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WEED CONTROL IN CLEAN AGRICULTURE: A REVIEW'

Meétodos Alternativos de Controle ndo Quimicos de Plantas Daninhas: Uma Revisdo

ABOUZIENA, H.F.2, and HAGGAG, W.M.?

ABSTRACT - Weed control is consider the major obstacle for the growers in the organic
farming. Lower plant productivity in organic farming mainly related to the poor weed control.
It is widely known, in most cases, that losses caused by weeds exceeded the losses from any
category of agricultural pests. Under water-stress condition, weeds can reduce crop yields
more than 50% through moisture competition alone. In the light of the environmental and
toxicological problems created by herbicides, it has become necessary to develop the safety
methods for controlling weeds. Soil Solarization, Mulching, Biodegradable Mulch, Natural
Herbicides, Hot Water, and Agronomic Practices have been successfully adopted in many
countries as safe methods for controlling weeds in the organic farming. In addition, there
are some promising new and non-traditional measures such as Fresnel Lens, Electrical
Weed Control, Lasers, etc which could be employed for controlling the weeds in organic
farming. Also the agronomic practices such as choice of competitive varieties, stale seedbeds
had a significant impact on weeds. The growers in organic farming should keep these three
points in mind: 1) start clean stay clean successful, 2) Prevention is always better than
treatment and, 3) One year’s seeds will lead to seven year’s weed infestation. Successful
and sustainable weed management systems are those that employ combinations of techniques
rather than relying on one method. The objectives of this paper are to review some safe weed
control methods in the clean agricultural.
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RESUMO - O controle de plantas daninhas é considerado o maior obstdculo para os produtores de
cultivos organicos. A baixa produtividade das plantas na agricultura organica esta relacionada,
principalmente, ao mau controle de plantas daninhas. Jd se sabe que, na maioria dos casos, as
perdas causadas por essas plantas ultrapassaram as perdas provenientes de qualquer categoria de
pragas agricolas. Em condigées de estresse hidrico, as plantas daninhas podem reduzir o rendimento
das culturas em mais de 50% apenas por meio da competicdo por umidade. Diante dos problemas
ambientais e toxicolégicos criados por herbicidas, tornou--se necessdrio desenvolver métodos de
seguranca para controle de plantas daninhas. Solarizagdo do solo, cobertura morta, cobertura morta
biodegraddvel, herbicidas naturais, dgua quente e prdticas agronomicas foram adotados com éxito
em muitos paises como métodos seguros para controle de plantas daninhas na agricultura organica.
Além disso, existem algumas medidas promissoras novas e ndo tradicionais, como lentes de Fresnel,
controle elétrico de plantas daninhas, laser etc., que podem ser empregadas para controlar as
plantas daninhas na agricultura organica. Além disso, prdticas agronémicas, como a escolha de
variedades competitivas e canteiros falsos, tiveram impacto significativo sobre as plantas daninhas.
Os produtores de agricultura org@nica devem ter em mente estes trés aspectos: 1) comecar de modo
limpo e manter limpo de forma bem-sucedida; 2) a prevencgdo é sempre melhor do que o tratamento; e
3) as sementes de um ano conduzirdo a infestacdo por plantas daninhas durante sete anos. Os
sistemas de manejo de plantas daninhas bem-sucedidos e sustentdveis sdo aqueles que empregam
combinacées de técnicas, em vez de depender de um tinico método. O objetivo deste artigo foi
analisar alguns métodos seguros de controle de plantas daninhas em agricultura limpa.

Palavras-chave: sementes, métodos de seguranga, cobertura morta, solarizagdo do solo, herbicidas naturais, agua
quente, métodos ndo tradicionais.
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INTRODUCTION

Weeds affect everyone in the world by
reducing crop yield and crop quality, delaying
or interfering with harvesting, interfering with
animal feeding (including poisoning), reducing
animal health, preventing water flow, as plant
parasites, etc. Weeds are common everywhere
and cause many $ billions worth of crop losses
annually, with the global cost of controlling
weeds running into $ billions (Kraehmer &
Baur, 2013).

There is no reliable study of worldwide
damage due to weeds. However, it is widely
known that losses caused by weeds have
exceeded the losses from any category of
agricultural pests such as insects, nematodes,
diseases, rodents, etc. The potential crop yield
loss without weed control was estimated by
43%, on a global scale (Oerke, 2006). While
Rao (2000) has reported that of the total annual
loss of agricultural produce from various pests,
weeds account for 45%, insects 30%, diseases
20% and other pests 5%. Annual worldwide
losses to weeds were estimated to comprise
approximately 10-15% of attainable production
among the principal food sources.

Reduction in crop yield has a direct
correlation with weed competition. Generally,
an increase in one kilogram of weed growth
corresponds to a reduction in one kilogram of
crop growth (Rao, 2000). Weeds are the most
acute pest in agriculture with an estimated
annual global damage of around 40 billion
dollars per year (Monaco et al., 2002). In
Australia and the USA, the cost of managing
agricultural weeds exceeds 30 billion dollars
per year (Lawes & Wallace, 2008).

In Egypt, Hussein (2001) has found that
each 0.19 kg of weed dry matter has resulted
in one kg loss in marketable onion bulb yield,
allowing weeds to grow in association with
crop plants up-to harvest has removed 36.9,
9.6 and 57.0 kg per acre of N, P and K elements
from the soil, respectively. Some common
annual weeds growing with cultivated crops
use up to three times as much water to produce
a pound of dry matter as do the crops (Parker,
2003). Therefore, controlling weeds in fields
is necessary to rise up yield quantity and
quality, as well as minimize great losses in
crop production resulting from weed-crop
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competition. That is an assumption that if all
the weeds in food crops were controlled, the
current world’s food production would be higher
by 10% to 25% (Rao, 2000). Riley et al. (2004)
have found that beet yields were 135% and
123% after mulching, with and without hand-
weeding, respectively, whilst cabbage yields
were 124% and 118%, relatively to the weed
control treatment.

Weeds were considered the most important
pest group in a survey of organic vegetable
growers (Gianessi & Reigner, 2007). Worldwide
consumption of herbicides represents 47.5% of
the 2 million tons of pesticide consumed each
year. However, the heavy use of herbicides has
given rise to serious environmental and public
health problems (Sopena et al., 2009).

Weed scientists are now facing new
challenges, particularly in the light of the
emergence of weeds resistant to herbicides
and concerns and questions about herbicide
residues in food, soil, groundwater-atmosphere.

The potential problems associated with
herbicides use are (1) injury to non-target
vegetation, (2) crop injury, (3) residues in
soil and water, i.e., reduction of soil and
water quality, (4) toxicity to other non-target
organisms, (5) concerns for human health and
safety and (6) herbicide-resistant weed
populations (Li et al., 2003; Cox, 2006;
Meksawat & Pornprom, 2010; Pot et al., 2011).

Soil solarization, mulching, hot water,
Fresnel lens, biological control, natural
herbicides and some cultural treatments have
been successfully tried and were found to be
effective and safe methods to control weeds
(Riley et al., 2004; Khanh et al., 2005; Sahile
et al., 2005; Benoit et al., 2006; Ramakrishna
et al., 2006; Abouziena et al., 2008; Candidoa
et al., 2011; Farooq et al., 2011; Abouziena
et al., 2015).

IMPORTANT PROBLEMS OF WEED
CONTROL IN ORGANIC FARMING

Weeds are considered the biggest problem
facing organic farming, where weed control is
more expensive compared to synthetic
herbicides whose use is prohibited in clean
agriculture. Rood (2002) has reported that weed
management is the most difficult part of
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organic rice production and it is the major
reason for organic rice yields being 50% lower
than conventional yields. Lower yields and
higher costs for weed control labor are two of
the major reasons that organic cotton must
be sold with high price premiums (Schneider,
1993).

Unavailable or limited herbicides
candidate in clean farming

Controlling weeds without herbicides
takes a lot of time and is very costly for us. All
weeding is done by tractors or hand, which is
very labor-intensive. Conventional farmers
spend only about $50 per one acre on
herbicides that knock out every weed in sight.
Organic farmers may have to spend up to
$1,000 an acre to keep weeds under control
(Earthbound Organic, 2006).

Various least toxic, natural herbicides have
limited efficacy, particularly against noxious
perennial weeds. Also, mycoherbicides have
some promise, but also pose risks to non-target
plants (Baker & Brown-Rosen, 2007).

The costs of weed control in organic
farming are more expensive

Where synthetic herbicides have their
use prohibited compared to herbicides allowed
in conventional farming. Growers of organic
crops cite weed control as their greatest
difficulty in crop production because they are
not permitted to use chemical herbicides
(Gianessi & Reigner (2007). They substitute
hand weeding and cultivation for herbicides
at a greatly increased cost and with reduced
effectiveness. Aggregate studies that estimate
the value of herbicides assume that growers
would substitute a certain amount of hand
weeding and tillage if chemicals were not
used, which would not be sufficient to prevent
yield losses totaling about 20% of the U.S. crop
production.

SAFETY METHODS OF WEED CONTROL IN
CLEAN AGRICULTURE

Mechanical weeding

Most organic crop growers rely on hoeing
(mechanical in large farms or hand hoeing in
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small farms) as a safe and available method
for controlling weeds. However, hand hoeing
for a long time would inadvertently damage or
remove some of the vegetable plants, while
missing some of the weeds. In addition,
organic crop growers were unwilling to accept
hoeing damage to their vegetable crops and to
increase plants spacing because of yields
losses. Also, the method is highly expensive if
enough labor is used to remove weeds: corn
required 150 h ha’!, cotton 165 h ha’!, and
spinach 516 h ha! (Gianessi & Reigner, 2007).

Chicouene (2007) have summarized the
reviews about mechanical weeding and
reported that mechanical weeding is certainly
the most immediately applicable method for
weed management when using chemicals is
undesirable. Sometimes, mechanical weeding
needs to be supported by the adoption of special
techniques, such as sowing in a double instead
of single rows, as successfully tried for
oregano. In fact, one of the greatest difficulties
in mechanical weed control is planning crop
arrangement in space, which is, considering
from the outset, the kind of equipment that
will be used for weeding and then setting
appropriate inter-row distances. Many failures
of mechanical weeding are linked to neglect
of this aspect of management. Cultivation had
been shown to reduce the yields of several
crops, including potato (Solanum tuberosum)
and asparagus (Asparagus officinalis) because
of root pruning and crop damage (Gianessi &
Reigner, 2007).

In recent years, weed control programs
have often focused on nonchemical weed
control, i.e., safety methods, or are generally
“environmental or eco-friendly”. Hand weeding
or hoeing is safe and very effective against
annual and biennial weeds. However, with
rapid industrialization and urbanization in
developing countries, human labor is rapidly
becoming scarce and expensive. In this
concern, Leinonen & Narkki (2004) have stated
that hand work on (organically managed)
horticultural fields is often unavoidable. Hand
planting, hand weeding, and harvesting of
strawberries and cucumbers are examples of
tasks which are hard to mechanize. They have
concluded that manual weed control is often
the major limiting factor for organic vegetable
production on a farm level. Furthermore, some
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closely planted (seeded) or broadcast crops are
difficult for hand weed without damage to crops
(Rao, 2000).

Mechanical weed control may also have
the added benefit of stimulating the
mineralization of soil-bound nitrogen, which,
if timed with the crops peak demand for
nitrogen, could help to improve crop yield and
quality (Davies & Welsh, 2002).

Soil solarization

Soil solarization is a nonchemical method
successfully used in many countries to control
or reduce soil borne plant pathogens, weeds
and mites. Solarization involves the use of
transparent polyethylene sheeting to trap
the heat from solar radiation to raise soil
temperature to levels that are lethal to weed
seeds and seedlings. In this regard, Haidar &
Sidahmed (2000) have found that solarization
for 2, 4 and 6 weeks with chicken manure has
increased the average weight of cabbage plants
by 55, 70 and 75%, respectively compared to
the control with chicken manure. Candidoa
et al. (2011) have found that the average
lettuce marketable yield was always found
significantly higher in solarized soil than in
untreated control in both greenhouse and in
the field. Schreiner et al. (2001) have reported
that soil solarization is a promising method to
reduce the populations of soilborne pests and
weeds without using pesticides. Weed control
effectiveness is dependent on moist soil,
sufficiently high air temperatures and solar
radiation, and an adequate length of exposure.
Moist soil is essential to heat conductivity
and for keeping seeds in a more susceptible
imbibed state. The effects of solarization on
weed emergence were apparent for a short
time after plastic was removed. During the
first two months after removal, the number of
emerging annuals was less than 15% of an
untreated check.

Mechanisms of weed control by
solarization

The possible mechanisms of weed control
by solarization are (1) thermal killing of
seeds, (2) thermal killing of seeds induced to
germinate, (3) breaking seed dormancy and
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consequently killing the germinating seed,
and (4) biological control through weaking or
other mechanisms. Only clear (transparent)
plastic reduced weed population for one year
after solarization (Zimdahl, 2013). During
solarization, the soil temperature is increased
by 8 to 2 °C (Rao, 2000), In Egypt, soil
temperature reached 69 °C, under solarization
mulching (Fayed et al., 1997). The effect of
solarization is greater at top 5- to 10-cm layer
than at lower layers. This explains the efficacy
of solarization on weed seed germination and
seedling growth. Patri et al. (2006) have
mentioned that the concentrations of soil
nutrients NH,-N and DTPA-extractable-Mn
sharply increased due to solarization.

Effect of soil solarization on weeds and
yield

Soil solarization increased temperature
by up to 10 to 21 °C in the upper soil layer, and
increased levels of N, P, K, Na and EC in soil,
but a slight effect was detected on O.M (%)
and pH of solarized soil comparing with
an unsolarized one (Fayed et al., 1992).
Solarization for 6 weeks caused a significant
reduction in fresh weight of total peanut weeds
by 74% and increased pods and biological yields
amounted to 62% and 78%, respectively,
compared to unweeded checks (Fayed et al.,
1997). Yields of onion, lettuce and carrot were
significantly enhanced by solarization. Satour
(1997) indicates that there is a decrease in
disease incidence, an increase in growth of
various crops, and an improvement in crop
yield (up to 437%) and crop quality as shown
in (Table 1).

Parker & Riches (1993) have mentioned
in their book that solarization provides an
excellent control of Orobanche aegyptica,
O. ramose and O. crenata. They have
demonstrated that an incidental benefit of
solarization is a 30-50% reduction in salinity.
Ismail et al. (1997) have found that soil
solarization reduced soil and root population
of nematodes by 9 to 96%. They reported that
solarization increased the yield of orange tree
by 58% over noncovered treatment and the
best result was obtained with 160-um thick
transparent sheets. The increments in yield
of some crops due to solarization period are
presented in (Table 2).
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Table 1 - Soil solarization is an effective method for improving
crop quantity and quality even in the absence of known
pathogen(s)

Crop Yield (t acre™) Increase

Non solar Solar (%)
Onion 7.0 21.0 300
Strawberry 8.0 12.2 150
Broad-bean 0.9 1.4 155
Tomato 8.0 35.0 437
Potato 7.5 12.0 160
Cucumber* 12.0 35.0 292
Pepper* 16.0 24.0 150

* Under plastic houses. Source: Satour (1997).

Raw (2000) has pointed out that total
weed emergence was reduced by 97% one
week after removal of plastic sheets and up to
77% for the season. Solarization for a period
of 5 weeks may be adequate for controlling
most summer and winter annual weeds, while
a period of at least 5 months is required for
such perennial weeds. Vito et al. (2000) have
reported that soil solarization for a 6-week
period effectively controlled both nematodes
and weeds, and consequently increased
marketable carrot yield compared to a
nonsolarized one. Schreiner et al. (2001) have
indicated that solarization had been just as
effective as methyl bromide and vapam at the
highest rate in controlling winter annual
weeds measured 8 months after treatment.

Table 2 = Yield increase of some crops due to soil solarization
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Stapleton et al. (2005) have showed that all of
the solarization treatments were equally
effective in providing weed management,
where weed numbers were reduced by 86% to
94%, and weed biomass reduced by 94% to 99%,
as compared with the untreated controls. They
have found that all of the plots receiving
solarization treatments provided an economic
yield of parsley foliage, ranging from 6.7-fold
to more than 20 fold increases over the
untreated control.

Economic feasibility of solarization

The cost of solarization was estimated as
$ 180-$ 800 per acre (Satour, 1997). Economic
feasibility of solarization depends on income
increase, which is affected by yield increase
and crop price. Additional factors to consider
are the possibility of a long-term effect and
benefits such as reduced usage of herbicides,
prevention of outbreaks of new diseases,
assurance for stable yield, and safety and
reduced hazards to the environment. The use
of old polyethylene (i.e., previously used)
provides an extremely inexpensive method for
solarization. Surprisingly, the use of old
polyethylene was even more effectively than
the new materials. This was attributed to
changes in the photometric properties of the
aged mulch.

Environmental, economic, and food safety
concerns are among the many reasons why

Crop Solarization period Yield increase (%) Reference

Two months 195.5 Mauromicale et al. (2005).
Tomato -

6 weeks 51.6 Sahile et al. (2005).

One month 86.3 Ngakou et al. (2006).
Potatoes One month 14.3 Megueni et al. (2011).

One month 30.0 Mabong (2004).
Carrot 9 weeks 157.4 Marenco & Lustosa (2000).
Cabbage 2 weeks 130.2 Haidar & Sidahmed (2000).
Broccoli 64.0 Wang et al. (2008).
Strawberry 7 weeks 37.0 Stapleton et al. (2005).
Lettuce Two months 23.9 Candido et al. (2011).
Soybean Two months 80.0 Megueni et al. (2006).
Wheat 5 weeks 27.0 Singh et al. (2003).
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some farmers choose organic production.
Delate et al. (1999) have mentioned that
certified organic soybeans in lowa averaged a
250 percent premium price over conventional
soybeans. On the environmental front, organic
farmers hope to reduce the 240 million pounds
of herbicides applied each year in the Midwest.
Organic farmers also express concerns about
weed resistance to herbicides and the transfer
of herbicide-resistant genes to wild plants
that may occur with increasing reliance on
herbicide-resistant crops. Stapleton et al.
(2005) have reported that the advantages of
solarization include ease of use by the grower,
relatively low treatment costs, and no hazards
to the grower, workers or public, which is
important as the urban agricultural interface.
Solarization is acceptable for use in organic
production, and no permits or pesticide
reporting is required.

Limitations to using solarization in large
scale agriculture

a) Solarization needs a large amount
of plastic film for soil mulching. These
materials tend to be bulky and difficult to apply.
Besides, their disposal is a major problem.
Environmental laws prohibit burning plastic
waste, and when buried in the soil plastics are
too slow in decomposing.

b) Solarization requires that land be
rotated out of production for several weeks
and months. This may interfere with normal
cropping patterns. Fayed et al. (1997) have
concluded that costs of solarization methods in
Egypt are markedly higher than the economic
return from the increases obtained in
peanut yield. Moreover, controlling weeds with
solarization mostly needs more than 5 weeks
to achieve promising results and this will
disturb crop rotation. Also, Zimdahl (2013) has
indicated that solarization has potential to
improve weed control management, but costs,
compared to those of other methods, preclude
widespread adoption in other than high value
crops. In order to make soil solarization widely
acceptable to farmers, improvements in the
solarization process may need to be made.
Mechanical application and new generation
mulching materials such as photodegradable
and biodegradable film may eliminate the
disposal problem.
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Mulching

Mulching is widely used in production of
vegetables, crops, fruits, medicinal & aromatic
plants as well as nursery and ornamental
plants. Mulches can be natural such as straw,
sawdust, weeds, paper and plant residues or
synthetic (plastic). However, the cost of weed
control with plastic mulching is apparently
high, about LE 600 acre!, against LE 500 for
herbicides and LE 300 for hoeing. It can be used
for two seasons if carefully handled. Water
saving is most important in the desert areas,
especially in the vineyards using drip irrigation
from deep wells, and water becomes the most
expensive factor of production in such areas.
Plastic mulching could be recommended in
infected vineyards for its cost effectively control
of weeds, to protect the environment from
pollution and most importantly to save water
and increase the grower’s net income (Hegazi,
2000).

Soil mulch (covering the soil with organic
or synthetic materials) has been recorded as
a safe method to control weeds in comparison
to herbicides application (Hussein & Radwan,
2004; Riley et al., 2004; Ramakrishna, 2006).
The use of vertical mulching has substantially
increased soil water storage (up to 41%) under
some conditions.

Soil mulching increased grain yield by
17%, soil water storage (up to 41%) increased
grain water use efficiency by 14% and reduced
water loss from O to 30 cm soil depth (Unger
et al.,, 2010). Mulch increased aboveground
biomass by 19%, and grain water use
efficiency (WUE) by 14% compared with bare
soil treatments. Water saving under plastic
mulching was more than 50% compared to
herbicides or hoeing treatments and the
benefits of mulching to crop performance are
increased under water stress (Tolk et al.,
1999).

Organic mulches include straw, weeds
(especially perennial grass), water-hyacinth,
residues from perennial crops like banana,
sugarcane straw or sugar cane bagasse and
sawdust, newspaper and shredded paper
(Monks et al., 1997, Silva et al., 2015).
Synthetic mulches include polyethylene
(plastic), polypropylene sheets or film (Rao,
2000). Mulching increases growth yield of
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potato, cabbage, tomato, okra, onion, etc.
Mulch system suppresses weeds through
their physical presence with soil surface
(by shading, lowering soil temperature,
allelopathic activity and blocking the light
required for germination of many small-seeded
weed species) (Hussein & Radwan, 2004).
Mulch has some effect on weeds such as
Cynodon dactylon, Sorghum halepense, etc.
(Rao, 2000). Riley et al. (2004) have mentioned
that beet yields were 135% and 123%
after mulching, whilst cabbage yields were
124% and 118%, with and without hand-
weeding, respectively, relative to the unweeded
treatment. Polythene and straw mulches had
higher weed control efficacy than chemical
control in groundnut fields (Ramakrishna et al.
(2000).

Effect of organic mulches

Soil mulching with plant wastes or
synthetic mulches is one of the management
practices for reducing soil evaporation; it
increases water retention, increasing WUE
and weed control in crop fields (Hegazi, 2000;
Awodoyin et al., 2007). This also ensures a more
even moisture distribution throughout the soil
profile, which further improves water use.
Organic mulches also improve WUE indirectly.
As mulch decomposes, humus is added to
the soil, which increases its water holding
capacity (Paul et al., 1997). A mulch layer
prevents weed seedling growth by inhibiting
light penetration to the soil surface. Lower
weed prevalence significantly improves WUE
(Ossom et al., 2001). Straw mulching (wheat
straw after harvesting the ears) significantly
depressed weeds, increased soil microbial
quantity and activity, avoided powdery mildew
and increased pumpkin fruit yield (Xu et al.,
2009).

Water hyacinth mulch produced the tallest
plants with higher number of leaves and roots
per plant, higher fresh and dry weight of bulb,
length of bulb and highest yield per hectare.
Bulb diameter and number of cloves per bulb
were higher in black polyethylene mulch
(Haque et al., 2003).

Mulch applications gave the higher early
and total yield than control in melon and
watermelon. In melon, early and total yields

383

were increased with mulch applications about
5390% and 37-63% in organic and 59-100%
and 35-59% in conventional areas. Early and
total yields were found higher in mineral
fertilizing and black mulch combinations by
2.63 and 5.39 kg m=, respectively. While in
watermelon early and total yields were
increased with mulch applications about
16-38% and 14-30% in organic, and 18-39%
and 20-32% in conventional areas, respectively
(Kurtar & CYvelek, 2010).

Rice straw, sawdust, clover weed and
cogon grass mulch treatments significantly
reduced the total dry weight of onion weeds at
45 days after transplanting. Broad-leaved
weeds were more susceptible than grassy
weeds to mulching treatments (Abouziena
et al., 2014Db). They added that the application
of sawdust mulch, rice straw, clover weed and
cogon grass mulches produced a higher bulb
yield over unweeded by 127, 118, 152% and
123%, respectively. All mulch plant species
examined at 1.5 t ha! markedly reduced
growth and dry weight of weeds by 60-100%
and 70-100%, respectively (Khanh et al., 2005).
They have also noticed that in paddy fields
weed biomass was reduced by 70-80% and rice
yield was increased by an average of 20%
relatively to unweeded.

Covering soil under mandarin trees with
cattail or rice straw mulch (two layers) gave
85% to 98% weeds control (Abouziena et al.,
2008). The most promising treatment
producing the highest safety fruits production
of mandarin was under black plastic mulch
(Abouziena et al., 2014a). In onion field,
clover weed mulch allowed onion to produce
high marketable yield (Abouziena & Radwan,
2014).

According to Oliveira et al. (2014), the
inhibitory effect of organic mulch on weeds
may be due to both the physical (the reduced
passage of solar radiation and temperature
range on soil superficial layer) effect of
emergence suppression and the possible
chemical effects arising from allelochemicals
released by straw that may have contributed
to emergence reduction. Besides, allelopathic
interaction and chemical/biological effects of
mulching include changes in pH and nutrients
dynamics in the soil.
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Effect of synthetic mulches

Traditionally, the introduction of synthetic
mulches into agriculture, the mechanization
of their application to meet the demands
of large- and small-scale agriculture at
reasonably low costs, and their favorable
effects on yield and earliness and weed control
favored the use of synthetic rather than
organic mulched (Abdul-Baki & Teasdale,
1993). The use of 15 mm thick cellulose
sheets (Kraft paper sandwiched between a
biodegradable biopolymer layer of polylactic
acid, one clear and the other pigmented
with black carbon) for weed and insect control
is the best envisioned for use in small
orchards and provided adequate weed control
(Benoit et al., 2006). A synthetic woven, black
cloth is available for mulching. It is sold
commercially in rolls about 6-feet wide and
can be applied by machine when trees are
planted. It is easy to spread and prevents the
emergence of most annual weed seedlings
(Zimdahl, 2013).

Effect of plastic sheet color

Soil temperatures are generally increased
1 to 3 °C for black and 3 to 5 °C for clear plastic
sheets. This rise in temperature provides
early season growth stimulation of crops which
respond to elevated soil temperatures
(cucumber, summer squash, watermelon,
pepper, tomatoes, and sweet corn). Only
opaque (brown or black) plastic sheets provide
high weed control efficiency, primarily by
restricting water and high penetration on
the soil surface. Plastic mulches should
not be used where creeping perennials are
present (e.g., nutsedge), since these weeds
can puncture the plastic, providing light to
stimulate germination of additional weeds
(Smeda & Weston, 1995). Himelrick et al.
(1993) have mentioned that strawberry
fields were mulched with six mulching color
treatments, i.e., clear plastic, black, black on
white, white on black and brown. They showed
that the total yield with all treatments
except white on black were significantly
higher than for the control. They added that
strawberry production was increased by
covering the soil with plastic mulch and a non-
clear effect was observed due to plastic mulch
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on vitamin C, Citric acid or total soluble solids.
Hifny et al. (1994) have shown that the
application of polyethylene either black or
clear in five-year-old (Banaty) Thomson
seedless grapevine for controlling weeds
significant increased the yield components
more than that of unmulched plots. The black
polyethylene film was better than the clear
one. Fayed et al. (1997) have stated that no
treatment performed better than black
polyethylene mulch for controlling peppermint
weeds, and increased the total herb and oil
yields per hectare, and black polyethylene
mulch significantly exceeded those of hand
hoeing or chemical treatments.

Rao (2000) has stated that when synthetic
materials are used as mulch, white and black
plastics are preferred. Silver plastic mulch
significantly increased early and total yields
of strawberry plants compared with bare soil
(ElI-Shabasi et al., 2000). Saleh & El-Shabasi
(2001) have found that black and clear plastic
mulches treatments increased the total yield
of strawberry with the superiority of clear
plastic mulch. Abouziena et al. (2015) have
found that black plastic mulch recorded the
highest efficiency for controlling potatoes
weeds than white, yellow and blue mulches
and gave the highest tuber yield. Application
of black plastic mulch caused a significant
reduction in dry weight of broad-leaved,
narrow-leaved and total weeds by 92, 100 and
93% at 75 days after planting, respectively.
Rating of weed control percentage of less than
100% in soil mulch treatments was caused by
weeds growing from the holes near the crop
plant. They concluded that soil mulching by
white or yellow plastics was ineffective, in most
cases, to suppress weed growth. They also
found that black plastic mulch increased tuber
yield per hectare by 11.5% over hand-hoeing
treatment.

Bond et al. (2003), in their review, have
concluded that white and green coverings had
little effect on the weeds, and brown, black,
blue, and white on black (double colors) films
prevented weeds from emerging. Sahile et al.
(2005) have shown in three locations that
Orobanche control was 97, 92 and 91% for
white sheet cover, while black sheet cover
gave 89, 88 and 86% control at the respective
locations. Therefore they concluded that clear




Weed control in clean agriculture: a review

polyethylene sheets were slightly more
effective than black ones.

Comparison between organic and
synthetic mulches

Abdul-Baki & Teasdale (1993) have found
that black polyethylene was superior to
all other mulched (organic mulches) in
enhancing earliness of tomato fruits, while
the total tomato yield in the hairy vetch mulch
was more than double the yield of the control
(non-mulched) plants and significantly higher
than the yield from the black polyethylene-
mulched plots. Also, Hifny et al. (1994) have
mentioned that growth parameters and yield
of the seedless “Banaty” variety showed little
response to straw mulch, relatively to white
and black plastic mulches. Pederson (1999)
has observed that organic mulches, and
especially wood chip, were ineffective for
perennial weeds control. The most efficient
weed control was obtained by covering with
plastic. Asphalt paper was prone to breaks,
allowing weed growth. He has also found that
fruit size increased following covering by straw
and the content of potassium in the leaves of
apple trees increased with organic materials.
Meanwhile, Hussein & Radwan (2004) reported
that black plastic mulch produced the highest
pea yield, followed by rice straw mulch, and
white polyethylene mulch came as third.
Using plastic mulches (at 200 and 150 mm),
two layers of cattail or rice straw mulch, and
hand hoeing for controlling weeds resulted in
the highest yield per tree without significant
differences among these treatments
(Abouziena et al., 2008).

Advantages of mulches

According to Miuller-Sdmann & Kotschi
(1994); Farooq (2011); Abouziena et al. (2015)
the advantages of soil mulching can be
summarized as follows:

1) Weed control,
2) Reducing erosion,
3) Maintaining soil structure,

4) Water economy: results by McMillen (2013)
have indicated that within the first 3 days
a mulch layer of at least 5 cm reduced
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surface evaporation to 40% compared to
water losses from bare soil, and all mulch
types were equally effective. Doubling
the mulch thickness from 5 cm to 10 cm
maintained soil moisture 10% higher than
the bare soil,

S) Improving root development,
6) Controlling soil erosion,

7) Enhancing soil chemical properties: mulch
protects or even increases soil humus. It
also brings about an increase in the cation
exchange capacity, i.e., the soil capacity to
store nutrients. Mulch stimulates the
activity of soil organisms and organic matter
is protected and enhanced. The availability
of P, K and Mg was often significantly
enhanced through mulching,

8) Soil life: there is no doubt that mulch has a
positive effect on soil life, and

9) It increases the yield of crops.
Disadvantages of mulches

1) Established weeds are difficult to control
with mulches.

2) The use of mulches is often limited by cost
and availability.

3) Weeds such as field bindweed and nutsedge
often have sufficient root reserves to enable
them to penetrate thick mulches (>15 cm).

4) In warm climates, mulches quickly break
down and require frequent replacement.

5) Plastic mulches should not be used where
creeping perennials are present (e.g.,
nutsedge), since these weeds can puncture
plastic, providing light to stimulate
germination of additional weeds.

6) When crop residues are used as mulch,
seeds from that crop may grow and create
problems.

Hot water and steam treatment

Applications of hot water as a directed
method of weed management between crop
rows have been recommended. Water heated
to 99 °C was applied over the top of weeds in a
volume up to 4680 L ha'!, with one application
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apparently effective on annual weeds and
two applications exhibiting good control of
perennial weeds such as Johnson grass
(Smeda & Weston, 1995).

Pinel et al. (2000) have shown that using
a self-propelled soil steaming machine raised
temperatures to 100 °C in the top 10 cm of soil.
Weed control reached 95-98% on bed surface
and the majority of weeds recorded after
treatment was wind-blown species. Five soil
borne pathogens and native Pythium sp. were
killed to a depth of 10 cm. On light soil, the
effective kill depth increased to 15 cm.
Hansson & Svensson (2004) have indicated,
in preliminary results, that steam treatment
can control S. vulgaris and C. album. It was not
possible to show a significant weed control
effect on S. nigrum, S. physalifolium and Fallopia
convolvulus at the energy doses studied.
One explanation for the insignificant effect
may be that the soil temperature did not reach
70-80 °C in all parts of the treated soil volume,
i.e., in the central part of the volume.

The energy dose required to achieve a 90%
reduction in plant number (LD,)) was 850 L
diesel ha'. The steam applicators used in the
experiment were prototypes, i.e., there can be
a great potential to decrease the energy use
by technical development of the applicators.
The steam treatment made it possible to
reduce the working-hours for manual weed
control (hoeing) from approximately 110 h ha!
to 60 h ha'l.

Deep steaming (6 minutes or more at
99-100) significantly reduced both the density
(to about 5.3 % of untreated) and the percent
cover (3.3%) of weeds, and the seed bank (to
about 9%) in the soil compared with an
untreated area (Sjursen & Netland, 2004).
Yield increase was not consistent. At 10 cm
soil depth, the temperature attained was
minimum 70 °C in 6-9 minutes. At 20 cm soil
depth the temperature was not always
satisfactory. Shallow steaming in different
salads and Chinese cabbage (about 2 minutes
or more at 99-100 °C) significantly reduced the
weed density and the seed bank (to about 1%
of untreated). The yield was significantly
increased. At 2 cm soil depth it achieved 70 °C
or more in minimum 10 minutes. At 5 cm soil
depth only a few times the temperature was
not satisfactory. They added that according to
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the literature the lethal temperature of weed
seeds is about 60-80 °C.

Stubble burning

Stubble burning is now banned because of
the smoke and other hazards, but this
traditional form of thermal weed control
was used to reduce the number of viable
weed seeds returned to the soil after cereal
harvest (Bond et al., 2003). Soil surface
temperatures under the burning straw
reached in excess of 200 °C for 10-30 seconds
and reduced the viability of freshly shed wild
oat (Avena fatua) and black grass (Alopecurus
myosuroides) seeds by up to 30% and 80%
respectively. Current methods of thermal weed
control use a variety of energy sources to
generate the heat needed to kill weed seeds
and seedlings.

Natural herbicides

Extensive use of synthetic herbicides
poses serious threats to both the environment
and public health. From both public health
and environmental perspectives, there is a
great incentive for biologically active natural
products from higher plants that are as good
as or better than synthetic herbicides and
that are likely to be much safer. Furthermore,
in comparison to long-persistence, non-
target toxicity, polluting, carcinogenic and
mutagenic activities of synthetic herbicides,
natural plant products are biodegradable,
somewhat specific, and likely to be recycled
through nature (Inderjit & Keating, 1999).

Natural herbicides: The term ‘natural-
product’ might be defined as “ingredients
extracted directly from plants or animal
products as opposed to being produced
synthetically (Nice & Johnson, 2009), and that
are as good as or better than synthetic
herbicides and that are likely to be much safer.”
Corn gluten meal, Alldown, Matran II,
Groundforce, Vinegar (Acetic acid) and
Citric acid have promises as non-synthetic
herbicides for controlling weeds (Abouziena
et al., 2009). Cinmethylin, a natural herbicide
produced by species of sage, controls many
annual grasses and suppresses some broad-
leaved weed species (Grossman et al., 2012).
Different classes of compounds have been




Weed control in clean agriculture: a review

known for the potential use as natural
herbicides.

Aqueous leachate of fresh leaves of
Eucalyptus globules significantly suppressed
the establishment of vegetative propagules
and early seedling growth of the weeds
(Chandra Bbu & Kandasamy, 1997). Good
candidates for natural herbicides should
have an activity between 10-° and 107 M.
Many phenolic compounds, alkoloids, and
quinines, however, have an activity range of
102 -10-° M and thus are poor candidates for
natural herbicides (Inderjit & keating, 1999).
Zimdahl (2013) has mentioned that one of the
first phytotoxic compounds to be implicated in
higher plants was 1,8-cineole. Cinmethylin
was developed as a herbicide, but never used
commercially for weed control in crops. It
controls many annual grasses and suppresses
some broad-leaved species. Bingaman &
Christians (1995) have reported that Corn
Gluten Meal (CGM) at rates of 100, 200, 300
and 400 g m? has reduced the percent of weed
cover by 53, 76, 85, and 83%, respectively,
compared to the control. They have added
that CGM reduces germination of many
broad-leaf and grass weeds. Xuan et al. (2004)
have indicated that neem strongly inhibits
germination and growth of several weeds.
Abouziena et al. (2009) have examined the
efficacy control of Alldown, Citric acid,
Vineager, Acetic acid, CGM, Groundforce and
Martan II as natural product herbicides and
reported that Alldown applied to younger weeds
had the maximum effect on broad-leaved
weeds control, followed by Vinegar (30% acetic
acid) > Citric acid > CGM > Household vinegar
(5% acetic acid) > Groundforce and the lowest
was Matran II treatments. There were nearly
no detrimental effects of the herbicides on
grass except the early postemergence of
acetic acid at 30% and CGM.

Allelopathy

Some plants can be used as natural
herbicides. Jasonia montana plants had a
herbicidal activity as preemergence or
postemergence, where a concentration of
10 gDW 100 mL-! completely inhibited
germination of C. arvensis and C. inflate
(bindweed weeds). Different classes of
compounds have been known to have a
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potential use as natural herbicides.
Water-soluble extracts from all parts of
itchgrass had inhibitory effects on the growth
of Bidenspilosa, Mimosa pudica, Ageratum
conyzoides, Echinochloa crus-galli, Oryza sativa
and Lactuca sativa plants (Meksawat &
Pornprom, 2010).

Cultural control methods

Cultural control methods include any
husbandry or management practice that
enhances a crop ability to compete with
weeds. Cultural weed control such as the
critical period of weed competition, companion
cropping, plant density, fertilizer manipulation,
stale seedbed, cover crops, cultivation in
darkness, intercropping, crop rotation and
other agronomic practices play an important
role and are successfully used for weed control
in organic farming.

Selection of competitive varieties

Different varieties may vary in their
canopy structure and growth characteristics
and in turn influence the weed-suppressing
ability (Mishra & Bhan, 1997). Cultivar
competitive ability was associated with higher
overall leaf area, resistance to loss of tiller
under competitive pressure, greater height,
canopy structure and development (Seavers &
Wrigh 1999). Mirsha & Bhan (1997) have
indicated that Pea ‘JP 885’ cv. showed a more
significant reduction in weed population and
weed dry matter than JMJ cv. and increase in
grain yield. Hussein et al. (2001) have found
that flax Giza 8 cv. was the most suppressive
to weeds, followed by Ariane and then Belinka
cultivars. Total dry weight of weed m= at
75 DAS in Giza 8 was lower than that of
Ariane and Belinka cultivars by 42% and 53%,
respectively. Moreover, Giza 8 cv. exhibited
insignificant higher seed and oil yield per
feddan than Belinka cv. by 9 and 10%,
and greater than Ariane cv. by 12 and 11%,
respectively. Fayed et al. (2002) have shown
that faba bean cv. Giza 429 (Orobanche
tolerant var.) had the lowest dry weight of
Orobanche m™2 than other varieties. Faustini
et al. (2004) have stated that earliness of
flowering and an erect plant habit seemed to
be the traits most related to crop competitive
ability.
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Stale seedbed technique

This technique involves preparing the
seedbed several weeks before sowing in order
to stimulate a flush of weeds, therefore
reducing the weed seedbank likely to affect
the crop. Moist conditions are essential to
encourage weed emergence. Small weeds can
then be removed with a very shallow harrow,
or with a flame-weeder or an infra-red burner
(Davies & Welsh, 2002). They have added that,
in winter, delayed crop sowing is preferred
because major weed problems can be greatly
reduced, and this also gives an opportunity for
stale seedbed approaches. The small loss in
yield that is possible from delayed sowing is
balanced by the reduced losses due to weeds.

Stale seedbed has excessively delayed
sowing time, thus inducing negative
effects on crop seed yields of coriander,
fennel, and psyllium crops (medicinal plants).
Consequently, seed yield was 40-90% lower
than in the untreated plots (Carrubba &
Militello, 2013).

New and nontraditional methods

There are some promising new and
nontraditional measures that could be used
for controlling weeds in organic farming. New
and nontraditional weed control methods such
as Infrared Radiation (IR), Electrical Weed
Control (Slaughter et al., 2008), Lasers
(Mathiassen et al., 2006), Microwave radiation
(Brodie et al., 2007), Ultra Sonic weed Control
Systems, Real-time intelligent robotic weed
control system (Pérez-Ruiz et al., 2012) could
be used for weed control under field conditions.
However, they are still under development and
are used in small areas, not on large scale.

Fresnel lens: an instrument that
concentrates solar radiation to line or point.

Exposure of the dry soil surface for 1 to
10s at 290 °C has resulted in control of red
root pigweed by 100%.

Fresnel lenses are used to concentrate
solar radiation to a line or a point. A linear
Fresnel lens (0.91 by 1.52 m, 0.74 m focal
length, 0.01- by 1.52 m line focus) was
investigated as a method for weed control.
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Field experiments were conducted to assess
the effect of Fresnel lens concentrated solar
radiation at various exposure times, stages of
plant growth, and soil surface moisture
conditions. On a dry soil surface, exposure
times of 1 to 10s at 290 °C resulted in control
of redroot pigweed from 100% for a 1s exposure
at the cotyledon stage to 89% for a 10s
exposure at the 10 leaf stage. Redroot pigweed
control was similar at exposures of 3 to 10s,
but less for kochia at 1 and 2s. Greenfoxtail
control was less than that of kochia and redroot
pigweed. Control was reduced on a moist
compared to a dry soil surface. Concentrated
solar radiation holds the greatest potential to
control the small dicot weeds on a dry soil
surface (Johnson et al., 1989). Johnson et al.
(1990) have reported that the lens produced
a line focus 1 by 150 cm with a mean
temperature of 309 °C. A 20s exposure to
seed on the soil surface was 100% lethal to
greenfoxtail, kochia, lambsquarters, purslane,
and wild buckwheat. In a separate study,
emergence from kochia and yellow foxtail
seed was reduced 100% at 10 mm soil depth
after 15 min in soil of 35 and 93 g kg!
moisture and 20 to 40% at 178 g kg! moisture
content. Concentrated solar radiation from a
Fresnel lens has the greatest potential for
affecting weed seed on the soil surface. A
series of Fresnel lenses and/or larger lenses
may be required for many practical field
applications.

Other safety weed control methods

Biological weed control and flame weeding
are also used as alternative methods to
synthetic herbicides for weed control in clean
farming.

Finally, it could be concluded that
successful and sustainable weed management
systems are those that use an integration
among techniques rather than depend on one
method. Further research is needed for new
technologies and methods for weed control in
clean agriculture.
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