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Abstract 

The study determined the influence of varying concentrations of ANAA (1500 ppm, 2000 ppm, 2500 ppm) on 

the rooting of stem cuttings and growth of four (4) mulberry varieties: Alf 23, Alf 47, Alf 55, and Alfonso. Ten 

cuttings of each variety soaked in distilled water (control) and three concentrations of ANAA were incubated and 

planted in polyethylene plastic bags. Data gathering was done 90 days after planting. All data were statistically 

analyzed. The varieties varied significantly based on the length of root and shoot, and root-to- shoot ratio in 

length. The different concentrations of ANAA also varied significantly on the fresh weight of root and shoot, and 

length of root. On the interaction effect of variety and concentration of ANAA, only the root-to-shoot ratio in 

weight was affected. Alf 55 produced the longest shoot (76.01 cm) while Alfonso produced the longest root (28.30 

cm) and recorded the highest root-to-shoot ratio in length (0.41). Cuttings soaked in 2000ppm ANAA were the 

heaviest (8.61 g) and with the longest root (28.0 cm). Cuttings soaked in 2500 ppm produced the heaviest shoot. 

Cuttings of Alf 47 soaked in 2000 ppm ANAA recorded the highest root-to-shoot ratio in weight (0.22 g). The 

2000 ppm concentration of ANAA enhanced the rooting of mulberry cuttings, and thus could be used in massive 

sapling production, particularly of low-rooting but high-yielding varieties. 
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Introduction 

Mulberry (Morus specie) is a deciduous woody 

perennial tree that belongs to the family Moraceae 

with leaf productivity for almost 20 years after 

planting (Sudhakar et al., 2018). It is a very important 

plant in rearing the silkworm (Bombyx mori L.). The 

leaves are the only source of food because of the 

morin content to spin cocoons which are the raw 

materials in the production of raw silk through the 

process of reeling. Mulberry is a commercially 

propagated plant through stem cuttings (Ravindran & 

Rajanna, 2005; Sudhakar et al., 2018) called 

vegetative propagation (Hawramee et al., 2019). This 

is the best method to multiply valuable trees (Corpuz, 

2013), where the parent materials are produced faster 

and the features of the propagated plants are the 

same to the stock plant (Yogananda Murthy et al., 

2012). A variety intended for the establishment of a 

mulberry farm should have a rooting percentage of 

70% and above 60 days from planting the cuttings 

(Dandin & Kumar, 1989). If a variety has high-quality 

mulberry leaves, but, with a low rooting percentage 

and survival rate of production, the application of 

hormone auxins such as Indole Butyric Acid (IBA) 

and Alpha Naphthalene Acetic Acid (ANAA) in stem 

cuttings is involved in the development of the leaf, 

fruit, shoot, and, the lateral root of a plant (Bertoni, 

2011; Singh et al., 2014; Sokhuma et al., 2018). The 

flow of carbohydrates to the leaves and the upper 

stem and acceleration of their transport to the rooting 

zone and in the clonally propagated plant, as well as 

their adventitious root formation is a crucial 

physiological process (Husen et al., 2017). This is a 

function of auxin which is recommended in the 

propagation of shrubs through stem cuttings (Veloza, 

2014) and trees (Gehlot et al., 2014; Ou et al., 2015) 

that will enhance their adventitious root formation 

(Husen, 2007 and 2008) and stimulate the ethylene 

synthesis which rooting of cuttings favours (Patel & 

Patel, 2018). Kroin (2006) found out that auxins are 

useful to induce new roots when applied to plants as 

dry-dip rooting hormone powders and rooting 

solutions. Meanwhile, previous studies on the 

application of auxin in stem cuttings as ANAA in the 

different dosages had already been exploited and 

showed variations in rooting ability (Yan, 2014; 

Hossain & Urbi, 2016). The need for synthetic 

hormones such as auxins, particularly ANAA can help 

to enhance rooting (Chowdary & Bindroo, 2013), and 

may consequently affect overall growth of mulberry.  

 

Alf 23, Alf 47, Alf 55, and Alfonso are among the 

evolved mulberry varieties at the DMMMSU-

Sericulture Research and Development Institute, 

Philippines that were identified as having low rooting 

traits but with high-quality leaf yield. This study 

aimed to determine the influence of the different 

concentrations of Alpha Naphthalene Acetic Acid 

(ANAA) on the rooting and growth of cuttings of the 

three varieties of mulberry hybrids along with the 

check variety, Alfonso. 

 

Materials and methods 

Research Design 

Alf 23, Alf 47, Alf 55, and Alfonso were used as 

treatments. Three ANAA dipping concentrations viz; 

C1, 1500ppm ANAA solution, C2 - 2000ppm ANAA 

solution and C3, 2500ppm ANAA solution along with 

the control treatment, C0, control (1 liter distilled 

water) no ANAA). 

 

Preparation of planting media 

Each polyethylene plastic bag having a size of 10’ x 10’ 

x 17’ was filled with five (5) kg of the thoroughly 

mixed one- part garden soil and one- part sand. A 

total of 48 polyethylene plastic bags were filled up.  

 

Preparation of mulberry cuttings 

Branches of the three varieties of mulberry hybrids 

and the check variety were pruned, then branches 

were cut into pieces with three viable buds, 10 – 15cm 

long at an angle of 450 using sharp pruning shear 

without split or bark peeling. 

 

Bundling of cuttings 

One hundred twenty cuttings per variety were counted 

and bundled with plastic twine. Each bundle was 

properly labeled to avoid mixing with the other varieties.  
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Preparation of the control and the different ANAA 

solutions 

The control treatment was one liter distilled water. 

Concentration 1 (C1= 1500ppm ANAA) was a mixture 

of 998.5 ml distilled water + 1.5 ml ANAA; 

Concentration 2 (C2= 2000ppm ANAA) contained 

998.0 ml distilled water + 2.0 ml ANAA); and 

Concentration 3 (C3 = 2500ppm ANAA) contained 

997.5 ml distilled water + 2.5 ml ANAA. Each mixture 

was placed in a plastic basin enough to accommodate 

the cuttings to be dipped in the solution, and mixed 

thoroughly using a stirring rod.  

 

Dipping of cuttings 

After each preparation, the basal portion of thirty 

cuttings each of Alf 23, Alf 47, Alf 55, and Alfonso 

were soaked simultaneously in each plastic basin of 

one (1) liter distilled water and prepared ANAA 

solutions (1500ppm ANAA, 2000ppm ANAA and 

2500ppm ANAA solution), for 24 hours.  

 

Incubation of cuttings of the different mulberry 

varieties 

After 24 hours of dipping, cuttings were taken out from 

the dipping basin at one time and were incubated for five 

days in an upside-down position and covered with wet 

cloth and sprinkled with water every day to prevent 

dehydration of cuttings during incubation.  

 

Planting of cuttings and maintenance of the different 

mulberry varieties 

Immediately after incubation, 10 cuttings were 

planted in a slanting position with 2 nodes buried in 

each polyethylene plastic bag. Forty-eight (48) 

polyethylene plastic bags were planted and arranged 

in Factorial-Randomized Complete Block Design with 

three replications. Immediately after planting, 

watering was done with an equal volume of water for 

each pot. Newly-planted cuttings were watered every 

other day with an equal volume of water per pot to 

sustain the newly planted cuttings. One month after 

planting, urea fertilizer was applied through the drill 

method at a rate of 5 g/pot. Weeds growing within the 

pots were removed through hand pulling. 

Data gathering 

Survival percentage (%) 

Ninety (90) days after planting, the number of 

cuttings that survived was counted. Destructive 

sampling was done on 10 sample plants/treatment 90 

days after planting on the following data: 

 

Weight of the roots (g) 

All the roots from each sapling were detached from 

the point of growth with the aid of a sharp scissor and 

weighed in an electronic weighing scale. 

 

Length of root (cm) 

The longest root was measured with a meter stick. 

 

Length of shoot (cm) 

The shoot was cut from the point of growth and was 

measured with a meter stick starting from the basal 

portion of the shoot to the tip of the largest glossy leaf. 

 

Weight of the shoot (g) 

The shoot was also weighed in an electronic weighing 

scale. Shoot and roots were placed in a brown paper 

bag separately, labeled and oven-dried in a hot air 

oven at 800C for 48 hours. The dry weight of leaf 

samples was recorded accordingly. The following data 

were computed based on the formula: 

Root-shoot ratio (in weight) = 
weight of root

 weight of shoot  

Root–shoot ratio (in length) – 
length of root

 length of shoot   

 

Analysis of Data 

Analysis of variance in Randomized Complete Block 

Design, Factorial (2 factors) were used to analyze the 

data on Statistical Tool for Agricultural Research 

(STAR) statistical software. Further test among the 

treatment means were determined through the 

Honest Significant Difference (HSD). 

 

Results and discussion  

Survival percentage 

The variety of mulberry, concentration of ANAA and 

the interaction effect had not influenced the survival 

percentage of saplings 90 days after planting (Table 1). 
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The genetic constitution of a variety determines the 

survival percentage (Madhurithinnaluri et al., 2015). 

The result of the present study implies that variety or 

genotype has no significant effect on the said 

parameter. It further implies that they survive 

comparably having a mean survival percentage 

ranged of 90.50 – 93.75% which is still ideal for a 

variety indicating they have a good survival 

performance wherein replanting could be minimized 

during the establishment period of a mulberry farm of 

the different varieties. The ability of a mulberry plant 

to survive is important since mulberry is propagated 

through cuttings. Likewise, survival of cuttings 

dipped in different concentrations of ANAA were not 

influenced which corroborates the findings of 

Gonzales, (2018) on lubeg marcots treated with 

different concentrations of ANAA. The results of the 

present study revealed that different concentrations 

of ANAA had no significant effect on the survival 

percentage of saplings propagated through cuttings. 

This implies that mulberry cuttings treated with no 

ANAA could still survive as in treated cuttings with 

ANAA (Table 1). Moreover, the survival percentage of 

the cuttings of different varieties dipped in different 

concentrations of ANAA revealed no significant 

differences. Result implies that cuttings of the 

different varieties dipped in different concentrations 

of ANAA survive comparably well with no ANAA 

application (Table 1). 

 
Table 1. Mean survival percentage (%) of saplings 

grown from cuttings of different varieties of mulberry 

soaked in different concentrations of ANAA.  

Concentration 
Variety Mean 

V1 V2 V3 V4  

C0 - 1 l distilled 

water 
91.67 93.89 90.56 96.11 93.06 

C1 - 1500ppm 

ANAA 
93.89 92.22 90.56 89.45 91.53 

C2 - 2000ppm 

ANAA 
96.11 96.67 91.11 94.45 94.59 

C3 - 2500ppm 

ANAA 
93.33 91.67 93.89 90.00 92.22 

Mean 93.75 93.61 91.53 90.50  
 

Legend: V1 - Alf 23 V2 - Alf 47 V3 – Alf 55 V4 - Alfonso (check 

variety)  

Fresh weight of roots 

Root system of a plant determines the maximum 

utilization of nutrients from the soil for growth and 

development. Roots serve as structural anchorage 

(Haling et al., 2013), absorbs water and nutrients 

during plant growth and development (Guan et al., 

2019). Root weight is related to the root volume of a 

plant (Yogananda Murthy et al., 2012). In the present 

study, results revealed that fresh weight of roots 

(Table 2) and weight of shoot (Table 3) did not vary 

significantly among the varieties. The result implies 

that the different varieties had produced root and 

shoot with comparable fresh weights. Lu (2002) 

stressed that genotype determines the success of 

rooting and play a significant role. Further, this is due 

to cuttings potential to root is a juvenile character 

that if matured enough, it decreases, that results in 

reduced capacity to induce rooting in matured shoot 

cuttings (Kibbler et al., 2004). The fresh weight of 

roots produced varied significantly among the 

different concentrations of ANAA. Result implies that 

auxin promotes rooting of stem cuttings and varies 

with its nature and concentration (Hartman et al., 

2011). Cuttings dipped in 1500, 2000, and, 2500ppm 

ANAA produced roots comparably well having means 

of 8.17, 8.61, and 8.49 g respectively significantly 

heavier than the cuttings dipped in pure distilled 

water. Result implies that the cuttings dipped in the 

different concentrations of ANAA produces heavier 

roots than the untreated cuttings. The rooting of the 

treated cuttings is stimulated by the auxin in the 

hormone ANAA and has already been reported by 

many researchers (Rout, 2006). This reflects the 

result of (Yan et al., 2014) where the different 

concentrations of ANAA influenced the rooting 

characteristics which enhances the physiological 

functions in the cuttings (Iqbal et al., 1999), as cited 

by Pallavi et al. (2018) and rooting was accelerated 

(Zheng, 2020). Roots are a form through the 

increasing sugar availability wherein ANAA promotes 

the hydrolysis of starch into sugar, and short and 

thick roots production is also induced (Altman & 

Wareing, 1975), as cited by Zheng (2020). The 

formation of active roots was indirectly influenced by 

auxins through enhancing the speed of 
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transformation of rooting primordia and movement 

of sugars to the base of cuttings. It is also attributed 

to the applied auxin which increases the endogenous 

auxin that accumulated in the portion of the cuttings 

that acts as a metabolizing agent that induces a signal 

for rooting (Table 2). The interaction effect of variety 

and concentration of ANAA has not significantly 

affected the fresh weight of roots which implies that 

the fresh weight of roots was not influenced by the 

interaction effect of the variety and concentration of 

ANAA (Table 2). 

 

Table 2. Mean fresh weight of roots (g) of cuttings of 

different varieties of mulberry soaked in different 

concentrations of ANAA. 

Concentration 
Variety 2/Mean 

V1 V2 V3 V4  
C0 - 1 l distilled water 5.57 8.35 6.17 7.12 6.80b 
C1 - 1500ppm ANAA 8.15 7.97 6.95 9.61 8.17a 
C2 - 2000ppm ANAA 8.34 8.12 8.74 9.22 8.61a 
C3 - 2500ppm ANAA 8.20 8.17 8.25 9.35 8.49a 
Mean 7.57 8.15 7.53 8.83  

2/Concentration means followed by a common letter 

are not significantly different at .05 levels (HSD). 

 
Fresh weight of shoot 

The different concentrations of ANAA significantly 

affected the shoot weight of cuttings produced (Table 

3). The result implies that ANAA has significantly 

influenced the weight of shoot. Cuttings dipped in 

2500ppm ANAA produced significantly heavier 

shoots which implies that the said concentration of 

ANAA enhances the growth of shoot of cuttings for 

propagation. Plant growth hormones enhance the 

overall growth of cuttings through the effects on cell 

elongation and cell division that produces a heavier 

shoot weight. 

 
Table 3. Mean fresh weight of shoot (g) of cuttings of 

different varieties of mulberry soaked in different 

concentrations of ANAA.  

Concentration 
Variety 2/Mean 

V1 V2 V3 V4  
C0 - 1 l distilled water 35.76 37.01 39.51 35.90 37.05b 
C1 - 1500ppm ANAA 40.04 37.17 43.47 40.12 40.20ab 
C2-2000ppm ANAA 36.26 35.50 46.30 39.19 39.31ab 
C3 - 2500ppm ANAA 40.89 45.88 43.43 41.53 42.93a 

3/Mean 38.24 38.89 43.18 39.18  
2/Concentration means followed by a common letter 

are not significantly different at .05 levels (HSD). 

Root length 

Variations were observed among the varieties 

pointing to the significant effect based on the 

performance of the mulberry varieties on root length 

(Table 4). Alfonso has produced significantly the 

longest root (28.30cm) comparable with Alf 23 and 

Alf 55 having a respective means of 26.11 and 

26.04cm. Meanwhile, Alf 47 has produced 

significantly shorter root compared to Alfonso having 

a mean of 24.38cm. However, it was comparable to 

Alf 23 and Alf 47. Long root penetrates deeper into 

the soil, thus a deep root system can have a complete 

utilization of the stored water resources and assist the 

plant in making efficient use of soil water and also 

increase water efficiency (Quisenberry et al., 1981). 

Root length is positively correlated with moisture 

retention of detached leaves, showing a direct 

relationship of the said parameter with drought 

resistance in mulberry, thus the said parameters are 

important in the evaluation of a mulberry for drought 

resistance (Susheelamma and Jolly, 1985). 

 

Table 4. Mean length of root (cm) of cuttings of 

different varieties of mulberry soaked in different 

concentrations of ANAA. 

Concentration 
Variety 

2/Mean 
V1 V2 V3 V4 

C0 - 1 l distilled 
water 

23.60 22.46 23.57 26.43 24.02b 

C1 - 1500ppm 
ANAA 

25.38 24.62 25.81 29.17 26.25ab 

C2 - 2000ppm 
ANAA 

29.38 24.63 28.39 29.62 28.00a 

C3 - 2500ppm 
ANAA 

26.08 25.81 26.40 28.00 26.57ab 

3/Mean 26.11ab 24.38b 26.04ab 28.30a  
2/Concentration means followed by a common letter 

are not significantly different at .05 level (HSD). 

3/Variety means followed by a common letter are not 

significantly different at .05 level (HSD). 

 

The different concentrations of ANAA had 

significantly affected the length of root, indicating a 

significant influence on the said parameter (Table 4). 

Cuttings soaked in 2000ppm ANAA produced 

significantly the longest root (28.00cm), significantly 

longer than in no ANAA treatment (24.02cm) which 

performed comparably well with lower concentration 

(1500ppm ANAA) having a mean of 26.25cm and 

higher concentration of ANAA (2500ppm ANAA) 
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having a mean of 26.57cm. The shortest root was 

recorded in untreated cuttings (24.02cm). The result 

implies that treatment of cuttings with 2000ppm 

ANAA auxin concentration enhances the length of 

root which corroborates with the findings of Singh et 

al., (2014). There was an increase in root length 

observed in cuttings dipped in 2000ppm ANAA from 

that of the control treatment which might be due to 

the early formation of roots and more utilization of 

reserved food materials of the treated cuttings 

(Ghatnatti, 1997). Root length increase is also due to 

the treatment of auxin and auxin-like compounds 

which are inducing root length. ANAA is one of the 

effective inducers of rooting in plants (Geetha & 

Murugan, 2017). According to Ghatnatti (1997), 

maximum root length was produced due to the action 

of auxin which aids in the hydrolysis and 

translocation of carbohydrates towards the cuttings 

base that leads to cell division and cell elongation. 

 

Length of shoot 

Variations were observed among the varieties on their 

performance to grow which implies that variety plays 

a significant role with regards to the length of shoot 

(Table 5). Alf 55 has produced significantly the 

longest shoot (76.01cm), but comparable with Alf 47 

(73.75cm). Meanwhile, Alf 47 was comparable with 

Alfonso which was comparable with Alf 23 (67.64cm). 

Length of shoot is one of the component traits of leaf 

yield of a mulberry plant which is regarded as growth 

rate. On the other hand, variations were not observed 

among the concentrations of ANAA based on the 

length of shoot. This implies that ANAA has not 

enhanced the development of shoots of saplings. 

 

Table 5. Mean length of shoot (cm) of cuttings of 

different varieties of mulberry soaked in different 

concentrations of ANAA.  

Concentration 
Variety 2/Mean 

V1 V2 V3 V4  
C0 - 1 l mineral 
water 

67.30 71.58 74.30 70.89 71.02 

C1 - 1500ppm 
ANAA 

70.05 76.72 74.36 72.51 73.41 

C2 - 2000ppm 
ANAA 

66.45 75.89 79.55 71.97 73.47 

C3 - 2500ppm 
ANAA 

66.75 70.79 75.83 66.28 69.91 

3/Mean 67.64c 3.75ab 76.01a 70.41bc  
 

3/Variety means followed by a common letter are not 

significantly different at .05 levels (HSD  

Further, the concentration of ANAA and the 

interaction effect of variety and concentration of 

ANAA had no significant effect on the length of shoot 

since no significant differences were observed. 

 

Root-to-shoot ratio (in weight) 

No significant variations were observed among the 

varieties on the root-to-shoot ratio in weight (Table 

6). The result implies that the different varieties 

performed comparably well. Each of the varieties 

recorded a ratio of 0.20. Likewise, the different 

concentrations of ANAA did not influence the root-to-

shoot ratio in weight. ANAA concentrations of 

1500ppm, 2000ppm, and 2500ppm registered a root-

to-shoot ratio of 0.25, 0.21, and 0.20 respectively, 

while in no ANAA, a ratio of 0.16 was registered. 

 

The interaction effect of variety and concentrations of 

ANAA influenced the said parameter (Table 6). 

Moreover, cuttings of Alf 47, Alf 55 and Alfonso soaked 

in 1500ppm ANAA solution recorded a mean ratio of 

0.20 in both Alf 47 and Alf 55, and 0.21 was recorded in 

Alfonso while cuttings of Alf 55 and Alfonso were also 

comparable. Meanwhile, cuttings of Alf 23 soaked in no 

ANAA recorded the lowest ratio of 0.14 which was 

comparable with the cuttings of Alf 47 (0.15) and Alfonso 

(0.17). The result implies that if cuttings of Alf 23 are not 

treated in ANAA solution, rooting is not enhanced 

(Table 6). 

 

Table 6. Mean root to shoot ratio in weight of 

cuttings of different varieties of mulberry soaked in 

different concentrations of ANAA1/.  

 

Concentration 

2/Mean                    Variety                     

V1 V2 V3 V4  

C0 - 1 l distilled 

water 
0.14d 0.15d 0.18bc 0.17cd 0.16 

C1 - 1500ppm 

ANAA 
0.17cd 0.20ab 0.20ab 0.21ab 0.25 

C2 - 2000ppm 

ANAA 
0.21ab 0.22a 0.21ab 0.21ab 0.21 

C3 - 2500ppm 

ANAA 
0.20ab 0.21ab 0.20ab 0.21ab 0.20 

3/Mean 0.18 0.20 0.20 0.20  
 

1/Interaction means followed by a common letter are 

not significantly different at .05 levels (HSD). 
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Root-to-shoot ratio (in length) 

Alfonso produced root and shoot with a computed 

ratio of (0.41) comparable with Alf 23 (0.38). 

Meanwhile, Alf 47 (0.34) performed significantly the 

lowest which performed comparably with Alf 55 

(0.35). Results imply significant variation among 

varieties (Fotadar et al., 1989) as cited by (Yogananda 

Murthy et al., 2012). These are due to the genetically 

controlled variation in the relative concentrations of 

auxin in the cuttings which the various growth 

hormones auxin and caline influence the adventitious 

root formation in cuttings. 

 

On the other hand, the different concentrations of 

ANAA and the effect between variety and 

concentrations of ANAA did not influence the root-to-

shoot ratio in length (Table 7).  

 

Table 7. Mean root-to-shoot ratio in the length of 

cuttings of different varieties of mulberry in different 

concentrations of ANAA.  

 
Concentration 

Variety 2/Mean 

V1 V2 V3 V4  
C0 - 1 l 
distilled water 

0.36 0.32 0.33 0.38 0.35 

C1 - 1500ppm 
ANAA 

0.37 0.33 0.33 0.37 0.37 

C2 - 2000ppm 
ANAA 

0.33 0.35 0.36 0.42 0.37 

C3 - 2500ppm 
ANAA 

0.40 0.37 0.36 0.43 0.39 

3/Mean 0.38ab 0.34c 0.35bc 0.41a  
3/Variety means followed by a common letter are not 

significantly different at .05 levels (HSD). 

 

Conclusion and recommendation 

The different varieties of mulberry varied on their 

root and shoot length, root to shoot ratio in length. 

Mulberry cuttings treated with Alpha Naphthalene 

Acetic Acid concentration at 2000ppm recorded the 

highest increase in the weight of root and length of 

root compared to the untreated cuttings, since longer 

roots absorb water and nutrient deeper in the soil, 

thus the saplings grow more vigorously. Cuttings 

dipped in 2500ppm ANAA produced the heaviest 

shoot. The ANAA concentration of 1500ppm recorded 

the highest root to shoot ratio in weight compared to 

that of no ANAA. 

The highest root to shoot ratio in weight was recorded 

in the cuttings of Alf 47 treated with 2000ppm ANAA. 

Alfonso produced the longest root while Alf 55 

produced the longest shoot which could be exploited 

for future breeding program on drought resistance. 

The concentration of ANAA at 2000ppm enhances 

rooting of mulberry cuttings which could be used in 

massive sapling production of low-rooting but high-

yielding varieties. Further, researches are needed to 

enhance the rooting and growth performance of other 

mulberry varieties through treatment of cuttings 

exploiting other rooting hormones and different 

planting media for higher survival and quality of 

mulberry saplings. ANAA solution of 2000ppm is 

recommended for enhanced rooting of mulberry 

cuttings. 

 

Conflict of interest statement 

The authors declare no conflict of interest. 

 

Acknowledgment 

The researchers wish to extend their heartfelt 

gratitude to the Don Mariano Marcos Memorial State 

University (DMMMSU), for the financial support in 

the implementation of this research endeavor. 

Likewise, to the Sericulture Research and 

Development Institute for providing the research 

area, tools, equipment and other materials used in 

data gathering. 

 

References 

Altman A, Wareing PF. 1975. The effect of IAA on 

sugar accumulation and basipetal transport of 14c-

labelled assimilates in relation to root formation in 

Phaseolus vulgaris cuttings. Plantarum Physiologia 

33, 32-38.  

 

Bertoni G. 2011. Indole butyric acid-derived auxin 

and plant development. Plant Cell 23, 845. 

 

Chowdary NB, Bindroo BB. 2013. Causes for 

poor rooting of mulberry cuttings –The Hindu. 

Agriculture 1-2. 

 

Corpuz OS. 2013. Stem cut: An alternative 

propagation technology for rubber (Hevea 

brasiliensis) tree species. International Journal of 

Biodiversity and Conservation 5, 78-87. 



J. Bio. & Env. Sci. 2023 

 

70 | Dacayanan et al. 

Dandin SB, Kumar R. 1989. Evaluation of 

mulberry genotypes for different growth and yield 

parameters. In Genetic Resources of Mulberry and 

Utilization 143-151. 

 

Fotadar RK, Ahsan MM, Dhar KL, Bhakuni 

BS. 1989. Evaluation and utilization of genetic 

variability in mulberry. Indian Journal of Sericulture 

28, 150-158. 

 

Geetha T, Muruga N. 2017. Plant growth 

regulators in mulberry. Annual Research and Review 

in Biology 1, 1-11. 

 

Gehlot A, Gupta RK, Tripathi A, Arya ID, Arya 

S. 2014. Vegetatively propagation of Azadirachta 

indica: effect of auxin and rooting media on 

adventitious root induction in mini-cuttings. 

Advances in Forestry Science 1, 1-9.  

 

Ghatnatti SA. 1997. Studies on propagation of 

Duranta plumeri Jacq. Var. Goldiana by stem 

cuttings with growth regulators under mist. M.Sc. 

(Agri.) Thesis, University of Agricultural Sciences 

Dharwad 35-37. 

 

Gonzales AT. 2018. Influence of alpha-naphthalene 

acetic acid (ANAA) on lubeg (Syzygium spp.) 

marcots. Journal of Biodiversity and Environmental 

Science 12, 284-292.  

 

Guan L, Tayengwa R, Cheng Z, (Max) Peer 

WA, Murphy AS, Zhao M. 2019. Auxin regulates 

adventitious root formation in tomato cuttings. BMC 

Plant Biology 19, 1-16. 

 

Haling RE, Brown LK, Bengough AG, Young IM, 

Hallett PD, White PJ, George TS. 2013. Root hairs 

improve root penetration, root-soil contact and 

phosphorus acquisition in soils of different strength. 

Journal of Experimental Botany 64, 3711-3722. 

 

Hartmann HT, Kester DE, Davies FT, Geneve 

RL. 2011. Plant propagation: Principles and Practices, 

8th Ed. Prentice Hall of India. Pvt. Ltd., Boston. 

Hawramee OKA, Aziz RR, Hassan DA. 2019. 

Propagation of white mulberry Morus alba L. 

fruitless cultivar using different cutting times and 

IBA. IOP Conference Series: Earth and Environment 

Sciences 388, 012069.  

 

Hossain Md S, Urbi Z. 2016. Effect of naphthalene 

acetic acid on the adventitious rooting in shoot 

cuttings of Andrographis paniculata (Burm. F.) wall. 

Ex ness: an important therapeutical herb. 

International Journal of Agronomy 2016, 1-6. 

 

Husen A, Iqbal M, Siddiqui SN, Sohrab SS, 

Masresha G. 2017. Effect of indole-3- butyric acid 

on clonal propagation of mulberry (Morus alba L.) 

stem cuttings and associated biochemical changes. 

Proceedings of the National Academy of Sciences.  

 

Husen A, Pal M. 2007. Metabolic changes during 

adventitious root primordium development in 

Tectona grandis Linn. F. (teak) cuttings as affected 

by age of donor plants and auxin (IBA and NAA) 

treatment. New Forests 33, 309-323.  

 

Husen A. 2008. Clonal propagation of Dalbergia 

sissoo Roxb. and associated metabolic changes during 

adventitious root primordium development. New 

Forests 36, 13-27.  

 

Iqbal M, Subhan F, Ghafoor A, Jilani MS. 1999. 

Effect of different concentrations of IBA on root 

initiation and plant survival of apple cuttings, 

Pakistan Journal of Biological Science 2, 1314-1316.  

 

Kibbler H, Johnson ME, Williams RR. 2004. 

Adventitious root formation in cuttings of Backhousia 

citriodora F. Muell: 1. Plant genotype, juvenility and 

characteristics of cuttings,” Scientia Horticulturae 

102, 133-143. 

 

Kroin J. 2006. Propagate plants from cuttings using 

dry-dip rooting powders and water-based rooting 

solutions. Combined Proceedings. The International 

Plant Propagators’ Society 58, 360-361.  



J. Bio. & Env. Sci. 2023 

 

71 | Dacayanan et al. 

Lu M. 2002. Micropropagation of morus latifolia 

poilet using axillary buds from mature trees. Scientia 

Horticulturae 96, 329-341.  

 

Madhurithinnaluri Narayanaswamy TK, 

Jyotibiradar C. 2015. Screening of mulberry 

(Morus) germplasm accessions for propagation 

parameters. The Bioscan 10, 150-158.  

 

Ou Y, Wang J, Li Y. 2015. Effects of cutting size 

and exogenous hormone treatment on rooting of 

shoot cuttings in Norway spruce [Picea abies (L.) 

Karst.]. New Forests 46, 91-105.  

 

Pallavi D, Sharma GL, Naik EK. 2018. Effect of 

IBA and NAA on rooting and growth of mulberry 

cuttings. International Journal of Current Biology and 

Applied Sciences 7, 305-308.  

 

Patel HR, Patel J. 2018. Role of auxins on rooting 

of different types of cuttings of fig. International 

Journal of Current Microbiology and Applied 

Sciences 7, 1317-1322.  

 

Quisenberry JE, Jordan WR, Roark BA, Fryrear 

DW. 1981. Exotic cottons as genetic resources for 

drought resistance. Crop Science 21, 889-895.  

 

Ravindran S, Rajanna L. 2005. Mulberry 

production management. In Mulberry Cultivation and 

Management 1-54.  

 

Rout GR. 2006. Effect of auxins on adventitious root 

development from single node cuttings of Camella 

sinensis (L.) Kuntze and associated biochemical 

changes. Plant Growth Regulation 48, 111-117.  

 

Singh KK, Choudhary T, Kumar A. 2014. Effect 

of various concentrations of IBA and NAA on the 

rooting of stem cuttings of mulberry (Morus alba L.) 

under mist house condition in Garhwal hill region. 

Journal of Hill Agriculture 27, 125-131.  

 

Sokhuma S, Intorrathed S, Phonpakdee R. 

2018. Effect of IBA and NAA on rooting and axillary 

shoot outgrowth of ‘Himalayan’ mulberry stem 

cutting. International Journal of Agricultural 

Technology 14, 1939-1948.  

 

Sudhakar P, Hanumantharayappa SK, Kumar 

JS, Sivaprasad V, Nagesh Prabhu H. 2018. 

Rapid production of mulberry (Morus alba L.) 

saplings through the incorporation of clonal and root 

trainer methods. International Journal of 

Information and Research Review 5, 5571-5578.  

 

Susheelamma BN, Jolly MS. 1985. Evaluation of 

morpho-physiological parameters associated with 

drought resistance in mulberry. Indian Journal of 

Sericulture 25, 6-14. 

 

Veloza C, Duran S, Magnitskiy S, Lancheros 

H. 2014. Rooting ability of stem cuttings of 

Macleania rupestris Kunth A.C. Sm., a South 

American fruit species. International Journal of Fruit 

Science 14, 343-361.  

 

Yan YH, Li JL, Yang WY, Wan Y, Ma YM, Zhu 

YC, Peng Y, Huang LK. 2014. Effect of naphthalene 

acetic acid on adventitious root development and 

associated physiological changes in stem cutting of 

hemarthria compresa. Journal Pone 9, e90700.  

 

Yogananda Murthy VN, Ramesh HL, 

Munirajappa Yadav VRD. 2012. Screening of 

selected mulberry (Morus) germplasm varieties 

through propagation parameters. Journal of Natural 

Science Research 2, 96-106.  

 

Zheng L, Xiao Z, Song W. 2020. Effects of 

substrate and exogenous auxin on the adventitious 

rooting of Dianthus caryophyllus L. Horticultural 

Science 55, 107-173. 

 

 

 

 


