. )

epe

International Journal of Environment, Agriculture and Biotechnology
Vol-10, Issue-4; Jul-Aug, 2025
Peer-Reviewed International Journal
Journal Home Page Available: https://ijeab.com/

Journal DOI: 10.22161/ijeab

Weed Management in Fruit and Vegetable Crops: A
Review of Herbicide-Based Strategies

Pooja!, Pravin Sharma', Poonam Saini?, Mukesh Kumar®, Anuradha® and Desh Raj

Choudhary*

! Assistant Professor, CCSHAU College of Agriculture, Bawal, Rewari, Haryana, India
2Assistant Horticulturist, CCSHAU RRS, Buria, Yamunanagar, Haryana, India

3Assistant Scientist, CCSHAU RRS, Bawal, Rewari, Haryana, India

“District Extension Specialist, Krishi Vigyan Kendra, Jhajjar, Haryana, India

Received: 21 May 2025; Received in revised form: 17 Jun 2025; Accepted: 23 Jun 2025; Available online: 04 Jul 2025
©2025 The Author(s). Published by Infogain Publication. This is an open-access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

Abstract— Weeds are considered as undesirable or unwanted due to their competitive nature, providing E

f?r"‘iEI

habitats to various pests and diseases and also have allelopathic effects. Weeds possess some adaptive * _' i, J-’-
traits like deep root system and multiple propagation methods like bulbs, corms, rhizomes, stolons etc. ;, s ""_é;
which enhance the survival and also their persistence. These characteristics allow them to efficiently 'E =

"ﬂ

exploit resources like water, nutrients and light, often at the expense of crop growth and development. In E,, .-!_g

addition to competing with crops for resources, weeds endanger food safety and the sustainability of
agriculture. The removal of nutrients by weeds had a significant effect on the crop’s nutritional
availability, which in turn affects the buildup of dry matter. The possibility of various herbicides as a
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O®

successful substitute for weed management techniques is evaluated critically in this review. Because of
their effectiveness, affordability, and simplicity of use, herbicides have become an essential component of
integrated weed management plans. This review examines the types of herbicides used as pre-emergence
and post-emergenceas well as their modes of action, selectivity, and time of application. It concentrates on

the role of herbicides in controlling weeds in fruit crops.

Keywords— Weeds, herbicides, competition, fruit crops, integrated weed management.

I. INTRODUCTION

For sustainable orchard soil management, proper weed
control and the preservation of sufficient orchard
biodiversity are essential. In order to reduce competition
for water and nutrients during the early critical period of
tree growth and to boost fruit tree yield, weed control is
essential in fruit orchards (Granatstein and Sanchez, 2009).
The type and age of plants, kinds of weeds in the orchard,
cost and accessibility of labor and materials, type of soil
and its fertility, and the farmers’ beliefs all play a
significant role in selecting the best alternative strategy for
sustainable weed management (Hammermeister, 2016).
According to reports, poor weed control in apples can
result in losses between 36 and 42 percent (El-Metwally
and Hafez, 2007). These losses typically arise from
decreased production, quality, insect or disease harboring,
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allelopathic impacts on crops, and disruption of important
farm processes including harvesting, fertilizer, herbicide,
and weeding. In wide-spaced plantings, weed infestation at
the early stages of crop development results in a
significant  production drop of wup to 100%
(Nedunchezhiyan et al., 2018). Weeds hinder crop growth
and productivity by competing for all available resources
including space, light and nutrients above ground as well
as water and nutrients below ground. Weeds are alternative
habitats to many pests and diseases causing organisms.
Since it controls the coenoses of orchard agro-ecosystems
and becomes a regular component of the agroecological
approach in fruit orchards, the idea of weed management
has gained a wider definition in recent decades. Weed
interference prevents cultivated plants from growing and
developing. Additionally, weeds interfere with crops’
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ability to grow uniformly, which causes inconsistent crop
maturity and makes harvesting more difficult (Yu et al.,
2019). In addition to competing for resources, certain weed
species are home to pests and illnesses, acting as harbors
for agricultural pathogens that have the potential to destroy
crops (Ahmad Loti et al., 2021). Furthermore, weeds can
reduce the effectiveness of human and mechanized
farming methods, requiring more work and resources to
control them (Molinari et al., 2020). By precisely targeting
and ecliminating weed species, reducing labour
requirements, and improving crop development, herbicidal
compounds made to control and eradicate weeds, have
greatly improved crop yields and lessened the negative
effects of weed competition (Modi et al., 2023). In
addition to promoting soil cover to create favourable
conditions for a maximum production of high-quality
fruits under sustainable premises for soil, water, and
fertility management, effective weed management may
reduce needless labour and input use and increase crop
profitability (Bakshi et al., 2015). When weed pressure is
great, farmers only employ herbicides; nevertheless,
improper use of these chemicals harms the ecosystem, the
soil, and human health (Ansari et al., 2021). Despite the
fact that herbicides increase crop yields by reducing
weeds, their ecological repercussions make them
undesirable if applied nonconformistically (Das et al.,
2024). Although there are herbicides that can be used
effectively in a weed control program, no herbicide is
effective against every weed. Different herbicides based on
modes of action, particularly the application of a
combination of herbicides in a single tank or the seasonal
rotation of herbicides, have been recommended to combat
the proliferation of herbicide-resistant weeds.

Influence of herbicides on weeds

Sharma et al. (2000) observed that weed population
reduced significantly at 15 days of growth when atrazine
was applied as pre-emergence spray as compared to
control.  Sukhadia et al  (2000) found that
Cynodondactylon and Cyperus rotundus could be
controlled effectively and economically with the
application of glyphosate @ 2.46 kg/ha as compared to
other treatments. Nandula and Manthey (2002) observed
that carfentrazone used as post-emergence herbicide
could control resistant kochia inbreds adequately to
excellently. Bal et al. (2003) noted that glyphosate @ 4
litres/ha was the most effective herbicide for controlling
broad spectrum weeds in winter season crop. For
controlling the dicot and monocot weeds glyphosate @ 4
litres/ha closely followed by glycel @ 3 litres/ha and
hexuron @ 4 kg/ha was found effective in guava orchard.
Josan et al. (2003) found that weed population influence
the growth of seedlings and application of glyphosate led

ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.)
https://dx.doi.org/10.22161/ijeab.104.1-2

Weed Management in Fruit and Vegetable Crops: A Review of Herbicide-Based Strategies

to better growth of seedlings. Yadav et al. (2004)
reported that in ber nursery the two prominent weeds, i.e.
Cyperus rotundus and Cynodon dactylon could be
controlled 80-98% by glyphosate @ 0.62 and 0.82% up
to 90 days after treatment. With the increase in
glyphosate rates from 0.20 to 0.82%, the toxicity against
Cyperus rotundus and Cynodon dactylon also increased
from 60 to 240 days after treatment. Maji et al. (2008)
observed that weed control efficiency was found better
with the combination of glyphosate @ 0.5 kg a.i./ha and
2,4-D Na salt @ 1 kg a.i./ha which was statistically at par
with manual weeding in guava. Granatstein and Sanchez
(2009) stated that it is crucial to manage weed in the fruit
orchard to diminish competition for water and nutrients
during the early critical period of tree growth and to
increase productivity of the fruit trees.

Patel ef al. (2010) found that due to frequent
removal of weeds, there were no weeds in the treatment
weed free. Minimum number of weeds (monocot and
dicot) were obtained in treatment atrazine (2 kg a.i./ha)
applied at pre-emergence. Maximum number of weeds
was obtained under control in mango seedlings. Kaith
and Bhardwaj (2011) suggested that glyphosate (0.5%)
and paraquat (0.5%) were found effective in minimizing
the population of weeds in apple. Makhija and Singh
(2011) observed that weed intensity was found maximum
in control and minimum in the treatment atrazine (pre-
emergence) + glyphosate (post-emergence) while weed
control efficiency was noticed to be maximum in
treatment atrazine (pre-emergence) + glyphosate (post-
emergence) and minimum in hand weeding in aonla.
Jasmine (2012) observed that the number of weeds, fresh
weight and dry weight of weeds were found to be
minimum with the application of atrazine and glyphosate
and maximum in control in ber. Raj et al. (2012) noticed
that in mango seedling nursery, weed control efficiency,
survival rate and number of marketable seedlings were
higher under the pre-emergence application of atrazine @
2 kg/ha. Thakur et al. (2012) found that glyphosate was a
better post emergence herbicide than paraquat in terms of
weed control efficiency when applied after diuron and
atrazine. Weed control efficiency was found to be 100 %
with the treatment of diuron followed by glyphosate and
atrazine followed by glyphosate at 12 weeks after
treatment.

Singh et al. (2013) observed that in mandarin
orchards, weed cause serious threats in Kharif season and
it has become a challenge to grow and survival for the
plant properly due to large weed flora infestation. They
reported that isoproturon 75% WP @ 2 % was most
suitable among the treatments 2, 4-D, oxyflourfen,
glyphosate and imazethapyr to control weeds in orchard
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of mandarin. Boora ef al. (2014) observed that after three
months of treatment, weed density was found minimum
when pendimethalin was used as post-planting herbicide
in guava nursery. The weed biomass of Bermuda grass
could be reduced after six weeks of treatment with
pendimethalin followed by glyphosate; pendimethalin
followed by paraquat; atrazine followed by glyphosate
and atrazine followed by paraquat as compared to control
treatment during both the years but the weeds could not
be eradicated. Lisek (2014) suggested that for managing
weeds in the tree row, the standard system is to maintain
a 0.6 to 2.0 m wide vegetation free strip, which is
managed in most orchards by using chemical herbicides.
Kalaichelvi et al. (2015) observed that pre-emergence
application of oxyfluorfen at 0.25 kg/ha gave higher
weed control efficiency followed by hand weeding at 20
days after sowing and pendimethalin (0.75 kg/ha)
followed by a hand weeding at 20 days after sowing at
different intervals of 10, 25, 40 and 60 days after sowing.
Negi (2015) reported that tree growth, fruit yield and
quality have been affected due to interference of weeds
as they compete for water, light and nutrients in
nectarine. Shweta et al. (2018) stated that number of
weeds was found maximum under the treatment weedy
check, while among herbicide treatments lowest number
of weeds was found in treatment atrazine 2 kg/ha +
glyphosate 1.0 kg/ha in sweet orange.

Patel et al. (2010) found minimum dry weight under the
treatment atrazine @ 2 kg a.iand maximum under
control in mango seedlings. Bal and Kumar (2005)
observed that glyphosate @ 1.6 kg/ha as post-emergence
application was found most effective in minimizing weed
population and dry weight followed by diuron @ 3.2
kg/ha in guava. Boora et al. (2014) found that the dry
weight of weeds was minimum (0.052) in treatment
pendimethalin post-planting @ 1.5 1/ acre with paddy
mulch and maximum (32.87) under control in guava.
Bhanukar et al. (2016) stated that dry weight of weeds
was found significantly lowest with the treatment
atrazine @ 2 kg + glyphosate @ 1% among the herbicidal
treatments at 30, 60, 90 and 120 days after treatment in
Kinnow. Singh ef al. (2005) studied visual mortality of
weeds for 10 weeks at 2 weeks interval and found that
efficacy of glyphosate was higher when the plots were
sprayed during May end and reduced efficacy was
observed when sprays were delayed to mid-June in citrus.

Singh et al. (2008) reported that among the herbicide
treatments, butachlor applied at 1.5 kg/ha resulted in the
lowest weed dry weight (4.84 g per 0.25 m?), followed by
alachlor at the same rate (6.03 g per 0.25 m?) in radish.
Barbas$ et al. (2020) who found that chemical control of
weeds (as weed biomass) in potato was more effective
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than a mechanical method. In kharif onion, Shinde et al.
(2013) reported that the highest weed control efficiency
(%) in grasses was achieved with the application of
Pendimethalin 38.7% CS at 1.75 1/ha, recording 87.41%,
89.26%, and 89.01% at 20, 40, and 60 days after
herbicide application, respectively. This was followed by
Oxyfluorfen 23.5% EC at 1.0 l/ha, which recorded
80.63%, 81.82%, and 83.52% at the same intervals.

Effects of herbicides on soil health and
leafcharacteristicsinfruit crops:

Palma et al. (2002) reported that there was a great effect of
herbicidal spray on the performance of grape cv. Italia, and
vines did not show water and nutrients deficiency
symptoms. Rate of carbohydrate leaf assimilation and
water status were slightly higher with the application of
glyphosate-trimesium + DPX-R-674. Kundu et al. (2003)
stated that in mulberry plants, the uptake of nitrogen,
phosphorous and potassium per unit area by weeds was
reduced by the treatment consisting of basalin as pre-
emergence combined with gramoxone as post-emergence
herbicide at 25 DAP. Paslwar et al. (2003) found that
nutrients uptake was minimum i.e., nitrogen, phosphorus
and potassium after 25 days of weed germination in rainy
season with the application of glyphosate 1% + urea 2%
while the removal of nutrients i.e., nitrogen, phosphorous
and potassium was maximum in control followed by sod
mulch in Nagpur mandarin. In citrus orchard, soil organic
matter and soil total nitrogen was minimum in herbicidal
treatments and maximum in mowed plot (Yang et al.,
2007).

The concentration of phosphorous was maximum in leaves
and rhizomes treated with herbicide + NPK but among the
other treatments there was no significant difference.
Pathak et al. (2007) recorded stimulatory effect of
glyphosate and paraquat on chlorophyll content in guava
seedlings. The cholorophyll content was found to be
maximum in the seedlings which were treated 20 days
after germination and 20 days after sowing with
glyphosate. As compared to weeded control, herbicides i.e.
atrazine and senecor had marginal influence on chlorophyll
content. Meena et al. (2015) observed that plant leaf
nitrogen content was found maximum with grass mulch
followed by glyphosate (0.8kg/ha) and phosphorous
content was found maximum with pendimethalin (2.0
kg/ha) followed by glyphosate (0.8 kg/ha) and minimum in
control inpeach. Shweta et al. (2018) found that nitrogen
content was maximum under weed free treatment than
weedy plants while phosphorous and potassium content
was maximum in atrazine (2.0 kg/ha) treated sweet orange.
Kumar et al. (2020) found the maximum leaf area under
mulching with grass, which was statistically at par with
pendimethalin 30% EC (Pendamil) @ 2.651/ha + paraquat
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dichloride 24% SL (Gramoxone) @ 2.5l/ha and
pendimethalin 30% EC (Pendamil) @ 2.65 1/ha+ paraquate
dichloride 24% SL (Gramoxone)@ 3 /ha, while minimum
leaf area was observed under control in plum. Hussain et
al. (2020) observed that different treatments affected leaf
area significantly during the years 2015 and 2016.
Maximum leaf area was recorded in paddy straw mulch
followed by glyphosate and minimum leaf area was
observed under unweeded control among different
treatments in apple.

Assessment of herbicides effect on growth and
development of fruit crops

Bajwa and Singh (1992) observed that height and diameter
of seedlings were maximum under the treatment diuron @
2.5 and 3.3 kg/ha and number of leaves was found
maximum under the treatment glyphosate @2.5 and
3kg/ha in Patharnakh seedlings. Bhutani et al. (1988)
stated that the height of seedling was maximum with the
application of atrazine or diuron both @ 0.5 kg/ha in peach
nursery. Josan et al. (2003) observed that weed population
influenced the growth of seedlings and application of
glyphosate led to better growth of seedlings in citrus.
Pathak ef al. (2007) suggested the use of glyphosate and
paraquat for effective controlling of weeds in guava
seedling, however, in the month of September, Saccharum
spontaneum weed reappeared in paraquat treatment, and
on the other hand, Kharif season weeds like Dichanthium
annulatum, Fimbristylis tenera, Trichodesma indicum,
Launaea pinnatifida, Crotalaria medicaginea, could be
controlled only by atrazine and senecor. Plant height of
guava was increased with the application glyphosate @
7.5ml/l before sowing and 20 days after sowing, while it
was reduced with post emergence application of
glyphosate in guava seedlings. Patel et al. (2010) found
that in mango seedlings, maximum increase in plant height
and stem girth was reported with the pre-emergence
application of atrazine @ 2 kg a.e./ha. Kumar et al. (2020)
stated that tree height was maximum with the treatment
mulching with grass, which was statistically at par with
pendimethalin 30% EC (Pendamil) @ 2.651/ha + paraquate
dichloride 24% SL (Gramoxone) @ 3 l/ha and
pendimethalin 30% EC (Pendamil) @ 2.65 l/ha +
paraquate dichloride 24% SL (Gramoxone) @ 2.5 I/h and
it was minimum in control. Tree spread and volume were
not significantly affected by different treatments.

According to Channappagoudar et al. (2008), the pre-
emergence application of herbicides such as alachlor,
pendimethalin, trifluralin, oxyfluorfen, butachlor, and
metolachlor in radish significantly enhanced the leaf area
index, total chlorophyll content, photosynthetic rate, and
nitrate reductase activity when compared to the unweeded
control.
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Assessment of herbicide effectson fruit

characteristics

Bal et al. (2003) found the fruit size and weight of guava
were significantly improved and highest fruit yield was
observed with glyphosate @ 3 and 4 litres/ha. Bal and
Kumar (2005) reported that the fruit weight and yield were
maximum under glyphosate @ 1.6 1/ha and diuron @ 3.2
kg/ha in guava. Chatha and Chanana (2007) observed that
fruit weight was maximum with the treatment oxyflourfen
@ 1.01 a.i./ha followed by oxadiazon @ 1.01 a.i./ha and
oxyfluorfen @ 0.751 a.i/ha in peach. Samedani et al.
(2008) suggested that for post-emergence control of broad-
leaved and grassweeds, amitrole + ammonium thiocyanate
+ glyphosate (2.9, 3.6 and 4.3 kg a.i./ha) and new
glyphosate (0.54 kg a.i./ha) could be used as suitable
option in orchards. Das et al. (2010) stated that maximum
fruit weight was obtained with the application of
glyphosate + 2,4-D (Sodium salt) and minimum was
observed in control in guava. Yadav ef al. (2015) reported
that pendimethalin + imazethapyr controlled the major
weed flora, which consisted of Cyperu srotundus,
crusgalli, — Commelina  benghalensis,
Phyllanthus niruri and Digera arvensis effectively as
compared to application of pendimethalin as pre-
emergence, and imazethapyr as post emergence herbicide
were equally effective as two hand weedings. Shweta et al.
(2018) found that number of fruits was highest in
treatment weed free and minimum in treatment weedy
check in sweet orange.

Echinochloa

Komal ef al. (2019) reported that number  of fruits were
found maximum with the application of glyphosate @ 1%
+ pendimethalin @ lkg/ha and minimum under control.
The fruit length, fruit breadth and fruit weight were found
to be maximum with the application of glyphosate @ 1% +
pendimethalin @ lkg/ha and minimum fruit length, fruit
breadth and fruit weight under control during the month of
April, June, August and October in kinnow. Kumar et al.
(2020) observed maximum fruit length, fruit weight and
fruit diameter in mulching with grass, which was
statistically at par with pendimethalin 30% EC (Pendamil)
@ 2.65 1/ha + paraquate dichloride 24% SL (Gramoxone)
@ 3 1/ha, pendimethalin 30% EC (Pendamil) @ 2.65 1/ha +
paraquate dichloride 24% SL (Gramoxone) @ 2.5 I/ha and
pendimethalin 30% EC (Pendamil) @ 2.65 l/ha +
paraquate dichloride 24% SL (Gramoxone) @ 21/ha, while
minimum fruit length and fruit weight were recorded under
control. Fruit firmness was recorded maximum under
treatment mulching with grass and lowest under paraquate
dichloride 24% SL (Gramoxone) @ 2 l/ha.

Bal et al. (2003) stated that fruit weight and yield were
found to be maximum with the application of glyphosate
@ 3 and 4 1/ha in guava. Kaur and Kaundal (2009) studied
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different weed management treatments and found fruit
weight and yield were maximum under weed free
treatment followed by glyphosate @ 1.61 kg/ha as post-
emergence and diuron @ 2.4 kg/ha as pre-emergence
application. Kaith and Bhardwaj (2011) reported that the
maximum yield was observed with the application of
glyphosate (0.5%) and paraquat (0.5%) in apple.
Steenwerth and Guerra (2012) and Cavender et al. (2014)
suggested proper weed management is important to
minimize weed competition and to assure quality of fruit
yield in orchard. Komal et al. (2019) observed that yield
was found maximum with the application of glyphosate @
1% + pendimethalin @ 1 kg/ha in the month of April,
June, August and October and minimum yield under
control in kinnow. Kumar et al. (2020) observed that the
fruit yield was highest under treatment mulching with
grass which was statistically at par with pendimethalin
30% EC (Pendamil) @ 2.65 l/ha + paraquate dichloride
24% SL (Gramoxone) @ 3 l/ha and pendimethalin 30%
EC (Pendamil) @ 2.65 1/hat+ paraquate dichloride 24% SL
(Gramoxone) @ 2.5 I/ha and lowest in control in plum.
Hussain et al. (2020) studied different treatments for weed
control during 2015 and 2016 and found that maximum
fruit yield per tree was obtained with paddy straw followed
by glyphosate and minimum under unweeded control
during both the years of study in apple.

Influence of herbicides on quality parameters of
fruit and vegetable

Maji et al. (2008) observed that closer to manual weeding,
use of glyphosate @ 0.5 kg a.e/ha + 2,4-D @ 1.0 kg
a.e./ha was the most effective practice in guava and all the
treatments showed improvement in all the quality
attributes of fruits, i.e. total soluble solids, acidity and
ascorbic acid in comparison to control. Das ef al. (2010)
noted that glyphosate @ 1.0 1 a.i./ha + 2,4-D (sodium salt)
@ 1200 g a.i/ha treatment was found most effective
among various treatment with maximum TSS and ascorbic
acid while minimum in control. TSS: acid ratio also
increased under this treatment over control in guava. Wali
and Jamwal (2014) stated that physico-chemical attributes
of strawberry were improved superiorly under the
treatment weed free which was at par with the treatment of
black polythene and oxyfluorfen @ 0.55 kg a.i./ha. Komal
et al. (2019) noticed that TSS was maximum under the
treatment glyphosate @ 1% + pendimethalin @ 1 kg/ha
and minimum under control during the month of April,
June, August and October in Kinnow. The acidity was
found minimum with treatment paraquat @ 0.6% +
pendimethalin @ 1 kg/ha and maximum acidity under
control. Ascorbic acid was found maximum with the
application of glyphosate @ 1% + pendimethalin @ 1
kg/ha and paraquat @ 0.6% + pendimethalin @ 1 kg/ha
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and minimum under control in the month of April, June,
August and October in Kinnow.

Apurva et al. (2018) reported that tomato juice content and
total soluble solids (TSS) were highest with hand weeding,
which was statistically comparable to the application of
pendimethalin immediately after transplanting,
pendimethalin one week prior to transplanting, and
oxyfluorfen applied immediately after transplanting.
Olayinka et al. (2017) observed that applying
Pendimethalin alone at 4 L ha, followed by a
combination of Pendimethalin at the same rate and one
hand weeding at 6 weeks after planting (WAP), positively
affected the fruit quality of tomatoes. Similarly,
Engelmann et al. (2009) reported that the use of herbicides
enhanced lycopene content and improved the overall
carotenoid quality in tomatoes.
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