


Effect of Trichoderma harzianum and botanical extracts on pre-harvest parameters of garlic




Abstract


Garlic (Allium sativum L.) is a vital spice and medicinal crop widely cultivated across India for its nutritional, therapeutic, and economic value. However, its productivity is often hampered by soil-borne  pathogens  and  environmental  stress.  This  study  was  conducted  during  the  Rabi seasons of 2020–21 and 2021–22 at SHUATS, Prayagraj, to evaluate the integrated effect of Trichoderma harzianum and various botanical extracts on garlic growth and yield under field conditions. Eight treatments, including a chemical control (Mancozeb), were laid out in a Randomized Block Design (RBD) with three replications using the garlic variety ‘Bhimomkara’. The parameters evaluated included plant height, number of leaves per plant and total bulb yield. The results revealed that T. harzianum combined with neem leaf extract (T1) significantly improved plant height (46.82 cm), number of leaves (8.36) and bulb yield (6.88 t ha⁻¹), performing on par with the chemical fungicide Mancozeb (8.48 t ha⁻¹). The synergistic effects of T. harzianum and bioactive compounds in neem such as Azadirachtin and Salannin contributed to improved nutrient uptake, vegetative growth and disease suppression. Treatments with eucalyptus and T. harzianum also showed favorable effects. Overall, the findings highlight the potential of integrating T. harzianum with botanicals—particularly neem—as an eco-friendly and effective approach to garlic crop management and yield enhancement.
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Introduction

Garlic (Allium sativum L.) is an important spice and medicinal crop in India, valued for its high nutritional content, including proteins (6.3%), essential oils, minerals, and vitamin C (Aggarwal et  al.,  1996.  Its  compound  bulb,  containing  4–20  cloves,  holds significant therapeutic and economic value, contributing to both domestic health uses and foreign exchange earnings.  Garlic thrives  in tropical to subtropical climates  with  well-drained  soil, temperatures between 5–25°C, and a pH range of 6.5–7.0, with ideal growth under moderate humidity and proper spacing to avoid moisture stress and disease buildup (Dar et al., 2020). India ranks second globally in garlic production, with Madhya Pradesh, Rajasthan, and Uttar Pradesh being top producers (NHB, 2023–24). In recent years, eco-friendly practices using Trichoderma harzianum  and  botanical  extracts  like  neem  and  garlic  have  shown  promising  results  in improving garlic growth and productivity by enhancing soil health, nutrient uptake, and overall plant vigor (Arunakumara, 2023)The present study was undertaken to assess the integrated effects of T. harzianum and botanical extracts on garlic crop growth parameters under field conditions.

Materials and methods

The study was conducted during the Rabi seasons of 2020–2021 and 2021–2022 at SHUATS, Prayagraj, using a Randomized Block Design (RBD) with eight treatments replicated thrice on the garlic variety ‘Bhimomkara’. The field was prepared through standard tillage, and garlic was sown at a spacing of 10 cm × 15 cm using a seed rate of 100 kg/ha. Agronomic practices such as gap filling, thinning, hand weeding, and timely irrigation (4–5 times) were followed. Growth parameter observations were recorded on five randomly selected plants per plot.

The evaluated growth parameters included plant height (cm) measured from the bulb neck to the tip of the longest leaf, number of functional leaves per plant, and total bulb yield (t/ha), including both marketable and unmarketable bulbs. Post-harvest attributes such as number of cloves per bulb, clove length (cm), and bulb weight (g/m²) were also measured. The data were statistically analyzed using ANOVA as per Gomez and Gomez (1984) and treatment means were compared using the critical difference (CD) at the 0.05 significance level. This methodology facilitated the assessment of how Trichoderma harzianum in combination with various botanical extracts influenced garlic growth and yield performance under field conditions.
Observations recorded:

Observations were recorded from five randomly selected plants from each treatment within every replication. The list of recorded traits and the methodology followed for documenting these observations are detailed below.

1)  Plant height (cm): Plant height was recorded as one of the key growth parameters to assess the vegetative development of garlic under different treatments. The measurement was taken from  the  neck  of  the  bulb—where  the  leaves  emerge—to  the  tip  of  the  longest  fully expanded leaf. Observations were made on five randomly selected plants per plot in each replication using a standard measuring scale. The average height was then calculated and expressed in centimetres (cm). This parameter provided valuable insight into the overall vigour and response of the garlic plants to various biocontrol and botanical treatments under field conditions.

2)  Number of leaves per plant: The average number of leaves per plant was determined by counting the fully developed, green, and functional leaves on five randomly selected plants from each treatment within every replication. Only healthy, mature leaves contributing to active photosynthesis were considered, while senescent or dried leaves were excluded from the count. The total number of leaves observed was averaged and expressed on a per-plant basis. This trait served as an important indicator of plant vigour photosynthetic potential under different treatment conditions.

3)  Total bulb yield (t/ha): The total yield per plot was calculated by summing the weights of both marketable and unmarketable garlic bulbs harvested at maturity. Marketable bulbs included those of acceptable size, shape, and free from disease or damage, while unmarketable  bulbs  consisted  of  undersized,  deformed,  or  diseased  specimens.  The combined weight provided a comprehensive estimate of the total productivity of each treatment. Yield data were recorded in kilograms per plot and later converted to tonnes per hectare for comparative analysis.









Chart 1: Details of treatment

	Treatment

No.
	
Treatment Name
	

Concentration %

	T0
	Control(untreated check)
	-

	T1
	Trichoderma harzianum +Neem leaf extract - 10g/kg Seed Treatment (S.T)+10% Foliar spray (F.S)
	10%

	T2
	T.harzianum +Lantana leaf extra - 10g/kg(S.T)+10%(F.S)
	10%

	T3
	Trichoderma harzianum +Trichoderma harzianum -

10g/kg(S.T)+10% (F.S)
	10 %

	T4
	T.harzianum + Eucalyptus leaf extract - 10g/kg(S.T)+10%

(F.S)
	10%

	T5
	T.harzianum +Mentha leaf extract - 10g/kg(S.T)+10%(F.S)
	10%

	T6
	T.harzianum + Aloe vera leaf extract - 10g/kg(S.T)+10%

(F.S)
	10%

	T7
	Mancozeb - 0.2%(S.T)+(F.S)
	0.25%
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Plant height (cm) :-
Plant height of garlic was significantly influenced by the application of Trichoderma harzianum in combination with different botanical extracts during both years of experimentation, demonstrating that integrated bio-based management can effectively promote vegetative growth. The treatment combining T. harzianum with neem leaf extract (T1) recorded a pooled mean plant height of 46.82 cm, which was statistically comparable to the chemical check Mancozeb (50.60 cm) and significantly superior to all other botanical treatments and the untreated control. This close performance to the synthetic fungicide suggests that the T. harzianum + neem combination not only managed disease effectively but also actively stimulated growth processes in garlic.
The superior growth observed under the neem-based treatment may be linked to the presence of bioactive secondary metabolites such as azadirachtin, nimbin, salannin, and gedunin, which are known for their antifungal activity and their ability to enhance plant vigour by promoting cell division, elongation, and metabolic efficiency (Saini et al., 2024). When coupled with T. harzianum, a rhizosphere-competent fungus recognized for colonizing root tissues, improving nutrient uptake efficiency, and secreting growth hormones like indole acetic acid (IAA) and gibberellins, a synergistic effect likely occurred, resulting in more vigorous vegetative expression (Hariharan et al., 2022; Fiorentino et al., 2018).
These results are in line with the observations of Akter et al. (2016), who demonstrated that T. harzianum–based integrated treatments significantly improved vegetative growth parameters in Allium crops due to enhanced root system development and more efficient nutrient mobilization. Among the other botanicals, eucalyptus leaf extract (T4) also showed encouraging results, with a pooled mean height of 45.13 cm, possibly due to the stimulatory effects of its essential oils and phenolic compounds in addition to its disease-suppressive properties. T. harzianum applied alone (T3) recorded a height of 43.93 cm, reaffirming its role as an independent growth promoter even without additional botanical supplementation.

Relatively lower plant heights were observed in treatments involving Lantana leaf extract (T2), Mentha leaf extract (T5), and Aloe vera leaf extract (T6) extracts. While these treatments recorded values below those of neem- and eucalyptus-based combinations, they still remained significantly superior to the untreated control (T0), which showed the lowest pooled mean height of 35.34 cm. The stunted growth in the control may be attributed to higher disease incidence, reduced photosynthetic area, and greater physiological stress, all of which limit cell elongation and overall vegetative growth.
In summary, the present findings highlight that integrating T. harzianum with neem leaf extract not only provides effective disease management but also enhances vegetative growth parameters such as plant height. This combination can therefore serve as a sustainable, eco-friendly, and economically viable alternative to chemical fungicides for improving plant growth and maintaining crop health in garlic production systems (Manoharmayum et al., 2025).






















Table 1: Effect of different treatments on plant height (cm) of garlic (pooled mean)



	
Treatment
	Plant height (cm) 2020-21
	Plant height (cm) 2021-22
	Pooled mean

	
	30
DAS
	60
DAS
	90
DAS
	Mean
	30
DAS
	60
DAS
	90
DAS
	Mean
	

	T0
	Control(untreated check)
	25.23
	39.79
	42.43
	35.82
	25.65
	38.88
	45.2
	36.57
	35.34

	
T1
	Trichoderma harzianum +Neem leaf extract 10g/kg Seed Treatment (S.T)+10% Foliar spray (F.S)
	
34.05
	
bc
51.51
	
bc
53.49
	
46.68
	
34.01
	
bc
51.21
	
59.69
	
48.26
	
46.82

	
T2
	T.harzianum +Lantana leaf extract

10g/kg(S.T)+10%(F.S)
	
ef
29.91
	
ef
49.37
	
ef
52.33
	
43.87
	
ef
30.04
	
ef
48.33
	
ef
50.2
	
42.43
	
41.93

	
T3
	Trichoderma harzianum +T- harzianum

10g/kg(S.T)+10% (F.S)
	
de
30.51
	
de
50.13
	
de
52.49
	
44.38
	
de
30.19
	
de
49.79
	
52.45
	
44.07
	
43.93

	
T4
	T.harzianum + Eucalyptus leaf

extract 10g/kg(S.T)+10% (F.S)
	
32.31
	
cd
50.95
	
cd
52.83
	
45.36
	
32.05
	
cd
50.53
	
57.25
	
46.72
	
45.13

	
T5
	T.harzianum +Mentha leaf extract-

10g/kg(S.T)+10%(F.S)
	
fg
28.73
	
fg
48.88
	
fg
52.04
	
43.22
	
fg
29.25
	
47.51
	
fg
49.1
	
40.66
	
40.27

	
T6
	T.harzianum + Aloe vera leaf extract

10g/kg(S.T)+10% (F.S)
	
27.50
	
47.71
	
51.21
	
42.14
	
28.16
	
44.74
	
48.35
	
39.79
	
38.91

	
T7
	Mancozeb

0.2%(S.T)+(F.S)
	
38.11
	
54.16
	
56.73
	
49.67
	
38.94
	
54.88
	
63.35
	
52.39
	
50.60

	SEm (±)
	0.48
	0.41
	0.49
	0.74
	0.46
	0.89
	0.42
	0.93
	0.29

	CD (p=0.05)
	1.49
	1.27
	1.48
	2.29
	1.42
	2.74
	1.30
	2.87
	1.00

	CV
	2.74
	1.47
	1.66
	
	2.59
	3.20
	1.40
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Fig.1 Graph showing the Effect of different treatments on plant height (cm) of garlic (pooled mean)



Number of leaves

The number of leaves per plant in garlic was markedly enhanced by the application of T. harzianum in combination with various botanical extracts during both Rabi crop seasons, indicating the positive influence of integrated bio-based management on vegetative growth. Among all the treatments evaluated, the chemical check Mancozeb (T7) recorded the highest pooled mean leaf count (8.88), which can be attributed to its effective suppression of foliar diseases, thereby minimizing physiological stress and allowing the plant to maintain optimal photosynthetic surfaces. However, among the bio-based options, T. harzianum + neem leaf extract (T1) stood out as the most effective treatment, producing a pooled mean of 8.36 leaves.
The superior performance of the neem-based treatment may be explained by the presence of bioactive compounds such as azadirachtin, nimbin, and salannin, which have been documented to not only possess antifungal properties but also stimulate plant growth through enhanced photosynthetic efficiency, improved nitrogen assimilation, and greater nutrient uptake (Saini et al., 2024). When combined with T. harzianum, a well-established rhizosphere-competent fungus known for secreting plant growth–promoting hormones like indole-3-acetic acid (IAA) and gibberellins, the result is a synergistic improvement in vegetative expression. This combined action likely enhanced root system architecture, facilitated better absorption of essential nutrients, and maintained an overall healthier physiological status in the garlic crop (Hariharan et al., 2022; Fiorentino et al., 2018).
Eucalyptus leaf extract (T4) ranked next after neem, with a pooled mean of 8.04 leaves, suggesting that its essential oils and phenolic compounds may have contributed to growth enhancement while also reducing pathogen pressure. T. harzianum alone (T3) recorded a pooled mean of 7.77 leaves, highlighting its independent potential as a bioagent in promoting foliage development.
On the other hand, treatments with Lantana leaf extract (T2), Mentha leaf extract (T5), and Aloe vera extract (T6) produced slightly lower leaf counts (7.50, 7.20, and 6.98, respectively). While still statistically superior to the untreated control (T0) — which recorded only 5.91 leaves — these treatments may have comparatively lower concentrations of growth-enhancing metabolites or may have exhibited slower modes of action, thereby limiting their full vegetative potential within the experimental period.
The present results are in agreement with the findings of Akter et al. (2016), who reported that integrated treatments involving T. harzianum significantly promote leaf production in Allium crops by improving root growth, mobilizing nutrients, and suppressing foliar pathogens. This highlights that combining compatible botanicals with T. harzianum not only offers disease suppression but also provides a plant growth–enhancing effect, which is critical for achieving higher yield potential in garlic production.




















Table No.2 Effect of different treatments on number of leaves of garlic (pooled mean)


	
Treatment
	Number of leaves 2020-21
	Number of leaves 2021-22
	Pooled
mean

	
	30
DAS
	60
DAS
	90
DAS
	Mean
	30
DAS
	60
DAS
	90
DAS
	Mean
	

	T0
	Control(untreated check)
	
5.91
	
6.13
	
7.73
	6.06
	4.06
	5.53
	7.73
	5.77
	
5.91

	
T1
	Trichoderma harzianum +Neem leaf extract - 10g/kg Seed Treatment (S.T)+10% Foliar pray (F.S)
	


8.36
	

7.86bc
	

9.8bc
	

7.82
	

7.06
	

9.40
	

bc
10.26
	
8.90
	

8.36

	
T2
	T.harzianum +Lantana leaf extract

10g/kg(S.T)+10%(F.S)
	

7.50
	

7.06ef
	

8.8
	
7.10
	
6.33
	
7.80ef
	
9.60ef
	
7.91
	
7.50ef

	
T3
	Trichoderma harzianum +T- harzianum

10g/kg(S.T)+10% (F.S)
	

7.77
	

7.33de
	

9.13de
	
7.35
	
6.60
	
8.20
	
9.80de
	
8.2
	
7.77de

	
T4
	T.harzianum + Eucalyptus leaf

extract 10g/kg(S.T)+10% (F.S)
	

8.04
	

7.73cd
	

9.46cd
	
7.61
	
6.80
	
8.66
	
10.00cd
	
8.48
	
8.04cd

	
T5
	T.harzianum +Mentha leaf extract-

10g/kg(S.T)+10%(F.S)
	

7.20fg
	

6.93fg
	

8.4fg
	
6.88
	
5.80fg
	
7.46fg
	
9.33
	
7.53
	
7.20fg

	
T6
	T.harzianum + Aloe vera leaf extract

10g/kg(S.T)+10% (F.S)
	

6.98
	

6.6
	

8.2
	
6.68`
	
5.66
	
7.20
	
9.00
	
7.28
	
6.98

	
T7
	Mancozeb
0.2%(S.T)+(F.S)
	

8.88
	

8.33
	

10.2
	
8.26
	
7.46
	
10.26
	
10.80
	
9.50
	
8.88

	SEm (±)
	0.07
	0.13
	0.11
	0.11
	0.05
	0.12
	0.09
	0.17
	0.23

	CD (p=0.05)
	0.22
	0.40
	0.34
	0.50
	0.15
	0.39
	0.27
	0.30
	0.31

	CV
	2.32
	3.28
	2.22
	
	1.40
	2.75
	1.64
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Fig.2 Graph showing the Effect of different treatments on number of leaves of garlic (pooled mean)


Table 3:  Effect of different treatments on yield (t/ha) of garlic at (2020-21) and (2021-22) (pooled mean)



	Sr. No.
	


Treatments
	Overall mean

Rabi-2020-21

Yield (t/ha)
	Overall mean

Rabi-2021-22

Yield (t/ha)
	

Pooled

Mean

	
T0
	Control(untreated check)
	
3.62
	
3.6
	
3.61

	
T1
	T.harzianum +Neem leaf extract

10g/kg(S.T)+10% (F.S)
	
6.64
	
7.13
	

6.88

	
T2
	T.harzianum +Lantana leaf extract

10g/kg(S.T)+10%(F.S)
	
5.33
	
5.71
	
5.52

	

T3
	Trichoderma harzianum

+Trichoderma harzianum

10g/kg(S.T)+10% (F.S)
	

5.91
	

6.37
	
6.14

	
T4
	T.harzianum + Eucalyptus leaf

extract 10g/kg(S.T)+10% (F.S)
	
6.3
	
6.74
	
6.52

	
T5
	T.harzianum +Mentha leaf extract-

10g/kg(S.T)+10%(F.S)
	
4.72
	
5.07
	
4.89fg

	
T6
	T.harzianum + Aloe vera leaf

extract 10g/kg(S.T)+10% (F.S)
	
4.4
	
4.85
	
4.62

	
T7
	Mancozeb

0.2%(S.T)+(F.S)
	
8.25
	
8.72
	
8.48

	
	SEm (±)
	0.17
	0.28
	0.08

	
	C.D. (p=0.05)
	0.52
	0.88
	0.28
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Fig.3 Graph showing the Effect of different treatments on yield (t/ha) of garlic at (2020-21) and (2021-22) (pooled mean)


Bulb Yield :- 

The bulb yield of garlic showed considerable variation among the different treatments across both crop seasons, indicating the strong influence of disease management strategies and plant growth enhancement on final productivity. The chemical check, Mancozeb (T7), produced the highest pooled mean yield of 8.48 t ha⁻¹, most likely due to its broad-spectrum fungicidal action that effectively suppressed purple blotch, minimized foliage damage, and prolonged photosynthetic activity, thereby allowing the crop to achieve optimal bulb development.
Among the bio-based treatments, the combination of T. harzianum with neem leaf extract (T1) emerged as the most promising alternative, yielding 6.64 t ha⁻¹ in 2020–21 and 7.13 t ha⁻¹ in 2021–22, with a pooled mean of 6.88 t ha⁻¹. The yield advantage observed under this treatment can be attributed to the complementary and synergistic effects of its components. T. harzianum is well-known for improving nutrient acquisition through enhanced root proliferation and solubilization of minerals, producing plant growth–promoting substances such as indole acetic acid and gibberellins, and inducing systemic resistance against pathogens (Hariharan et al., 2022; Fiorentino et al., 2018). Neem leaf extract, on the other hand, contains bioactive compounds including azadirachtin, nimbin, and salannin, which not only inhibit fungal growth but also stimulate physiological processes, improving plant vigour and resilience to stress (Saini et al., 2024). The combination of these mechanisms likely reduced disease severity, maintained healthy leaf area for photosynthesis, and ultimately supported larger and heavier bulb formation.
The integration of T. harzianum with eucalyptus leaf extract (T4) recorded the next best pooled mean yield of 6.52 t ha⁻¹, which may be associated with the antifungal properties of eucalyptus essential oils and phenolic compounds that limited disease spread while complementing the growth-promoting action of the bioagent. T. harzianum applied alone (T3) also performed well, with a pooled mean of 6.14 t ha⁻¹, reaffirming its independent potential as an effective biocontrol and growth-promoting organism.
Moderate yield increases were observed in treatments involving Lantana leaf extract (T2), Mentha leaf extract (T5), and Aloe vera extract (T6), which recorded 5.52, 4.89, and 4.62 t ha⁻¹, respectively. Although these yields were lower compared to neem- and eucalyptus-based treatments, they remained significantly higher than the untreated control (T0), which produced only 3.61 t ha⁻¹. The poor yield in the control plots is likely due to the combined effects of severe purple blotch incidence, reduced leaf area, premature leaf senescence, and restricted photosynthetic activity, resulting in poorly developed bulbs with reduced marketable weight (Bhosle, 2024).
The present results align with the findings of Manoharmayum et al. (2025), who reported that bio-based integrated disease management, particularly the use of T. harzianum in combination with botanicals, can significantly improve yield in Allium crops by simultaneously enhancing plant health and suppressing pathogen populations. These findings reinforce the potential of T. harzianum + neem extract as a sustainable, eco-friendly, and economically viable alternative to synthetic fungicides for maintaining high garlic yields under field conditions.

Conclusion

The study clearly demonstrated that the combined use of Trichoderma harzianum and neem leaf extract significantly improved the vegetative growth and bulb yield of garlic under field conditions. Among all the treatments, T1  (T. harzianum + neem extract) emerged as the most effective bio-based treatment, producing a pooled bulb yield of 6.88 t/ha, which was comparable to the chemical check (Mancozeb) and considerably higher than the untreated control. This integrated approach not only enhanced plant height and the number of functional leaves but also promoted better root development, early establishment, and higher productivity, likely due to improved nutrient mobilization and suppression of soil-borne pathogens. Other botanical treatments like eucalyptus and Lantana camara extracts also contributed to growth promotion, although to a lesser extent. The results reinforce the potential of adopting T. harzianum–based biocontrol strategies combined with locally available botanicals as a sustainable and eco-friendly alternative for garlic cultivation. This approach can reduce dependence on synthetic chemicals and align with the principles of integrated disease and nutrient management, supporting both crop productivity and environmental health.
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