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Effect of Intercropping Systems and Weed Management Strategies on growth, Nutrient uptake, Productivity and Profitability of Fodder Sorghum (Sorghum bicolor L. Moench)


Abstract
Sorghum is a highly climate-resilient crop with strong potential as a fodder source, but its productivity is severely affected by weed infestation. To study this, a field experiment was conducted during the Kharif season of 2021–2022 at the Instructional Farm, Rajasthan College of Agriculture, Udaipur. The experiment used a randomized block design with twelve treatments, each replicated three times. Treatments included pre- and post-emergence applications of various herbicides (atrazine, metolachlor, pyroxasulfone, 2,4-D), intercropping with cowpea or blackgram, and manual weeding. Results showed that the combined application of atrazine (T5) as both pre- and post-emergence was the most effective, yielding the highest green (66.49 t/ha) and dry fodder (14.84 t/ha). HCN content, an indicator of fodder quality, remained consistent across treatments. The weed-free treatment (T11), maintained by hand weeding at 15 and 35 days after sowing, resulted in the highest nutrient uptake (N: 96.97 kg/ha, P: 28.24 kg/ha, K: 179.89 kg/ha), surpassing the weedy check. Economically, T11 recorded the highest net return (₹103,356/ha), followed closely by T5 (₹103,271/ha). T5 also recorded the highest benefit-cost ratio (3.48), making it the most profitable herbicide-based treatment. These findings highlight T5 as an effective and economically viable weed management strategy for improving sorghum fodder yield.
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1. INTRODUCTION
		Sorghum (Sorghum bicolor L. Moench), a member of the Poaceae family, is a highly resilient and climate-adaptive cereal crop cultivated extensively across tropical and subtropical agro-ecological zones. Once primarily cultivated for its grain, sorghum has increasingly gained recognition as a versatile crop with significant promise in forage and fodder production systems. Its inherent tolerance to various abiotic stresses such as low precipitation, elevated temperatures, and nutrient-poor soils renders it particularly suitable for cultivation in arid and semi-arid environments. Agronomic flexibility and robustness of sorghum in biomass production under sub-optimal conditions have made it increasingly relevant in mixed crop-livestock farming systems, especially in regions where livestock contributes substantially to rural livelihoods. The growing significance of sorghum as a forage resource is further pointed out by global climatic challenges most notably, rising ambient temperatures, increasing frequency of droughts, and declining freshwater availability. Contemporaneously, the escalating global demand for high-quality, stress-tolerant forage species to support sustainable livestock productivity has made sorghum as a pivotal asset in climate-smart agricultural practices. Sorghum demonstrates exceptional photosynthetic efficiency, translating into accelerated vegetative growth and impressive biomass accumulation over a relatively short cultivation period. These traits make it particularly suitable for use as green fodder in mixed farming and integrated livestock systems. Sorghum is extensively utilized as silage, hay, and for direct grazing, largely due to its high palatability and rich nutritional profile, which has been reported to be on par with maize (Nicholas et al., 1998). Moreover, its incorporation into the diets of lactating dairy cattle has shown promising results in strategic feed management, supporting milk production and overall herd performance (Aydin et al., 1999). In comparison to other forage crops, sorghum demonstrates superior water-use efficiency and resilience under biotic and abiotic stresses. Its deep root system and ability to remain productive under water-limited conditions make it a strategic crop in climate-resilient agriculture. Additionally, sorghum is less susceptible to lodging and pest infestations, reducing the risk of biomass loss and ensuring reliable forage availability. On a dry matter basis, forage sorghum harvested at the 50% flowering stage typically contains 9 to 10% crude protein, 65% neutral detergent fiber, 7 to 42% acid detergent fiber, 32% cellulose, and 21 to 23% hemicellulose (Kumar et al., 2012). A notable anti-nutritional compound present in sorghum is the cyanogenic glycoside, dhurrin, which can be toxic to cattle when ingested, particularly during the early vegetative phase of growth. Sorghum is grown extensively across the globe, with more than 90% of its cultivation taking place in developing regions, particularly in Africa and Asia. For the 2023–2024 agricultural years, global sorghum production was estimated at around 62.09 million metric tonnes. India ranks as the fourth-largest producer, contributing 8% to the world’s total sorghum supply, amounting to approximately 5.27 million metric tonnes (USDA, 2024). Weeds present a formidable challenge to Kharif forage sorghum cultivation, significantly hindering productivity and causing yield losses ranging from 15% to 97% across varying climatic conditions (Peerzada et al., 2017). The incorporation of sorghum into fodder systems not only supports livestock nutrition and productivity but also contributes to the sustainability of farming systems through soil conservation and crop rotation benefits. Given the rising demand for livestock products and the increasing pressure on land and water resources, the role of sorghum as a fodder crop is expected to expand further in both smallholder and commercial agricultural settings.
		On a dry matter basis, forage sorghum harvested at the 50% flowering stage comprises 9 to 10% crude protein, 65% neutral detergent fiber, 7 to 42% acid detergent fiber, 32% cellulose, and 21 to 23% hemicellulose (Kumar et al., 2012). A key anti-nutritional factor in sorghum is the cyanogenic HCN glycoside, commonly referred to as dhurrin, which poses a toxic threat to cattle when consumed during the early vegetative stage. Hydrocyanic acid (HCN) is a colorless, volatile liquid with a distinct bitter almond odor, boiling at 25.6°C and a molecular weight of 27.0253 g/mol.  It is not naturally found free in plants but exists as a cyanogenic glucoside, which, upon digestion by specific enzymes, converts into toxic HCN (AL-Dulaimi, 2012). Alkaloid substances, like glucosides, release HCN when hydrolyzed, and when absorbed in sufficient quantities by animals, can be fatal (Shafqaf and Al-Dabbabi, 2008). For livestock, the safe HCN concentration in fresh fodder is 500 ppm and 200 ppm in dry fodder, with concentrations above 600 mg per kg posing significant grazing risks, while levels as low as 200 mg per kg may still be dangerous, particularly for very hungry animals (Karthika and Kalpana, 2017).Sorghum is extensively cultivated throughout the world. By area, more than 90% of the world’s sorghum can be found in developing countries, mainly in Africa and Asia. Weeds present a significant obstacle to enhancing sorghum productivity, particularly in the Kharif season, as the crop is planted immediately following the onset of the monsoon, creating optimal environmental conditions for vigorous weed proliferation. The incorporation of herbicides alongside cultural practices, such as intercropping with leguminous crops, and the combined application of pre-emergence and post-emergence herbicides, supplemented by manual weeding techniques, can efficiently eradicate weeds from sorghum forage fields, thereby promoting enhanced crop growth and yield potential. This study aims to explore the production of premium-quality Kharif forage sorghum through economically sustainable practices, attainable via the application of environmentally sound herbicide treatments and an intercropping system for effective weed management.
2. MATERIALS AND METHOD
2.1 Experimental Site and Climate
		The investigation was conducted during the Kharif season of 2022 at the Instructional Farm, Department of Agronomy, Rajasthan College of Agriculture, affiliated with Maharana Pratap University of Agriculture and Technology, Udaipur, Rajasthan. Geographically situated in the southeastern quadrant of the state, the experimental site is positioned at an elevation of 581.13 meters above mean sea level, with coordinates at 24°35' N latitude and 74°42' E longitude. This location falls within Agro-Climatic Zone IVa, categorized as the Sub-Humid Southern Plains and Aravalli Hill region of Rajasthan. The experimental site is situated within the sub-humid agro-ecological zone of the Aravalli Hill region, characterized by moderate climatic variability and a predominantly monsoonal rainfall regime. The region receives an average annual precipitation of approximately 600.8 mm, with the bulk of rainfall (about 432.7 mm during the cropping season) attributed to the southwest monsoon, primarily concentrated between July and September. Climatic conditions are marked by mild winters and moderately warm summers, accompanied by elevated relative humidity during the monsoonal months. During the study period, ambient temperatures ranged between 30.0–34.3 °C (maximum) and 10.3–22.3 °C (minimum), while relative humidity levels varied from 59.9% to 90.4% (maximum) and 25.2% to 79.1% (minimum). Sunshine duration fluctuated between 1.6 and 8.8 hours per day, and mean daily evaporation ranged from 3.7 to 6.3 mm, reflecting moderate atmospheric water demand across the growing period.
2.2 Soil Characteristics 
		The experimental soil was classified as clay loam in texture, exhibiting a slightly alkaline pH of 7.7. The initial nutrient profile revealed sub-optimal fertility, with low organic carbon content (0.32%) and limited available nitrogen (274.14 kg ha⁻¹), while phosphorus availability was moderate (22.00 kg ha⁻¹). Conversely, the soil demonstrated a comparatively elevated level of available potassium (316.00 kg ha⁻¹), indicative of favourable potassium reserves conducive to supporting crop development. 
2.3 Experimental design and Details
		The experimental design was randomized block design (RBD) with three replications. The experiment consisting of twelve treatments which are mentioned below:
 Table1. Treatment details
	Treatments 

	T1
	Atrazine 50% WP @ 0.50 kg a.i ha-1 as pre- emergence (PE)

	T2
	Metolachlor 50% EC @ 1.00 kg a.i ha-1 as PE

	T3
	Pyroxasulfone 85% w/w WG @ 0.1275 kg a.i ha-1 as PE

	T4
	2,4-D Na Salt 80% WP @ 0.75 kg a.i. ha-1 as post- emergence (PoE) at 20 DAS

	T5
	T1 + Atrazine 50% WP @ 0.50 kg a.i. ha-1 as (PoE)

	T6
	T1 + 2,4-D Na Salt 80% WP @ 0.75 kg a.i. ha-1 ha as PoE at 20 DAS

	T7
	Intercropping with cowpea (1:1 additive series) without herbicides

	T8
	Intercropping with cowpea (1:1 additive series) + Pendimethalin 30% EC @ 0.75 kg a.i. ha-1 as PE

	T9
	Intercropping with blackgram (1:1 additive series) without herbicides

	T10
	Intercropping with blackgram (1:1 additive series) + Pendimethalin 30% EC @ 0.75 kg a.i. ha-1 as PE

	T11
	Weed free (Two hand weeding at 15 and 35 DAS)

	T12
	Weedy check



2.4 Crop Varieties
CSV 32F: Released in 2016 by the Rahuri centre under AICRP on sorghum, this single-cut forage variety has proven to be well-suited for the growing conditions in Rajasthan. It offers impressive productivity, yielding around 350–375 quintals per hectare of green fodder and 120–125 quintals of dry matter. With a crude protein content of about 7.33%, it also ensures good nutritional value for livestock. Additionally, this variety stands out for its resilience, showing strong resistance to common pests and diseases.
Dollar and Kota Urd-3 varieties of cowpea and black gram were used for intercropping.

2.5 Agronomic practices 
The field was initially prepared using a disc plough attached to a tractor and kept fallow during the summer months to enhance soil aeration and moisture conservation. With the onset of the monsoon, the land was further refined through cross-harrowing followed by planking, ensuring a well-leveled and friable seedbed. Fertilization was carried out based on the standard recommendation for sorghum, applying 80 kg nitrogen, 40 kg phosphorus (P₂O₅), and 40 kg potassium (K₂O) per hectare. Additional phosphorus was supplemented to meet the nutritional demands of the legume intercrops. Along with sorghum variety the cowpea variety 'Dollar' and black gram variety 'Kota Urd-3' were intercropped in a 1:1 additive series, maintaining an intra-row spacing of 5 cm to ensure optimal plant density. Herbicide treatments, both pre- and post-emergence, were administered using a manually operated foot sprayer equipped with a flat fan nozzle, delivering spray solutions at a volume rate of 500 liters per hectare. In manually weeded plots, weeds were physically removed at 15 and 35 days after sowing (DAS). For insect-pest management, the crop was treated twice with a systemic insecticide—Lambda-cyhalothrin 5% EC. Harvesting was conducted at 107 DAS, with buffer zones accounted for by removing border rows and the initial 0.5 meters from all sides of the plot

2.6 Observations to be recorded
The number of plants metre-1 row length were counted at 15 DAS and at harvest in five different rows of each net plot area, then averaged and was converted into plants m-2. Height of five plants were recorded from ground level to the top of the main shoot from each plot at 25, 50 DAS and at harvest of crop. The mean plant height (cm) was worked out for each treatment. Leaf area index was calculated  at the time of flowering in which leaves from five tagged plants were detached from the stem and leaf area is measured using Licour leaf area meter using sorghum factor (0.75). 
Leaf area = Length × Maximum width × 0.75
The average was worked out and values of leaf area were expressed in cm2 plant. Leaf area index was computed by using formula given by Watson (1947).

                                 Leaf area plant-1(cm2)
Leaf area index =     --------------------------------
	                      	Ground area plant-1(cm2)

		The onset of panicle initiation was determined by observing the emergence of the panicle from the flag leaf, while the commencement of flowering was recorded when the first plant within each experimental plot exhibited floral emergence. At the time of harvest, the total number of leaves was counted on five randomly selected and tagged plants within each experimental unit. The average of these counts was then calculated to determine the mean number of leaves per planthe single-cut forage sorghum crop was harvested on November 15, 2022. To minimize border effects, peripheral plants were first removed from each plot. Subsequently, the central net plot area was harvested, with the plants bundled and weighed separately to determine the green fodder yield per plot. These values were then extrapolated to express yield in tonnes per hectare.​ Post-harvest, the green fodder bundles from each plot were subjected to sun drying until a constant weight was achieved, ensuring the elimination of moisture variability. The dried bundles were reweighed to calculate the dry fodder yield, accounting for moisture loss, and the results were expressed in tonnes per hectare.​ This systematic approach to harvesting and yield assessment ensures accurate quantification of both green and dry fodder yields, providing reliable data for evaluating the performance of forage sorghum under the given agronomic conditions. The determination of HCN content at flowering in sorghum was conducted using the picric acid method of Hogg and Ahlgreen (1942). To carry out this process, five representative plants from each treatment plot were collected. The root portion was discarded, and the plants were washed thoroughly under tap water to remove any insects, pests, or dust. After washing, the plants were dried using blotting paper. Each plant part, including the leaves and stem (but not the roots), was chopped as finely as possible. The chopped leaves and stems were thoroughly mixed, and a 1g representative sample was taken in duplicate from each plot.
This finely chopped 1g sample was placed in separate 15 ml capacity glass test tubes. To each test tube, 0.2 ml of chloroform was added, followed by a filter paper strip (Whatman No. 1, 1 cm wide and 10 cm long) dipped in alkaline picric acid and a cork stopper. The test tubes were kept for 24 hours. After this time, the filter paper strips were removed and placed in another set of 15 ml capacity glass test tubes containing 10 ml of distilled water (measured with a pipette). The strip was fully immersed in the distilled water using a glass rod, and the mixture was vortexed two to three times using a test tube vortex mixer to dissolve the color from the strip into the water. The filter paper strip was then removed, and the optical density (OD) of the colored solution was measured using a colorimeter at a wavelength of 515 nm.
The remaining 1g plant sample in the test tube was again treated by adding 0.2 ml of chloroform, and a fresh filter paper strip dipped in picric acid was placed with the cork stopper as done before. This was left for another 24 hours. After the second 24-hour period, the procedure was repeated, yielding two optical density readings: one at 24 hours and the other at 48 hours for each sample. A standard curve was simultaneously prepared using standard KCN solutions with optical densities ranging from 5 to 40 ppm, as described by Gillchrist et al. (1967). The amount of HCN in the plant samples was calculated in ppm on a dry weight basis by calibrating the absorbance against the standard KCN curve.

Dry matter factor for estimation of HCN = 
[Where, X = Weight of fresh chopped plant sample and Y = Weight of oven dried plant sample] 


	Therefore, HCN 
[Whereas, R = Reading taken from automatic HCN analyser]
Determination of Nutrient uptake was done by collecting plant samples at harvest and  later oven drying them.  The dried green fodder were ground to pass through 40 mesh sieve estimation and estimation of NPK(%) content in sorghum stover was done. Nitrogen, phosphorus and potassium uptake by the crop and weeds were calculated by using the following formula:
			


Table 2: Details of analytical method used for nutrient analysis

	S.No.    
	Nutrients
	Methods

	(i) 
	Nitrogen
	Nessler’s reagent colorimetric method (Lindner, 1944)

	(ii) 
	Phosphorus
	Ammonium vanadomolybdate yellow colour method (Richards,1968)

	(iii)       
	Potash  
	Triple acid digestion method (Jackson, 1973)



The most profitable treatment was analysed by calculating, economics of different treatments in terms of net monetary return (₹ ha-1) by subtracting the cost of treatment and the cost of cultivation from gross income obtained. Cost of cultivation was calculated on the basis of prevailing prices of produce and inputs. 




2.7 STATISTICAL ANALYSIS
	The experimental data were statistically analyzed using ANOVA as per Fisher (1950). Significant treatment effects at the 5% level were identified using the "F" test. The Least Significant Difference (LSD) test was then employed to compare treatment means at a 5% significance level.

3. RESULTS AND DISCUSSION
3.1 Growth Attributes
		Data on plant stand (no. m-2) under influence of various weed management treatments are presented in Table 3  The data revealed that weed management treatments failed to record significant plant stand at 15 DAS and at harvest. The data presented in Table 3  clearly indicate that plant height of sorghum at various growth stages was significantly influenced by different weed management practices, especially when compared to the weedy check. At 25 DAS (Days After Sowing), the tallest plants (76.67 cm) were observed in the weed-free treatment involving two hand weedings at 15 and 35 DAS (T11). This treatment was statistically on par with T5 and markedly superior to all other treatments, highlighting the early advantage of effective weed control. By 50 DAS, the trend continued, with the maximum plant height (162.73 cm) again recorded under the weed-free treatment (T5). This result was statistically comparable to T1, T2, T3, T5, and T6. Among herbicide-based treatments, the combination of T1 + atrazine 50% WP (T5) stood out, producing plants that reached 162.07 cm, a remarkable 80.88% increase over the weedy check.At the harvest stage, the weed-free treatment (T5) once again resulted in the tallest plants  (246.95 cm). This performance was statistically at par with T1, T2, T3, T5, T6, T8, and T10. Notably, among the herbicidal treatments, T5 (T1 + atrazine 50% WP) achieved a final height of 246.13 cm, which was 17.59% taller than the weedy check.
		As expected, the weed-free condition produced the maximum plant height, reinforcing the importance of effective weed control. These results are consistent with the findings of Saini et al. (2020). Furthermore, among herbicidal treatments, the application of atrazine at 0.50 kg ha⁻¹ pre-emergence (PE) + 0.50 kg ha⁻¹ post-emergence (PoE) was particularly effective in promoting plant height across all growth stages. Overall, the improved plant height can be attributed to minimal crop-weed competition, which directly enhances access to critical growth resources such as light, space, water, and nutrients. This is supported by Kropff (1993), who noted that reduced competition leads to a more favorable environment for crop development, ultimately reflected in better growth metrics. Leaf area index at flowering is presented in Table 4and the data showed that maximum leaf area index (9.05) was observed in weed free treatment (two HW at 15 and 35 DAS) (T11) and it was statistically at par with T2, T3, T5, T6 and T8 and superior over T1, T4, T7, T9, T10 and T12 (Table 4). The data showed that days to first flowering and first panicle initiation were not significantly influenced by all the treatments of weed management. 
3.2 Productivity
		The examination of data on yield presented in Table 4 show that green fodder yield was significantly influenced by weed management. Significantly maximum green fodder yield (69.62 t ha-1) was obtained in weed free treatment (two hand weeding at 15 and 35 DAS) (T11) and it was superior over rest of the treatments. Among weed control treatments, higher green fodder yield was recorded under T1 + atrazine 50% WP (T5) and it was also superior over rest of the treatment. The increase in green fodder yield due to application of T1 +atrazine 50% WP (T5) was 54.66, 41.49, 82.11, 209.39, 93.28, 126.77, 96.48, 130.70 and 106.74 per cent in comparison to T1, T2, T3, T4, T6, T7, T8, T9 and T10, respectively.  he findings presented in Table 4.6 reveal that sorghum's green and dry fodder yields were significantly enhanced by the application of weed management practices when compared to the untreated (weedy check) plots. The highest green fodder yield (69.62 t ha⁻¹) and dry fodder yield (20.71 t ha⁻¹) were recorded in the weed-free treatment, demonstrating the effectiveness of complete weed removal. Additionally, key yield-contributing parameters such as the number of leaves per plant showed marked improvement under different weed control measures, with the most notable results observed in the weed-free plots. This was closely followed by the treatment involving atrazine applied at 0.50 kg ha⁻¹ both pre-emergence and post-emergence (T5), which outperformed the remaining herbicidal treatments.
		The superior performance under the weed-free condition can be attributed to minimal interference from weeds, ensuring optimum availability of critical growth inputs such as light, space, moisture, and nutrients throughout the crop cycle. This favorable growing environment facilitated improved plant development and yield. Furthermore, cultural weed control practices, such as hand weeding, proved effective and environmentally sustainable, aligning with the observations of Dhar et al. (2006). Dry fodder yield presented in Table 4. show that dry fodder yield was significantly influenced by weed management. By the application of significantly higher dry fodder yield (20.71 t ha-1) was obtained under weed free treatment (two hand weeding at 15 and 35 DAS) (T11) which was significantly superior over rest of the treatments. Among weed control treatments, higher dry fodder yield was recorded under T1 + atrazine 50% WP (T5). 
3.3 HCN content and Nutrient uptake 
		The HCN (ppm) content failed to express any significant result among all the treatments of weed management. The data presented in Table 5. clearly demonstrate that effective weed management significantly enhances the uptake of essential nutrientsnamely nitrogen (N), phosphorus (P), and potassium (K)—by the sorghum crop. Among all treatments, the weed-free condition resulted in the highest nutrient uptake, with nitrogen at 96.97 kg ha⁻¹, phosphorus at 28.24 kg ha⁻¹, and potassium at 179.89 kg ha⁻¹. These values were statistically comparable to certain treatments such as T1, T2, T3, and T5 for nitrogen; T5 for phosphorus; and T1, T2, and T5 for potassium, while being significantly superior to the remaining treatments. The increased nutrient uptake under weed-free conditions can be attributed to reduced competition between crops and weeds during the critical growth stages. This allows for more efficient utilization of growth resources such as light, water, space, and nutrients, leading to improved aeration, root development, and metabolic activity in the crop. These observations align with the findings of Lalitha Bai and Sinha (1993), which highlighted that optimal growing conditions—achieved through effective weed control—enhance plant physiological functions and nutrient absorption. Furthermore, the uptake of nutrients is closely related to the crop’s biomass and yield. Higher nutrient absorption under weed-free treatment is likely a reflection of the greater biomass production and improved crop performance under minimal weed interference. This association is supported by Sinodiya and Jha (2014), who reported similar trends, emphasizing that nutrient uptake is largely a function of crop yield and nutrient content.
3.4 Profitability 
		Highest net return was obtained under weed free treatment (1, 03,356 ₹ ha-1). Whereas, among weed control treatments maximum net return was obtained by application of atrazine 0.50 kg ha-1 PE + atrazine 0.50 kg ha-1 as PoE (T 5). Maximum B-C ratio was obtained by application of atrazine 0.50 kg ha-1 (PE) + atrazine 0.50 kg ha-1 as PoE (T 5). This is because the net return was higher under T5.  Similar research finding was obtained by (Verma et al., 2018). Effect of weed management on net return (₹ ha-1) and B:C (Fig 1 and 2).
Table 3 Effect of weed management on plant stands (no. m-2) and plant height of sorghum

	Treatments
	Plant stand (no. m-2)
	Plant height (cm)

	
	15 DAS
	At harvest
	25 DAS
	50 DAS
	At harvest

	T1
	24.67
	36.67
	68.80
	146.27
	234.93

	T2
	26.33
	35.33
	69.20
	149.27
	240.93

	T3
	26.67
	38.00
	68.87
	147.67
	232.40

	T4
	24.00
	35.00
	65.80
	117.87
	220.50

	T5
	27.00
	42.33
	76.17
	162.07
	246.13

	T6
	21.33
	34.00
	69.27
	150.40
	241.13

	T7
	22.00
	33.00
	67.27
	127.73
	224.60

	T8 
	22.33
	35.67
	67.53
	130.20
	230.47

	T9
	21.33
	33.33
	67.27
	124.40
	218.10

	T10 
	23.33
	34.00
	67.13
	127.87
	228.27

	T11
	28.00
	42.67
	76.67
	162.73
	246.95

	T12
	21.00
	32.67
	62.47
	89.60
	202.83

	SEm+
	1.68
	2.36
	2.39
	8.18
	7.22

	CD (P=0.05)
	NS
	NS
	7.02
	24.00
	21.17


Table 4: Effect of weed management on LAI, flowering, panicle initiation, yield of sorghum 
	Treatments
	Leaf area Index
	Days to first flowering
	Days to first panicle initiation
	Green fodder yield
(t ha-1)
	Dry fodder yield
(t ha-1)

	T1
	7.52
	79.00
	73.00
	42.99
	13.04

	T2
	8.54
	78.33
	71.67
	46.99
	13.41

	T3
	8.14
	77.67
	72.67
	36.51
	11.48

	T4
	6.19
	77.00
	70.67
	21.49
	6.69

	T5
	8.62
	82.67
	76.33
	66.49
	14.84

	T6
	8.50
	83.33
	77.00
	34.40
	11.20

	T7
	7.61
	79.00
	73.00
	29.32
	9.35

	T8 
	7.91
	81.33
	74.67
	33.84
	10.43

	T9
	7.57
	80.00
	72.67
	28.82
	9.02

	T10 
	7.62
	80.33
	74.00
	32.16
	10.38

	T11
	9.05
	81.33
	75.00
	69.62
	20.71

	T12
	5.42
	80.33
	70.67
	8.99
	2.88

	SEm+
	0.48
	2.84
	2.60
	2.08
	0.62

	CD (P=0.05)
	1.40
	NS
	NS
	6.09
	1.81



Table 5: Effect of weed management on HCN content and nutrient uptake of sorghum
	Treatments
	HCN content (ppm)
	N uptake
(kg ha-1)
	P uptake
(kg ha-1)
	K uptake
(kg ha-1)

	T1
	77.00
	91.34
	25.53
	169.27

	T2
	75.33
	95.33
	26.04
	177.75

	T3
	71.33
	91.28
	25.37
	167.82

	T4
	77.33
	65.05
	23.44
	117.50

	T5
	71.00
	96.06
	26.77
	179.28

	T6
	76.33
	85.64
	24.47
	138.92

	T7
	74.67
	75.65
	24.00
	123.46

	T8 
	76.33
	81.19
	24.13
	130.41

	T9
	76.67
	74.17
	23.72
	122.93

	T10 
	76.00
	76.08
	24.02
	129.84

	T11
	73.33
	96.97
	28.24
	179.89

	T12
	77.33
	57.65
	22.78
	114.27

	SEm+
	1.95
	2.19
	0.70
	3.95

	CD (P=0.05)
	NS
	6.41
	2.06
	11.59





Fig. 1: Effect of weed management on net return (₹ ha-1) of sorghum









Fig. 2: Effect of weed management on B-C ratio of sorghum



CONCLUSION 
		This study systematically assessed the efficacy of various weed management strategies like including pre-emergence (PE), post-emergence (PoE) herbicides, and their sequential combinations on fodder sorghum growth, physiological attributes, quality parameters, yield, and economic returns. The findings underpin the critical role of effective weed control in enhancing fodder productivity. Among all treatments, maintaining a weed-free condition through manual weeding produced the highest green (69.62 t ha⁻¹) and dry fodder yields (20.71 t ha⁻¹). However, the herbicide-based treatment involving sequential application of atrazine (PE + PoE) (T5) emerged as the most promising chemical option, closely matching the weed-free treatment in terms of green (66.49 t ha⁻¹) and dry fodder yield (14.84 t ha⁻¹), while also achieving the highest net return (₹103,271 ha⁻¹) and benefit-cost ratio (3.48). These results highlight T5 as an agronomical and economically viable herbicidal strategy for effective weed management in sorghum. Nonetheless, since the conclusions are derived from a single-season trial, further multi-location and multi-year studies are essential to substantiate these findings and support broader recommendations for sustainable sorghum cultivation.
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Net return	T1	T2	T3	T4	T5	T6	T7	T8	T9	T10	T11	T12	56639.08	64043.08	44126.229999999996	13951.080000000004	103271.08	39315.08	25084.206666666658	32732.206666666658	26092.206666666658	31362.873333333297	103356.41333333311	-10904.919999999969	Treatments

Net return (₹ ha-1)
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