bc
21 0 2 33.00 efg 29.00 jk 3.00 b-e 4.00 bcd 33.00 f-j
22 20 2 38.00 cd 38.331g 3.67 abc 4.33 abc 38.00 bcd
23 40 2 45,67 b 47.33cd 4.00 a 3.67 b-e 45.67 bed
24 60 2 49.00 b 58.33b 4.00 ab 533a 49.00 b
25 80 2 57.67 a 70.00 a 4.67 a 533a 57.67a

05 L5 M 1o y3 O Jloss] s )3 (Sl (glarely Lin g0l wlil St gy b (slapSibio
Means with common letters did not show differences based on Duncan's multiple range test at the 5% of probability level.
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Figure 3- The interaction effect of the different levels of BAP xadenine sulfate on the plantlet length of walnut cultivar

‘Chandler’ 8 weeks after cultivation (DMRT, p<0.05)
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Figure 4- The leaf number of walnut cultivar ‘Chandler’ plantlet with different levels benzyl aminopurine (a) and adenine
sulfate (b) in 8 weeks after cultivation(DMRT, p<0.05)
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Figure 5- The bud number of the walnut cultivar ‘Chandler’plantlet with different levels of the benzyl aminopurine (a) and
adenine sulfate (b) in 8 weeks after cultivation (DMRT, p<0.05)
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Figure 6- The leaflet number in the walnut cultivar ‘Chandler’ plantlet in different levels of benzyl aminopurine (a) and
adenine sulfate (b) in 8 weeks after cultivation (DMRT, p<0.05)
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Figure 7- Rooted plantlets ofwalnut cultivar ‘Chandler’ in DKW medium containing 6 mg.l"! indole butyric acid
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