Field Bio-efficacy cum Phyto-toxicity evaluation of Glyphosate 41% SL against weed complex in Tea (Camellia sinensis)




ABSTRACT
A study was undertaken at Sukarpara Tea Estate, Bahadur, Jalpaiguri, in the state of West Bengal, to assess the effectiveness of Glyphosate 41% SLin controlling weed flora in Tea plantation during thekharif seasons of 2022 and 2023.There were six treatments that were replicated four.The experiment revealed that the application of Glyphosate 41% SLat 3.0 L ha-1 (1.23 kg a.i. ha-1)as formulationresulted in significantly lowesttotal weed density and dry weight and higher green leaf yield(34.8qha-1).Although, this treatment administered did not observe any significant impact on the overall population of fungus, bacteria, and actinomycetes. Thus application of Glyphosate 41% SL at 1.23 kg a.i. ha-1(3.0 L ha-1) was most effective in managing weed flora in tea plantation.
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Introduction

“Tea is the most popular and cheapest beverage in the world and it can be termed as the smart beverage keeping in view the health benefits derived from drinking tea. Only six countries viz. India, Sri Lanka, China, Kenya, Indonesia and Vietnam together alone average 41 per cent of world production and 85 per cent of world export. India produces about 23 per cent of the world’s tea and accounts for about 21 per cent of the world’s consumption which are the highest globally”(Deka, J. and Barua, I.C., 2015). “All activities in tea sector including cultivation, processing and marketing are well organized, thus the tea commerce has an advantage over general agricultural farming. Like other agricultural and horticultural crops, tea also needs optimum agronomic care for a high and sustained productivity” (Jana et al., 2024).  “Weeds are most severe and widespread biological constraints to crop productionin India and weeds alone cause 33% of losses out of total losses due to pests” ( Das et al., 2021, Das et al., 2023, Jana et al., 2024). “Among the critical factors limiting optimum productivity from tea plantations, weeds are counted as one in the top of the list. Intensity of weed problem is primarily governed by agro-climatic conditions, type of tea culture, general management conditions, specific weed management schedule etc. Dominant weed flora in young tea in India comprises Scoparia dulsis, Borreria hispida, Mimosa pudica, Hyptis suaveolensis, Axonopus compressus, Cynodon dactylon, Paspalum conjugatum, P. longifolium, Ageratum haustonianum, Sidaacuta. In mature tea, Mikania micrantha, Paspalum spp., Borreria hispida, Gynura bicolor, Axonopus compressus, Cynodon dactylon, Hyptissu aveolensis, Melastoma malabathricum, Osbachia sp. Sidaacuta, Chromolaena odorata, Lantana camara, Mimosa diplotricha var. innermis, Dicanthium sp. mostly dominate. In the seed baris besides other terrestrial weeds, a parasitic weed, Lauranthus longifolia has been noticed at many places. The organic tea cultivation is gaining popularity in recent time; the nature of weed is also changing. Some of the weeds like Digitaria setigera, Setaria glauca, S. pumila, Leucas aspera, L. indica, Leonaruasibiricus, Merreamia sp., Solanum nigrum, Lygodium flexuosum, L. japonica, Mimosa diplitricha var. innermis have been found to be major in organic tea plantations. Uncontrolled weed growth can cause a loss of tea productivity to the extent of 50-70 per cent.The competition for nutrients, sunshine, moisture and other resources with weeds reduce tea leaves yield from 12 to 21% (Ilangoet al.,2010), if weed control practices are not imposed in critical weed infestation period. These productivity losses due to weeds may accrue due to severe competition for growth factors, restricted branching and frame development, harbouring of disease pathogens and pests as alternate hosts, less plucking efficiency, contamination of plucked shoots, and water stagnation in the drainage outlets. Weed infestation and thereby damage to tea is more severe in young tea up to two years before canopy closure and during the period of pruning every three to four years. The period between rainy season and post rainy season is very critical from tea productivity point of view and the season coincides high rainfall and temperature which provides a very favourable condition for weed growth and resultant menace for the crop. Different methods are used individually or integrated for an effective weed management in tea plantations.Though manual and mechanical methods of weed control were expensive and labour intensive hence, weed control through chemical herbicide found more favourable by the farmers over other methods” (Ilango et al., 2010 and Mirghasemi et al., 2012).However, use of herbicides still also remains cheap and effective means for weed control. Similar finding was reported by (Biswas et al.,2019, Kundu et al.,2020a). Weed management is essential in the tea gardens as it can reduce the tea leaf yield as well as harm tea bushes and create operational issues. Weed can reduce tea leaf yield upto 50%.Weed can stunted the growth of tea bushes and make them have poor bush frames. Weeds are the number one pest and can reduce the productivity of tea. Weeds remove substantial amount of nutrients and moisture from the soil besides increasing the incidence of pests and diseases in tea crop by serving as alternate host. Weed management, especially application of herbicide to manage the weeds present in tea garden is very essential for tea farming community. Keeping this view in the mind, this experiment on tea was conducted.      
MATERIALS AND METHODS
The experiment was carried out at Sukarpara Tea Estate, Bahadur, Jalpaiguri, West Bengal, which is situated at altitude of 26.87° N and a longitude of 88.76° E, during kharif, 2022and 2023. The soil of the experimental site was blackish gray in color, mostly attributed to its high organic matter content in soil with a pH of 6.52, which exhibited a somewhat acidic nature. The experimental design employed in this study was a randomized complete block design(RCBD)consisting of six treatments, involving different doses of Glyphosate 41% SL(formulations applied by Meghmani Industries Limited) and were replicated four times. The tea var. 'TV-25' seedlings were planted with a spacing of 1.0 m between rows and 1.0 m between individual plants in plots measuring 10 × 10 m. Data was collected on the initial weed count prior to herbicide administration. A composite sample was obtained from five distinct locations within the experimental area. The recorded observations encompassed all types of weed flora, including grass, sedges, and broadleaf weeds. The data collection about weed count was extended to include time points at 45 and 75 days after the application (DAA)of herbicides. A square measuring 50 cm × 50 cm was utilized to collect data, with four observations recorded per plot. The study involved the calculation of average values, which were afterwards reported on a per square meter (m-2) basis. The herbicide was applied utilizing a knapsack sprayer equipped with a flat fan nozzle, which possesses a spray capacity of 450 liters per hectare. Preliminary observations were recorded prior to the administration of the herbicide, and thereafter (namely, at 45 and 75 days after herbicide application) to assess total weed density, weed dry weight, and weed control efficiency. Data on weed density (no./m2), weed dry weight (g/m2)and green tea leaf yield (q/ha)was subjected to analysis of variance as suggested by Gomez and Gomez (1984) and treatments were compared at 5% level of probability. Weed control efficiency (WCE) was calculated on thebasis of data recorded on weed dry weight at 45 and 75 DAA of the treatments as per the formula (Mani  et al.,1976) given below:
Table 1: Treatment details
	Tr. No.
	Treatment
	Dose per ha
	Water per ha
(Litres)

	
	
	a.i.
	Formulation
	

	T1
	Untreated check
	-------
	------
	----

	T2
	Glyphosate 41% SL (Meghmani Ind. Ltd.)
	0.82 kg
	2.0 L
	450 L

	T3
	Glyphosate 41% SL(Meghmani Ind. Ltd.)
	1.23 kg
	3.0 L
	450 L

	T4
	Glyphosate 41% SL(Meghmani Ind. Ltd.)
	2.46 kg
	6.0 L
	450 L

	T5
	Glyphosate 41% SL  (Marketed Product)
	0.82 kg
	2.0 L
	450 L

	T6
	Glyphosate 41% SL (Marketed Product)
	1.23 kg
	3.0 L
	450 L




							WDC - WDT
Weed Control Efficiency (%) = ------------------------- x 100
							 WDC
Where, WDC = Weed dry weight in untreated control plot (g m-2); WDT = Weed dry weight in treated plot (g m-2)
                  Table 2: Phytotoxicity Rating Scale (PRS)
	Crop response/ Crop injury
	Rating

	0-0
	0

	1-10%
	1

	11-20%
	2

	21-30%
	3

	31-40%
	4

	41-50%
	5

	51-60%
	6

	61-70%
	7

	71-80%
	8

	81-90%
	9

	91-100%
	10


Rating ‘0’ indicates no visible injury and ‘10’ is the complete destruction of the crop
Soil samples were obtained from the experimental plots at intervals of herbicide application, namely from the inter-row space at a depth ranging from 0 to 15 cm. The soil samples collected from various locations within each replication for the identical weed control treatment were combined. From this combined sample, representative samples of each treatment were extracted for microbiological analysis using dilution plating standard techniques. Soil dilutions were created using sterile distilled water through continuous agitation. Subsequently, plating was conducted in separate repetitions using particular media as indicated below:
Total Bacteraia – Thornton’s agar media (1922) at 10-6 dilution.
Fungi –MartinRosed Bengal Streptomycin in agar media, 1950 at 10-4 dilution.
Actinomycetes – Jensen’s agar media at 10-5 dilution
The plates were subjected to incubation at a temperature of 28 ± 10°C for several time periods, up to a maximum of 7 days, within a BOD incubator. During this time, the plates were observed and the number of colonies present on each plate was recorded.
Result and Discussion
Predominance of Weed
The dominant grassy weeds observed in the experimental plots were Axonopu scompressus, Eleusine indica, Panicum repens, Paspalum conjugatum, and Digitaria sanguinalis. Among these, Axonopus compressus, Eleusine indica, Panicum repens, and Paspalum conjugatum were the most prevalent. The dominant sedge weed was Cyperus aromaticus. At the initial stage, before herbicide application, the dominant broadleaf weeds were Ageratum conyzoides and Borreria hispida.

Total weed density (number m-2)
	The density of the total weed population was measured at two different time points: 45, and 75 days after application (DAA). These measurements are reported in Table 3. In relation to the utilization of herbicides, it was observed that all herbicidal treatments resulted in a considerable reduction in weed density as compared to the untreated control. However, out of all the herbicidal treatments evaluated, it was seen that the application of Glyphosate 41% SL @2.46 kg a.i. ha-1(6.00 l ha-1) (T4) recorded minimum weed population and found the best weed management treatment. Glyphosate 41% SL @ 2.46 kg a.i. ha-1(6.00 l ha-1) (T4) and its lower doses,Glyphosate 41% SL @ 1.23 kg a.i. ha-1 (3.00 L ha-1) (T3) and Glyphosate 41% SL @ 0.82 kg a.i. ha-1(2.00 L ha-1) (T2) were statistically at par with each other where it was recorded minimum weed population and significantly better than other treatments of T5, T6 and T1(untreated check) when observed at 45 and 75 DAA. Glyphosate 41% SL @1.23 kg a.i. ha-1 (3.00 L ha-1) was not only significantly superior over untreated control plot but also significantly better than Glyphosate 41% SL @ 1.23 kg a.i. ha-1 (3.00 L ha-1) (Marketed Product). Glyphosate 41% SL @ 0.82 kg a.i. ha-1(2.00 L ha-1)was significantly superior over untreated control plot but at par with Glyphosate 41% SL @ 0.82 kg a.i. ha-1(2.00 L ha-1) (Marketed Product) in terms of weed density.Bhowmick (2010) also reported the effective control of glyphosate on wide spectrum of weeds.
Total dry weight of weed
Dry weight of total weeds population was recorded at 45 and 75 DAA and represented in Table 4. Among the weed management treatments, Glyphosate 41% SL @ 2.46 kg a.i. ha-1(6.00 L ha-1) (T4) was recorded the lowest dry weight of total weeds population. However, plots treated with Glyphosate 41% SL @2.46 kg a.i. ha-1(6.00 L ha-1) (T4) was showed lowest dry weight of both grassy and broad leaf weeds among herbicidal treatments which was at par with its lower doses @ 1.23 kg a.i. ha-1(3.00 L ha-1) (T3) and 0.82 kg a.i. ha-1(2.00 L ha-1) (T2) (supplied by Meghmani Industries Limited). The lower doses of Glyphosate 41% SL @ 0.82 kg a.i. ha-1 (T2) was found at par with market standard Glyphosate 41% SL @ 0.82 kg a.i. ha-1 (T5) in terms of dry weight of the grassy and broad leaf weeds.
The overall effectiveness of weed control
The results of mean weed control efficiency (WCE) of grassy and broad leaf weeds are presented in Table 7 and it revealed that maximum WCE was recorded with application of Glyphosate 41% SL @ 2.46 kg a.i. ha-1(6.00 L ha-1) (T4) at 45 DAA as well as at 75 DAA, though it was at par with Glyphosate 41% SL @ 1.23 kg a.i. ha-1 (3.00 L ha-1) followed by its lower doses i.e Glyphosate 41% SL @ 0.82 kg a.i. ha-1(2.00 L ha-1) (T2). The lowest WCE was recorded in untreated check (T1).Bhattacharrya et al. (2003) reported that higher weed control efficiency with higher dose of glyphosate herbicide. Many other authors also reported the same (Ghoshet al., 2007;Magambo and Kilavuka, 1982and Devi NMet al. 2019).
Green tea leafyield
The highest green tea leaf yield was obtained always with application of Glyphosate 41% SL @ 2.46 kg a.i. ha-1(6.00L ha-1) (T4). Significant increase in green tea leaf yield was obtained with the application of Glyphosate 41% SL @1.23 kg a.i. ha-1(3.00 L ha-1) (T3) and 0.82 kg a.i. ha-1 (2.00 L ha-1) (T2) (sample supplied by Meghmani Industries Limited) with respect to Glyphosate 41% SL @ 0.82 kg a.i. ha-1(2.00 L ha-1) (Marketed Product) in the month of September, October and November which had ultimately been reflected in the total green tea leaf yield. All the weed management treatments gave higher green tea leaf yield compared to untreated check (T1) (Table 6).
Phytotoxicity
The observations on the level of phytotoxicity due to application of Glyphosate 41% SL was recorded on 0, 3, 7, 10 and 15 DAA and presented in the Table 7. The results revealed that Glyphosate 41% SL did not show any kind of symptoms of the phytotoxicity (leaf injury on tips/surface, vein clearing, necrosis, wilting, epinasty and hyponasty) on the tea plants even upto2.46 kg a.i. ha-1(6.00L ha-1) (double the recommended dose or two times than higher doses).There was no effect on tea crop and its quality which was also reported byMirghasemiet al. (2012 and Devi NMet al. 2019).
Chemical properties of the soil
The soil pH and electrical conductivity (EC) at 60 DAA was not differed with the testing herbicide Glyphosate 41% SL. The data presented in Table 8 clearly showed that the organic carbon, total nitrogen, available phosphorus (P2O5) and Potash (K2O) also did not vary significantly.Similar finding was reported by Poddaret al. (2014).
Microbial parameters
The present study examines the effects of Glyphosate 41% SL, a herbicide, on soil micro-flora, specifically total bacteria (Pseudomonas fluorescence, Bacillus spp.), fungi (Trichodermaviridae, Trichodermaharzianum), and Actinomycetes. The observations were conducted at different time intervals, namely initial, 30 days after application (DAA), and 60 DAA.At Initial stages,theGlyphosate 41% SLdid not exhibit a statistically significant impact on the total microbial count in the rhizosphere soil of tea plants. The application of the herbicide Glyphosate 41% SL had a significant negative impact on the total microbial population up to one month after application.However, at 60 days after application (DAA), the data indicated an increase in the total microbial population, surpassing the initial population levels (Table 9).Results revealed that treatments with Glyphosate 41% SLcaused significant changes in soil micro-flora with higher bacterial population 86.52 CFU x 106 g-1@ 1.23 kg a.i. ha-1(3.00 L ha-1) (T3)and 89.27 CFU x 106 g-1@ or 2.46 kg a.i. ha-1(6.00L ha-1) (T4)of soil 60 DAA (days after application)respectively. The same result was observed at 60 DAA (Days after application),where, the total fungi population were improved with application of Glyphosate 41% SLobtaining value of 88.57 CFU x 104 g-1@1.23 kg a.i. ha-1(3.00 L ha-1) (T3)of soil and 98.62 CFU x 104 g-1 @ 2.46 kg a.i. ha-1(6.00L ha-1) (T4) of soil 60 DAA (Days after application) of crop. In case of actinomycetes populationGlyphosate 41% SLobtaining value of 89.83CFU x 105 g-1@ 1.23 kg a.i. ha-1(3.00 L ha-1) (T3)of soil  and 94.34 CFU x 105 g-1@ 2.46 kg a.i. ha-1(6.00L ha-1) (T4)of soil at 60 DAA (Days after application)  of herbicides. These findings were consistent with those of Das et al. (2010),who said that the ideal doses of herbicides in general, are no longer phototoxic effects on the overall bacterial population in the rhizosphere in the ground. This could be as a result of the potential for microbes to destroy the molecule of herbicide and use them as a source of the biological components that support their physiological methods (Bera and Ghosh, 2013).However, in all the three cases (total bacteria, fungi and Actinomycetes) the herbicide treatments did not vary significantly among themselves in all the three doses of the testing herbicide Glyphosate 41% SL and the standard herbicide application at initial observation, but after herbicide application they differ significantly for a short period of time. Also, prior to degradation, the impact of herbicides on microorganisms may be manifested through a decrease in their population and functional capabilities.Subsequently, the decomposition of organic herbicides leads to the production of carbon-rich substrates, which subsequently enhance the microbial population in the rhizosphere(Jarvanet al., 2014) and thishas an impact on the processes of transformation and availability of plant nutrients within the soil (Das and Debnath, 2006).
Conclusion
The experiment's results suggest that the utilization of Glyphosate 41% SL at a dosage of 1.23 kg a.i. ha-1(3.00 L ha-1) effectively managed the weed population in Tea. The utilization of Glyphosate 41% SLat different concentrations, commencing from around@ 1.23 kg a.i. ha-1 (3.00 L ha-1), led to a significant and significant increase in the total production of green tea leaf yield.  Based on the findings of the experiment, it is postulated that the application ofGlyphosate 41% SLat a dosage of1.23 kg a.i. ha-1 (3.00 L ha-1) represents a secure and exceedingly efficacious approach for the control of diverse weed species in tea cultivation.








Table 3: Effect of weed management treatments on total weed density (no./m2)at 45 and 75 DAAinTea (Pooled data of 2 years)

	No.
	Treatments
	Dose/ha (kg or L)
	Total No. of weeds per m2 area

	
	
	a.i.
	Forml.
	Grassy
	BLW
	Sedges

	
	
	
	
	45 DAA
	75 DAA
	45 DAA
	75 DAA
	45 DAA
	75 DAA

	1
	T1 -  Untreated check
	--
	--
	7.87*
	8.55
	4.90
	5.54
	4.82
	5.04

	
	
	
	
	(61.58)
	(72.65)
	(23.56)
	(30.24)
	(22.78)
	(24.95)

	2
	T2 -  Glyphosate 41% SL             
      (Candidate Product)
	0.82 kg
	2.0 L
	3.89
	4.58
	2.76
	3.34
	2.60
	2.78

	
	
	
	
	(14.67)
	(20.52)
	(7.12)
	(10.64)
	(6.28)
	(7.24)

	3
	T3 - Glyphosate 41% SL 
      (Candidate Product)
	1.23 kg
	3.0 L
	3.57
	4.31
	2.57
	2.98
	2.25
	2.70

	
	
	
	
	(12.28)
	(18.11)
	(6.14)
	(8.42)
	(4.55)
	(6.79)

	4
	T4 -  Glyphosate 41% SL 
       (Candidate Product)
	2.46 kg
	6.0 L
	3.21
	3.84
	2.41
	2.72
	2.06
	2.51

	
	
	
	
	(9.86)
	(14.32)
	(5.32)
	(6.92)
	(3.77)
	(5.81)

	5
	T5 -  Glyphosate 41% SL 
       (Marketed Product)
	0.82 kg
	2.0 L
	5.58
	6.77
	3.70
	4.48
	3.61
	4.00

	
	
	
	
	(30.62)
	(45.41)
	(13.23)
	(19.66)
	(12.54)
	(15.56)

	6
	T6 - Glyphosate 41% SL 
       (Marketed Product)
	1.23 kg
	3.0 L
	5.26
	6.23
	3.57
	4.10
	3.20
	3.80

	
	
	
	
	(27.22)
	(38.33)
	(12.28)
	(16.34)
	(9.75)
	(13.97)

	
	S.Em (+)
	
	
	0.35
	0.37
	0.17
	0.25
	0.17
	0.21

	
	LSD(0.05)
	
	
	1.05
	1.12
	0.53
	0.74
	0.52
	0.62



*DAA–daysafterapplication;Valuesintheparenthesisarethemeansoforiginalvalue.Datatransformedtosquareroot[image: ] BLW: Broad leaf weed
	


Table 4: Effect of weed management treatments on total weed dry weight (g/m2)at45 and 75 DAAin Tea (Pooled data of 2years)
	No.
	Treatments
	Dose/ha (kg or L)
	Total Weeds dry weight (gm) per m2 area

	
	
	a.i.
	Forml.
	Grassy

	BLW
	Sedges

	
	
	
	
	45 DAA

	75 DAA
	45 DAA
	75 DAA
	45 DAA
	75 DAA

	1
	T1 -  Untreated check 

	--
	--
	4.15
	6.07
	4.29
	5.69
	2.31
	2.88

	
	
	
	
	(16.75)
	(36.36)
	(17.98)
	(31.95)
	(4.88)
	(7.82)

	2
	T2 -  Glyphosate 41% SL             
      (Candidate Product)
	0.82 kg
	2.0 L
	1.57
	2.70
	1.74
	2.61
	1.00
	1.37

	
	
	
	
	(1.98)
	(6.82)
	(2.55)
	(6.35)
	(0.52)
	(1.38)

	3
	T3 - Glyphosate 41% SL 
      (Candidate Product)
	1.23 kg
	3.0 L
	1.50
	2.53
	1.61
	2.38
	0.96
	1.26

	
	
	
	
	(1.76)
	(5.92)
	(2.11)
	(5.21)
	(0.43)
	(1.09)

	4
	T4 -  Glyphosate 41% SL 
       (Candidate Product)
	2.46 kg
	6.0 L
	1.36
	2.39
	1.53
	2.17
	0.88
	1.14

	
	
	
	
	(1.35)
	(5.22)
	(1.85)
	(4.22)
	(0.29)
	(0.82)

	5
	T5 -  Glyphosate 41% SL 
       (Marketed Product)
	0.82 kg
	2.0 L
	2.41
	4.09
	3.20
	3.77
	1.48
	1.66

	
	
	
	
	(5.32)
	(16.27)
	(9.62)
	(13.74)
	(1.72)
	(2.25)

	6
	T6 - Glyphosate 41% SL 
       (Marketed Product)
	1.23 kg
	3.0 L
	2.27
	3.55
	2.95
	3.28
	1.25
	1.47

	
	
	
	
	(4.67)
	(12.11)
	(8.23)
	(10.27)
	(1.08)
	(1.67)

	
	S.Em (+)
	
	
	0.14
	0.14
	0.11
	0.17
	0.08
	0.10

	
	LSD(0.05)
	
	
	0.41
	0.43
	0.32
	0.52
	0.25
	0.31



*DAA–days after application
Square root transformed [image: ]values, original values are in parentheses. Mean of three replications. 
BLW: Broad leaf weed,    

Table 5:  Effect of weed management treatments on weed control efficiency (%) at 45 and 75 DAA in Tea (Pooled data of 2 years)

	No.
	Treatments
	Dose/ha (kg or L)
	Weed control efficiency (%)

	
	
	a.i.
	Forml.
	Grassy
	BLW
	Sedges

	
	
	
	
	45 DAA
	75 DAA
	45 DAA
	75 DAA
	45 DAA
	75 DAA

	1
	T1 -  Untreated check 

	--
	--
	--
	--
	--
	--
	--
	--

	
	
	
	
	
	
	
	
	
	

	2
	T2 -  Glyphosate 41% SL             
      (Candidate Product)
	0.82 kg
	2.0 L
	62.16
	55.52
	59.44
	54.13
	56.70
	52.43

	
	
	
	
	
	
	
	
	
	

	3
	T3 - Glyphosate 41% SL 
      (Candidate Product)
	1.23 kg
	3.0 L
	63.85
	58.32
	62.47
	58.17
	58.44
	56.25

	
	
	
	
	
	
	
	
	
	

	4
	T4 -  Glyphosate 41% SL 
       (Candidate Product)
	2.46 kg
	6.0 L
	67.22
	60.62
	64.33
	61.86
	61.90
	60.41

	
	
	
	
	
	
	
	
	
	

	5
	T5 -  Glyphosate 41% SL 
       (Marketed Product)
	0.82 kg
	2.0 L
	41.29
	32.62
	25.40
	33.74
	35.93
	42.36

	
	
	
	
	
	
	
	
	
	

	6
	T6 - Glyphosate 41% SL 
       (Marketed Product)
	1.23 kg
	3.0 L
	45.30
	41.51
	31.23
	42.35
	45.88
	48.95

	
	
	
	
	
	
	
	
	
	




*DAA–days after application
*Square root transformed [image: ]values, original values are in parentheses. Mean of three replications. 
*DAA–daysafterapplication






Table 6:  Effect of weed management treatments on green tea leaf yield (q ha-1) at 45 and 75 DAA in Tea (Pooled data of 2 years)

	No.
	Treatments
	Dose/ha (kg or L)
	Green Tea leaf yield (q ha-1)

	
	
	a.i.
	Forml.
	September 
	October
	November
	Total

	1
	T1 -  Untreated check 

	--
	--
	9.4
	8.2
	6.3
	23.9

	
	
	
	
	
	
	
	

	2
	T2 -  Glyphosate 41% SL             
      (Candidate Product)
	0.82 kg
	2.0 L
	13.2
	12.1
	9.5
	34.8

	
	
	
	
	
	
	
	

	3
	T3 - Glyphosate 41% SL 
      (Candidate Product)
	1.23 kg
	3.0 L
	14.3
	12.8
	10.7
	37.8

	
	
	
	
	
	
	
	

	4
	T4 -  Glyphosate 41% SL 
       (Candidate Product)
	2.46 kg
	6.0 L
	15.2
	13.5
	11.4
	40.1

	
	
	
	
	
	
	
	

	5
	T5 -  Glyphosate 41% SL 
       (Marketed Product)
	0.82 kg
	2.0 L
	11.2
	10.1
	8.2
	29.5

	
	
	
	
	
	
	
	

	6
	T6 - Glyphosate 41% SL 
       (Marketed Product)
	1.23 kg
	3.0 L
	11.9
	10.5
	8.5
	30.9

	
	S.Em (+)
	
	
	 0.77
	0.56
	0.53
	1.16

	
	LSD(0.05)
	
	
	2.3
	1.7
	1.6
	3.5



*Square root transformed [image: ]values, original values are in parentheses. Mean of three replications. 
*DAA–days after application






Table 7:  Phytotoxicity effect ofGlyphosate 41% SL on Tea plant
	No.
	Treatments
	Dose/ha (kg or L)
	Mean observations recorded after 0, 3, 7, 10, and 15 DAA

	
	
	A.I.
	Forml.
	Leaf injury on tips/ surface
	Wilting
	Necrosis
	Vein clearing
	Epinasty
	Hyponasty

	1
	T1 -  Untreated check 

	--
	--
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	2
	T2 -  Glyphosate 41% SL             
      (Candidate Product)
	0.82 kg
	2.0 L
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	3
	T3 - Glyphosate 41% SL 
      (Candidate Product)
	1.23 kg
	3.0 L
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	4
	T4 -  Glyphosate 41% SL 
       (Candidate Product)
	2.46 kg
	6.0 L
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	5
	T5 -  Glyphosate 41% SL 
       (Marketed Product)
	0.82 kg
	2.0 L
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	

	6
	T6 - Glyphosate 41% SL 
       (Marketed Product)
	1.23 kg
	3.0 L
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	
	
	
	









Table 8. Chemical properties of the experimental soil at 60 DAA
	Treatment
	Dose kg a.i./ha
	pH
	EC
(dSm-1)
	Organic
Carbon
(%)
	Total N
(%)
	Available
P2O5
(kg ha-1)
	Available K2O
(kg ha-1)

	T1 -  Untreated check
	--
	6.55
	0.14
	0.60
	0.061
	31.1
	238.3

	T2 -  Glyphosate 41% SL (Candidate Product)
	0.82 kg
	6.52
	0.15
	0.61
	0.063
	30.4
	240.2

	T3 - Glyphosate 41% SL (Candidate Product)
	1.23 kg
	6.52
	0.14
	0.61
	0.064
	31.8
	239.6

	T4 -  Glyphosate 41% SL (Candidate Product)
	2.46 kg
	6.52
	0.15
	0.62
	0.066
	30.6
	240.7

	T5 -  Glyphosate 41% SL (Marketed Product)
	0.82 kg
	6.52
	0.14
	0.60
	0.062
	30.2
	238.4

	T6 - Glyphosate 41% SL (Marketed Product)
	1.23 kg
	6.52
	0.15
	0.61
	0.063
	29.5
	238.1

	at initial
	--
	6.52
	0.15
	0.59
	0.06
	31.2
	241.3

	
	
	
	
	
	
	
	




	Treatments
	 Dose/ha (kg or L)
	Total bacteria (CFU x 106 g-1 of soil)
	Total Fungi (CFU x 104 g-1 of soil)
	Total Actinomycetes (CFU x 105 g -1 of soil)

	
	a.i/ha
	Forml.
(L)
	  Initial
	  30 DAA
	60DAA
	Initial                    
	30 DAA
	60 DAA
	 Initial                      
	30 DAA
	60 DAA

	T1 -  Untreated check
	--
	--
	38.54
	59.67
	67.35
	53.47
	44.83
	68.52
	54.68
	61.54
	68.12

	T2 -  Glyphosate 41% SL       (Candidate Product)
	0.82 kg
	2.0 L
	38.25
	37.42
	78.32
	54.91
	41.28
	76.17
	55.14
	44.14
	81.25

	T3 - Glyphosate 41% SL (Candidate Product)
	1.23 kg
	3.0 L
	37.48
	33.27
	86.52
	55.82
	40.43
	88.57
	56.11
	43.26
	89.83

	T4 -  Glyphosate 41% SL (Candidate Product)
	2.46 kg
	6.0 L
	38.53
	36.35
	89.27
	56.38
	41.24
	98.62
	55.21
	43.84
	94.34

	T5 -  Glyphosate 41% SL (Marketed Product)
	0.82 kg
	2.0 L
	36.17
	31.16
	69.74
	54.72
	37.45
	72.56
	54.37
	39.51
	79.15

	T6 - Glyphosate 41% SL (Marketed Product)
	1.23 kg
	3.0 L
	37.72
	33.24
	71.42
	55.43
	35.76
	70.13
	54.39
	38.17
	78.78

	S.Em (+)
	--
	--
	1.24
	1.03
	1.42
	1.08
	1.38
	1.84
	1.15
	1.12
	 1.05

	LSD(0.05)
	
	
	NS
	3.09
	4.25
	NS
	4.15
	5.52
	NS
	3.36
	3.17

	


Table 9:  Effect of weed management treatments on microbial properties of soil in Tea (Pooled data of 2 years)

[CFU: Colony Forming Unit]
*DAA–daysafterapplication
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