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A field experiment was conducted at the research farm of Department of Tea Husbandry and Technology, CSK HPKV, 
Palampur, Himachal Pradesh, India during the summer  (February–May) and monsoon (June–October) seasons of 2018. 

The study consists of ten weed control treatments viz. glyphosate ammonium 79.2% SG at 1.089, 2.178 and 4.356 kg ai ha-1, 
glyphosate ammonium 71% SG at 2.13 kg ai ha-1, paraquat 0.5 kg ha-1, tank mix combination of glyphosate with 2,4-D (Na) 
at 1.0+0.5 kg ha-1, glyphosate 1.5 kg ha-1, slashing and in-situ mulching of weeds before flowering, weed free and weedy check. 
Bidens pilosa, Paspalum distichum, Chromolaena adenophorum, Achyranthus aspera and Artemisia sp., were the dominant weeds 
in both summer and monsoon seasons. Glyphosate ammonium 79.2% SG at 4.356 kg ai ha-1 being at par with glyphosate 
1.00 kg+2,4-D (Na) 0.5 kg ha-1 was quite effective in controlling Bidens pilosa, Paspalum distichum, Chromolaena adenophorum, 
Achyranthus aspera, Lantana camara, Ageratum sp. and Artemisia sp. in tea. Lowest count of other weeds (Hedera helix, Solanum 
xanthocarpum, Leucas aspera and Cynodon dactylon) was recorded under glyphosate+2,4-D (Na) 1.0 kg +0.5 kg ha-1 and glyphosate 
ammonium 79.2% at 4.356 kg ai ha-1, being comparable to weed free check. Among different weed control treatments, 
significantly higher green leaf yield of 3767 and 3690 kg ha-1 with weed index values of 4.29 and 6.25% was recorded with the 
application of glyphosate 1.0 kg ha-1+2,4-D (Na) 0.5 kg ha-1 and glyphosate ammonium 79.2% at 2.178 kg ai ha-1, respectively 
which were also statistically similar to weed free check.
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1.   INTRODUCTION

Tea (Camellia sinensis (L.) Kuntze) is the second most 
consumed drink in the world after water. Polyphenol 

viz. catechins and theaflavins  present in tea have been 
documented as strong antioxidants and their effectiveness in 
prevention of cardiovascular diseases, hypertension, diabetes, 
obesity and alleviation of metabolic syndrome, inhibition 
of antiviral activity and modulation of immunity (Barooah, 
2020; Yang, 2018; Tang et al., 2019). Liu et al., 2015 
reported that the presence of unique theaflavin derivatives, 
amino acid L-theanine has neuroprotective effects that had 
potent anti-HIV-1 activity and epigallocatechin gallate 
(EGCG) present in green tea has been shown to inhibit 
Herpes simplex virus type-1 (HSV-1) (Issack et al., 2008). 

India is the world’s second-largest producer and consumer 
of tea, generating more than 1000 million kg from an area 
of 579.35 thousand hectares (Anonymous, 2023). Among 
the critical factors limiting optimum productivity, weeds 
had proved to reduce the yield and quality of tea besides 
competing for nutrients and moisture (Opeke, 2005; Paul 
and Pierre, 2012). In the early phases of crop growth, 
weeds remove 5–6 times more nitrogen, 5–12 times 
more phosphorus, and 2–5 times more potassium than 
the beverage crop, creating intense competition for these 
nutrients and ultimately lowering production (Kumar et al., 
2021). Weeds meddle with routine operations in the tea 
garden and act as an anchorage for some insect and disease 
pest (Wilson, 2005).  Worldwide, tea crop loss due to weeds 
has been estimated to be about 146 million kg annually 
which accounts to 14–15% of total production (Rana et al, 
2020). Uncontrolled weed growth can cause a loss of tea 
productivity to the extent of 50–70%. (Deka and Barua, 
2015; Singh et al., 2014). 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 (Kgawa and Fredrick, 2015). Due 
to the high cost of labour and other inputs like herbicides, 
managing weeds in tea plantations has become a critical 
concern (Prematilake et al., 2004; Ilango et al., 2010). 
Chemical control scores over other methods due to their 
efficiency, cost effectiveness and ease of operation (Kumar 
et al., 2014; Rana and Rana, 2016; Mirghasemi et al., 2012). 
Herbicide use is the primary method for controlling the 
weed problem in tea (Sarkar and Kabir, 2016). Glyphosate 
is a commonly used herbicide in agriculture and non-crop 
area for the management of wide range of weeds and is 
effective for weed control in tea (Bose et al., 2007). The 
mechanism of this herbicide is that after getting absorbed 
by the plant it binds to the enzyme enolpyruvyIshikimate-
3-phosphate synthase (EPSPS) and block the activity of 
the enzyme which comes at the shikimic acid pathway 

and converts simple carbohydrate precursors into aromatic 
amino acid and many other metabolites (Kanissery et al., 
2019; Devi et al., 2019). It is continuously absorbed by 
roots, metabolized, and transported into edible tea leaves 
(Tong et al., 2017). Glyphosate salts perform a variety of 
important functions. In particular, the salt portion of the 
formulated product may allow for greater absorption of 
glyphosate through its more effective penetration into the 
leaf (Nordby and Hager, 2011; Travlos et al., 2017). Sharma 
and Singh (2001) showed that the application of glyphosate 
with ammonium sulfate, significantly increased weed control 
compared to glyphosate alone. Keeping this in view, a new 
formulation of ghyphosate i.e. glyphosate ammonium 79.2% 
SG was tested under the present study  for effective control 
of weeds and achieving higher yield in tea. 

2.   MATERIALS AND METHODS

The study was carried out during summer (February–
May) and monsoon (June–October) seasons of 2018 

at the Tea Research Department of Tea Husbandry 
and Technology, CSK Himachal Pradesh Krishi 
Vishwavidyalaya, Palampur. Agro-climatically, the 
experiment site falls under sub-temperate humid zone of 
Himachal Pradesh which is characterized by mild summers 
and cool winters along with high rainfall during monsoon. 
The experiment site lies between 32.101°N and 76.547°E. 
In the site selected for experimentation, the tea bushes were 
top pruned with the help of sickle in the month of December 
2017. Recommended dose of N, P2O5 and K2O was 90, 
90 and 40 kg ha-1 in the form of urea (46%), single super 
phosphate (16% P2O5) and muriate of potash (60% K2O), 
respectively was applied. Whole of the nitrogen, phosphorus 
and potassium were applied in the month of February. Ten 
weed control  treatments [T1- Glyphosate ammonium salt 
79.2% SG @ 1.089 kg ha-1, T2- Glyphosate ammonium salt 
79.2% SG @ 2.178 kg ai ha-1, T3- Glyphosate ammonium 
salt 79.2% SG @ 4.356 kg ai ha-1, T4- Glyphosate 
ammonium salt 71% SG @ 2.13 kg ai ha-1, T5- Paraquat 
@ 0.5 l ha-1, T6- Glyphosate 1.0 l ha-1 with 2,4-D (Na) 0.5 
kg ha-1, T7- Glyphosate @ 1.5 l ha-1, T8- Slashing & in-situ 
mulching of weeds before flowering, T9- Weed free check 
and T10- Weedy check] were evaluated in randomized block 
design with three replications. The herbicide application 
and intercultural operations were carried out as per the 
treatments in respective plots. Post-emergence application 
of all the herbicides was done during summer and again 
during the monsoon season. The crop was managed 
following all recommended package of practices for tea, 
except variable treatments.

The species-wise weed count was recorded at their 
maximum population stage (in weedy check)  at 90 days 
after start of the experiment (DASE) during summer and 
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Table 1: continue...

30 DASE during monsoon season. The observations on 
dry matter accumulation by total weeds was taken at same 
stages.  The total number of weeds present in 0.25 m2 area 
were selected by using a quadrate of 0.5×0.5 m2 at random in 
each plot. The number of total weeds present in the quadrate 
was counted and expressed in 1 m2 by multiplying with 4. 
The total weeds inside each quadrate were uprooted, cleaned 
and dried in an electric oven for 72 hours maintaining a 
constant temperature of 70°C. After drying, weight of total 
weeds was taken and expressed in g m-2. The data on total 
weed count was subjected to √x+1square root transformation 
to normalize the distribution. The green leaves from each 
plot were plucked manually. Two leaves and a bud were 
plucked from each shoot of the bush from each plot. The 
green leaf yield (g bush-1) obtained per plot was converted 
to kg ha-1. The total green leaf yield was the sum total of all 
flushes i.e. early, main and back-end flush The weed Index 
was calculated as per formulae given below:
Weed index (WI)=(X-Y/ X)×100
X-Yield from weed free
Y-Yield of particular treatment
The data so obtained from field were subjected to statistical 
analysis as per procedure given by Gomez and Gomez 
(1984).

3.   RESULTS AND DISCUSSION

3.1.  Weed flora

The crop was mainly infested with perennial weeds. The 

proportion of weed species in the weedy check at their 
maximum population stage during summer (90 DASE) 
and monsoon (30 DASE) seasons has revealed that the 
Bidens pilosa, Artemesia sp. and Paspalum distichum were 
the dominant weeds constituting 24.4, 16.5 and 15.3%, 
respectively, of the total weed population during summer. 
Chromolaena adenophorum, Achyranthus aspera, Lantana 
camara and Ageratum sp. constituted 11.2, 11.2, 7.6 and 
5.1%, respectively, of total weed population. The other 
weeds viz. Hedera helix, Leucas sp., Solanum xanthocarpum 
and Cynodon dactylonetc collectively constituted about 8.6% 
of total weed flora. Almost similar type of weed flora was 
present during monsoon. Bidens pilosa, Artemesia sp. and 
Paspalum distichum  were the dominant weeds constituting 
22.2, 16.4 and 15.2%, respectively, of the total weed 
population.  Chromolaena adenophorum, Achyranthus aspera, 
Lantana camara and Ageratum sp. constituted 12.3, 10.5, 9.4 
and 7.0%, respectively, of total weed population, whereas 
other weeds had 7.0% proportion. Same type of weed flora 
was also recorded by Rana et al., 2020 under Palampur 
conditions.

3.2.  Species wise weed count at maximum count stage of weeds 
during summer season

Weed count of different weeds was significantly influenced 
due to weed control treatments at their maximum count 
stage based on population of weeds in weedy check i.e. 90 
DASE during summer season. All weed control treatments 
were significantly superior over weedy check (Table 1).

Table 1: Effect of treatments on count (No. m-2) of different weeds at 90 DASE during summer season

Treatment Dose
(kg ai ha-1)

Bidens 
pilosa

Chromolaena 
adenophorum

Paspalum 
distichum

Artemisia 
sp.

Lantana 
camara

Agera-
tum sp.

Achyran-
thus aspera

Others

Glyphosate 
ammonium salt 
79.2% SG

1.089 3.37
(10.67)

3.40
(10.67)

4.52
(20.00)

5.38
(28.00)

3.61
(12.00)

2.95
(8.00)

4.71
(21.33)

3.61
(12.00)

Glyphosate 
ammonium salt 
79.2% SG

2.178 2.69
(6.67)

2.49
(5.33)

4.07
(16.00)

4.43
(18.67)

3.20
(9.33)

2.49
(5.33)

3.78
(13.33)

2.49
(5.33)

Glyphosate 
ammonium salt 
79.2% SG

4.356 2.69
(6.67)

1.87
(4.00)

3.78
(13.33)

3.73
(13.33)

3.00
(8.00)

2.08
(4.00)

3.37
(10.67)

2.08
(4.00)

Glyphosate 
ammonium salt 
71% SG

2.13 3.20
(9.33)

2.75
(6.67)

4.43
(18.67)

4.70
(21.33)

3.40
(10.67)

2.75
(6.67)

4.43
(18.67)

2.95
(8.00)

Paraquat 0.500 3.75
(13.33)

4.03
(15.33)

5.08
(25.33)

5.49
(29.33)

3.95
(14.67)

3.20
(9.33)

4.72
(21.33)

3.75
(13.33)

Glyphosate+2,4-
D (Na)

1.0+0.5 2.75
(6.67)

1.82
(2.67)

3.00
(8.00)

4.10
(16.00)

2.95
(8.00)

2.08
(4.00)

3.61
(12.00)

2.08
(4.00)

Glyphosate 1.5 3.58
(12.00)

2.49
(5.33)

4.10
(16.00)

4.57
(20.00)

3.20
(9.33)

2.49
(5.33)

4.28
(17.33)

2.33
(5.33)
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Treatment Dose
(kg ai ha-1)

Bidens 
pilosa

Chromolaena 
adenophorum

Paspalum 
distichum

Artemisia 
sp.

Lantana 
camara

Agera-
tum sp.

Achyran-
thus aspera

Others

Slashing and 
in-situ mulching 
of weeds before 
flowering

4.10
(16.00)

3.37
(10.67)

4.32
(18.67)

4.57
(20.00)

3.78
(13.33)

2.95
(8.00)

4.28
(17.33)

3.40
(10.67)

Weed free check 1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

2.24
(4.0)

1.00
(0.00)

1.00
(0.00)

1.00
(0.0)

Weedy check 8.03
(64.00)

5.49
(29.33)

6.40
(40.00)

6.66
(43.33)

4.57
(20.00)

3.78
(13.33)

5.49
(29.33)

4.86
(22.67)

SEm± 0.34 0.40 0.14 0.21 0.21 0.30 0.22 0.38

LSD (p<0.05) 1.00 1.18 0.98 0.66 0.62 0.87 0.64 1.12

*Values in parentheses are means of original values; Data transformed to square root transformation (√x+1)

Significantly lowest count of Bidens pilosa was recorded in 
weed free check. All the remaining weed control treatments 
except paraquat 0.5 l ha-1 and slashing and in-situ mulching 
of weeds being at par among themselves significantly 
reduced the count of Bidens pilosa.

Tank mix application of glyphosate 1.0 l ha-1 with 2,4-D (Na) 
0.5 kg ha-1 and alone application of  glyphosate ammonium 
79.2% at 4.356 kg ai ha-1 significantly reduced the count of 
Chromolaena adenophorum  which was comparable to weed 
free check. Glyphosate ammonium 79.2% at 2.178 kg ai ha-1, 
glyphosate 1.5 l ha-1 and glyphosate ammonium 71% at 2.13 
kg ai ha-1 were the other better treatments which behaved 
statistically similar to  the combination of glyphosate 1.0 l 
ha-1 with 2,4-D (Na) 0.5 kg ha-1 and glyphosate 1.5 l ha-1.

With respect to Paspalum distichum, apart from weed free 
check, combined application of glyphosate 1.0 l ha-1 along 
with 2,4-D (Na) and glyphosate ammonium 79.2% at 4.356 
kg ai ha-1 behaving statistically similar to each other were 
proved to be significantly better for controlling this weed. 
All the remaining weed control treatments except paraquat 
0.5 l ha-1 were equal to glyphosate ammonium 79.2% at 
4.356 kg ai ha-1.

Significantly lowest count of Artemesia sp. was found in 
weed free check. Glyphosate ammonium 79.2% at 4.356 kg 
ai ha-1 behaving statistically  similar to glyphosate 1.0 l ha-1 

+2,4-D (Na) 0.5 kg ha-1 had significantly lower population 
of this weed. All remaining  weed control treatments  except 
paraquat 0.5 kg ha-1 being at par with glyphosate+2,4-D 
(Na) at 1.0 l+0.5 kg ha-1 were the other better treatments 
to control Artemesia sp.

Complete control of Lantana camara  was achieved in weed 
free check. All remaining weed control treatments except 
paraquat 0.5 l ha-1, slashing and in-situ mulching of weeds 
and glyphosate ammonium 79.2% at 1.089 kg ai ha-1 being 
at par among themselves proved significantly superior to 
control this weed. 

Significantly lowest count of Ageratum sp. was found in weed 
free check. Tank mix application of glyphosate 1.0 l ha-1 
with 2,4-D (Na) 0.5 kg ha-1, glyphosate ammonium 79.2% 
at 4.356 and 2.178 kg ai ha-1 and glyphosate ammonium 
71% at 2.13 kg ai ha-1 behaving statistically similar among 
themselves were the other better treatments to control this 
weed. 

Achyranthus aspera population was significantly lowest in 
weed free check. Among other weed control treatments, 
glyphosate ammonium 79.2% at 4.356 kg ai ha-1 being at 
par with tank mix application of glyphosate 1.0 l ha-1 with 
2,4-D (Na) 0.5 kg ha-1 and glyphosate ammonium 79.2% at 
2.178 kg ai ha-1 had significantly lower count of this weed. 
Glyphosate 1.5 l ha-1 and slashing and in-situ mulching of 
weeds which remained at par with glyphosate ammonium 
79.2% at 2.178 kg ai ha-1 were found to be  the other better 
treatments in this regard. Paraquat 1.5 kg ha-1 was least 
effective to control Achyranthus aspera. 

Same trend of treatments as that for controlling Lantana 
camara was followed in respect of others weeds with the 
difference that slashing and in-situ mulching of weeds were 
better than glyphosate ammonium 79.2% at 1.089 kg ai ha-1. 
Kumar and Ghosh (2015) also found glyphosate as the best 
herbicide for controlling weeds in tea. Bose et al. (2007) 
also reported better results with the use of ammonium salt 
of glyphosate 71% in tea. Synergestic effect of using 2,4-D 
in combination with glyphosate  for reducing the count of 
weeds was also reported by Zhang et al. (1995). Through 
herbicide synergism there was an overall improvement of 
herbicide combination compared to the activity of each 
herbicide applied individually 

3.3.  Species wise weed count at maximum count stage of weeds 
during monsoon season

Weed control treatments significantly influenced the count 
of different weeds at maximum count stage of weeds based 
on weedy check i.e. 30 DASE during monsoon season. 
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All weed control treatments were found to be significantly 
superior over weedy check for controlling different weeds 
and trend of weed control treatments to control different 
weeds has been given in Table 2.

Significantly lower population of Bidens pilosa was found 
in weed free check and glyphosate ammonium 79.2% at 
4.356 and 2.178 kg ha-1, tank mix application of glyphosate 
1.0 l ha-1 with 2,4-D (Na) 0.5 kg ha-1 and glyphosate 1.5 
l ha-1 were also at par to it. Glyphosate ammonium 79.2% 
at 1.089, glyphosate ammonium 71% at 2.13 kg ai ha-1 and 

Table 2: Effect of treatments on count (No. m-2) of different weeds at 30 DASE during monsoon season

Treatment Dose (kg 
ai ha-1)

Bidens 
pilosa

Chromolaena 
adenophorum

Paspalum 
distichum

Artemis-
ia sp.

Lantana 
camara

Agera-
tum sp.

Achyran-
thus aspera

Others

Glyphosate ammonium 
salt 79.2% SG

1.089 2.49
(5.33)

3.00
(8.00)

3.58
(12.00)

4.10
(16.00)

2.75
(6.67)

2.95
(8.00)

3.93
(14.67)

2.08
(4.00)

Glyphosate ammonium 
salt 79.2% SG

2.178 1.41
(1.33)

2.24
(4.00)

2.75
(6.67)

3.37
(10.67)

2.49
(5.33)

2.49
(5.33)

2.95
(8.00)

1.67
(2.67)

Glyphosate ammonium 
salt 79.2% SG

4.356 1.00
(0.0)

2.24
(4.00)

2.49
(5.33)

3.20
(9.33)

2.49
(5.33)

2.49
(5.33)

2.75
(6.67)

1.00
(0.0)

Glyphosate ammonium 
salt 71% SG

2.13 2.49
(5.33)

2.49
(5.33)

3.20
(9.33)

3.78
(13.33)

2.75
(6.67)

2.75
(6.67)

3.15
(9.33)

2.49
(5.33)

Paraquat 0.500 3.40
(10.67)

3.58
(12.00)

3.93
(14.67)

4.43
(18.67)

3.40
(10.67)

3.00
(8.00)

4.10
(16.00)

2.95
(8.00)

Glyphosate+2,4-D 
(Na)

1.0+0.5 1.41
(1.33)

1.82
(2.67)

2.24
(4.00)

2.95
(8.00)

2.08
(4.00)

2.49
(5.33)

2.49
(5.33)

1.41
(1.33)

Glyphosate 1.5 1.82
(2.67)

2.75
(6.67)

3.00
(8.00)

3.37
(10.67)

2.54
(6.67)

2.75
(6.67)

3.20
(9.33)

1.82
(2.67)

Slashing and in-situ 
mulching of weeds 
before flowering

2.24
(4.00)

3.12
(9.33)

3.00
(8.00)

3.58
(12.00)

3.00
(8.00)

2.24
(4.00)

3.61
(12.00)

2.75
(6.67)

Weed free check 1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.0)

Weedy check 7.18
(50.67)

5.38
(28.00)

5.96
(34.67)

6.18
(37.33)

4.70
(21.33)

4.10
(16.00)

4.99
(24.00)

4.10
(16.00)

SEm± 0.28 0.26 0.21 0.29 0.39 0.23 0.29 0.37

LSD (p<0.05) 0.82 0.76 0.64 0.88 1.10 0.69 0.86 1.10

*Values in parentheses are means of original values; Data transformed to square root transformation (√x+1)

slashing and in-situ mulching of weeds being at par with 
glyphosate 1.5 kg ha-1 were the other good treatments. 
Among different herbicides, paraquat 0.5 l ha-1 had 
maximum count of this weed.

With respect to Chromolaena adenophorum, significantly 
lowest count was recorded in weed free check. Among 
other treatments, significantly lower count of this weed was 
recorded under combined application of glyphosate 1.0 l ha-1 
with 2, 4-D (Na) 0.5 kg ha-1, glyphosate ammonium 79.2% 
at 4.356 and 2.178 kg ai ha-1 and glyphosate ammonium 

71% at 2.13 kg ha-1. Glyphosate 1.5 l ha-1 and glyphosate 
ammonium 79.2% at 1.089 kg ai ha-1 being at par with 
the other two higher doses of glyphosate ammonium 
79.2% were the other good treatments for controlling 
this weed. Paraquat 0.5 l ha-1 was least effective to control 
Chromolaena adenophorum. Singh et al. (1992) also reported 
that glyphosate at 1.0 kg ha-1 was most effective in checking 
Chromolaena odorata in Himachal Pradesh. Mummigatti 
(1994) and Doddamani et al. (2001)  revealed similar results 
where application of glyphosate lowered the relative water 

content, stomatal conductance and transpiration rate with 
concomitant increase in leaf temperature and resulting in 
death of weed plants. 

Regarding Paspalum distichum , significantly lowest count 
was recorded in weed free check. Among remaining 
treatments, significantly lower count was recorded with tank 
mix application of glyphosate 1.0 l ha-1 with 2,4-D (Na) 0.5 
kg ha-1. However, glyphosate ammonium 79.2% at doses 
of 4.356 and 2.178 kg ai ha-1 were equally effective. Other 
weed control treatments except, paraquat 0.5 L ha-1 and 
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glyphosate ammonium 79.2% at 1.089 kg ai ha-1 remaining  
par with glyphosate ammonium 79.2% at 4.356 and 2.178 
kg ai ha-1 were the other best treatments in this regard.

Keeping plots weed free had resulted in significantly lowest 
count of Artemesia and Ageratum sp. For significantly 
reducing the count of these two weeds, all the treatments 
except glyphosate ammonium 79.2% at 1.089 kg ai ha-1 and 
paraquat 0.5 kg ha-1, were equally effective.

For controlling Lantana camara effectively, combined 
application of glyphosate 1.0 l ha-1 with 2,4-D (Na) 0.5 kg 
ha-1 performed statistically similar to hand weeding twice. 
However, all other herbicides except paraquat 0.5 kg ha-1 
were at par with tank mix application of glyphosate 1.0 l 
ha-1 with 2,4-D (Na) 0.5 kg ha-1.

Weed free check had resulted in significantly lowest count 
of Achyranthus aspera. Among remaining treatments, tank 
mix application of glyphosate 1.0 l ha-1 with 2,4-D (Na) 0.5 
kg ha-1 being at par with  glyphosate ammonium 79.2% at 
4.356 and 2.178 kg ai ha-1 and glyphosate ammonium 71% 
at 2.13 kg ai ha-1 was proved to be better and was followed 
by glyphosate 1.5 kg ha-1.

For controlling other weeds, all weed control treatments 
except glyphosate ammonium 79.2% at 1.089 kg ai ha-1, 
slashing and in-situ mulching of weeds and paraquat 0.5 l 
ha-1 were equally effective. 

Glyphosate in combination with 2,4-D resulted in an 

increase in the metabolical activity, improving glyphosate 
transport and eventually leading to effective control of  
different weeds (Flint and Barrett, 1989). Better efficacy to 
control predominant infestation of broad-leaved weeds with 
ammonium salt of glyphosate (Excel Mera 71 SG)  at 2.89 g 
litre-1 of  water has also been reported by Ilango et al. (2010). 
Similar type of results with ammonium salt of glyphosate 
was also reported by Bose et al. (2007). For controlling 
weeds, Bautista et al., 2021 also found no antagonistic effect 
of tank mix application of glyphosate with 2,4-D.

3.4.  Total weed count

Data on the effect of treatments on the total weed count 
at different stages have been given in Table 3. Total weed 
count was significantly influenced by different weed control 
treatments at all stages of observation. Significantly lowest 
count of total weed was recorded in weed free check during 
both the season. 

During summer season, there was decline in the total weed 
count from initial due to the effect of herbicides at 30 
DASE.  Thereafter, there was gradual increase in count of 
weeds from 30–90 DASE because of emergence of many 
weeds. Whereas, in weedy check, increasing trend in the 
total weed count was noticed from initial to 90 DASE. 
In weed control treatments, combination of glyphosate 
1.0 l ha-1 with 2,4-D (Na) 0.5 kg ha-1 being at par with 
glyphosate ammonium 79.2% at 4.356 kg ai ha-1 resulted 
in significantly lower count of total weeds at all stages of 

Table 3: Effect of treatments on total weed count  (No m-2)  at different time intervals during summer and monsoon season 
in tea

Treatment Dose 
(kg ai ha-1)

Summer season Monsoon season

Initial 30 
DASE

60 
DASE

90 
DASE

30 
DASE

60 
DASE

90 
DASE

120 
DASE

Glyphosate ammonium salt 
79.2% SG                                                       

1.089 13.60
(184.00)

9.36
(86.67)

9.98
(98.67)

11.11
(122.67)

8.69
(74.67)

8.72
(76.00)

7.46
(54.67)

7.25
(52.00)

Glyphosate ammonium salt 
79.2% SG

2.178 13.78
(189.33)

7.08
(49.33)

7.72
(58.67)

9.00
(80.00)

6.69
(44.00)

7.00
(48.00)

5.72
(32.00)

5.11
(25.33)

Glyphosate ammonium salt 
79.2% SG

4.356 13.54
(182.67)

6.18
(38.67)

6.95
(48.00)

8.04
(64.00)

6.08
(36.00)

6.13
(37.33)

5.41
(29.33)

5.32
(28.00)

Glyphosate ammonium salt 
71% SG

2.13 13.24
(174.67)

7.40
(54.67)

8.61
(73.00)

10.05
(100.00)

7.88
(61.33)

7.72
(58.67)

6.58
(42.67)

6.80
(45.33)

Paraquat 0.500 l 13.39
(178.67)

10.37
(106.67)

11.32
(127.33)

11.49
(142.00)

9.98
(98.67)

10.03
(100.00)

8.22
(66.67)

7.95
(62.67)

Glyphosate+2,4-D (Na) 1.0l+0.5 13.23
(174.67)

5.20
(26.67)

6.70
(44.00)

7.89
(61.33)

5.72
(32.00)

6.18
(37.33)

4.79
(22.67)

4.71
(21.33)

Glyphosate      1.5 l 13.74
(188.00)

7.43
(54.67)

8.14
(65.33)

9.56
(90.67)

7.35
(53.33)

7.62
(57.33)

6.18
(37.33)

5.74
(32.00)

Slashing and in-situ 
mulching of weeds before 
flowering

14.61
(212.67)

8.54
(72.00)

9.57
(90.67)

10.74
(114.67)

8.05
(64.00)

8.77
(76.00)

7.62
(57.33)

7.17
(50.67)

Table 3: Continue...
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Treatment Dose 
(kg ai ha-1)

Summer season Monsoon season

Initial 30 
DASE

60 
DASE

90 
DASE

30 
DASE

60 
DASE

90 
DASE

120 
DASE

Weed free check 13.14
(172.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

1.00
(0.00)

Weedy  check 13.82
(190.67)

14.45
(208.00)

14.82
(218.67)

16.22
(262.00)

15.12
(228.00)

14.67
(214.67)

13.15
(172.00)

12.73
(161.33)

SEm± 0.43 0.44 0.28 0.22 0.25 0.35 0.38 0.41

LSD (P=0.05) NS 1.32 0.84 0.65 0.91 1.19 1.11 1.15

*Values in parentheses are means of original values; Data transformed to square root transformation (√x+1); *DASE: Days 
after starting of experiment 

observation. Glyphosate ammonium 79.2% at 2.178 kg ai 
ha-1 was the next better treatment for reducing the count 
of total weeds, behaving statistically similar to glyphosate 
ammonium 79.2% at 4.356 kg ai ha-1 at 30 and 60 DASE. 
At 30 DASE, glyphosate ammonium 71% at 2.13 kg ai ha-1 
and glyphosate 1.5 kg ha-1 also behaved in a similar fashion 
for reducing the count of total weeds. Paraquat 1.5 kg ha-1 
was the least effective treatment for reducing the total weed 
count, but significantly superior over weedy check at all 
stages of observation.

During monsoon, as compared to summer season, there 
was a decreasing trend in the combined count of weeds 
up to 30 DASE which remained almost same up to 60 
DASE and thereafter gradually decreased. However, the 
differences were not too much marked. In weedy check, 
decreasing trend in the total weed count was noticed from 
30–120 DASE. In this season, besides, weed free check, 
significantly lower count of total weeds was recorded with 
tank mix application of glyphosate 1.0 kg ha-1 along with 
2,4-D (Na) 0.5 kg ha-1and glyphosate ammonium 79.2% 
at 4.356 kg ai ha-1 at all stages. Glyphosate ammonium 
79.2% at 2.178 kg ai ha-1 at all stages of observation 
except 30 DASE and glyphosate 1.5 kg ha-1 at 120 DASE 
were also at par to these treatments in reducing the total 
weed count. Similar to summer season, among herbicide 
treatments, highest weed count was recorded in plots treated 
with paraquat 1.5 kg ha-1. Therefore, 2,4-D could be used 
either as a component of a formulation or in a tank-mix 
with glyphosate. IIango et al. (2010) and Bose et al. (2007) 
found effective control of weeds with the use of ammonium 
salt of glyphosate 71%. Onsando (1992) and Devi et al., 
2019 also found glyphosate as an effective herbicide in tea.  
Saikia et al., 2013; Blouin et al., 2004  also reported that in 
2,4-D and glyphosate combination,  each herbicide have 
improved the performance of the other  and thus increased 
the herbicide’s performance versus their alone application.

3.5.  Total weed dry matter

The data for dry matter accumulation by total weeds was 

taken at their maximum dry matter stage (in weedy check) 
i.e. 90 DASE during summer and 30 DASE during 
monsoon season. It was revealed from data presented 
in Table 4 that during both the seasons, the tank mix 
combination of glyphosate 1.0 l ha-1 along with 2,4-D (Na) 
0.5 kg ha-1 being at par with glyphosate ammonium 79.2% at 
4.356 kg and 2.178 kg ai ha-1 resulted in significantly lower 
dry matter accumulation by total weeds. During summer, 
the glyphosate 1.5 l ha-1 also behaved statistically similar to 
these said treatments, however, during monsoon glyphosate 
ammonium 71% at 2.13 kg ai ha-1 and glyphosate 1.5 l ha-1 
were statistically similar to only glyphosate ammonium 
79.2% at 2.178 kg ai ha-1. Apart from weedy check, higher 
dry matter accumulation by total weeds was recorded in plots 
treated with paraquat 0.5 l ha-1 during both the seasons.

The tank mix combination of glyphosate along with 2,4-D 
was found to be most effective in reducing the dry weight 
of weeds. Flint and Barrett (1989) also reported additive or 
synergistic effect of this mixture to control field bindweed 
due to greater accumulation of herbicides in the roots of 
weeds. Similar results have been found for controlling 
Canada thistle (Cirsium arvense) and honeywine milkweed 
(Ampelamus albidus) by Moshier (1980) and Belles et al. 
(1980), respectively. Kumar and Ghosh (2015) reported 
better control of weeds with the application of  glyphosate 
in tea crop.

3.6.  Green leaf yield of tea 

The data on effect of different weed control treatments 
on green leaf yield of tea have been given in Table 4. The 
data revealed that combined application of glyphosate 
1.0 L ha-1 along with 2,4-D (Na) 0.5 kg ha-1 being at par 
with glyphosate ammonium 79.2% at 2.178 kg ai ha-1 had 
significantly higher green leaf yield, which was statistically 
similar to hand weeding check. The per cent increase in 
the green tea leaf yield due to glyphosate+2,4-D (Na) 
1.0 l+0.5 kg ha-1 and glyphosate ammonium 79.2% at 
2.178 kg ai ha-1 was 37.08 and 34.28%, respectively, over 
weedy check, while, it was 43.23%with weed free check. 
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Table 4: Effect of treatments on total green leaf and made tea yield (kg ha-1)

Treatment Dose 
(kg ai ha-1)

Total weed dry matter (g m-2) Green leaf 
yield (kg ha-1)

WI (%)

Initial
Summer Monsoon

90 DASE 30 DASE

Glyphosate ammonium salt 
79.2% SG

1.089 13.60
(184.00)

11.11
(122.67)

8.69
(74.67

3268 16.97

Glyphosate ammonium salt 
79.2% SG

2.178 13.78
(189.33)

9.00
(80.00)

6.69
(44.00)

3690 6.25

Glyphosate ammonium salt 
79.2% SG

4.356 13.54
(182.67)

8.04
(64.00)

6.08
(36.00)

3389 13.90

Glyphosate ammonium salt 
71% SG

2.13 13.24
(174.67)

10.05
(100.00)

7.88
(61.33)

3254 17.33

Paraquat 0.500 l 13.39
(178.67)

11.49
(142.00)

9.98
(98.67)

2995 23.91

Glyphosate+2,4-D (Na) 1.0 l+0.5 13.23
(174.67)

7.89
(61.33)

5.72
(32.00)

3767 4.29

Glyphosate 1.5 l 13.74
(188.00)

9.56
(90.67)

7.35
(53.33)

3423 13.03

Slashing and in-situ mulching 
of weeds before flowering

14.61
(212.67)

10.74
(114.67)

8.05
(64.00)

3110 20.99

Weed free check 13.14
(172.00)

1.00
(0.00)

1.00
(0.00)

3936 0.00

Weedy  check 13.82
(190.67)

16.22
(262.00)

15.12
(228.00)

2748 30.18

SEm± 0.43 0.22 0.25 168

LSD (p=0.05) NS 0.65 0.91 497

Glyphosate 1.5 l ha-1, glyphosate ammonium 79.2% at 4.356 
kg ai ha-1 and glyphosate ammonium 71% at 2.13 kg ai ha-1 
behaving statistically at par to glyphosate+2,4-D (Na) 1.0 
l+ 0.5 kg ha-1 were the other better treatments for green 
leaf yield. Decreased crop-weed competition for resources 
(sunlight, nutrients and space) due to effective control 
of weeds through these herbicides resulted in significant 
improvement in growth which ultimately contributed to 
higher green tea yield. Among herbicide treatments, the 
lowest green leaf yield was recorded with paraquat 0.5 l ha-1. 
Lowest green leaf yield was recorded from the weedy check 
treatment among all treatments.  Bose et al. (2007)  and 
Rana et al. (2020)  also reported higher tea yield with the 
use of glyphosate alone and ammonium salt of glyphosate 
71% at 3.0 kg ai ha-1, respectively. Tanha et al. (2022) 
also reported higher  made tea yield and net returns with 
combined application of glyphosate at 1.0 l ha-1 with 2,4-
D (Na) at 0.5 kg ha-1 and alone application of glyphosate 
ammonium 79.2% at 2.178 kg ai ha-1.

3.7.  Weed index

Weed index refers to the reduction in crop yield due to 

the presence of weed in comparison to weed free plots and 
used to assess the efficacy of herbicides or weed control 
treatments. Lesser the weed index, better the efficacy of 
a herbicide. It is evident from Table 4 that lowest weed 
index (4.29) was achieved with the tank mix application 
of glyphosate 1.0 l ha-1along with 2,4-D (Na) 0.5 kg ha-1,               
indicating its superiority among all the weed control 
treatments and were followed by glyphosate ammonium 
79.2%  at 2.178 kg ai ha-1 and glyphosate 42 SL at 1.5 l 
ha-1 having weed index of 6.25 and 13.03%, respectively. 
Highest value of  weed index i.e. 30.18% was recorded 
in weedy check. Weed Index values of all other herbicide 
treatments except paraquat 0.5 l ha-1 ranged  below 17.33%.

4.   CONCLUSION

Tea crop was infested with a diverse weed flora in 
both summer and monsoon seasons. Maximum 

yield in weed free conditions apprised that the presence 
of weeds significantly affected the tea yield. Among 
different treatments, by effective control of different weeds, 
application of glyphosate ammonium 79.2% at 2.178 kg ai 
ha-1 being at par with tank mix application of glyphosate 
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along with 2,4-D (Na) @ 1.0 kg+0.5 kg ha-1 resulted in 
significantly higher green leaf  yield of tea. Thus depending 
upon availability of chemicals, any one of the said options 
can be chosen as  a good alternative to hand weedings  for 
weed control in tea. 
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