Enhancing fig (Ficus carica L.) cutting performance with biofertilizers, cow urine, vermicompost and IBA 

ABSTRACT 
 The experiment was conducted at Horticulture Farm, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) during the year 2022-2023 in Kharif and Rabi season. The experiment consists of ten treatment combinations of biofertilizers i.e. Azospirillum, Azotobacter and PSB in the liquid form @ 5ml/kg of rooting media, Cow urine in three concentrations @ 5ml/kg, 10ml/kg and 15ml/kg of rooting media, vermicompost @ 50g/kg of rooting media and growth regulators i.e. IBA @ 3000 ppm and IBA @ 5000 ppm along with the control. All the treatments were replicated thrice in a Completely Randomized Design (CRD). The cuttings treated with Azospirillum @ 5ml/kg of rooting media took minimum days to start sprouting (11.68 days) and sprouting percentage (83.33 %) was found maximum under the same treatment. The shoot growth parameters viz. number of shoots (2.59), shoot length (42.33cm) and number of leaves (21.27) at 120 days after planting of cuttings influenced significantly under the cuttings treated with Azospirillum @ 5ml/kg of rooting media which was found significantly at par with IBA @ 3000 ppm. The root parameters viz.  primary root number ( 94.79), root length (39.47 cm) and survival percentage (84.11%) at 120 days after planting of cuttings influenced significantly under the cuttings treated with IBA @ 3000 ppm which was found significantly at par with Azospirillum @ 5ml/kg of rooting media.  
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Introduction 
The common fig (Ficus carica L.) also known as Anjeer is a fruit of the Moraceae family with over 1400 species classified into 40 genera (Watson and Dallwitz 2004). Fig is a gynodioecious, deciduous tree or large shrub that grows up to 7-10 m tall, with smooth white bark. Fig fruits have a high nutritional value, which can be eaten either fresh or in processed form. The dried fig is the most popular which contains 29% water, 50-52% sugar, 4-5% protein and 2-4% fatty material and a substance called Psoralen (Paknahad and Sharafi 2015).  
It is high in calories, protein, calcium, potassium, iron, vitamins and fiber content (Chadha, 2007). It helps in treatment of neurological diseases and improving physical strength of the body. It has a lot of milky latex and is diuretic and high in antioxidants. The fig is grown from seeds, cuttings, layers, grafts and tissue culture techniques. Out of these methods, propagation by means of cuttings is the easiest and cheapest (Singh 2015). In India, figs are commercially propagated using hard wood stem cuttings, which results in vigorous 
marketable plants in less than a year. 
Plant growth regulators, such as auxin, play an important role in the stimulation and initiation of roots to in cuttings. Auxin promotes root formation by disrupting cytokinin-induced root apical dominance. IBA is a plant growth regulator belonging to auxin family. IBA is the active ingredient in the plant propagation media used to induce adventitious rooting in stem cutting.s. Biofertilizers are inputs that contain microorganisms that can mobilize nutrients from inaccessible to useful forms through biological processes. This suggests that biofertilizers can aid with boosting cutting growth and roots by releasing growth regulators. Vermicompost and cow urine contains plant growth regulating materials and were also found to influenced plant growth and rooting in of the crops. 
As a result of the sky high cost of the growth regulators, there are some simple and affordable alternatives available to help resolve the situation. This has diverted the focus to shift in the organics; today’s biofertilizers are employed as a rooting media. The rooting in cuttings is also greatly influenced by treating it with biofertilizers. Biofertilizers are more affordable, sustainable, and don’t use non-renewable energy during production. Biofertilizers viz. Azospirillum, Azotobacter and PSB have very good impact on sprouting, shoot parameters and root parameters of cutting. 
Materials and Methods 
 The present experiment was conducted at Horticulture Farm, College of Agriculture, IGKV, Raipur (C.G.) during the year 2022-2023 in Kharif and Rabi season. The combinations of different treatments were viz. T0: Control, T1: PSB @ 5ml/kg of rooting media, T2: Azotobacter @ 5ml/kg of rooting media, T3: Azospirillum @ 5 ml/kg of rooting media, T4: Cow urine @ 5ml/kg of rooting media, T5: Cow urine @ 10ml/kg of rooting media, T6: Cow urine @ 15ml/kg of rooting media, T7: IBA @ 3000 ppm, T8: IBA @ 5000 ppm, T9: Vermicompost @ 50g/kg of rooting media. The experiment was conducted in Completely Randomized Design with three replications.   
          Ten hardwood cuttings of 20-25 cm in length and 1-1.5 cm in diameter were taken for each treatment in each replication. Fig cuttings were prepared by cutting the healthy shoots of the required length and diameter by using sharp- edged secateurs.  Cuttings were kept in the water immediately after preparation to ensure optimum moisture until planting time. The requisite quantity of IBA was weighed separately and transferred to two different volumetric flasks by using soft brushes and then dissolved in 10 ml of ethyl alcohol (90%) by thoroughly shaking and then measured quantity (490 ml) of distilled water was added in to the flask to make up the volume to 500 ml. Biofertilizers and cow urine are taken in the concentrated form viz. biofertilizers @ 5ml/kg of rooting media and cow urine @ 5ml/kg, 10ml/kg, 15ml/kg of rooting media and directly mix with rooting media. vermicompost @ 50 g/kg of rooting media is directly mixed with rooting media. Polybags of size 6”x 3” with having four holes on both sides of polybags were used for this treatment. The rooting media (Soil: FYM: Cocopeat) in the ratio (2:1:1) were properly filled in the polybags as per the treatments. To avoid harm to the cuttings, the cuttings were planted according to the treatment in prewatered polybags using a dibbler. Two third parts of the treated cuttings were inserted in the rooting media at a slight angle (60⁰) to the vertical. After planting, the medium was firmly squeezed around each cutting and then sprinkled with water. The cuttings were properly watered through “Hazara” (water can) at regular intervals. The observations of shoot and root characters were properly recorded on specified dates. 


Result and Discussion 
The Result and Discussion should be categorized categorised by the growth stages of the cutting and presented in Table 1 and Table 2.

Sprouting Characters 
Days taken to first sprouting of cuttings 
          Data presented in table 1 shows that the days taken to first sprouting of cuttings ranged from 11.68 days to 15.48 days. The earliest sprouting of cutting was recorded in Azospirillum (11.68 days) T3 followed by IBA 3000 ppm (12.35 days) T7 and PSB (12.83 days) T1. Whereas, late sprouting of cuttings (15.48 days) were was recorded under control (T₀). Treatment of cuttings with Azospirillum (T3) was noted to be significantly superior, which was found statistically at par with IBA 3000 ppm (T7). 
          Better and early sprouting may be on account of an accumulation of endogenous growth promoting substances in the tissue of the materials (Tasheen et al., 2005). The increased concentration of plant growth regulators in the cutting under the Azospirillum may be the cause of the early sprouting. Therefore, the physiological process involved in rooting and sprouting of cuttings wasere completed earlier as a result of the higher level of auxin.  However, auxin being a root promoting growth regulators, had no direct impact on sprouting percentage of buds (Luqman et al., 2004) as bud sprouting is mainly attributed to the carbohydrate stored in the cuttings (Wahab, 1999). In fact, a cutting’s physical condition and food reserves determine when it will sprout since, as the temperature rises, the cuttings use the food reserves and begin to sprout before callus formation.  
Sprouting % 
        The data presented in table 1 showed that the sprouting percentage of cuttings ranged from 53.33% to 83.33%. The maximum sprouting percentage of cutting was observed under Azospirillum (83.33%) T3 followed by IBA 3000 ppm (82.34%) T7 and PSB (80.11%) T1. Whereas, minimum percentage (53.33%) of sprouting was recorded under control T₀. The treatment with Azospirillum (T3) was found significantly superior, which was found statistically at par with IBA 3000 ppm. 
           This result could be attributed to a higher auxin level, which caused physiological processes in cuttings to root and sprout earlier than expected. It also reported that biofertilizer increased the level of plant growth regulators and vitamins in the plants and encourage encouraged plant development. This may be explained by superior root system development and appropriate root and shoot characteristics, which allow rooted cuttings to grow more effectively under field conditions after planting and are therefore responsible for the best survivability. 
        The presence of leaves on cuttings is also significant in the start of roots in many plant species. Because of their ability to create endogenous auxin as well as carbohydrates via photosynthesis, leaves have a significant influence on cutting roots.  
        The present results are in harmony with the findings of Polat and Calishkan          (2009), Singh et al (2011) in pomegranate. 
Root Parameters 
Number of primary roots per cutting  
The data presented in the table 2 at 120 DAP shows that the number of primary roots per cutting ranged from 74.94 to 96.52. The maximum number of primary roots per cutting was observed under IBA 3000 ppm (96.52) T7 followed by Azospirillum (94.79) T3 and IBA 5000 ppm (93.48) T8. Whereas, minimum number of primary roots per cutting was observed under Control (74.94) T₀. The treatment with IBA 3000 ppm was noted to be significantly superior which was found statistically at par with Azospirillum (T3) 
Auxin induced cell division and elongation, which resulted in the differentiation of cambial initials into root primordial and the mobilization of reserve food supplies to sites of root initiation, resulting in a greater number of roots per cutting.         
These findings are in agreement with the research work of Diwaker and Katiyar (2013) in kagzi lime, Patel and Patel et al., (2018) in fig and Ghosh et al., (2017) in Phalsa. 
Average length of root 
The data presented in the table 2 at 120 DAP shows that the average length of 
the root ranged from 16.74 cm to 27.73 cm. The maximum average length of the root was observed under IBA 3000 ppm (27.73 cm) T7 followed by Azospirillum (25.94 cm) T3 and IBA 5000 ppm (24.26 cm) T8. Whereas, minimum average length of the root was observed under Control (16.74 cm) T₀. The treatment with IBA 3000 ppm was noted to be significantly superior which was found statistically at par with Azospirillum (T3). 
The action of auxin activity, which may have caused hydrolysis and the translocation of sugars and nitrogenous materials towards the base of cuttings and led to accelerated cell division and cell elongation under favourable conditions, may be responsible for the phenomenon of the longest root. Auxin application has been found to enhance the histological features like formation of callus and tissue and differentiation of vascular tissue. Another possible reason may be due to the early formation of roots and more utilization of reserved food materials of the treated cuttings. 
The earlier findings reported by several investigators are in accordance with the results obtained in the present study as  Galavi et al., (2013) in grape, Patel and Patel (2018) in fig and Ghosh et al., (2017) in Phalsa with respect to average length of root per cutting. 
Survival Percentage 
The data presented in the table 2 at 120 DAP shows that the survival percentage of cuttings ranged from 67.33 to 84.11. The maximum survival percentage of cutting was observed under IBA 3000 ppm (84.11) T7 followed by Azospirillum (82.79) T3 and IBA 
5000 ppm (80.31) T8. Whereas, minimum survival percentage was observed under Control (67.33) T₀. The treatment with IBA 3000 ppm was noted to be significantly superior which was found statistically at par with Azospirillum (T3). 
The increased survival of treated cuttings can be linked to a better start and root growth. The better start might have facilitated the absorption of nutrients and moisture from the soil and better growth developed the capacity to withstand for a longer period.  
The result could be attributed to a large carbohydrate reserve per cutting and optimal IBA concentration. The same factors brought about maximum number of shoots and roots per cutting and root length which, in turn contributed to high survival percentage. The highest survival percentage was recorded in cuttings treated with IBA 3000 ppm, it might be due to development of effective root system and increase in the number and length of roots per cutting as influenced by the uptake of nutrients and water Reddy et al., (2008). 
The survival of the sprouted cuttings might be directly linked to the formation of adventitious roots on cuttings. 
The results are in agreement with the earlier findings of Mewar et al., (2018) in wild fig, Tanwar et al., (2020) in pomegranate and Gayathiri M and Vijayaraj S (2020) in guava. 
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	Fig 1: Performance of cuttings at 120 days after planting







Shoot Parameters 
Number of shoots per cuttings 
  The data presented in the table 2 showed that at 30 DAP, the number of shoots per cutting ranged from 0.62 to 1.24. The maximum number of shoots per cutting was observed under Azospirillum (1.24) T3 followed by IBA 3000 ppm (1.19) T7 and PSB 
(1.12) T1. Whereas, minimum number of shoot per cutting was observed under Control (0.62) T₀. However, a treatment of the cuttings with Azospirillum was noted to be 
significantly superior which was found statistically at par with IBA 3000 ppm. 
At 60 DAP shows that the number of shoots per cutting ranged from   1.03 to 2.18. The maximum number of shoots per cutting was observed under Azospirillum (2.18) T3 followed by IBA 3000 ppm (2.11) T7 and PSB (1.99) T1.  Whereas, minimum number of shoots per cutting was observed under Control (1.03) T₀. However, treatment of the cuttings with Azospirillum was noted to be significantly superior, which was found statistically at par with IBA 3000 ppm. 
At 90 DAP shows that the number of shoots per cutting ranged from   1.31 to 2.52. The maximum number of shoots per cutting was observed under Azospirillum (2.52) T3 followed by IBA 3000 ppm (2.35) T7 and PSB (2.23) T1. Whereas, minimum number of shoots per cutting was observed under Control (1.31) T₀. The treatment of the cuttings with Azospirillum was noted to be significantly superior which was found statistically at par with IBA 3000 ppm. 
At 120 DAP shows that the number of shoots per cutting ranged from   1.56 to 2.59. The maximum number of shoots per cutting was observed under Azospirillum (2.59) T3 followed by IBA 3000 ppm (2.41) T7 and PSB (2.35) T1. Whereas, minimum number of shoots per cutting was observed under Control (1.56) T₀. The treatment of the cuttings with Azospirillum was noted to be significantly superior which was found statistically at par with IBA 3000 ppm. 
The fact that there are more shoots per cutting might be because auxin production is high in the growing regions, which might promote growth. It also reported that biofertilizers increased the level of plant growth regulators in the plants. This could be attributed to improved root development as a result of increased atmospheric nitrogen fixation and nutritional availability to the plants. The more number of shoot formation might be due to the vigorous root system which increased the nutrient uptake which in turn affected the cell division in the vascular cambium, cell expansion and control of differentiation into different types of cambial resulting in increase in number of shoots (Devi et al., 2016).  
Average length of shoot 
The data presented in the table 2 at 30 DAP shows that the Average length of the shoot ranged from 1.68 cm to 3.59 cm. The maximum average length of the shoot was observed under treatment with Azospirillum (3.59 cm) T3 followed by IBA 3000 ppm (3.29 cm) T7 and PSB (2.98 cm) T1 Whereas, minimum average length of the shoot was observed under T₀ control (1.68 cm). The treatment of cuttings with Azospirillum was noted to be significantly superior which was statistically at par with IBA 3000 ppm.  
At 60 DAP shows that the Average length of the shoot ranged from 7.77 cm to 11.49 cm. The maximum average length of the shoot was observed under treatment with Azospirillum (11.49 cm) T3 followed by IBA 3000 ppm (11.15 cm) T7 and PSB (10.72 cm) T1.  Whereas, minimum average length of the shoot was observed under control (7.77 cm) T₀. The treatment of cuttings with Azospirillum was noted to be significantly superior which was statistically at par with IBA 3000 ppm. 
At 90 DAP shows that the Average length of the shoot ranged from 18.42 cm to 28.85 cm. The maximum average length of the shoot was observed under the treatment with Azospirillum (28.85 cm) T3 followed by IBA 3000 ppm (26.81 cm) T7 and PSB 
(25.14 cm) T1.  Whereas, minimum average length of the shoot was observed under control (18.42 cm) T₀. The treatment of cuttings with Azospirillum was noted to be significantly superior, which was statistically at par with IBA 3000 ppm. 
At 120 DAP shows that the Average length of the shoot ranged from 25.45 cm to 34.46 cm. The maximum average length of the shoot was observed under treatment with Azospirillum (34.46 cm) T3 followed by IBA 3000 ppm (33.24 cm) T7 and PSB (31.63 cm) T1.  Whereas, minimum average length of the shoot in cutting was observed under control (25.45 cm) T₀. The treatment of cuttings with Azospirillum was noted to be significantly superior which was statistically at par with IBA 3000 ppm. 
Increased atmospheric nitrogen fixation and improved nutrient availability may have improved the root system growth, which in turn has resulted in an increase in the average length of shoots per cutting. This might be as a result of the vigorous root system that improved nutrient uptake under this treatment. It is also recorded that Azospirillum brasilense increased plant growth by increasing the nutrient uptake to the plant. 
The lengthening of the shoot may be the result of increased chlorophyll production brought on by the inoculation of nitrogen and phosphorus fixers. The reason of increase in growth characters is constituent of the protein which is essential for formation of protoplasm thus affecting the cell division and cell elongation and there by more vegetative growth. The other reason for increased vegetative growth may be the production of plant growth regulators by bacteria in rhizosphere, which are absorbed by the roots.  
  The results are in close conformity with the findings of Fawazi, et al. (2010) in pear and Osman and Abd El-Rhman, (2010) in fig.  
Leaf Parameters  
Number of leaves per cutting 
The data presented in the table 2 at 30 DAP shows that the number of leaves per cutting ranged from 3.21 to 6.53. The maximum number of leaves per cutting was observed under Azospirillum (6.53) T3 followed by IBA 3000 ppm (5.59) T7 and PSB (4.81) T1. Whereas, minimum number of leaves per cutting was observed under Control (3.21) T₀. The treatment with Azospirillum (T3) was noted to be significantly superior,  which was found statistically at par with IBA 3000 ppm. 
At   60 DAP shows that the number of leaves per cutting ranged from 7.29 to 11.72. The maximum number of leaves per cutting was observed under Azospirillum (11.72) T3   followed by IBA 3000 ppm (10.24) T7 and PSB (9.53) T1. Whereas, minimum number of leaves per cutting was observed under Control (7.29) T₀. The treatment with Azospirillum (T3) was noted to be significantly superior, which was found statistically at par with IBA 3000 ppm. 
At 90 DAP shows that the number of leaves per cutting ranged from 10.95 to 15.81. The maximum number of leaves per cutting was observed under Azospirillum (15.81) T3 followed by IBA 3000 ppm (14.98) T7 and PSB (13.71) T1. Whereas, minimum number of leaves per cutting was observed under Control (10.95) T₀. The treatment with Azospirillum (T3) was noted to be significantly superior which was found statistically at 
par with IBA 3000 ppm. 
At 120 DAP shows that the number of leaves per cutting ranged from 14.06 to 21.27. The maximum number of leaves per cutting was observed under Azospirillum (21.27) T3 followed by IBA 3000 ppm (20.25) T7 and PSB (19.28) T1. Whereas, minimum number of leaves per cutting was observed under Control (14.06) T₀. The treatment with Azospirillum (T3) was noted to be significantly superior which was found statistically at 
par with IBA 3000 ppm. 
This might be due to the fact that higher number of shoots and maximum length of shoots resulted in more number of leaves. This might be due to the more uptakes of nitrogen and other nutrients by the cuttings under this treatment. It is also recorded that Azospirillum brasilense increased plant growth by increasing the nutrient uptake of the plant. Increased leaf output could be attributed to increased nutrient absorption, which resulted in a greater number of roots and a greater length of roots, resulting in increased leaf production. 
The results obtained are in agreement with the findings reported by Verma and Rao (2013) and Hazarika et al., (2007). 








Table 1: Fig cutting performance with biofertilizers, cow urine, vermicompost and IBA on days taken to first sprouting and sprouting %, number of primary roots per cutting, average length of root(cm) and survival %. 
	Notation 
	Treatment details 
	Days taken to first sprouting 
	Sprouting % 
	Number of primary roots per cutting 
	Average length of root (cm) 
	Survival % 

	T0 
	Control 
	15.48
	53.33
	74.94
	16.74
	67.33

	T1 
	PSB @ 5ml/kg of rooting media 
	12.83
	80.11
	89.54
	22.28
	79.39

	T2 
	Azotobacter @ 5ml/kg of rooting media 
	13.21
	78.14
	88.41
	21.95
	78.94

	T3 
	Azospirillum @ 5ml/kg of rooting media 
	11.68
	83.33
	94.79
	25.94
	82.79

	T4 
	Cow urine @ 5ml/kg of rooting media  
	14.04
	74.03
	86.53
	20.31
	75.29

	T5 
	Cow urine @ 10ml/kg of rooting media  
	13.64
	75.33
	87.04
	21.32
	77.47

	T6 
	Cow urine @ 15ml/kg of rooting media 
	14.12
	73.66
	86.34
	19.74
	72.95

	T7 
	IBA @ 3000 ppm 
	12.35
	82.34
	96.52
	27.73
	84.11

	T8 
	IBA @ 5000 ppm 
	13.55
	77.18
	93.48
	24.26
	80.31

	T9 
	Vermicompost @ 50g/kg of rooting media 
	13.74
	74.67
	86.54
	21.17
	76.53

	 
	SEm± 
	0.38
	0.43
	0.87
	0.61
	0.57

	 
	CD at 5% of level 
	1.11
	1.26
	2.56
	1.8
	1.7








Table 2: Fig cutting performance with biofertilizers, cow urine, vermicompost and IBA on number of shoots, average length and number of leaves per cutting. 
	Notation 
	Treatment details 
	30 DAP
	60 DAP
	90 DAP
	
	
	120 DAP

	
	
	NSC 
	ALS 
	NLS 
	NSC 
	ALS 
	NLS 
	NSC 
	ALS 
	NLS 
	NSC 
	ALS 
	NLS 

	T0 
	Control
	0.62
	1.68
	3.21
	1.03
	7.77
	7.29
	1.31
	18.42
	10.95
	1.56
	25.45
	14.06

	T1 
	PSB 	@ 	5ml/kg 	of
rooting media
	1.12
	2.98
	4.81
	1.99
	10.72
	9.53
	2.23
	25.14
	13.71
	2.35
	31.63
	19.28

	T2 
	Azotobacter @ 5ml/kg of rooting media
	1.09
	2.88
	4.47
	1.93
	10.59
	9.25
	2.18
	24.85
	13.47
	2.26
	31.48
	18.66

	T3 
	Azospirillum @ 5ml/kg of rooting media
	1.24
	3.59
	6.53
	2.18
	11.49
	11.72
	2.52
	28.85
	15.81
	2.59
	34.46
	21.27

	T4 
	Cow urine @ 5ml/kg of rooting media
	0.84
	2.34
	3.67
	1.57
	8.88
	7.87
	1.81
	21.97
	12.35
	1.97
	29.09
	16.57

	T5 
	Cow urine @ 10ml/kg of rooting media
	0.93
	2.71
	4.34
	1.74
	9.26
	8.62
	1.94
	22.59
	13.33
	2.07
	30.63
	17.89

	T6 
	Cow urine @ 15ml/kg of rooting media 
	0.79
	2.26
	3.48
	1.55
	8.78
	7.75
	1.74
	21.27
	12.27
	1.89
	28.31
	16.34

	T7 
	IBA @ 3000 ppm 
	1.19
	3.29
	5.59
	2.11
	11.15
	10.24
	2.35
	26.81
	14.98
	2.41
	33.24
	20.25

	T8 
	IBA @ 5000 ppm 
	0.98
	2.85
	4.54
	1.82
	9.81
	9.01
	2.11
	24.28
	13.42
	2.19
	30.88
	18.61

	T9 
	Vermicompost 	@ 
50g/kg of rooting media 
	0.88
	2.51
	3.81
	1.61
	9.16
	8.54
	1.91
	22.49
	12.57
	1.99
	30.21
	16.63

	 
	SEm± 
	0.03
	0.19
	0.57
	0.06
	0.24
	0.71
	0.08
	0.92
	0.7
	0.07
	0.8
	0.7

	 
	CD at 5% of level 
	0.1
	0.57
	1.69
	0.17
	0.72
	2.1
	0.24
	2.74
	2.08
	0.2
	2.37
	1.95


NSC: - Number of shoots per cutting, ALS: - Average length of shoots, NLS: - Number of leaves per cutting.

Conclusion: In present experiment IBA @ 3000 ppm gave the best performance on root parameters which was significantly at par with the results of Azospirillum, and Azospirillum gave the best performance on shoot parameters, which was significantly at par with the results of IBA @ 3000 ppm on fig cuttings. Hence, there is future scope for the use of biofertilizers as an alternative for of the growth regulators for better performance of fig cuttings.
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