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Abstract: Tomatoes are in great demand worldwide and consumed due to their nutritional and sensory qualities. 
Weed infestation poses a great challenge in tomato production, prompting growers to employ two to three herbicides 
in combinations and sequences for comprehensive control. Consequently, this study was undertaken to investigate 
the effects of glyphosate, pendimethalin, and metribuzin when applied individually or in sequential combinations 
in tomato fields. The herbicides significantly reduced the weed density and dry biomass and enhanced the weed 
control efficiency (WCE) compared to control. A tank mix spray of pendimethalin and metribuzin following 
glyphosate gave significantly higher WCE (80–91%) and fruit yield (88.47 t/ha). The tomato quality parameters 
were unaffected by the herbicides. The terminal residues in fruits were found below the safe limit of 0.1 mg/kg 
for glyphosate and 0.01 mg/kg for pendimethalin and metribuzin. Moreover, there was no evidence of residual 
carryover toxicity from the applied herbicides, as confirmed by the plant bioassay and instrumental techniques. 
However, continuous spraying of herbicides repeatedly in succession and in combination necessitates long-term 
monitoring to assess the potential development of herbicide-resistant weeds, the bio-magnification of residues 
in soil, their transfer to tomato fruits and the impact on the food chain.
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Tomatoes are grown in  an  area of  85.20  mil-
lion ha with a production of 21  t and productivity 
of 2.47 kg/ha (FAOSTAT 2021) in India. It is a signif-
icant staple daily diet across the world for being a rich 

source of  health-promoting bioactive constituents 
such as lycopene, ascorbic acid, and β-carotene, be-
sides culinary purposes. It is valued for having potent 
antioxidants (Yin et al. 2019) and anticancer prop-
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erties (Sgherri et al. 2008). The tomato crop is very 
sensitive to weed competition, especially during the 
early stages after transplanting, with severe effects 
on  its growth, development, and flowering, result-
ing in a significant loss of yield and quality (Olayinka 
et al. 2017; Mennan et al. 2020). For broad-spectrum 
weed control, multiple herbicides are used sequen-
tially and in combination as they cause 30–40% crop 
yield loss (Rao, Chauhan 2015). Effective control 
of  weed flora without yield loss by  sequential ap-
plication of pre- and post-emergence herbicides has 
also been reported in rice (Singh et al. 2016; Ramesh 
et al. 2017; Janaki et al. 2019).

In India, herbicides such as  glyphosate, pen-
dimethalin, and metribuzin are commonly used 
to  control different weed groups from field 
preparation to  crop establishment, sequentially 
or in combination, due to their selectivity and dif-
ferent modes of action. Glyphosate, a broad-spec-
trum systemic herbicide and desiccant, is  widely 
used on  both cultivated and uncultivated land. 
It is degraded in most soils with an estimated half-
life of 7 to 60 days, mainly by microbial mediation. 
The rate and extent of degradation are influenced 
by sorption behaviour, which depends on soil prop-
erties such as organic matter, clay content, microbial 
activity, mineralisation, etc. (Kanissery et al. 2019). 
Metribuzin controls weeds by inhibiting photosyn-
thesis and is  sprayed as  pre- and post-emergence 
in  crops. It  is  moderately adsorbed to  soil parti-
cles, and adsorption decreases as soil pH increases 
(Peek, Appleby 1989), with moderate persistence. 
Unlike glyphosate, metribuzin exhibits high mo-
bility in soil and is subject to photolysis depending 
on  soil type and climatic conditions. It  is  mostly 
biodegraded with a half-life of 30 to 120 days in dif-
ferent soils (Wauchope et al. 1992). Also, a half-life 
of 9.11 to 21.15 days in  tomato-cultivated neutral 
to moderately alkaline Indian soils was document-
ed (Saritha et al. 2017). Pendimethalin is  sprayed 
to  curtail annual grasses and certain broadleaf 
plants. It  is  immobile in soil and degrades in the 
environment by  binding to  the soil, microbial-
mediated metabolism, and volatilisation (USEPA 
1997; Kaur, Bhullar 2015). It has moderate to high 
persistence and has restricted lateral and down-
ward movement with a  field half-life of  30  days 
(Lee et  al. 2000). Additionally, its half-life in  soil 
depends mainly on  the time interval between ap-
plication and the first rain event and ranges from 
10.5 to 31.5 days (Alister et al. 2009).

In the published literature, the effects of individual 
herbicides on weed reduction, the persistence of res-
idues in the soil, and product quality have been doc-
umented primarily for field crops and only a few for 
vegetables such as potatoes, peas, onions, garlic, etc. 
Little information has been compiled and published 
from the tomato-grown field. Hence, the current 
study was conducted to understand the effects of se-
quential and combined application of  three herbi-
cides on  weed control efficiency (WCE), residue 
persistence, and yield and quality of tomatoes under 
semi-arid Indian conditions.

MATERIAL AND METHODS

Field and herbicides details. The field trial was 
conducted during the winter season (October 2022 
– January 2023) at  Devarayapuram, Coimbatore 
(11°00'13.08" North longitude, 76°48'5.64" East lati-
tude). Tomato F1  hybrid ‘Darsh Gold’ (Solanum 
lycopersicum) purchased from a  local agrochemi-
cal shop was cultivated as  an  experimental species. 
The selected field was divided into 21 plots (each 
3  ×  3  m2 in  size), and treatments were imposed 
in triplicate in a randomised block design. The treat-
ments were glyphosate alone (GLY), pendimethalin 
alone (PEND), metribuzin alone (METRI), glyphosate 
followed by  pendimethalin (GLY + PEND), glypho-
sate followed by  metribuzin (GLY + METRI), gly-
phosate followed by  pendimethalin and metribuzin 
as a tank mix (GLY + PEND + METRI), and control 
(no herbicide). Ten days prior to transplanting (weeds 
were in the active growth stage with 5–6 leaves) of to-
mato seedlings, GLY 7.5 L/ha (GLYPH PRO 41% SL) 
was sprayed as  a  pre-plant herbicide to  facilitate 
field preparation and reduce weed threat in  the to-
mato field according to  the treatments. Tomato 
seedlings were planted in  ridges 60  ×  30  cm  apart 
after irrigation. On the third day after transplanting, 
PENDI  1000  mL/ha (STOMP 50% EC) and METRI 
500 g/ha (TATA metri 70% WP) were sprayed as pre-
emergence herbicides according to  the treatments. 
The herbicides were sprayed on with a flat fan nozzle 
fitted in a backpack sprayer, and the amount of wa-
ter was calculated based on the recommended spray 
rate of 500 L/ha in India. Soil samples were collect-
ed from the experimental field before commanding 
treatments and processed with a  2-mm sieve to  re-
move debris and heterogeneity. The processed ho-
mogeneous soils were subsampled and analysed for 
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their physicochemical properties. The soil is  classi-
fied as  Alfisol and has a  sandy loam texture, a  me-
dium content of  available nitrogen (263  kg/ha) and 
a  high content of  available phosphorus (30  kg/ha) 
and potassium (420  kg/ha). The soil is  non-saline 
[EC (electrical conductivity) 0.22 dS/m], alkaline re-
active (pH 7.55), and has a CEC (cation exchange ca-
pacity) of 12.8 C.mol (P+)/kg soil.

Metrological conditions. Weather parameters 
that prevailed during tomato cultivation from plant-
ing to first fruit harvest were documented weekly (Fig-
ure 1). The maximum and minimum temperatures 
recorded were 27.92–30.86 °C and 20.25–22.66 °C, 
respectively. A  total of 301.50 mm of precipitation 
fell on 32 days, ranging from 0.50–69.002 mm. The 
weekly average duration of  sunshine ranged from 
1.18 to 7.40 hours.

Weed parameter data. Weeds were recorded 
species-by-species in  a  1  m × 1  m quadrant from 
four randomly selected plants in each plot. Weeds 
that fell within the quadrant frame were count-
ed, and mean values were expressed in  numbers 
per  m2  (Nos./m2). The density of  grasses, sedges, 
broadleaf weeds and total weeds was recorded 
40 days after transplanting (DAT) and expressed 
in  Nos./m2 after square root transformation (Dey, 
Pandit 2020). Samples were dried in the shade and 
later in  a  hot air oven at  80  °C for 72  h and then 
weighed. The dry weight was expressed in  g/m2. 
WCE was calculated according to the procedure de-
scribed by Mani et al. (1973).

WCE% = (WDc – WDt)/WDc × 100% 	 (1)

where: WCE – weed control efficiency (%), WDc – weed 
biomass (g/m2) in the control plot, WDt – weed biomass 
(g/m2) in the treated plot.

Tomato growth and yield. At the end of the grow-
ing season (60 days after tomato planting), the plant 
height in each treatment was measured in cm from 
the ground to  the plant tip. The number of  days 
to  50% flowering and the total number of  fruit per 
cluster were counted in each treatment, and the aver-
age was calculated. Half-ripened tomato fruits were 
picked and weighed from each plot during each har-
vest. A total of six harvests were conducted, and the 
combined fruit weight from each treatment during 
each harvest was calculated and expressed in t/ha.

Tomato quality. The tomato fruits picked during 
the first harvest (75 DAT tomato plants) were used 
to  determine several tomato fruit quality parame-
ters. These include total soluble solids (TSS) content 
and pH, ascorbic acid content (mg/100 g), titratable 
acidity (%), lycopene content (mg/kg), β-carotene 
content (mg/100 g), and fruit shelf life, which were 
determined adopting published methods (Ranganna 
1986; Siueia et al. 2020).

Carryover toxicity assessment. Replicated treat-
ment-wise soil from the tomato experimental field 
was collected after the fifth harvest, covering the sur-
face to 15 cm depth. It was used to conduct the plant 
bioassay in the pot using indicator crops, such as sun-

Figure 1. Weather parameters existed during the tomato-planted period
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flower and green gram. About 250 g of soil was filled 
in a 1/2 kg pot in 3 replications for each species and 
compacted to achieve the field bulk density. Then, the 
indicator species (10 per pot) were sown after wa-
tering to field capacity. The carryover toxicity to the 
succeeding crops was tested by  growing them for 
up to 20 days and monitoring for variation in germina-
tion, plant height, and occurrence of herbicide toxicity 
symptoms, viz., yellowing, curling, cupping, twisting, 
etc., using visual scoring (Bhargavi et al. 2024). On the 
20th day, the plants were removed from each pot, and 
the total fresh biomass per pot was weighed.

Herbicides residue appraisal. Soil samples were 
randomly collected at  the time of  the first harvest 
of tomato fruits from a depth of 0–15 mm at 5 loca-
tions in  each plot, pooled and processed for analy-
sis (Janaki et al. 2016). Tomato fruits were harvested 
from five selected plants covering the entire plot, leav-
ing out the outer edge, and stored at –4 °C after ho-
mogenisation and volume reduction. The fruits were 
crushed with pestle and mortar, sampled and then 
extracted for herbicide residues. Residues of PENDI 
and METRI were extracted from soil and tomato 
fruits and analysed according to  the methodology 

outlined by Yerra et al. (2023). GLY was extracted and 
analysed using liquid chromatography (LC 20 model, 
Shimadzu Corporation, Japan), as detailed by Brind-
havani et al. (2020). The accuracy, repeatability, and 
linearity of  the extraction and detection techniques 
were validated by performing recovery studies using 
blank soil and tomato fruit of the control plot as de-
scribed by Janaki et al. (2016) for bensulfuron methyl.

Residues were analysed using Shimadzu ultra-fast 
liquid chromatography (UFLC) equipped with a qua-
ternary pump, thermo-stated column, autosampler 
and PDA/MS detector. PENDI and METRI were sep-
arated using an Agilent C18 column (4.6 × 150 mm, 
5.0 µm) and acetonitrile: water as  the mobile phase 
(70 : 30 v/v @ 0.8 mL/min flow rate for PENDI; 80 : 20 
v/v @ 0.7 mL/min flow rate for METRI) by injection 
of 10 µL of sample, keeping the thermostat at 40 °C. 
PENDI and METRI were detected at 239 and 280 nm, 
respectively, in  the PDA detector (Figure  2), with 
the identified retention time of  7.35  +  0.2  min and 
5.05 + 0.2 min, respectively. GLY was separated using 
an Agilent HILIC column (4.6 × 100 mm, 3.5 µm) and 
determined in a UFLC with MS detector (Figure 3). 
Acetonitrile: 0.1% formic acid (95/5%) was used 

Figure 2. Standard chromato-
grams of  (A) pendimethalin 
and (B) metribuzin detected 
by UFLC-PDA
UFLC-PDA – ultra-fast liquid 
chromatography-photo diode 
array detector; CRM – certified 
reference material; RT – reten-
tion time
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as the mobile phase at a flow rate of 0.4 mL/min and 
an injection volume of 10 µL.

Statistical analysis. Data collected during the 
study were analysed using the R  statistical software 
version 4.2.2. package doebioresearch using two-way 
analysis of variance (ANOVA). The Duncan multiple-
range test (DMRT) was used to compare the means, 
with statistical significance determined at  P  < 0.05. 
Graphical plotting was also performed with R statis-
tical software. Correlations between variables were 
assessed using Pearson correlation coefficients and 
probability analyses.

RESULTS AND DISCUSSION

Weed flora, weed density and biomass. Weed flora 
viz., Trianthema portulacastrum, Parthenium hys-
terophorus, Cyperus rotundus, Alternanthera bettz-

ickiana (Regal) Voss, a spreading perennial, and Cyno-
don dactylon belongs to broadleaf sedges, weeds, and 
grasses were observed in the experimental field. Weed 
density and biomass were examined on 30 and 45 DAT 
tomato, and found that different herbicide sprays sig-
nificantly changed weed parameters (Tables 1 and 2).

Spraying METRI or  PENDI alone or  in  sequence 
following GLY led to  significant reduction in  both 
broadleaf and sedges density (15.70–18.40  No./m2) 
and dry weight (9.90–13.08  g/m2) at  30  DAT com-
pared to GLY (21.05 No./m2; 15.91 g/m2) or no her-
bicide (22.40  No./m2; 22.77  g/m2). Similar trends 
were observed on  45  DAT. Effective reduction 
in weed density and dry biomass was also observed 
up to 45 DAT when METRI and PENDI were applied 
sequentially after GLY (Figures 4 and 5). On average, 
a reduction of 14, 39, 43, 46, and 47% in weed density 
and 25, 38, 41, 49, and 44% in weed dry weight was 
observed, respectively, in  the GLY, PENDI, METRI, 

Figure 3. Standard chroma-
tog ram of   g ly phosate 
detected by LC-MS-MS
LC-MS-MS – liquid chro-
matography-double mass 
spectrometer; CRM – certi-
fied reference material; TIC 
– total ion chromatogram

Table 1. Effect of sequential and combined spray of herbicides on weed density (No./m2) recorded in tomato field

Treatments
30 DAT* 45 DAT*

BLW sedges grasses total BLW sedges grasses total
Glyphosate (GLY) 11.70 7.35 2.00 19.05 12.29 8.83 2.24 21.12
Pendimethalin (PENDI) 6.86 7.14 1.73 14.00 8.60 8.06 1.73 16.66
Metribuzin (METRI) 5.66 7.42 1.73 13.07 7.07 8.12 1.73 15.20
GLY + PENDI 5.66 6.86 0.00 12.51 6.71 7.86 1.73 14.57
GLY + METRI 5.39 6.71 0.00 12.09 6.63 7.35 1.73 13.98
GLY + PENDI + METRI 4.58 6.56 0.00 11.14 6.40 7.35 1.73 13.75
Control (no herbicide) 14.21 8.19 0.00 22.40 17.38 10.10 2.45 27.48
Mean 7.72 7.17 1.03 14.89 9.30 8.83 1.90 17.53
CD (P = 0.05) 0.094 0.493 0.013 0.103 0.266 0.074 0.039 0.210

CD – critical difference; BLW – broadleaf weeds; DAT – days after transplanting
*square root transformed values (original density +2)
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GLY + PENDI, and GLY + METRI treatments com-
pared to the control.

Tomato growth and fruit yield. Tomato growth 
parameters, i.e. seedling establishment and phyto-
toxicity symptoms such as necrosis, scaling or curl-

ing of  leaves, distortion, and stunting, were not ob-
served by  the herbicide spray. As  they were applied 
at the recommended dose and sequentially, the plant 
did not exhibit any symptoms of phytotoxicity. How-
ever, variations were observed in  plant height and 

Table 2. Effect of sequential and combined spray of herbicides on weed dry weight (g/m2) recorded in tomato field

Treatments
30 DAT* 45 DAT*

BLW sedges grasses total BLW sedges grasses total
Glyphosate (GLY) 8.19 5.83 1.89 14.02 9.66 4.98 1.91 14.63
Pendimethalin (PENDI) 5.20 6.08 1.81 11.28 7.28 4.76 1.82 12.04
Metribuzin (METRI) 5.10 5.48 1.77 10.58 6.48 4.75 1.77 11.23
GLY + PENDI 5.00 4.90 0.00 9.90 6.00 4.64 1.41 10.64
GLY + METRI 4.58 5.92 1.69 10.50 5.73 4.62 1.71 10.35
GLY + PENDI + METRI 2.45 4.47 1.62 6.92 5.31 4.36 1.69 9.67
Control (no herbicide) 14.21 6.56 2.00 20.77 13.96 6.08 2.27 20.05
Mean 6.39 5.60 1.54 11.99 7.77 4.88 1.79 12.65
CD (P = 0.05) 0.197 0.061 0.089 0.317 0.178 0.172 0.022 0.411

CD – critical difference; BLW – broadleaf weeds; DAT – days after transplanting
*square root transformed values (original density +2)

Figure 4. Effectiveness of herbi-
cide spray on weed density reduc-
tion (%) over control at 30 and 45 
DAT (days after transplanting) 
tomato

Figure 5. Effectiveness of herbi-
cides spray on weed dry biomass 
reduction (%) over control 
at 30 and 45 DAT (days after trans-
planting) tomato
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number of  clusters. Among the three herbicides, 
a  pre-emergence spray of  METRI resulted in  better 
growth and higher fruit yield and was on  par with 
PENDI alone. Similarly, when PENDI or METRI was 
sprayed following GLY, there was an increase in plant 
height and number of  clusters per plant (Figure 6) 
at  45  DAT compared to  a  single spray of  each her-
bicide. The number of fruits per plant and fruit yield 
was significantly increased by herbicide spray, and the 
plants treated with PENDI or METRI following GLY 
application produced a higher fruit yield of 82.67 and 
83.07 t/ha, respectively, compared to their single appli-
cation (80.20 and 80.47 t/ha, respectively). The effec-
tiveness of combined and sequential spray of PENDI, 
METRI after GLY was also confirmed by the positive 
and significant correlation of  fruit yield with weed 
dry weight and tomato growth parameters (Table 3), 
specially plant height and number of clusters.

Fruit quality and herbicide residue accumula-
tion. The effects of herbicides on tomato fruit quality 
parameters, such as titratable acidity, β-carotenoids, 
lycopene, ascorbic acid, TSS, and shelf life, were 
analysed (data not given). Titratable acidity (%), 

total soluble salts (%), ascorbic acid (mg/100  g), 
and lycopene (mg/kg) ranged from 0.51 to 0.56, 
4.39 and  4.94, 4.91 and 4.96, 43.87 and 44.98, and 
4.43 and 4.71, respectively, and were found to be not 
significant for herbicides treatment. Fruit harvested 
at  the first harvest was also subjected to  herbicide 
residue analysis and was found below the detectable 
level (0.05 mg/kg).

Terminal residues in soil and carryover assess-
ment. The soil of  the tomato field was tested for 
herbicide residues at  the time of  the first harvest 
and examined for possible residue carryover trends 
by chromatography technique. Residues of all three 
herbicides were found to  be  below the detection 
limit of  0.05  mg/kg for PENDI and METRI and 
0.1 mg/kg soil for GLY.

Plant bioassay results showed (Table 4) that ger-
mination percentage of  green gram and sunflower 
did not vary significantly among the herbicide 
treatments (90–95 %) and control soil, which re-
corded  100%. The highest germination percentage 
was recorded by  the control and all the herbicides 
treated soil were on  par with the control. Similar 

Figure 6. Effect of sequence and combined spray of herbicides on growth and yield parameters of tomato

Table 3. Regression analysis showing the relationship between tomato fruit yield (t/ha) and weed parameters and 
tomato growth parameters
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results were noticed with plant height (7.5–8.2 cm 
and 9.7–11.1 cm for green gram and sunflower) and 
total biomass (3.76–4.01 g and 9.7–11.1 g for green 
gram and sunflower) of both the test species in all 
the herbicides treated soil. However, the control (no 
herbicide) treated soil exhibited higher values.

The tomato holds a significant position in global 
agriculture due to its widespread demand and con-
sumption, which are attributed to  its nutritional 
and sensory attributes. Yet, tomato production 
encounters significant hurdles in  weed manage-
ment, leading growers to employ herbicides either 
sequentially or  in combinations to attain compre-
hensive weed control. Despite their extensive use, 
the potential impacts of these herbicides on weed 
reduction, tomato growth, fruit quality, and residue 
carryover have remained largely unknown. Our 
study sought to shed light on these critical aspects 
by  investigating the effects of  GLY, PENDI, and 
METRI when applied sequentially and in combina-
tion in tomato fields.

The weed density and biomass on 30 and 45 DAT 
tomato were significantly controlled by  the herbi-
cides applied sequentially. In  particular, the den-
sity and dry biomass of grasses were very low and 
absent. Although GLY was applied as  a  pre-plant 
herbicide to aid in field preparation and weed load 
reduction, the subsequent pre-emergence spray 
of  PENDI or  METRI after GLY effectively sup-
pressed the weed growth during the critical tomato 
growing period (up to 45 days). This showed the ef-
ficiency of  herbicide combinations in  eliminating 
weed species while creating unfavourable situations 
for the development of weed resistance-specific her-

bicides. The studied combination of GLY following 
PENDI and METRI is an excellent choice for weed 
control programs in  tomatoes as  it  reduces selec-
tion pressure on weeds. Tiwari et al. (2017) also re-
ported improved weed control, higher rice yield, and 
lower weed biomass by the combined spray of GLY, 
PENDI and METRI at  the recommended doses 
compared to  their individual applications. Maxi-
mum WCE of 91 and 80% was achieved on 30 and 
45 DAT, respectively, by spraying GLY as pre-plant 
followed by a tank mix of PENDI and METRI as pre-
emergence. Among three herbicides, GLY alone 
achieved a lower WCE of 49–61% on 30 and 45 DAT 
and PENDI and METRI as a  single spray achieved 
67–76% and 72–77%, respectively (Figure 7). Al-
though the individual PENDI and METRI spray after 
GLY achieved 2–8% more WCE, the GLY followed 
by a tank mix spray of PENDI and METRI increased 
WCE by 30–32%.

The growth parameters of tomatoes provided sig-
nificant insights into the effects of herbicide appli-
cation. Importantly, the cautious application of her-
bicides at recommended doses ensured the absence 
of  adverse effects, such as  phytotoxic symptoms, 
on the tomato plants. This suggests that the herbi-
cide treatments were compatible with the healthy 
growth of  the tomato crop. However, noticeable 
variations in  plant height and the number of  clus-
ters at different growth stages were observed. WCE 
by PENDI and METRI and higher growth and pro-
duction in soybean and okra were also documented 
in  previous studies (Rajasree et  al. 2017; Alcánta-
ra-de la Cruz et  al. 2019). Moreover, the number 
of fruits per plant and fruit yield were significantly 

Table 4. Residual carryover toxicity of the applied herbicides in tomato fields to the sensitive plant species 

Treatments
Green gram Sunflower

germination 
(%)

plant height 
(cm)

total biomass 
(g/pot)

germination 
(%)

plant height 
(cm)

total biomass 
(g/pot)

Glyphosate (GLY) 95 7.7 3.84 90 9.8 6.92
Pendimethalin (PENDI) 95 7.7 3.88 95 10.1 6.72
Metribuzin (METRI) 90 7.5 3.76 90 9.7 6.84
GLY + PENDI 95 8.1 3.85 95 10.2 6.56
GLY + METRI 90 8.0 3.81 90 9.9 7.04
GLY + PENDI + METRI 95 8.1 3.95 95 9.9 6.65
Control (no herbicide) 100 8.2 4.01 100 11.1 7.14
Mean 94 5.6 3.90 94 10.1 6.80
CD (P = 0.05) ns ns ns ns ns ns

CD – critical difference; ns – non-significant
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increased by  the herbicides and the plants treated 
with PENDI or METRI after GLY application pro-
duced higher fruit yield of  82.67 and 83.07 t/ha, 
respectively, compared to  their individual spray 
(80.20 and 80.47 t/ha, respectively). The higher 
WCE, reducing competition for resources such 
as nutrients and water, likely contributed to the in-
creased tomato growth and yield attributes. WCE 
and higher tomato yield with the sequential quizalo-
fop-ethyl application after pre-emergence PENDI 
spray was also reported by Reddy et al. (2018).

The tomato fruit quality was unaffected by  the 
herbicides, and such a non-significant effect of her-
bicides on  tomato fruit quality (TSS, pH, etc.) was 
also previously reported by  Mohamed and Ali 
(1984). However, the β-carotene content (mg/100 g) 
was low in GLY (1.47) and control (1.45) and ranged 
from 1.51 to 1.59 in herbicide treatments. These vari-
ations could be due to the differences in the duration 
of fruit formation and ripening, which occurred ear-
lier in herbicide-treated plants due to the increased 
availability of resources such as nutrients and water 
and their utilisation, resulting from reduced weed 
competition. The fruit’s shelf life ranged from 14.8 
to 14.9 days among all treatments. The non-deleteri-
ous effect of herbicide (METRI) on sugar beet qual-
ity traits such as sugar content and root production 
was reported by Abbas et al. (2016).

The analysis of herbicide residue in tomato fruits 
confirmed that all herbicides remained well be-
low the established maximum residue limit (MRL) 
of 0.05 mg/kg, as set for various products (cereals, 
onions, and tomatoes) by  FSSAI (2020). Addition-
ally, the PENDI and METRI residues were below the 
MRL of 0.05–0.2 mg/kg, established by the CODEX 

(FAO 2021) for various vegetables and 0.1  mg/kg 
in tomato paste as established by USEPA. GLY resi-
due was also not detected in fruit and was below the 
MRL of 0.1 mg/kg, set by CODEX (FAO 2021). These 
findings suggest that the pre-emergence spraying 
of PENDI or METRI, either individually or sequen-
tially following GLY at recommended doses, is safe 
for tomatoes, as their residues were well below the 
established MRL by CODEX and FSSAI. Given that 
all herbicides were applied at recommended doses, 
their residues did not persist in tomato fruit at toxic 
concentrations. Moreover, the plant’s ability to me-
tabolise METRI through deamination and subse-
quent conjugation could have contributed to  its 
residue below MRL (Saritha et  al. 2017). Similarly, 
PENDI, may not have been translocated to the plants, 
as it rapidly degraded in the soil through the oxida-
tion of 4-methyl group (benzene ring) and N-1-ethyl-
propyl group in the amine moiety (USEPA 1997).

The soil from each treated plot underwent herbi-
cide residue at the time of the first harvest and was 
examined for potential carryover toxicity. Residues 
of  all three herbicides were found to  be  below the 
detection limit (BDL) of  0.05  mg/kg for PENDI 
and METRI, and 0.1  mg/kg for GLY. Given that 
GLY is  foliar active and was applied 10 days prior 
to  transplanting as  a  pre-emergence, its residue 
was BDL. This could be ascribed to its strong sorp-
tion to soil complex, resulting in limited availability 
to organisms due to poor distribution between the 
aqueous and solid phases. The rapid initial dissipa-
tion rate of GLY due to its higher adsorption, associ-
ated with clay content and CEC, was documented 
by Okada et al. (2019). The presence of METRI and 
PENDI residues at BDL could be attributed to their 

Figure 7. Effectiveness of herbicide spray on weed control efficiency (WCE, %) over control at 30 and 45 DAT (days 
after transplanting) tomato
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degradation into metabolites and nontoxic prod-
ucts by  chemical or  biological means or  loss from 
soil by volatilisation and leaching, favoured by  soil 
properties and climatic conditions such as precipita-
tion and temperature. Chemical degradation of PEN-
DI by oxidation of benzene ring and N-l-ethylpropyl 
group (USEPA 1997; Tandon 2016) and deamination 
of METRI to deaminometribuzin (DA) in sandy soils 
and diketometribuzin by oxidative desulphurisation 
in clay soils was documented by Khoury et al. (2003). 
The low organic carbon content (0.50%) of the pre-
sent field soil and high rainfall (Figure 1) during the 
second week of tomato planting (40 mm distributed 
over 5 days), corresponding to 4 days after METRI 
application, may have increased its loss through 
leaching. Ready leaching of METRI due to its lower 
affinity has also been reported by  Majumdar and 
Singh (2007). The absence of detectable PENDI resi-
dues in the soil at harvest could be attributed to in-
creased biodegradation or  chemical degradation 
into its metabolites (Kočárek et al. 2016).

While the tested herbicides were found to be BDL 
(0.1–0.05 mg/kg) in soil, there is a concern regarding 
the potential carryover toxicity of herbicide residues 
to the subsequent crops due to desorption from the 
soil complex. Therefore, a  plant bioassay was car-
ried out using soil samples collected from each plot 
60 days after tomato planting with green gram and 
sunflower as test species. The results (Table 4) indi-
cated that the germination percentage of green gram 
and sunflower 20 days after sowing did not vary sig-
nificantly among the herbicide treatments (ranging 
from 90% to 95%) and control soil, which recorded 
100% germination. Similar outcomes were observed 
for plant height and total biomass of both the test 
species in  all the herbicide-treated soil. This sug-
gests the absence of residual phytotoxicity from the 
applied herbicides. These findings align with the re-
search of Janaki et al. (2015) and Janaki et al. (2019), 
who reported that PENDI and METRI did not ex-
hibit any carryover toxicity to  succeeding crops 
when applied at  recommended doses of 1 000 and 
750 g/ha, respectively.

CONCLUSION

In the current study, herbicide applications, par-
ticularly those of METRI and PENDI, whether used 
alone or  sequentially following GLY, notably de-
creased weed density and biomass compared to con-

trol and GLY alone, providing effective control for 
up to 45 days. The herbicide applications positively 
influenced the tomato yield parameters and fruit 
yield. Moreover, herbicides showed no  significant 
effect on  fruit quality parameters, indicating their 
safety for tomato cultivation when applied individ-
ually and or  in  combination with sequential spray. 
Residue levels in the fruit remained below MRL and 
complied with the residue limits established by vari-
ous regulatory agencies such as  USEPA, FSSAI, 
and CODEX.

No residue carryover toxicity was observed, 
as confirmed by both plant bioassay and instrumen-
tal techniques, regardless of the application method. 
Nevertheless, continuous spraying of  herbicides 
as a mixture in repeated sequences on tomato fields 
warrants long-term monitoring to assess the devel-
opment of  herbicide-resistant weeds, the potential 
biomagnification of  herbicide residues in  soil, and 
their implications for the ecosystem and food chain.

Acknowledgement: The authors acknowledge the 
Professor and Head of Nammazhvar Organic Farm-
ing Research Centre for consenting to  utilise LC-
MS-MS facilities and the Vice-Chancellor, Dean 
(SPGS), Professor and Head (SS&AC), Tamil Nadu 
Agricultural University, Coimbatore, India, for mo-
tivating the PhD scholar (author 1) to carry out and 
publish the research work.

REFERENCES

Abbas T., Nadeem M.A., Tanveer A., Ahmad A. (2016): Iden-
tifying optimum herbicide mixtures to manage and avoid 
fenoxaprop-p-ethyl resistant phalaris minor in  wheat. 
Planta Daninha, 34: 787–794.

Alcántara-de la Cruz R., Domínguez-Martínez P.A., da Sil-
veira H.M., Cruz-Hipólito H.E., Palma-Bautista C., 
Vázquez-García J.G., De Prado R. (2019): Management 
of  glyphosate-resistant weeds in  Mexican citrus groves: 
Chemical alternatives and economic viability. Plants, 8: 325.

Alister C.A., Gomez P.A., Rojas S., Kogan M. (2009): Pen-
dimethalin and oxyfluorfen degradation under two ir-
rigation conditions over four years application. Journal 
of Environmental Science and Health, Part B, 44: 337–343.

Bhargavi G., Sundari A., Kalaisudarson S., Usharani G. 
(2024): Effect of pre emergence herbicides on weed dy-
namics and production potential of rice (Oryza sativa) 
under SRI. Journal of Applied Biology and Biotechnology, 
12: 234–239.



101

Horticultural Science (Prague), 52, 2025 (2): 91–102	 Original Paper

https://doi.org/10.17221/41/2024-HORTSCI

Brindhavani P.M., Janaki P., Gomadhi G., Ramesh T., 
Ejilane J. (2020): Influence of arbuscular mycorrhizal fungi 
on  glyphosate dissipation rate in  okra cultivated sodic 
soil of  Tamil Nadu. Journal of  Environmental Biology, 
41: 1542–1549.

Dey P., Pandit P. (2020): Relevance of data transformation 
techniques in weed science. Journal of Research in Weed 
Science, 3: 81–89.

FAO (2021): Pesticide Detail – Pendimethalin. Available 
at  https://www.fao.org/fao-who-codexalimentarius/co-
dex texts / dbs / pestres /pesticide-detail/en/?p_id=292 
(accessed Mar 25, 2024).

FAOSTAT (2021): Production: Crops and livestock products. 
Available at  https://www.fao.org/faostat/en/#data/QCL 
(accessed June 26, 2023).

FSSAI (2020): Food Safety and Standards (Contaminants, 
toxins and residues) Regulations, 2011. Available at https://
www.fssai.gov.in/upload/uploadfiles/files/Compendium_
Contaminants_Regulations_20_08_2020.pdf (accessed 
July 22, 2024).

Janaki P., Meena S., Shanmugasundaram R., Chinnusamy C. 
(2019): Dissipation and impact of herbicides on soil proper-
ties in Tamil Nadu. In: Sondhia S., Choudhury P., Sharma A. 
(eds): Herbicide Residue Research in  India. Singapore, 
Springer Nature: 193–237.

Janaki P., Sundaram K.M., Chinnusamy C., Sakthivel  N. 
(2015): Determination of  residues of  metribuzin in  soil 
and sugarcane by QuEChERS. Asian Journal of Chemistry, 
27: 3692–3696.

Janaki P., Nithya C., Kalaiyarasi D., Sakthivel N., Prabha-
karam N.K., Chinnusamy C. (2016): Residue of bensulfuron 
methyl in soil and rice following its pre- and post-emergence 
application. Plant, Soil and Environment, 62: 428–434.

Kanissery R., Gairhe B., Kadyampakeni D., Batuman O., Al-
ferez F. (2019): Glyphosate: Its environmental persistence 
and impact on crop health and nutrition. Plants, 8: 499.

Kaur N., Bhullar M.S. (2015): Harvest time residues 
of pendimethalin and oxyfluorfen in vegetables and soil 
in sugarcane-based intercropping systems. Environmental 
Monitoring and Assessment, 187: 221.

Khoury R., Geahchan A., Coste C.M., Cooper J.F., Bobe A. 
(2003): Retention and degradation of  metribuzin 
in sandy loam and clay soils of Lebanon. Weed Research, 
43: 252–259.

Kočárek M., Artikov H., Voříšek K., Borůvka L. (2016): Pen-
dimethalin degradation in soil and its interaction with soil 
microorganisms. Soil and Water Research, 11: 213–219.

Lee Y.-D., Kim H.-J., Chung J.-B., Jeong B.-R. (2000): Loss 
of  pendimethalin in  runoff and leaching from turfgrass 
land under simulated rainfall. Journal of Agricultural and 
Food Chemistry, 48: 5376–5382.

Majumdar K., Singh N. (2007): Effect of  soil amendments 
on sorption and mobility of metribuzin in soils. Chemos-
phere, 66: 630–637.

Mani V.S., Malla M.L., Gautam K.C., Bhagwandas (1973): 
Weed-killing chemicals in potato cultivation. Indian Farm-
ing, 23: 17–18.

Mennan H., Jabran K., Zandstra B.H., Pala F. (2020): Non-
chemical weed management in vegetables by using cover 
crops: A review. Agronomy, 10: 257.

Mohamed S.F., Ali Z.E. (1984): Effect of in-row plant spac-
ing and levels of  nitrogen fertilizer on  yield and quality 
of  direct-seeded tomatoes. Acta Horticulturae (ISHS), 
218: 207–212.

Okada E., Costa J.L., Bedmar F. (2019): Glyphosate dissipa-
tion in different soils under no-till and conventional tillage. 
Pedosphere, 29: 773–783.

Olayinka B.U., Esan O.O., Anwo I.O., Etejere E.O. (2017): 
Comparative growth analysis and fruit quality of two va-
rieties of tomato under hand weeding and pendimethalin 
herbicide. Journal of Agricultural Sciences, 12: 149–161.

Peek D.C., Appleby A.P. (1989): Effect of pH on phytotoxicity 
of  metribuzin and ethyl-metribuzin. Weed Technology, 
3: 636–639.

Rajasree V., Sathiyamurthy V.A., Shanmugasundaram T., 
Arumugam T. (2017): Integrated weed management 
on  growth, yield and economics in  okra [Abelmoschus 
esculentus (L.) Moench] under kharif. Madras Agricultural 
Journal, 104: 81–84.

Ramesh K.R., Rao A.N., Chauhan B.S. (2017): Role of crop 
competition in managing weeds in rice, wheat, and maize 
in India: A review. Crop Protection, 95: 14–21.

Ranganna S. (1986): Handbook of  Analysis and Quality 
Control for Fruit and Vegetable Products. New Delhi, 
Tata McGraw-Hill Publishing Co. Ltd.

Rao A.N., Chauhan B.S. (2015): Weeds and weed manage-
ment in India – A Review. In: Weed Science in the Asian 
Pacific Region. Hyderabad, Indian Society of Weed Sci-
ence: 87–118.

Reddy V.M., Umajyothi K.R., Syam Sundar P., Sasikala  K. 
(2018): Influence of  pre and post emergence herbicides 
on fruit quality and yield parameters in tomato cv. Arka 
Vikas. International Journal of Current Microbiology and 
Applied Sciences, 7: 1543–1548.

Saritha J.D., Ramprakash T., Rao P.C., Madhavi M. (2017): 
Persistence of  metribuzin in  tomato growing soils and 
tomato fruits. Nature Environment and Pollution Technol-
ogy, 16: 505–508.

Sgherri C., Kadlecová Z., Pardossi A., Navari-Izzo F., Izzo R. 
(2008): Irrigation with diluted seawater improves the nu-
tritional value of cherry tomatoes. Journal of Agricultural 
and Food Chemistry, 56: 3391–3397.

https://www.fao.org/fao-who-codexalimentarius/codex texts / dbs / pestres /pesticide-detail/en/?p_id=292
https://www.fao.org/fao-who-codexalimentarius/codex texts / dbs / pestres /pesticide-detail/en/?p_id=292
https://www.fao.org/faostat/en/#data/QCL
https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Contaminants_Regulations_20_08_2020.pdf
https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Contaminants_Regulations_20_08_2020.pdf
https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Contaminants_Regulations_20_08_2020.pdf


102

Original Paper	 Horticultural Science (Prague), 52, 2025 (2): 91–102

https://doi.org/10.17221/41/2024-HORTSCI

Singh V., Jat M.L., Ganie A.Z., Chauhan B.S., Gupta R.K. 
(2016): Herbicide options for effective weed management 
in dry direct-seeded rice under scented rice-wheat rota-
tion of  western Indo-Gangetic Plains. Crop Protection, 
81: 168–176.

Siueia M., de Souza Silva M.L., Trevizam A.R., Faquin V., 
Ferreira da Silva D. (2020): Postharvest quality of  to-
mato as affected by nitrogen and sulfur interaction. Acta 
Agronómica, 69: 130–135.

Tandon S. (2016): Dissipation of pendimethalin in soybean 
crop under field conditions. Bulletin of  Environmental 
Contamination and Toxicology, 96: 694–698.

Tiwari A., Tiwari A., Singh N.B., Kumar A. (2017): Effect 
of Integrated nutrient management (INM) on soil proper-
ties, yield and economics of rice (Oryza sativa L.). Research 
in Environment and Life Sciences, 10: 640–644.

USEPA (1997): R.E.D. Facts – Pendimethalin. Available 
at https://www3.epa.gov/pesticides/chem_search/reg_ac-
tions/reregistration/fs_PC-108501_1-Jun-97.pdf (accessed 
June 18, 2023).

Wauchope R.D., Buttler T.M., Hornsby A.G., Augustijn-Beck-
ers P.W.M., Burt J.P. (1992): The SCS/ARS/CES pesticide 
properties database for environmental decision-making. 
In: Ware G.W. (ed.): Reviews of Environmental Contamina-
tion and Toxicology. New York, Springer.

Yerra P., Janaki P., Ramalakshmi A., Jagadeeswaran R., 
Sankari A., Arthanari P.M. (2023): Herbicides and nutrients 
interaction on  earthworm activity in  tomato cultivated 
soil and toxicity appraisal. Plant, Soil and Environment, 
69: 429–436.

Yin Y., Zheng Z., Jiang Z. (2019). Effects of lycopene on me-
tabolism of glycolipid in type 2 diabetic rats. Biomedicine 
& Pharmacotherapy, 109: 2070–2077.

Received: March 10, 2024
Accepted: July 7, 2024

Published online: April 22, 2025

https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/fs_PC-108501_1-Jun-97.pdf
https://www3.epa.gov/pesticides/chem_search/reg_actions/reregistration/fs_PC-108501_1-Jun-97.pdf

	_Hlk143696332

