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Effect of Tillage and Weed Management Practices on Crop Growth and Quality parameters of Chickpea (Cicer arietinum L.)
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ABSTRACT
	Aims: The present study aimed to evaluate the combined effects of different tillage practices and weed management strategies on growth indices and chlorophyll content of chickpea (Cicer arietinum L.) under the sub-humid conditions of Southern Rajasthan.
Study design:Split Plot design
Place and Duration of Study:Instructional Farm, Rajasthan College of Agriculture, MPUAT Udaipur; Rabi 2023-24 and 2024-25.
Methodology:Four tillage practices, namely conventional tillage (CT), conventional tillage with residue (CT+R), zero tillage (ZT), and zero tillage with residue (ZT+R), were assigned to main plots, while three weed management treatments-Topramezone 25.2 g ha-1 as post-emergence, Pendimethalin 1000 g ha-1 as pre-emergence followed by hand weeding at 40 DAS, and a weedy check were allotted to subplots. Growth parameters such as crop growth rate (CGR), relative growth rate (RGR) and chlorophyll content were recorded at critical growth stages and analyzed statistically over two years.
Results:The results indicated that tillage practices did not exert a statistically significant effect (P > 0.05) on CGR, RGR, or chlorophyll content of chickpea. In contrast, weed management practices significantly influenced growth indices. Pendimethalin 1000 g ha-1 as pre-emergence followed by hand weeding at 40 DAS recorded the highest CGR and RGR, which were statistically at par with Topramezone 25.2 g ha-1. Chlorophyll content was not significantly affected by either tillage or weed management treatments across the study years.
Conclusion:The results indicated that tillage practices had no significant effect on chickpea growth and quality parameters; however, weed management practices played a decisive role in crop performance. Application of pendimethalin 1000 g ha-¹ as pre-emergence followed by hand weeding at 40 DAS effectively reduced weed competition, leading to higher crop growth and relative growth rates. Despite these differences in growth, chlorophyll content remained statistically unchanged across treatments, reflecting stable physiological responses.
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1. INTRODUCTION
Chickpea (Cicer arietinum L.) is one of the most important pulse crops of India, valued for its high protein content, dietary fibre and essential micronutrients such as iron, zinc and folate (Begum et al., 2023). It is widely consumed in the form of dal, flour (besan) and various processed products, and also finds utility in pharmaceutical and animal feed industries owing to its antioxidant and anti-inflammatory properties (Tomar et al.,2023). Besides its nutritional importance, chickpea plays a significant role in sustainable agriculture by improving soil fertility through biological nitrogen fixation, enhancing soil structure and contributing to better soil moisture conservation (Khan et al., 2020).Globally, chickpea is cultivated over about 14.10 million hectares with a production of 16.52 million tonnes and an average productivity of 1171 kg ha-1 (FAOSTAT, 2023). India is the leading producer, accounting for nearly 76 per cent of the global area and about 65 per cent of total production, with an area of 9.61 million hectares and production of 11.34mt at an average yield of 1180 kg ha-1. Rajasthan is one of the major chickpea growing states in India, covering approximately 1.66 mha with an annual production of about 1.97mt (UPAg, 2025).	Comment by Windows User: Italic	Comment by Windows User: Italic
Tillage practices play a crucial role in determining soil physical properties such as structure, aeration and moisture availability, which directly influence seed germination, root development and nutrient uptake in chickpea. While conventional intensive tillage can create favourable conditions for early crop establishment, prolonged and excessive soil disturbance often leads to deterioration of soil health and sustainability. Moreover, intensive tillage affects weed dynamics by redistributing the soil seed bank; surface-deposited weed seeds are buried, while dormant seeds from deeper layers are brought closer to the soil surface, resulting in staggered and periodic weed emergence (Feledyn-Szewczyk et al., 2020). In contrast, conservation tillage systems, including zero and reduced tillage, minimize soil disturbance, enhance soil moisture retention and improve soil structural stability (Bai et al., 2022). However, these systems often alter weed flora composition by favouring shallow-germinating species and increasing the dominance of herbicide-tolerant or resistant weeds, thereby necessitating more precise and integrated weed management strategies (Page et al., 2013).	Comment by Windows User: Italic	Comment by Windows User: Italic	Comment by Windows User: italic
Weeds constitute a major biotic constraint in chickpea production, competing aggressively with the crop for nutrients, moisture, light and space, and causing yield losses ranging from 30 to 100 per cent if not effectively managed. Although herbicides offer efficient and timely weed control, their indiscriminate use has raised concerns related to environmental contamination and the evolution of herbicide-resistant weed populations. In chickpea fields, a wide range of weed species such as Medicago polymorpha, Vicia sativa, Convolvulus arvensis, Chenopodium album, Melilotus indicus and Rumexdentatus have been reported to exert severe competitive pressure on the crop (Poonia and Pithia, 2013). Weed competition is particularly critical during the early growth stages of chickpea due to its slow initial growth and poor early canopy development, making the first 60 days after sowing the most sensitive period for weed interference (Sharma, 2009).In this context, integrated weed management (IWM), involving the judicious integration of chemical, cultural and mechanical methods, is essential for achieving sustainable weed suppression while minimizing ecological risks. The interaction between tillage systems and weed management practices plays a decisive role in regulating weed dynamics, resource-use efficiency, crop growth and quality attributes of chickpea. However, comprehensive information on the combined effects of these practices under the sub-humid agro-climatic conditions of Southern Rajasthan is limited. Therefore, the present investigation was undertaken to evaluate the effect of different tillage and weed management practices on crop growth and quality parameters of chickpea (Cicer arietinum L.).
2. material and methods 
A two-year field experiment was conducted during 2023-24 and 2024-25 at the Instructional Farm, Rajasthan College of Agriculture, Udaipur on clay loam soil with good drainage and a mean bulk density of 1.38 Mg m-3. The soil was slightly alkaline (pH 7.9-8.0), medium in organic carbon (0.61-0.63%), nitrogen (278.64-281.46 kg ha-1), phosphorus (18.67-18.96 kg ha-1) and high in potassium (315.34-319.12 kg ha-1). The experiment was laid out in a split-plot design with three replications. Four tillage practices were assigned to main plots: conventional tillage (CT), conventional tillage with residue (CT+R), zero tillage (ZT) and zero tillage with residue (ZT+R). In CT, the field was ploughed twice, harrowed and planked, whereas CT+R included the incorporation of 3 t ha-1 of maize residue from the previous kharif season maize crop. ZT involved no soil disturbance, with glyphosate (41% SL) applied at 1.23 kg ha-1 one week before sowing to control weeds, while ZT+R included residue retention. Subplots comprised three weed management treatments: Topramezone 25.2 g ha-1 as post-emergence (PoE), Pendimethalin 1000 g ha-1 as pre-emergence (PE) followed by hand weeding at 40 DAS and weedy check in subplots. 
Weed management treatments were applied as per subplot assignments using a hand-operated knapsack sprayer, where pre-emergence spray was within 0-3 DAS and post emergence spray was done at 20 DAS. Topramezone 25.2 g ha-1 was applied at 15-20 DAS on 2-3 leaf stage weeds, while pendimethalin 1000 g ha-1 as PE was applied within 24 hours of sowing, followed by hand weeding at 40 DAS. The weedy check plots received no weed control measures. Chickpea (GNG-2144) was sown at 30 cm × 10 cm spacing using a happy seeder. The crop was fertilized with 20 N and 40 P205 kg ha-1 at the time of sowing..
Crop growth rate (CGR) and relative growth rate (RGR) were calculated from dry matter accumulation between 30-60, 60-90 DAS and 90 DAS- at harvest using standard formulas. 

Where, W1 and W2= Dry weight of the plants at time t1 and t2; t1 - t2 = Time interval in days; A= Unit land area in (m2) 

Where, 
log e is a natural log
W1 and W2= Dry weight of the plants at time t1 and t2, respectively.
The chlorophyll content was determined at 45 DAS from a representative sample of fresh tissue taken from fully expanded leaves. Chlorophyll was extracted by 80 per cent acetone and determined colorimetrically using Arnon (1949) method. The chlorophyll content was expressed in mg g-1 fresh weight of leaf. Chlorophyll content was calculated by following formula
             Total chlorophyll content (mg g-1 fresh weight) = x V
Where, a = length of the light path in the cell (usually 1 cm); V= volume of extract (ml); W= Weight of leaf sample (g); A = absorbance
The collected data was analyzed statistically by using the Analysis of Variance (ANOVA) to determine the significance of the different treatments. The significance of the variation between the treatments was tested by using the F-test on the 5% level of significance. If the F-test showed significant variation, then the treatment means were compared by using the appropriate Critical Difference (CD) [Panse and Sukhatme’s (1989)].
3. results and discussion
Analysis of crop growth indicated that tillage and weed management practices did not significantly influence the crop growth rate (CGR) and relative growth rate (RGR) of chickpea (Table 1). Although the superior crop growth rate was witnessed in conventional tillage + residue (CT+R), which was followed by zero tillage with residue (ZT+R), conventional tillage (CT) and zero tillage (ZT). A similar trend was witnessed in relative growth rate of chickpea. The improved performance of residue retained treatments might be due to improved soil aeration, seed-soil contact, moderated temperature and moisture retention that promoted root proliferation and nutrient uptake (Ahmad et al., 2019). While CT and ZT without residue lagged due to limited root growth and moisture stress.	Comment by Windows User: Italic
In comparison to tillage,weed management practices exerted a significant influence on CGR and RGR across all growth stages. Among the weed management strategies, pre-emergence application of pendimethalin 1000 g ha-1 followed by hand weeding at 40 DAS produced the highest CGR and RGR which was closely followed by the tank mix of topramezone 25.2 g ha-1 applied as post-emergence.The enhancement in CGR and RGR under effective weed control further reflected greater photosynthetic efficiency and a more efficient partitioning of assimilates towards both vegetative and reproductive sinks. This is in line with the concept articulated by Duncan (1971), wherein suppression of competing vegetation enables crop plants to maximize photosynthetic activity and increase dry matter accumulation. The higher DMA recorded in these treatments, therefore, indicates the direct advantage of weed suppression in sustaining physiological growth processes. These treatments consistently promoted superior vegetative growth by minimizing competition for key resources such as light, water and nutrients, which enhanced leaf expansion, canopy development and biomass accumulation. The increased assimilate production and efficient partitioning toward plant growth resulted in greater plant height and dry matter accumulation across successive growth stages. In contrast, the weedy check experienced persistent competition, limiting resource availability, which suppressed leaf expansion, canopy development and overall biomass accumulation. These observations underscore the importance of timely and effective weed control in sustaining vegetative growth and establishing a foundation for higher yield potential, in agreement with the findings of Reddy et al. (2025); Chitale et al. (2024); Kumar et al. (2023); Singh et al. (2023); Singh et al. (2022); Singh et al. (2020);Patre (2020);Ranaivoson et al. (2017),Kumar and Angadi, (2016). Despite the differences in growth parameters, chlorophyll content remained largely unaffected by both tillage and weed management treatments (Table 1). This suggests that chickpea plants were able to maintain optimal physiological functioning under all management practices and that these traits are relatively stable when environmental conditions are favourable. The results are consistent with previous studies including Wasnik et al. (2022) and Buczeket al. (2024) which reported minimal influence of tillage and weed control practices on chlorophyll content in chickpea.	Comment by Windows User: Mention about integration effect also






Table 1: Effect of tillage and weed management practices on crop growth (CGR) and relative growth rate (RGR), chlorophyll content in chickpea(pooled data of two years)
	Treatments
	CGR (g m-2 day-1)
	RGR (g g-1 day-1)
	Chlorophyll content (mg g-1 fresh weight)

	
	30-60 DAS
	60-90 DAS
	90 DAS- at harvest
	30-60 DAS
	60- 90 DAS
	90 DAS- at harvest
	30 DAS
	60 DAS

	Main plot (Tillage) 

	Conventional tillage (CT)
	0.1462
	0.3225
	0.2581
	0.0548
	0.0859
	0.0736
	2.502
	3.215

	Conventional tillage + residue (CT+R)
	0.1519
	0.3321
	0.2490
	0.0558
	0.0871
	0.0739
	2.519
	3.231

	Zero tillage (ZT)0
	0.1444
	0.3132
	0.2651
	0.0545
	0.0850
	0.0734
	2.483
	3.205

	Zero tillage + residue (ZT+R)
	0.1491
	0.3264
	0.2538
	0.0553
	0.0864
	0.0737
	2.509
	3.226

	SEm.±
	0.0018
	0.0045
	0.0035
	0.0003
	0.0005
	0.0003
	0.015
	0.028

	C.D. (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS
	NS
	NS

	Sub plot (Weed management)

	Topramezone 25.2 g ha-1 as PoE
	0.1358
	0.3691
	0.3351
	0.0541
	0.0892
	0.0788
	2.499
	3.217

	Pendimethalin 1000 g ha-1 PE fb hand weeding at 40 DAS
	0.2170
	0.3515
	0.3437
	0.0673
	0.0928
	0.0811
	2.521
	3.235

	Weedy check
	0.0909
	0.2499
	0.0906
	0.0439
	0.0762
	0.0609
	2.490
	3.205

	SEm.±
	0.0010
	0.0021
	0.0020
	0.0002
	0.0002
	0.0002
	0.009
	0.013

	C.D. (P=0.05)
	0.0029
	0.0059
	0.0057
	0.0005
	0.0006
	0.0005
	NS
	NS


Interaction effect
4. Conclusion
Based on the findings, tillage strategies had no significant influence on chickpea growth and quality parameters. Among the weed management practices, the application of pendemethalin 1000 g ha-1 as pre-emergence followed by hand weeding at 40 DAS consistently resulted in superior crop growth and relative growth rates. The integrated use of chemical and manual weed control effectively reduced weed competition, improved resource utilization and enhanced biomass accumulation. However, weed management practices did not exert any significant effect on chlorophyll content indicating stable physiological responses across treatments.
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