Effect of Soil Amendments on Bakanae Disease in Rice (Oryza sativa L.)

ABSTRACT
An experiment was conducted to “Studies on use Soil amendments against Bakanae disease of rice (Oryza sativa L.)’’.  The experiment was laid out in Randomized Block Design (RBD) with 6 treatment and replicated thrice. Study on disease severity of rice in field conditions revealed that the minimum disease intensity (31.15%) was obtained in T2 Trichoderma viride+ Pseudomonas fluorescens followed by T3 Trichoderma (50.87%),T4 Neem cake + Mustard cake (52.08%) and T6 Jeevamrit (55.71%), T5 Liquid Consortia (57.19%) and the highest was recorded in treatment T1 Control (72.18%). Among the treatments the plant height (cm) significantly increased in T2 Trichoderma viride+ Pseudomonas fluorescens (111.11cm) followed by T6 Jeevamrit (110.81cm), T3 Trichoderma (109.51cm), T4  Neem cake + Mustard cake (108.21cm) T5 Liquid Consortia (107.21cm) and the lowest was recorded in treatment T1 Control (103.02cm). The number of tillers/hill significantly highest in T2 Trichoderma viride+ Pseudomonas fluorescens (13.98a) followed by T6 Jeevamrit (13.58a), T5 Liquid Consortia (12.59b), T3 Trichoderma (12.10b), T4  Neem cake + Mustard cake (11.87b) and the lowest was recorded in treatment T1 Control (9.87c). The maximum numbers of tillers/hill was recorded in T2 Trichoderma viride+ Pseudomonas fluorescens (9.55a) followed by T6 Jeevamrit (8.75b), T5 Liquid Consortia (8.81b), T3 Trichoderma (7.88c), T4  Neem cake + Mustard cake (7.17d) and the minimum was recorded in treatment T1 Control (7.01d). The maximum numbers of tillers/hill was recorded in T2 Trichoderma viride+ Pseudomonas fluorescens (4.20a) followed by T6 Jeevamrit (3.62b), T5 Liquid Consortia (2.81c), T3 Trichoderma (2.62cd), T4  Neem cake + Mustard cake (2.34d) and the minimum was recorded in treatment T1 Control (1.57e). The maximum gross return (Rs. 166518 ha-1), net return (Rs. 132938 ha-1) and benefit cost ratio (1:3.96) was found in treatment T2 Trichoderma viride+ Pseudomonas fluorescens. Where as the minimum gross return (Rs. 67454 ha-1), net return (Rs. 34274 ha-1) and benefit cost ratio (1:1.02) was obtained in treatment T1 Control.
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Introduction
Rice (Oryza sativa L.) is the major cereal crop belonging to family Poaceae. The annual worldwide production of rice is 758.8 million tonnes (FAO 2017). Rice is among the ancient crops being grown in 117 countries, hence it’s called as “Global Grain”. It is the most important staple food of the sixty per cent of World’s population, occupying first place among cultivated cereals and is being grown under different agro-climatic conditions. Rice occupies 23.3 per cent of gross cropped area of the India, 43 per cent of total food grain production and 46 per cent of total cereal production in the country. Rice is grown in 534 districts of the country and is spread over 30 States and Union Territories. Rice cultivation is suitable for regions with prolonged sunshine, high humidity and regular supply of water. India is world's second largest rice producing country after China. Punjab ranks fourth among the states of India in rice production. It is cultivated on 3046 thousand hectares of land in Punjab with an average yield of 6193 Kg/ha (Anonymous 2018).
Schotra Hari was the first person to notice this illness in Japan in 1828. Both lowland and upland rice can contract Bakanae disease. The term "bakanae" in Japanese refers to a nasty or mischievous seedling. In 1931, Thomas reported that this illness was known as foot rot disease of rice in India. Bakanae disease can be seen all during the growing season, however it is noticeable as a seedling disease. The reason for this is because Fusarium fujikuroi produces gibberellin hormones, which regulate growth and cause plants to grow taller.
The afflicted plant may be located far from the affected field. This illness is known as Jhanda sickness in northern India. The initial signs of a rice plant's seedling stage include the seedling appearing longer, thinner, and somewhat yellower than a healthy green seedling. The disease's classic symptoms include root and crown rot, stunting, seedling blight, and etiolation and aberrant elongation of the plant, which are caused by the generation of gibberellins by fungi (Desjardins et al., 2000).
The term "bakanae," which translates to "foolish seedling" in Japanese, describes the hypertrophic growth or aberrant elongation of seedlings brought on by the hormone gibberellins. In certain nations, the elongation of plant stems may be the most prevalent sign of disease. Nonetheless, the illness can be referred to as "Bakanae," a Japanese term that means "bad seedlings" (Sun and Snyder, 1981).
Identification of resistant sources serves as pre-requisite for breeding programme for evolving disease resistant varieties. Several genotypes have been reported to possess resistance but most of the scented cultivars grown in the state including Basmati CSR 30, Pusa Basmati 1121 and Taraori Basmati are susceptible (Sunder et al., 2014). In India, meager information is available on disease management through cultural practices as well as fungicides. However, organo-mercurials and benzimidazoles have been reported to be effective against the disease (Kauraw, 1981; Sunder et al., 2014).
Accurate data regarding damages brought on by Fusarium fujikuroi In India, Pavgi and Singh (1964) claimed a 15% loss. Synthetic pesticides have been used to manage crop disease in most cases; However, they are known to damage the environment, soil, and water in addition to having a negative impact on the biosphere and human health. Many plants are known to have antifungal properties, which may be used to treat diseases in a way that is both safe and sustainable. The management of rice foot rot disease may benefit from the use of bioagents, botanicals, and organic materials.
Materials and Methods
Experimental site
The present study was conducted under field conditions at G.S. Foundation, Kachhwa, Karnal during Kharif 2023. Field experiment was laid out in randomized block design with three replications. The experiment was laid out in Randomized Block Design (RBD) which consisting of six treatments T1 – Control, T2 – Trichoderma viride+ Pseudomonas fluorescens T3 – Trichoderma, T4 Neem cake + Mustard cake, T5 – Liquid consortia T6 – Jeevamrit.
Identification of pathogen:
Infected plants several inches taller than normal plants in seedbed and field. Thin plants with yellowish green leaves and pale green flag leaves. Drying seedlings at early tillering. Reduced tillering and drying leaves at late infection. Partially filled grains, sterile, or empty grains for surviving plant at maturity. In the seedbed, infected seedlings with lesions on roots die which may die before or after transplanting.

Morphological characters of Bankane disease:
The pathogen sexually produces ascospores that are formed within a sac known as ascus. The asci are cylindrical, piston-shaped, flattened above, and are 90-102 x 7-9 µm. They are 4- to 6-spored but seldom 8-spored. Hyphae are branched and septate. The fungus has micro- and macroconidiophores bearing micro- and macroconidia, respectively. The sclerotia are 80 x 100 µm. They are dark blue and spherical. The stroma are more or less plectenchymatous and yellowish, brownish, or violet.
 Disease intensity:
Disease intensity was recorded as grades in randomly selected five plants in each plot at different time that is before spraying, 15 days after the first spray and 15 days after the second spray as per the scale of Mayee and Datar (1986).
Per cent Disease Index (PDI) was calculated by using formula given by Wheeler (1969)


Disease severity (%) =                                                           x 100


Sum of all disease rating

Total no. of leaves  x Maximum rating



Observations recorded
Pre-harvest observations were recorded during the course of experiment. observations were Disease intensity, Plant height (cm), Number of tillers/hill, Number of panicles/hill, Grain yield (t/ha) and B:C ratio.
Results and Discussion
Disease intensity (%) 
	The treatments were found to have significantly reduced disease intensity as compared to the control. Where as among the treatments, significantly reduced  disease intensity of bakanae  disease was found in treatment T2 Trichoderma viride+ Pseudomonas fluorescens (31.15d) followed by T3 Trichoderma (50.87c),  T4 Neem cake + Mustard cake (52.08c) and T6 Jeevamrit (55.71b), T5 Liquid Consortia (57.19b) and the highest was recorded in treatment T1 Control (72.18a).
The incidence of bakanae disease in India has been reported particularly in aromatic rice cultivars (Bashyal et al., 2014). About 15 to 25 per cent of yield loss has been reported from different states of India viz, Andhra Pradesh, Tamil Nadu, Assam, Haryana, Uttar Pradesh and Punjab. The bakanae pathogens have been reported to be associated with seeds of different aromatic cultivars thereby, having profound effect on seed quality. In Northern parts of India, bakanae disease ranged from 1.2-40 percent in Northern states of India primarily in aromatic rice cultivars (Gupta et al., 2014). 
Plant height (cm)
The results indicate that the untreated plants T1 (control) show significantly reduced plant height for all the replications. The maximum plant height (cm) was recorded in T2 Trichoderma viride + Pseudomonas fluorescens (111.11cm) followed by T6 Jeevamrit (110.81cm), T3 Trichoderma (109.51cm), T4  Neem cake + Mustard cake (108.21cm) T5 Liquid Consortia (107.21cm) and the lowest was recorded in treatment T1 Control (103.02cm). Comparing the treatments with CD value (5.155). 
The results obtained that among rice in respect of other growth attributes such as plant height was recorded significantly higher with Trichoderma viride+ Pseudomonas fluorescens over rest of soil amendments. This might be due to the availability of more plant for utilise resources such as solar energy, air movement and availability of more nutrients from the larger area. Similar findings related to plant height were reported Anuja and Ravindra (2020) and Gupta et al., (2015)
Numbers of tillers/hill
The results indicate that the untreated plants T1 (control) show significantly reduced number of tillers/hill for all the replications. The maximum numbers of tillers/hill was recorded in T2 Trichoderma viride+ Pseudomonas fluorescens (13.98a) followed by T6 Jeevamrit (13.58a), T5 Liquid Consortia (12.59b), T3 Trichoderma (12.10b), T4  Neem cake + Mustard cake (11.87b) and the lowest was recorded in treatment T1 Control (9.87c). Comparing the treatments with CD value (0.729). 
The results obtained that among rice number of tillers to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under Trichoderma viride + Pseudomonas fluorescens than rest of soil amendments. The same results of number of tillers/hill affected by Trichoderma viride+ Pseudomonas fluorescens were confined by Bashyal and Aggarwal (2013).
Numbers of panicles/hill
The results indicate that the untreated plants T1 (control) show significantly reduced number of tillers/hill for all the replications. The maximum numbers of tillers/hill was recorded in T2 Trichoderma viride+ Pseudomonas fluorescens (9.55a) followed by T6 Jeevamrit (8.75b), T5 Liquid Consortia (8.81b), T3 Trichoderma (7.88c), T4  Neem cake + Mustard cake (7.17d) and the lowest was recorded in treatment T1 Control (7.01d).  Comparing the treatments with CD value (0.198). 
The significant and higher number of panicle/hill attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under Trichoderma viride+ Pseudomonas fluorescens than the Control.The results of present study are similar to Singh and Sunder (2012), Bashyal and Aggarwal (2013) and Anuja and Ravindra (2020)
Grain yield (t/ha)
	The results indicate that the untreated plants T1 (control) show significantly reduced grain yield (t/ha) for all the replications. The maximum grain yield (t/ha) was recorded in T2 Trichoderma viride+ Pseudomonas fluorescens (4.20 t/ha) followed by T6 Jeevamrit (3.62 t/ha), T5 Liquid Consortia (2.81 t/ha), T3 Trichoderma (2.62 t/ha), T4  Neem cake + Mustard cake (2.34 t/ha) and the lowest was recorded in treatment T1 Control (1.57 t/ha).  Comparing the treatments with CD value (0.434). 
The significant and higher grain yield attributed to the fact that the trauma of root damage received during uprooting and transplanting of the seedlings was comparatively less under Trichoderma viride+ Pseudomonas fluorescens than the Control. The same results of grain yield (t/ha) affected by Trichoderma viride+ Pseudomonas fluorescens were confined by Bashyal and Aggarwal (2013).



Cost of Production (INR/ha)
Cost of production (37980.00 INR) was found to be highest in treatment 4 Neem cake + Mustard cake as compared to other treatment.
Gross return (INR/ha) 
Gross return (166518.00) was found to be highest in treatment 2 Trichoderma viride+ Pseudomonas fluorescens as compared to other treatment.
Net return (INR/ha) 
Net return (132938.00) was found to be highest in treatment 2 Trichoderma viride+ Pseudomonas fluorescens as compared to other treatment. 
B: C Ratio 
Benefit Cost Ratio (3.96) was found to be highest in treatment 2 Trichoderma viride+ Pseudomonas fluorescens as compared to other treatment.
Higher benefit cost ratio was recorded with the application of Trichoderma viride+ Pseudomonas fluorescens might be due to higher grain yield which resulted in increases the gross return, ultimately increases the benefit ratio. Similar result was recorded by Bashyal and Aggarwal (2013).
CONCLUSIONS
[bookmark: _Hlk140878647]The result of the study concluded that Trichoderma viride+ Pseudomonas fluorescens recorded the minimum disease intensity percent (31.15) of bakanae disease of rice (Oryza sativa L.) and maximum plant height (111.11), number of tillers/hill (13.98), number of panicle/hill (9.55), grain yield (4.20 t/ha.) and benefit cost ratio (3.96) of rice. The present investigation was limited to one crop season (Kharif 2023), under the agroclimatic conditions of Hisar (HR) hence, additional research is necessary to validate the findings of the study as the data collected for one crop season is inadequate to make definite conclusions.






Table 1: Effect of different soil amendments on Disease Intensity of bakanae  disease of rice.

	Treatment 
Symbols
	Treatment
 Details
		Disease Intensity (%)

	
	
	20
DAS
	40
DAS
	60
DAS
	80
DAS

	T1
	Control
	38.98a
	52.58a
	59.87a
	72.18a

	T2
	Trichoderma viride + Pseudomonas fluorescens
	15.39e
	19.90f
	27.59f
	31.15d

	T3
	Trichoderma
	20.51d
	30.15e
	42.17e
	50.87c

	T4
	Neem cake + Mustard cake
	21.58d
	33.39d
	45.81d
	52.08c

	T5
	Liquid Consortia
	30.59b
	42.51b
	50.98b
	57.19b

	T6
	Jeevamrit
	25.87c
	38.27c
	48.19c
	55.71b

	
	F- Test
	S
	S
	S
	S

	
	S.Ed. (+)
	
	
	
	

	
	C.D. at 0.5%
	1.558
	1.592
	1.358
	3.180











Fig. 1: Effect of different soil amendments on Disease Intensity of bakanae disease of rice.












Table 2: Effect of different soil amendments on Plant height (cm) of rice seedling.

	Treatment 
Symbols
	Treatment
 Details
		Plant height (cm)

	
	
	30
DAT
	60
DAT
	90
DAT
	120
DAT

	T1
	Control
	34.01bc
	70.89d
	100.08c
	103.02b

	T2
	Trichoderma viride+ Pseudomonas fluorescens
	36.25a
	78.04a
	108.97a
	111.11a

	T3
	Trichoderma
	35.07ab
	75.09bc
	106.58ab
	109.51a

	T4
	Neem cake + Mustard cake
	32.29c
	72.51cd
	103.91b
	108.21a

	T5
	Liquid Consortia
	33.17bc
	73.97bc
	105.21ab
	107.21ab

	T6
	Jeevamrit
	35.21ab
	76.29ab
	107.51ab
	110.81a

	
	F- Test
	S
	S
	S
	S

	
	S.Ed. (+)
	0.99
	1.30
	3.07
	2.31

	
	C.D. at 0.5%
	2.175
	2.852
	3.992
	5.155












Fig. 2: Effect of different soil amendments on Plant height (cm) of rice seedling.















Table 3: Effect of different soil amendments on Numbers of tillers/hill of rice seedling.

	Treatment 
Symbols
	Treatment
 Details
		Numbers of tillers/hill

	
	
	30
DAT
	60
DAT
	90
DAT
	120
DAT

	T1
	Control
	4.81d
	8.90c
	13.51d
	9.87c

	T2
	Trichoderma viride+ Pseudomonas fluorescens
	6.91a
	11.79a
	16.73a
	13.98a

	T3
	Trichoderma
	5.08d
	9.21c
	15.12b
	12.10b

	T4
	Neem cake + Mustard cake
	[bookmark: _Hlk142717988]4.98d
	9.10c
	14.18c
	11.87b

	T5
	Liquid Consortia
	5.48c
	10.51b
	16.23a
	12.59b

	T6
	Jeevamrit
	6.14b
	10.78b
	16.39a
	13.58a

	
	F- Test
	S
	S
	S
	S

	
	S.Ed. (+)
	0.12
	0.21
	0.29
	0.33

	
	C.D. at 0.5%
	0.273
	0.473
	0.640
	0.729











Fig. 3: Effect of different soil amendments on Numbers of tillers/hill of rice seedling.

















Table 4: Effect of different soil amendments on Numbers of Panicle/hill of rice seedling.

	Treatment 
Symbols
	Treatment
 Details
	
Numbers of Panicles/hill

	T1
	Control
	7.01d

	T2
	Trichoderma viride+ Pseudomonas fluorescens
	9.55a

	T3
	Trichoderma
	7.88c

	T4
	Neem cake + Mustard cake
	7.17d

	T5
	Liquid Consortia
	8.81b

	T6
	Jeevamrit
	8.75b

	
	F- Test
	S

	
	S.Ed. (+)
	0.09

	
	C.D. at 0.5%
	0.198











Fig. 4: Effect of different soil amendments on Numbers of Panicle/hill of rice seedling.


















Table 5: Effect of different soil amendments on grain yield (t/ha) of rice seedling.

	Treatment 
Symbols
	Treatment
 Details
	
Grain Yield (t/ha)

	T1
	Control
	1.57e

	T2
	Trichoderma viride+ Pseudomonas fluorescens
	4.20a

	T3
	Trichoderma
	2.52d

	T4
	Neem cake + Mustard cake
	2.25d

	T5
	Liquid Consortia
	3.05c

	T6
	Jeevamrit
	3.62b

	
	F- Test
	S

	
	S.Ed. (+)
	0.12

	
	C.D. at 0.5%
	0.434











Fig. 5: Effect of different soil amendments on grain yield (t/ha) of rice seedling.















Table 6 Effect of different soil amendments on Benefit Cost ratio of Rice.
	Treatment
symbols
	Cost cultivation (Rs. ha-1)
	Total cost cultivation
	Gross return (Rs. ha-1)
	Net return (Rs. ha-1)
	B:C Ratio

	
	
	
	
	
	

	T1
	33180
	33180
	67454
	34274
	1.03

	T2
	33180
	33580
	[bookmark: _Hlk143004588]166518
	132938
	3.96

	T3
	33180
	33380
	104562
	71182
	2.13

	T4
	33180
	[bookmark: _Hlk143004529]37980
	103108
	65128
	1.71

	T5
	33180
	33480
	112506
	79026
	2.36

	T6
	33180
	33480
	144973
	111493
	3.33




[bookmark: _Hlk201835975][bookmark: _Hlk193540946][bookmark: _Hlk180402183][bookmark: _Hlk183680988][bookmark: _Hlk197173371]Disclaimer (Artificial intelligence)
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Grain yield (t/ha)	T1	T2	T3	T4	T5	T6	1.57	4.2	2.52	2.25	3.05	3.62	



Disease Intensity (%)

20 DAS	T1	T2	T3	T4	T5	T6	38.979999999999997	15.39	20.51	21.58	30.59	25.87	40 DAS	T1	T2	T3	T4	T5	T6	52.58	19.899999999999999	30.15	33.39	42.51	38.270000000000003	60 DAS	T1	T2	T3	T4	T5	T6	59.87	27.59	42.17	45.81	50.98	48.19	80 DAS	T1	T2	T3	T4	T5	T6	72.180000000000007	31.15	50.87	52.08	57.19	55.71	



Plant height (cm)

30 DAT	T1	T2	T3	T4	T5	T6	34.01	36.25	35.07	32.29	33.17	35.21	60 DAT	T1	T2	T3	T4	T5	T6	70.89	78	75.09	72.510000000000005	73.97	76.290000000000006	90 DAT	T1	T2	T3	T4	T5	T6	100.08	108.97	106.58	103.91	105.21	107.51	120 DAT	T1	T2	T3	T4	T5	T6	103.02	111.11	109.51	108.21	107.21	110.81	



Numbers of tillers/hill

30 DAT	T1	T2	T3	T4	T5	T6	4.8099999999999996	6.91	5.08	4.9800000000000004	5.48	6.14	 60 DAT	T1	T2	T3	T4	T5	T6	8.9	11.79	9.2100000000000009	9.1	10.51	10.78	90 DAT	T1	T2	T3	T4	T5	T6	13.51	16.73	15.12	16.23	14.18	16.39	120 DAT	T1	T2	T3	T4	T5	T6	9.8699999999999992	13.98	12.1	11.87	12.59	13.58	




NUMBERS OF PANICLES/HILL	T1	T2	T3	T4	T5	T6	7.01	9.5500000000000007	7.88	7.17	8.81	8.75	



