Effect of different weed management practices on dry matter production and nutrient uptake by castor (Ricinus communis L.) and associated weeds 



Abstract 
	Castor (Ricinus communis L.) is an important tropical oilseed crop, but its productivity is greatly affected by weed competition, particularly during the early stages of growth. Although manual weeding is an efficient method of control, the use of herbicides is often preferred due to reduced labor demand and lower operational costs. A field study was carried out during the kharif season of 2020 at the Agricultural College Farm, Bapatla, on clay-textured soils. The findings revealed that the highest dry matter accumulation and nutrient uptake by the castor crop, along with the lowest weed biomass and nutrient removal by weeds, were observed in the treatment involving hand weeding at 20 and 40 DAS. This treatment was found to be statistically comparable with the application of alachlor as a pre-emergence herbicide followed by chlorimuron + propaquizafop or halosulfuron + propaquizafop as post-emergence sprays at 30 DAS. In contrast, the untreated control (weedy check) recorded the lowest crop growth and nutrient uptake, along with maximum weed biomass and higher uptake of nitrogen, phosphorus, and potassium by weeds. This clearly indicates the severe competition imposed by weeds on the crop when no control measures are adopted.
Key words: Castor, Nutrient Content, Nutrient Use Efficiency, Dry Matter Production, Nutrient Uptake 
Introduction
	The castor plant is believed to have originated in tropical regions of Africa, although it is also naturally found across the southeastern Mediterranean, eastern Africa, and India. Today, it is widely distributed in tropical climates and is often cultivated in various parts of the world as an ornamental species. It belongs to the Euphorbiaceae family and has long been grown for the oil extracted from its seeds (Anjani, 2012; Yashim et al., 2016). However, different parts of the plant especially the seeds contain toxic substances such as ricin and ricinine, which can be harmful to both humans and animals if consumed. During its early stages of growth, castor develops slowly, making it vulnerable to competition from fast-growing weeds that can easily overtake it. Rapid depletion of available nutrients in the soil favors quicker growth of weeds compared to the castor crop Valdinei et al. (2012). Therefore, effective weed management during the initial growth stages is crucial for achieving successful castor production. Although manual weeding is considered an efficient method for controlling weeds, it is often limited by high costs, labor requirements, and time consumption. Under such constraints, chemical weed control emerges as a practical alternative (Patel et al., 2014). In particular, the use of pre-emergence herbicides plays a significant role in providing efficient and economical weed control in castor, which is highly susceptible to weed competition from the time of germination. Furthermore, the application of herbicides, either alone or in combination with other weed management practices, helps reduce crop–weed competition and minimizes the risk of weed proliferation under unfavorable weather or soil conditions that may restrict conventional control methods.
Material and methods
The study was conducted at the Agricultural College Farm, Bapatla, during the kharif season of 2020. The experiment was arranged in a Randomized Block Design (RBD) comprising ten treatments, each replicated three times, with T1 - Weedy check (or) control, T2 - Hand weeding at 20 DAS and 40 DAS, T3 - Alachlor @ 1.5 kg a.i ha-1 as PE, T4 - Chlorimuron @ 10 g a.i ha-1 as PoE at 20 DAS, T5 - Halosulfuron @ 67.5 g a.i ha-1 as PoE at 20 DAS, T6 - Propaquizafop @ 63 g a.i ha-1 as PoE at 30 DAS, T7 - Alachlor @ 1.5 kg a.i ha-1 as PE fb Chlorimuron @ 10 g a.i ha-1 as PoE at 30 DAS, T8 - Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron @ 67.5 g a.i ha-1 as PoE at 30 DAS, T9 - Alachlor @ 1.5 kg a.i ha-1as PE fb Chlorimuron @ 10 g + Propaquizafop @ 63 g a.i ha-1 as  PoE at 30 DAS, T10 - Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron @ 67.5 g a.i + Propaquizafop @ 63g a.i ha-1 as PoE at 30 DAS (Priyanka et al., 2021; Eslavath et al., 2024). The experimental soil was clayey in texture and exhibited a neutral reaction (pH 7.3). The soil exhibited a medium content of organic carbon (0.61%), low available nitrogen (210.5 kg ha⁻¹), and medium levels of available phosphorus (25.1 kg ha⁻¹) and potassium (305.9 kg ha⁻¹). The castor hybrid PCH-111 was sown manually using the dibbling method at a spacing of 90 cm × 60 cm. Thinning and gap filling operations were carried out at 10 days after sowing (DAS) to maintain proper plant population. A fertilizer dose of 60 kg nitrogen, 40 kg P₂O₅, and 30 kg K₂O per hectare was applied through urea, single superphosphate, and muriate of potash, respectively. Nitrogen was supplied in three equal splits at 30, 60, and 90 DAS using the pocketing method, whereas the full doses of phosphorus and potassium were applied as basal at the time of sowing. For weed management, a pre-emergence application of alachlor was carried out one day after sowing. Post-emergence herbicides, specifically chlorimuron, halosulfuron, and propaquizafop, were applied at 20 and 30 days after sowing (DAS) in the designated treatments using a knapsack sprayer fitted with a flood-jet nozzle. At harvest, crop and weed samples were collected and analyzed for nitrogen, phosphorus, and potassium content following standard analytical procedures. The data obtained from the experiment were statistically analyzed using the analysis of variance (ANOVA) method suitable for a Randomized Block Design (RBD). Treatment effects were evaluated using the F-test at a 5% level of significance. Whenever significant differences among treatments were observed, the critical difference (CD) was calculated for mean comparison. Additionally, the standard error of mean (SEm ±) was determined to assess the variability among treatments.
List 1: Estimation of Nitrogen, Phosphorus & Potassium using standard method 
	Nutrient 
	Method 

	Nitrogen 
	Microkjeldhal Distillation (Piper, 1966)

	Phosphorus 
	Vanado-molybdo-phosphoric acid yellow colour method (Jackson, 1973)

	Potassium 
	Flame photometer method (Jackson, 1973) 


From the results of chemical analysis nutrient uptake was calculated as shown below 
                                               Nutrient concentration (%) X Weight of drymatter (kg ha-1)
Nutrient uptake (kg ha-1) =   -----------------------------------------------------------------------
							 100

Results and discussion
The dominant weed species identified in the experimental field included broad-leaved weeds such as Celosia argentea, Phyllanthus niruri, Euphorbia hirta, Trianthema portulacastrum, Tridax procumbens, Alternanthera philoxeroides, and Cardiospermum haliacabum; the grass Cynodon dactylon; and the sedge Cyperus rotundus.
.
Dry matter accumulation and Nutrient Uptake by Castor 
	Nutrient content (%) in castor at harvest was not significantly influenced by various weed management practices and are furnished in Table 1. Dry matter accumulation and nutrient uptake (nitrogen, phosphorus, and potassium) as affected by various weed management practices are presented in Table 2. The highest uptake of nitrogen, phosphorus, and potassium by castor was observed under hand weeding at 20 and 40 DAS, which was significantly greater than that recorded under all other weed management treatments. Spraying of pre-emergence herbicide alachlor fb chlorimuron + propaquizafop as PoE at 30 DAS and pre-emergence application of alachlor fb halosulfuron + propaquizafop as PoE at 30 DAS, were found stastically comparable with treatment hand weeding at 20 and 40 DAS. The lowest nutient uptake by castorwas recorded in weedy check. The different weed management modalities tested in this experiment considerably enhanced the crop nitrogen, phosphorous and potassium uptake as compared to weedy check. The observed significant increase in dry matter accumulation in castor under these treatments can be attributed to more effective weed management achieved through the sequential application of combined herbicides, compared with the use of individual herbicides alone. Likewise, enhanced weed control efficiency, coupled with improved nutrient uptake, contributed to the greater accumulation of dry matter (Priyanka et al., 2021). Increased nutrient uptake by the castor crop might be attributed to satisfactory control of weeds in these treatments especially at critical period of crop weed competition, consequently resulting in low weed density leading toincreased nutrient absorption from soil, finally reflecting on weed biological yield that lead to higher nutrient uptake. The initial weed population was satisfactorily controlled by persistence activity of pre-emergence application of alachlor followed by controlling of later emerged weeds by sequential application of tank-mixture post-emergence herbicides viz., chlorimuron, halosulfuron and propaquizafop. The findings are in agreement with the resultsreported by Sankar and Subramanyam (2011), Chanderet al. (2013), Patel et al. (2014), and Divyamaniet al. (2018).
Dry weight of Weeds at harvest
	At harvest, the dry weight of Cynodon dactylon was lowest under hand weeding at both 20 and 40 DAS, although it was statistically comparable with treatments receiving pre-emergence application of alachlor followed by chlorimuron + propaquizafop as post-emergence at 30 DAS, pre-emergence alachlor followed by halosulfuron + propaquizafop as post-emergence at 30 DAS, and post-emergence application of propaquizafop at 30 DAS. Similarly, the minimum dry weight of *Cyperus rotundus* was recorded under hand weeding at 20 and 40 DAS, but this was comparable with treatments receiving pre-emergence alachlor followed by halosulfuron + propaquizafop as post-emergence at 30 DAS, and pre-emergence alachlor followed by halosulfuron as post-emergence at 30 DAS. This reduction can be attributed to effective early control of germinated weeds by alachlor, complemented by the high efficacy of post-emergence herbicides in suppressing later-germinating sedges, likely through enzymatic inhibition that arrests cell division and restricts both root and shoot growth. The minimum dry weight of broad leaved weeds was registered under hand weeding both at 20 and 40 DAS, which was however on a par with pre-emergence application of alachlor fb chlorimuron + propaquizafop as PoE at 30 DAS as well as pre-emergence application of alachlor fb chlorimuron as PoE at 30 DAS. Application of two herbicides intank-mix rather than alone spray significantlty reduced the broadleaved weeds due to curbing of both early and late flush of weeds. The results are in conformity with the findings of Kujur et al. (2015) and Bhimwal et al. (2019). 
Nutrient Content and Uptake by Weeds
	The data pertaining to nutrient content (%) and nutrient uptake by weeds at harvest are furnished in Table 3 revealed that nutrient content (%) is not significantly influenced and nutrient uptake was significantly influenced by different weed management practices. Weed nutrient uptake is adversely associated with the yield of castor. As their growth increases the nutrient uptake by weeds also increases. When the weed presence dominates, it results in hindering the crop growth and consequently leadsto lower yields. The lowest nitrogen, phosphorous and potassium uptake was observed under hand weeding treatment taken up at 20 and 40 DAS, which was however stastically comparable with  pre-emergence application of alachlor fb chlorimuron + propaquizafop  as PoE at 30 DAS and pre-emergence application of alachlor fb halosulfuron + propaquizafop as PoE at 30 DAS. This can be attributed to effective weed control in these treatments. Obviously the highest nitrogen, phosphorous and potassium uptake was recorded under weedy check, indicating severe competition suffered by crop due to weeds. The manifested results depicted in the present study are corroborated with Valdineiet al. (2012), Shwetha et al. (2016) and Adhikaryet al. (2016).
Conclusion 
	It was concluded that, effective weed management significantly improves castor crop performance. Hand weeding at 20 and 40 DAS proved highly efficient, resulting in greater dry matter production and nutrient uptake by the crop, while minimizing weed growth and nutrient depletion. Comparable results were observed with integrated herbicide Spraying of pre-emergence herbicide alachlor @ 1.5 kg a.i ha-1 fb chlorimuron @ 10 g + propaquizafop @ 63 g a.i ha-1 as PoE at 30 DAS. In contrast, the weedy check showed poor crop growth and maximum nutrient loss due to intense weed competition. Therefore, timely manual weeding or appropriate herbicide combinations can be recommended as effective strategies to enhance castor productivity and ensure efficient nutrient utilization under competitive field conditions.
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Table 1. Nutrient content (%) in castor at harvest as influenced by different weed management practices
	Treatments
	Nutrient content (%) in grain
	Nutrient content (%) in stalk

	
	N
	P
	K
	N
	P
	K

	T1 -	Weedy check (or) control
	1.20
	0.26
	1.09
	1.02
	0.20
	0.92

	T2 - 	Hand weeding at 20 DAS and 40 DAS
	1.28
	0.36
	1.23
	1.15
	0.32
	1.07

	T3 - 	Alachlor @ 1.5 kg a.i ha-1 as PE
	1.21
	0.27
	1.11
	1.03
	0.21
	0.94

	T4 - 	Chlorimuron @ 10 g a.i ha-1 as PoE at 20 DAS
	1.22
	0.29
	1.15
	1.06
	0.23
	0.97

	T5 - 	Halosulfuron @ 67.5 g a.i ha-1 as PoE at 20 DAS
	1.22
	0.29
	1.13
	1.04
	0.22
	0.95

	T6 - 	Propaquizafop @ 63 g a.i ha-1 as PoE at 30 DAS
	1.23
	0.30
	1.16
	1.08
	0.25
	0.97

	T7 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Chlorimuron @ 10 g a.i ha-1 as PoE at 30 DAS
	1.24
	0.32
	1.18
	1.11
	0.28
	0.98

	T8 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron  @  67.5 g a.i ha-1 as PoE at 30 DAS
	1.23
	0.31
	1.17
	1.10
	0.27
	0.98

	T9 - 	Alachlor @ 1.5 kg a.i ha-1as PE fb Chlorimuron @ 10 g + Propaquizafop @ 63 g a.i ha-1 as  PoE at 30 DAS
	1.26
	0.34
	1.21
	1.13
	0.30
	1.03

	T10 -	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron @ 67.5 g a.i + Propaquizafop @ 63g a.i ha-1 as PoE at 30 DAS.
	1.25
	0.33
	1.20
	1.12
	0.29
	1.02

	SEm±
	0.04
	0.02
	0.04
	0.08
	0.03
	0.05

	CD (P=0.05)
	NS
	NS
	NS
	NS
	NS
	NS



Table 2. Dry matter production and nutrient uptake (kg ha-1) by castor at harvest as influenced by different weed management practices
	Treatment
	Dry matter production (kg ha-1)
	Nitrogen
	Phosphorous
	Potassium

	
	
	Grain
	Stalk
	Total
	Grain
	Stalk
	Total
	Grain
	Stalk
	Total

	T1 -	Weedy check (or) control
	3409
	16.2
	20.8
	37.0
	3.4
	3.4
	6.9
	14.7
	18.8
	33.6

	T2 - 	Hand weeding at 20 DAS and 40 DAS
	5683
	31.9
	38.0
	69.8
	8.9
	10.1
	19.0
	30.5
	33.8
	64.3

	T3 - 	Alachlor @ 1.5 kg a.i ha-1 as PE
	4083
	19.6
	24.5
	44.1
	4.4
	4.9
	9.3
	18.1
	22.3
	40.4

	T4 - 	Chlorimuron @ 10 g a.i ha-1 as PoE at 20 DAS
	4491
	23.0
	26.8
	49.8
	5.5
	5.8
	11.3
	21.7
	24.3
	46.1

	T5 - 	Halosulfuron @ 67.5 g a.i ha-1 as PoE at 20 DAS
	4385
	22.3
	25.9
	48.2
	5.3
	5.5
	10.8
	20.7
	23.9
	44.6

	T6 - 	Propaquizafop @ 63 g a.i ha-1 as PoE at 30 DAS
	4655
	23.9
	28.6
	52.5
	5.8
	6.6
	12.4
	22.5
	25.3
	47.8

	T7 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Chlorimuron            @ 10 g a.i ha-1 as PoE at 30 DAS
	4999
	26.3
	29.7
	56.0
	6.8
	7.7
	14.5
	25.0
	26.8
	51.8

	T8 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron@  67.5 g a.i ha-1 as PoE at 30 DAS
	4891
	25.4
	29.5
	54.9
	6.4
	7.3
	13.7
	24.2
	26.6
	50.8

	T9 - 	Alachlor @ 1.5 kg a.i ha-1as PE fb Chlorimuron              @ 10 g + Propaquizafop @ 63 g a.i ha-1 as  PoE at 30 DAS
	5497
	30.2
	34.5
	64.6
	8.1
	9.2
	17.3
	29.0
	31.6
	60.6

	T10 -	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron             @ 67.5 g a.i + Propaquizafop @ 63g a.i ha-1 as PoE at 30 DAS.
	5419
	29.1
	33.9
	63.0
	7.7
	8.8
	16.5
	28.0
	31.0
	59.0

	SEm±
	204.7
	1.40
	2.34
	1.96
	0.42
	0.59
	0.76
	1.17
	1.83
	2.44

	CD (P=0.05)
	655
	4.5
	7.5
	6.3
	1.4
	1.9
	2.4
	3.7
	5.9
	7.8




Table 3. Dry weight and Nutrient uptake (kg ha-1) by total weeds at harvest as influenced by different weed management practices
	Treatment
	Weed dry weight (kg ha-1)  
	Nutrient content (%)
	Nutrient uptake (kg ha-1)

	
	Grasses 
	Sedges 
	BLWs
	Total 
	N
	P
	K
	N
	P
	K

	T1 -	Weedy check (or) control
	12.4
(153.7)
	9.5
(90.0)
	8.7
(75.4)
	17.9
(319.1)
	2.00
	0.70
	1.71
	6.3
	2.2
	5.4

	T2 - 	Hand weeding at 20 DAS and 40 DAS
	5.8
(34.1)
	4.0
(15.7)
	3.9
(15.4)
	8.1
(65.2)
	1.62
	0.47
	1.53
	1.1
	0.3
	1.0

	T3 - 	Alachlor @ 1.5 kg a.i ha-1 as PE
	11.5
(131.8)
	8.7
(75.2)
	8.1
(64.6)
	16.5
(271.7)
	1.85
	0.68
	1.69
	5.0
	1.9
	4.6

	T4 - 	Chlorimuron @ 10 g a.i ha-1 as PoE at 20 DAS
	11.1
(122.5)
	7.3
(52.8)
	5.5
(29.7)
	14.3
(205.0)
	1.77
	0.63
	1.65
	3.6
	1.3
	3.4

	T5 - 	Halosulfuron @ 67.5 g a.i ha-1 as PoE at 20 DAS
	11.4
(129.6)
	5.4
(28.7)
	6.0
(35.3)
	13.9
(193.6)
	1.80
	0.65
	1.67
	3.5
	1.3
	3.2

	T6 - 	Propaquizafop @ 63 g a.i ha-1 as PoE at 30 DAS
	9.1
(81.8)
	8.3
(68.3)
	8.2
(67.3)
	14.8
(217.5)
	1.73
	0.62
	1.68
	3.8
	1.3
	3.7

	T7 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Chlorimuron @ 10 g a.i ha-1 as PoE at 30 DAS
	10.1
(102.4)
	6.8
(45.6)
	4.9
(24.0)
	13.1
(172.0)
	1.69
	0.56
	1.62
	2.9
	1.0
	2.8

	T8 - 	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron  @  67.5 g a.i ha-1 as PoE at 30 DAS
	9.8
(95.1)
	4.7
(21.7)
	6.1
(37.0)
	12.4
(153.7)
	1.71
	0.58
	1.63
	2.6
	0.9
	2.5

	T9 - 	Alachlor @ 1.5 kg a.i ha-1as PE fb Chlorimuron @ 10 g + Propaquizafop @ 63 g a.i ha-1 as  PoE at 30 DAS
	8.0
(63.6)
	5.9
(35.1)
	4.6
(20.4)
	10.9
(119.2)
	1.63
	0.48
	1.53
	1.9
	0.6
	1.8

	T10 -	Alachlor @ 1.5 kg a.i ha-1 as PE fb Halosulfuron @ 67.5 g a.i + Propaquizafop @ 63g a.i ha-1 as PoE at 30 DAS.
	8.3
(68.8)
	4.4
(18.9)
	6.3
(39.3)
	11.3
(127.0)
	1.62
	0.48
	1.57
	2.0
	0.6
	2.0

	SEm±
	0.39
	0.38
	0.31
	0.39
	0.11
	0.06
	0.07
	0.28
	0.10
	0.22

	CD (P=0.05)
	1.2
	1.2
	1.0
	1.2
	NS
	NS
	NS
	0.9
	0.3
	0.7


The data transformed to square root transformation (). The figures in parenthesis are original values.


