Assessment of Nutrient Removal by Weeds as Affected by Different Nozzles Used in Drones for Post-Emergence Herbicide Spraying in Transplanted Rice (Oryza sativa L.)
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ABSTRACT 
	A field experiment was conducted at Military farm, ARI, Rajendranagar, Hyderabad during the kharif season of 2022 to evaluate the efficiency of different nozzles used in drone-based PoE herbicide spray on yield and yield components of transplanted rice. The design used in the study was carried out with the application of post emergence herbicide triafamone + ethoxysulfron using five different nozzles in drone i.e., XR11002VP, AIXR110015VS, DG 110015VS, DG95015EVS and SJ7A015VP and flat fan nozzle was used in knapsack sprayer. The lowest nutrient removal by weeds was recorded in hand weeding at 20 and 40 DAT, followed by the knapsack sprayer (flat fan nozzle) and drone treatments with SJ7A015VP, AIXR110015VS, and DG95015EVS nozzles. The highest nutrient removal occurred in unweeded check.




Keywords: Drones, nozzles, nutrient removal, weeds.

1. INTRODUCTION 

Efficient weed management plays a vital role in maximizing rice yield and promoting sustainable farming. Weeds compete with rice plants for vital resources like water, nutrients, and sunlight, leading to considerable reductions in crop productivity and quality.[1]. Conventional weed control practices such as manual weeding and mechanical cultivation are labor-intensive and may contribute to soil degradation. These days the use of herbicides has gained increasing attention as an effective and efficient approach for managing weed populations. [2, 13].
Weeds are a major biological constraint in rice cultivation, significantly affecting crop growth and yield. [3] reported that weeds can cause direct yield losses ranging from 16% to 86%, depending on factors such as weed species, density, cropping season, duration, and timing of infestation. In addition to yield reduction, weeds compete with rice plants for essential nutrients. [4,14] observed that weeds can deprive rice crops of 47% nitrogen, 42% phosphorus, and 50% potassium from their total nutrient uptake, thereby limiting the crop’s yield potential.
[bookmark: _GoBack]Studies assessing nutrient removal by weeds provide critical insights into the magnitude of nutrient competition and the effectiveness of various weed management strategies. [5,15] reported that weed-free plots recorded the lowest nutrient uptake by weeds (3.37 kg N, 0.64 kg P, and 3.76 kg K ha⁻¹). Among chemical treatments, the combination of pretilachlor (750 g a.i. ha⁻¹) at 3 DAT followed by penoxsulam (22 g a.i. ha⁻¹) at 20 DAT minimized nutrient removal by weeds (4.03 kg N, 0.84 kg P, and 4.62 kg K ha⁻¹), highlighting the importance of timely and appropriate weed control interventions.
Weeds are universal pests in rice that often exceed tolerable levels across all seasons, causing not only nutrient depletion but also increased costs related to land preparation, cultural practices, and weed management operations, along with reductions in both yield quantity and quality. Effective weed control has been shown to increase grain yield by up to 85% [6]. Therefore, timely and efficient weed management is crucial in transplanted rice to reduce nutrient losses to weeds, enhance nutrient use efficiency, and achieve higher productivity.

2. material and methods 
The field experiment was conducted at Military farm, Agriculture Research Institute (ARI) Main farm, Rajendranagar, Hyderabad situated in Southern Telangana Zone. The farm is located geographically at 17019' 16.4" North latitude and 780 24' 43" East longitude and at an altitude of 542.3 m above mean sea level. 
The climate of Hyderabad is semi-arid tropical type. The average annual rainfall of this region is 821.7 mm. The average annual temperature of the region is 26.6˚C and the monthly mean maximum and minimum temperatures ranged between 21-33˚C. The summer season (March–June) is hot and humid, with a temperature of 30 ˚C. Maximum temperatures often exceed 40 °C in the months of April and May. The coolest temperatures occur in the month of December and January. Temperature occasionally drops to 10 °C. More than 75 % of rainfall is received from S-W monsoon and occurs between June to September.
This experiment was conducted during the kharif 2023 to evaluate the suitable nozzle for drone-based herbicide spraying of triafamone + ethoxysulfron. The experiment was laid out in randomized block design (RBD) and had 3 replications and 8 treatments and the soil type was clay loam soils. Treatments include herbicide spray with drone using different nozzles i.e., XR11002VP, AIXR110015VS, DG 110015VS, DG95015EVS and SJ7A015VP, manual spray was done using knapsack sprayer using the flat fan nozzle, hand weeding and unweeded check. A pre-emergence herbicide, pretilachlor 6% GR bensulfuron methyl 0.6% 10 kg ha-1 at 3 DAT was applied uniformly, post emergence herbicide triafamone 20% + ethoxysulfron 10%WG 44+22.5 g ha-1 was applied at 20 DAT. This study also focused on the amount of chemical that is lost through drift and calculation of the drift percentage.
The experimental field, had a gross plot size of 50 m × 8 m and with a clayey loam soil type and the spray fluid used by the drone spraying was 40 L ha-1 and with the knapsack sprayer it was 500 L ha-1 and was sprayed from a height of 1.5 m above the crop canopy.

1. Weed management
Weed management Application of pre-emergence herbicides (Pretilachlor 6% GR + bensulfuron methyl 0.6% @ 10 kg ha-1) was done at 3 DAT. Application of post emergence herbicide (Triafamone 20%+ ethoxysulfron 10%WG @ 44+22.5 g ha-1) was done using the knapsack sprayer and drone using different nozzles at 2-3 leaf stage of weeds (20 DAT). Details of the herbicide used in the study 

A. Pretilachlor 6% GR + bensulfuron methyl 0.6% (Pre emergence) 

a. Pretilachlor - 2-chloro-2',6'-diethyl-N-(2-propoxyethyl) acetanilide Empirical formula – C17H26ClNO
[image: ]
Fig.1 Pretilachlor herbicide molecule skeletal formula

A selective herbicide used to control the most common weeds found in paddy crops. It controls annual grasses and broad-leaved weeds including Echinochloa Beauvois, Cyperus difformis, Monochoria vaginalis and Sedges.

b. Bensulfuron methyl - Methyl α- [(4,6-dimethoxypyrimidin-2 ylcarbamoyl) sulfamoyl]-o-toluate Empirical formula – C16H18N4O7S

[image: ]
Fig. 2 Bensulfuron methyl herbicide molecule skeletal formula

Mode of Action - Selective, systemic action being absorbed through foliage and roots. Inhibits plant amino acid synthesis – acetohydroxyacidsynthase (AHAS). This herbicide used to control annual and perennial weeds and sedges.

B. Triafamone 20%+ ethoxysulfron 10%WG 44+22.5 g ha-1 PoE
a. Triafamone: Triafamone (2’-[(4,6-dimethoxy-1,3,5-triazin-2-yl) carbonyl]- 1,1,6’- trifluoro N-methylmethanesulfonanilid Empirical formula - C14H13F3N4O5S








Structural formula –

[image: ]
Fig. 3. Triafamone herbicide molecule skeletal formula

Mode of Action - Selective; Inhibition of acetolactate synthase (ALS), absorbed through foliage and roots [7](Lewis et al., 2016). 
Triafamone is both foliage and root active herbicide. It offers both pre-emergence and post-emergence control of weeds with soil residual activity. It is an ALS enzyme inhibitor it directly does not inhibit the ALS enzyme activity but the herbicide should undergo some metabolism and convert into active metabolite in the plant system. This herbicide metabolites transfer to the site of action or target site by both xylem and phloem and indicates systemic activity. Weed ceases their growth and characteristics ALS symptoms (e.g. stunting, necrosis and discoloration) appear within a week or two depending on environmental conditions. [8]. 
b. Ethoxysulfuron: Ethoxysulfuron - 1-(4,6-dimethoxypyrimidin-2-yl)-3-(2-ethoxyphenoxysulfonyl) urea 
Empirical formula - C15H18N4O7S 
Structural formula –
[image: ]
Fig. 4 Ethoxysulfuron herbicide molecule skeletal formula
Mode of Action - Selective, inhibits plant cell growth. Inhibits plant amino acid synthesis - acetohydroxyacid synthase AHAS. PPDB) 
Ethoxysulfuron is an herbicide used for broad-leaved weed and sedge control in a range of crops including cereals and rice. It has a high aqueous solubility and a low volatility. It is not expected to be persistent is soil systems but, under certain conditions may be persistent in water bodies. Ecotoxicity is low for most species, the main exception is algae and aquatic plants. Human toxicity is also low and no chronic risks have been identified. [7]
2. Application of herbicide with knapsack sprayer 
Application of post emergence herbicide triafamone 20%+ ethoxysulfron 10%WG 44+22.5 g ha-1 PoE was applied with the knapsack sprayer using flat fan nozzle. The treatment imposition was done during morning hours. 
3. Spraying herbicide using drone
Application of post emergence herbicide triafamone 20% + ethoxysulfron 10%WG 44 + 22.5g ha-1 as PoE was done using drones by using different nozzles XR11002VP, AIXR110015VS, DG110015VS, DG95015EVS and SJ7A-015VP in the treatments T1, T2, T3, T4 and T5 respectively. The spray fluid volume used was 40 L ha-1. The treatment imposition was done during morning hours.
4. Drone trial run 
A trail run was conducted before the spray application of the herbicide in the main field. This was conducted to optimize the spray fluid volume when different nozzles were used for drone spraying. The spray volume used in the experiment was 40 L ha-1. Optimization of the spray fluid volume is very important when we use different nozzles which inturn will have different discharge rates so, the trial run was conducted. The trail run was conducted in the early hours of the day when the wind speed was stable. To optimize the spray fluid volume during the trail run water was used (no chemical was added) for spray operation and by using different discharge percentage for different nozzles (XR11002VP, AIXR110015VS, DG110015VS, DG95015EVS and SJ7A 015VP) having different spray patterns of the spray fluid used for spray operation remained constant (40 L ha-1).

5. Nozzle characteristics 
a. XR 110 02 VP (Extended range flat spray) - This nozzle has a spray pattern of Tapered edge flat spray. It has an excellent spray distribution over a wide range of pressures i.e., 15–60 PSI (1–4 bar). It is ideal for rigs equipped with sprayer controllers and reduces drift at lower pressures, better coverage at higher pressures. The nozzle used has a 110° spray angle. For spray of systemic herbicides and drift control the nozzle is rated as good. (Rating class is good, very good and excellent). When this nozzle was used in the trial at 47 % pump discharge rate the volume of spray fluid required to spray was 40 l ha-1. 
b. AIXR 110 015 VS (Air induction XR flat spray) – This nozzle has a spray pattern of Tapered edge flat spray. It has tapered edge flat spray angle pattern with air induction technology offers better drift management. It produces large air-filled droplets through a Venturi air aspirator. The nozzle has a 110o spray angle and this nozzle is rated in a class of very good for both soil applied and systemic herbicides and drift control. When this nozzle was used in the trial at 49 % pump discharge rate the volume of spray fluid required to spray was 40 l ha-1. 
c. DG 110 015 VS (Drift guard flat spray) – this nozzle has a spray pattern of tapered edge flat spray. Pre-orifice design produces larger droplets and reduces the small drift-prone droplets, minimizing off-target spray contamination. Tapered edge flat spray pattern provides uniform coverage when adjacent nozzle patterns are overlapped in broadcast spraying. The nozzle has a 110o spray angle and this nozzle is rated in a class of very good for soil applied and excellent for systemic herbicides and good for drift control. When this nozzle was used in the trial at 57 % pump discharge rate the volume of spray fluid required to spray was 40 l ha-1. 
d. DG95015EVS (Drift guard even flat spray) – this nozzle has a spray pattern of non-tapered flat spray. Non-tapered flat spray pattern with a 95° angle providing even coverage without overlapping. Pre-orifice design produces large droplets to reduce drift. Ideal for soil applied and systemic herbicide applications. This nozzle is rated in a class of very good for soil applied and excellent for systemic herbicides. This nozzle is rated as excellent for both soil applied and systemic herbicides and very good for drift control. When this nozzle was used in the trial at 60 % pump discharge rate the volume of spray fluid required to spray was 40 L ha-1. 
e. SJ7A-015VP (SJ7A Multiple solid stream) – this nozzle has a solid stream pattern of spray. Creates seven identical fluid streams of equal velocity and capacity. Excellent spray distribution quality. And is rated as excellent for controlling drift. (Rating class- good, very good and excellent). When this nozzle was used in the trial at 56 % pump discharge rate the volume of spray fluid required to spray was 40 l ha-1.
6. Sample collection and processing
Weed samples were collected for estimation of dry matter at 40 and 60 DAT and were used for nutrient analysis. These samples were dried and ground to fine powder using willey mill and used for analysis of nutrient removal by weeds.
1. Nitrogen removed (kg ha-1)
Nitrogen content (%) in the plant and weed samples were estimated by the micro kjeldhal method [9] using Kelplus N analyser after digesting the samples with H2SO4 and H2O2 [10]. The uptake was calculated by the following formula.

Nitrogen content (%)
N removed   =	× Dry matter (kg ha -1)
100


2. Phosphorus removed (kg ha-1)
The di-acid (HNO3 and HClO4) in the ratio of (3:1) respectively was used for digesting of plant and weed samples. These were analysed for phosphorus content by Vanadomolybdo phosphoricacid. The intensity of yellow colour developed was measured by using spectrophotometer at 420 nm [10]. Then the uptake was calculated by the following formula.

Phosphorus content (%)
P removed   =   	× Dry matter (kg ha -1)
                                                       100


3. Potassium removed (kg ha-1)
Potassium content in the di-acid mixture was determined with flame photometer [10]. The uptake was calculated by following formula.       
           
           Potassium content (%)
K removed = -----------------------------×Dry matter (kg ha-1)
                                     100

3. results and discussion

Nutrient removal by weeds (N, P and K kg ha-1)
Nutrient removal by weeds is a direct indicator of weed pressure and the effectiveness of different weed management practices. In the present study, the unweeded check (T8) recorded significantly higher removal of nitrogen, phosphorus and potassium at both 40 and 60 DAT, clearly demonstrating intense competition between weeds and the crop for essential nutrients. This finding confirms that unchecked weed growth leads to substantial nutrient losses from the soil, which could otherwise contribute to crop growth and yield.
Hand weeding (T7) resulted in the lowest nutrient removal at both stages, indicating highly effective weed control throughout the crop growth period. The reduced nutrient uptake by weeds under this treatment reflects minimal weed biomass and corroborates the superiority of manual weed management in maintaining nutrient availability to the crop.
Among the herbicidal treatments, knapsack sprayer application (T6) and drone spraying with multiple solid stream nozzle (T5) recorded comparatively lower nitrogen, phosphorus and potassium removal, suggesting better herbicide deposition and uniform coverage, leading to improved weed suppression. Drone applications using air induction (T2) and drift guard even flat spray nozzles (T4) also effectively reduced nutrient removal and were statistically on par with T5 and T6.
Conversely, higher nutrient removal observed under XR flat spray (T1) and DG flat spray (T3) treatments may be attributed to comparatively lower spray efficiency or uneven herbicide distribution, resulting in partial weed control. Overall, the results highlight that appropriate application methods and nozzle selection in drone-based herbicide application play a crucial role in minimizing weed-induced nutrient losses and improving nutrient conservation in the crop ecosystem.
At 40 and 60 DAT, the unweeded control recorded the highest nutrient removal by weeds, indicating severe competition for nutrients. In contrast, the lowest nutrient depletion was observed with hand weeding at 20 and 40 DAT, followed closely by the knapsack sprayer and drone applications using the multiple solid stream (SJ7A015VP), air induction extended range flat spray (AIXR110015VS), and drift guard even flat spray (DG95015EVS) nozzles, all of which were statistically on par.
At 40 DAT, nutrient removal by weeds under T7 was minimal (0.42 N, 0.11 P₂O₅, and 0.45 K₂O kg ha⁻¹) (Table 1.), while T6 and T5 recorded slightly higher but comparable values. Similar trends were observed at 60 DAT, with T7 maintaining the lowest nutrient removal (0.98 N, 0.26 P₂O₅, and 1.01 K₂O kg ha⁻¹). Treatments using DG110015VS and XR11002VP nozzles showed relatively higher nutrient removal due to less effective weed suppression.
Overall, the drone-based applications with SJ7A015VP, AIXR110015VS, and DG95015EVS nozzles demonstrated efficient nutrient conservation comparable to conventional hand and knapsack spraying methods, highlighting their potential for effective and precise herbicide delivery in transplanted rice. Lower nutrient removal by weeds in weed management practices is due to effective weed control during the critical period of crop weed competition and after that, weeds were effectively suppressed by the rice crop. The results are in tune with the findings of [11] and [12].

Table 1. Nutrients removed (kg ha-1) by weed as influenced by herbicide application with drones using different nozzles 

	TREATMENTS
	Nitrogen removed (kg ha-1)
	Phosphorous removed (kg ha-1)
	Potassium removed (kg ha-1)  

	
	40DAT
	60 DAT
	40DAT
	60 DAT
	40DAT
	60 DAT

	T1: Triafamone 20%+ ethoxysulfron 10%WG 44+22.5 g   ha-1 PoE using drones with extended range flat spray (XR11002VP) nozzle.
	2.19
	3.38
	0.56
	0.94
	2.19
	3.34

	T2 : Triafamone 20%+ ethoxysulfron 10%WG  44+22.5 g   ha-1 PoE using drones with air induction extended range flat spray (AIXR110015VS) nozzle.
	1.53
	2.27
	0.43
	0.71
	1.69
	2.48

	T3 : Triafamone 20%+ ethoxysulfron 10%WG  44+22.5 g   ha-1 PoE using drones with drift guard flat spray (DG 110015VS) nozzle.
	2.00
	3.21
	0.52
	0.90
	2.01
	3.18

	T4 : Triafamone 20%+ ethoxysulfron 10%WG  44+22.5 g   ha-1 PoE using drones with drift guard even flat spray (DG95015EVS) nozzle.
	1.59
	2.35
	0.44
	0.72
	1.70
	2.51

	T5 : Triafamone 20%+ ethoxysulfron 10%WG  44+22.5 g   ha-1 PoE using drones with multiple solid stream (SJ7A015VP) nozzle.
	1.46
	2.11
	0.38
	0.60
	1.50
	2.23

	T6 : Triafamone 20%+ ethoxysulfron 10%WG @ 44+22.5 g   ha-1 PoE using knapsack sprayer with nozzle (flat fan nozzle).
	1.36
	1.94
	0.36
	0.53
	1.40
	2.03

	T7 : Hand weeding (20 and 40 DAT).
	0.42
	0.98
	0.11
	0.26
	0.45
	1.01

	T8 : Unweeded check.
	7.80
	10.44
	1.99
	2.85
	7.80
	10.50

	SE(m) ±
	0.09
	0.11
	0.03
	0.05
	0.13
	0.13

	CD (P=0.05)
	0.26
	0.34
	0.09
	0.16
	0.38
	0.41




4. Conclusion

Hand weeding at 20 and 40 DAT (T7) recorded the lowest nutrient removal by weeds, closely followed by knapsack spraying and drone applications using the multiple solid stream (SJ7A015VP), air induction extended range flat spray (AIXR110015VS), and drift guard even flat spray (DG95015EVS) nozzles. The drift guard flat spray (DG110015VS) and extended range flat spray (XR11002VP) nozzles showed comparatively higher nutrient losses, while the unweeded control (T8) recorded the maximum nutrient removal. Thus, drone spraying with SJ7A015VP, AIXR110015VS, and DG95015EVS nozzles proved effective in minimizing nutrient depletion, comparable to conventional hand and knapsack methods.
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