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ABSTRACT
Purpose: This review aims to focus on the role of field farmer schools in solving the problems related

to weed management under climate change in developing countries, taking Jordan as an example.
Therefore, awareness helps farmers adapt to emerging weed issues and incorporate effective control
strategies. This is especially true in regions like Jordan, where low-input farming systems are
common, and there is a need for trained extension agents to educate communities on agroecology
and weed management.

Research Method: A structured literature search across major academic databases and synthesis
process were used in this review article to ensure comprehensive coverage of the role of FFSs to deal
with weed problems under climate change, where Jordan was used as a case study representative
of developing countries. The search covered 104 publications up to 2025 to capture two decades of
evolving knowledge on FFS and climate-related challenges in agriculture. Jordan as a case study,
highlighting specific FFS experiences, challenges, and lessons applicable to broader developing-
country contexts.

Findings and Values: FFSs provide practical, on-site training, helping farmers learn modern
weed control strategies. These schools have proven successful in spreading knowledge to
neighboring farms, raising collective awareness of sustainable management practices across
farming communities. A collaboration between the governmental bodies and academic researchers
is requested to activate the role of FFSs to produce a generation of pioneer farmers who could
circulate their knowledge to other farms. However, a success in Jordan happened in Farmer Schools
in enhancing the use of soil solarization to combat soil-borne diseases and weeds in the Jordan Valley.

Keywords: Climate change, Developing countries, Ecosystems, Farmer field schools, Weed genetic
plasticity, Weed management

INTRODUCTION

Changes in the environmental conditions in
any ecosystem influence the spread, population
dynamics, and life cycle duration of its living
biota. Competitions among living organisms
have decisive effect on their survival and
distribution (Patterson 1995). Plant species
respond differently to many edaphic, biotic and
climatic factors.

Eco-physiological responses of plant species

are decisive traits, which make them more
competitive and dominant or become distinct,
thus, affecting the outcome of the ecosystem’s
floral composition. Plant species adjust to
environmental stresses via modifications in
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mechanisms occurring at the morphological,
anatomical, and physiological levels (Gratani
2014). Plant adaptability in agro-ecosystems
is affected by the plasticity of plant genotype
(Laitinen 2024, Li et al. 2025). Weed
populations include individuals with the ability
to adapt and flourish in different types
of habitats. Adaptive plastic responses in
colonizing weeds help them maintain function
and fitness across a range of environments and
influence their ecological spread and response
to natural selection (Sultan 2000, Daehler 2003,
Pichancourt & van Klinken 2012). Certain weed
species respond rapidly to disturbances giving
them a competitive advantage over the less
aggressive crop species (King et al. 2025).

Increasing environmental stress makes crops
more vulnerable to attack by insect pests and
plant pathogens and less competitive with
noxious weeds (Amare 2016). Contrary to
crops, weeds have greater genetic plasticity
because weed genomes are not interrupted.
Weed populations include individuals with the
ability to survive and flourish in various habitats
more rapidly than crops due to their high genetic
variation and plasticity (Baker 1965).

Weed species with broad ecological attributes
can adapt to new environmental conditions that
differ from their endemic regions (Clements &
Ditommaso 2011, Crossman et al. 2011, Roger
et al. 2015). Weeds, capable of rapid dispersal
and establishment, have the potential to invade
new areas and expand their range. Native weed
species may become less competitive and may be
replaced by more aggressive invading species,
resulting in floral changes. However, changes
in climate may encourage the native species
and/or sleeper weeds in the area to become more
aggressive (Bridges 1992).

Changes in weed flora of agro-ecosystems
have been recorded in Europe over the past
decades (Amare 2016). Many invasive weed
species have spread into new areas beyond
their original habitats in China, Australia,
South Africa and the United States, and have
found suitable habitats influenced by climate
change (Patterson 1995, Ziska & George 2004,

Beaumont et al. 2014, Roger et al. 2015, Allen
& Bradley 2016, Wan et al. 2017, Byrd et
al. 2018). The weeds, Amaranthus retroflexus
and Abutilon theophrasti, have expanded their
range in northern areas of Europe, including
exotic and potentially invasive species such
as Panicum dichotomiflorum and Datura
stramonium (Breitsameter et al. 2014). Increased
levels of atmospheric CO, and temperature are
among the predicted changes in global climate.
Any direct or indirect consequences of raising
COs, levels would differentially affect the growth
or fitness of weeds and crops, and would alter
weed—crop competitive interactions; however,
the outcome depends on the individual set of
conditions (Patterson 1995).

Normally, plants respond positively to increasing
CO, levels, which stimulate photosynthesis,
increase water-use efficiency (ratio of CO,
uptake to evapotranspiration), and reduce
stomatal aperture in plants, leading to increased
production of vegetative and reproductive
growth of existing plant communities (Rogers
et al. 2007) if soil water is available. However,
drought makes crops less competitive with
weeds, as water-use efficiency of many weeds
is higher than that of most crops, especially
shallow-rooted crops (Patterson 1995). Thus,
due to climate change, the growth or fitness
of plant species would be differentially affected
and weed—crop competitive interactions would
be altered (Milchunas & Lauenroth 1995).
Generally, elevated CO, improves Cs plant
photosynthesis, yield, and growth more than C,
plants because it inhibits photorespiration in Cs
species (Hall & Allen 1993, Ziska 2001, Bleier
& Jackson 2007, Rajkumara 2007, Shahidul
Haque et al. 2014).

Chandrasena (2009) demonstrated that while
high temperatures favor C, weeds, most
weed species are Cs, meaning competition
with Cs crops is primarily driven by Cj
weeds. It is difficult to predict the future
of weed—crop interactions, considering all
possible combinations affecting crops and weeds
under various changes in the global climate.
Changes in agro-ecosystem composition are also
influenced directly or indirectly by agronomic
practices. Agro-ecosystems with high agronomic
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activities are expected to be colonized by newly
introduced weed species (Hobbs & Huenneke
1992, Low & Booth 2007).

A key to designing an effective weed
management  strategy  (Integrated ~ Weed
Management, IWM) is understanding weed—
crop interaction. Early control of weeds prevents
establishment, seed production, and invasion by
new competitive species (McDonald et al. 2009).
IWM strategies that respond to the existing
weed composition should be constructed and
communicated to farmers within their farming
communities.

In view of the complicated combined future
impacts of climatic changes, a basic knowledge
of weed biology and ecological factors for weed
existence in the place of origin is essential to
design effective weed management strategies
(Holm et al. 1977). Our concern in this article
is to raise farmers’ awareness of the anticipated
changes in weed spread in their ecosystems and
to reduce their impact on crop production.

Bio-geographical zones and agro-ecosystems in
Jordan

Even though it is a small country of about
90,000 km?, Jordan is characterized by a
rich flora with approximately 2500 plant
species. The country lies within semi-arid and
arid climatological zones. Vegetative cover
is divided into four different biogeographical
zones (Fig. 1). Four principal bio-geographical
regions are recognized in Jordan: Mediterranean,
Irano-Turanian, Saharo-Arabian, and Sudanian
(representing tropical penetration) (Long 1957,
Al-Eisawi 1985, Al-Eisawi 1996). These zones
extend from north to south in a narrow band and
from west to east within about 250 km. They are
well distinguished in some parts of the country
but intermingle in certain areas (Fig. 1).

Borderlines between regions are only indicative,
and some plant species can be found across
several regions. Vegetation cover reflects many
influences including geology, altitude, soil type,
microclimate, and human activity (Taifour et al.
2022).

Specific climatic conditions of the major bio-
geographical zones in Jordan

Mediterranean bioclimatic region: This region
lies in the highlands with altitudes of 700 m
above sea level. It receives the highest of rain,
between 300 to 600 mm annually. The soil is best
suited for rain-fed agriculture and horticulture.

Irano-Turanian bioclimatic region: The Irano-
Turanian region surrounds the Mediterranean
zone, forming a narrow strip of variable width,
except in the north, where it extends eastwards
along the Jordanian-Syrian border. Altitude
ranges between 500-700 m above sea level.
Annual average of precipitation lies between
150 to 300 mm. Mean annual maximum
temperature is 15-25°C, and mean annual
minimum temperature is 2 5°C. This region
is at the borders for rain-fed agriculture and
predominantly used for grazing (Ababsa 2013).

Saharo-Arabian bioclimatic region: The Saharo-
Arabian region is the largest zone, which forms
about 80 % of the total land area of the country.
It covers the flat eastern area, known as Badya
(semi-desert), bordering the Irano-Turanian
region. Altitude ranges between 600-700 m
above sea level in most parts but rises to 1,200 m
at the Jordanian Syrian borders. Annual average
of rain ranges between 100 to 150 mm quickly
dropping to 50 mm further east and south. Mean
annual maximum temperature is 15-20°C and
mean annual minimum temperature is 2-15°C.
This area is classified as rangeland for grazing.
Some scattered cultivated fields concentrated in
the watersheds of valleys (wadies), where water
is available (Ababsa 2013).

Sudanian  bioclimatic region: This region
represents a penetration of tropical elements,
starting from the Jordan rift valley in the north,
and encompasses the Jordan valley surrounding
the Dead Sea, Wadi Araba down south to Aqaba
at the Red Sea. Altitude falls between -400 m
(below sea level), the lowest place on earth
with a unique environment at 1,200 m above
sea level in the southern mountains. Annual
average of rain ranges between 50-100 mm.
Mean annual maximum temperature is 20-35°C
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Figure 1. Biogeographical zones of Jordan, from Ababsa (2013).

and annual minimum temperature is 10-20°C
(Ababsa 2013).

Climatic changes and fluctuations in Jordan

Generally, the climate is considered a
Mediterranean  type, with almost nine
bioclimatic regions Figure 2 (Long 1957, Al-
Eisawi 1985). It is characterized by a mild rainy
winter and hot dry summer. Most of Jordan
(90%) is composed of arid to semi-arid regions
where the annual precipitation is usually very
low.

Due to climate change and global warming,
Jordan is suffering from a severe shift to
lower rainfall means, especially in the slightly
and moderately semi-arid areas that have
changed towards a strongly semi-arid (Freiwan
& Kadioglu 2008, Ministry of Environment
2009b). Existing climatic shifts have occurred
over the past 50 years.

Annual temperature average increased since
1992 by 1.5-2 °C (Matouq et al. 2013). Reports
of the Ministry of Environment indicated that the
minimum temperature increased by 0.4-2.8 °C,
and the maximum temperature increased by 0.3-
1.8 °C during the period 1961-2005 (Ministry
of Environment 2009a). The mean annual
precipitation tended to decrease significantly by
time at a rate of 1.2 mm per year (Al-Qinna
2018). The total amount of annual rain and the
onset of rainfall vary greatly from year to year.

It normally starts by the end of September,
but in some years, the rain delays and does
not fall till the end of January (Ministry of
Environment 2009a). Precipitation fluctuations
affect the time of soil plowing, crop sowing,
weed emergence and management. The annual
average of precipitation in about 20% of the
country area and does not exceed 200 mm of
rain, which is the minimum level required for
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Figure 1. Main bioclimatic zones of Jordan- from Ababsa (2013).

rain-fed agriculture in the highlands.

Agricultural activities in Jordan

Crop production is concentrated in two main
areas:

1. Rain-fed Irano-Turanian and Mediterranean
zones in the highland, in which wheat,
barley, besides other field crops such
as tobacco, lentils and chickpeas are
cultivated. Rain-fed olive groves are
localized in areas receiving higher
precipitation.

2. The Sudanian zone is characterized by
having the most fertile soils in the
Jordan rift valley. It encompasses Jordan
valley surrounding the Dead Sea and
Wadi Araba down south to Aqgaba at the
Red Sea, where major vegetable crops
(cucumber, tomato, eggplant, peppers and
melons), citrus, date palm and bananas

are grown under irrigation (Helen 1989).
Irrigated crops in the highland in either
the Mediterranean or Irano-Turanian zone
are in areas where underground water
is available, and devoted to summer
vegetable crops, orchards of apple and
stone fruits. No significant agriculture is
present in the Saharo-Arabian zone, except
in a few oases and water basins, scattered
in this arid zone where barley and fodder
crops are cultivated. Most of this zone is
considered rangeland for grazing.

Weed distribution in cultivated fields

Variations in soil, land use, and availability
of resources, ecosystem geology, altitude, soil
type, and microclimate among different agro-
ecosystems are expected to influence floral
distribution in cultivated fields (Long 1957,
Ministry of Environment 2009b). Studies on
detecting weed shifts because of climatic
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changes are lacking in Jordan. However, we
have not been witnessing serious weed shifts
among different zones in Jordan since 1932 (Post
& Densimore 1932, Abu-Irmaileh 2000). In
addition to crop management practices, human-
mediated processes (e.g., seed dispersal) play
an important role in weed expansion at larger
scales. It is not surprising that a weed species
exists in different bio-geographical zones (Fig.
1). Moreover, certain weed species inhabiting
specific bio-geographical zone, which favours
their growth and development (Table 1), can
extend their ranges to neighboring zones, due
to weather fluctuations and to the crossings of
different climatic regions into each other (Fig.
2).

This is attributed to Climatic variability in
which Seasonal or long-term fluctuations (e.g.,
rainfall variation, temperature anomalies) may
create temporary conditions favorable for
weeds outside their typical zone, in addition
to Ecotones/transition zones where boundaries
between biogeographical zones are not strict;
they often overlap, forming ‘“ecotones” where
species from both zones can establish. This is
because weeds have high propagule pressure
as they produce thousands of seeds, which
increases the chance, that some will disperse
and establish in new environments. In addition,
dispersal vectors related to human activities
(machinery, livestock movement, trade, and
contaminated crop seed) spread weed seeds
across zones.

Some weed species, which produce large
number of seeds, can find suitable habitat and
expand to cultivated fields in neighboring zones
due to their proximity and to human activities.
Farmers’ negligence or/and unawareness, rather
than a response to climate change, play a
significant role in weed expansion. Seeds and
vegetative propagules can be easily dispersed
through agricultural activities, running water and
wind, movement of weed-seed-contaminated
soil, or contaminated crop seeds. As an example,
transporting vegetable and tobacco seedlings
from seedbeds initiated in broomrapes-infested
soils in Jordan valley was the main method of
expanding Orobanche spp. infestations to clean
fields in the highlands (personal observation).

Even though, most troublesome weed species
dominated cultivated fields in Jordan valley, they
are also troublesome in irrigated fields in the
Mediterranean zone that is usually colder than
Jordan valley). These species are listed among
the worst weeds in many countries (Holm et
al. 1997, CABI 2011a, CABI 2011b). Weeds in
cultivated fields in different regions (Table 1)
represent the most common species in Jordan.

Not all listed weeds are present in a field. Most
troublesome species of a genus are listed, but
other species of the same genus could be found
in the same field. Among the weeds existing in
both Sudanian zone (Wadi Araba down south
to Agaba at the red sea and Jordan valley
altitudes start from -400 m below sea level) and
Mediterranean zone at much higher altitudes in
the highlands include aggressive weed species
such as:

Amaranthus retroflexus L., is known Redroot
pigweed, redroot amaranth, rough pigweed
and careless weed. It is a C4-plant, prolific
seed producer and competitive in a variety
of irrigated row crops and fruit tree orchards
in Jordan valley, and in irrigated vegetable,
apple, and stone fruit orchards in the highlands.
Amaranthus species, specifically A. retroflexus
has high water use efficiency (Weaver &
McWilliams 1980, Tremmel & Patterson 1993).
The growth of this weed rapidly takes over other
species within their vicinity and produces a huge
seed number.

Arundo donax L., Giant reed, is a difficult-
to-control rhizomatous weed of Jordan valley,
is expanding into irrigated farms in the
highland (Abu-Irmaileh 2000). This weed could
reproduce quickly by rhizomes and seeds. It
invades wetlands around water bodies and
irrigation canals and creeps into cultivated fields,
and alters habitats towards dense, monotypic
stands up to 3 m tall.

Cynodon dactylon (L.), Bermuda grass, is a
serious invading weed; very widely distributed
throughout the world in almost all soil types
especially in fertile soil. It reproduces by seeds,
stem cuts and rhizomes. It is most common weed
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Table 1. Most troublesome weed species in Sudanian, Mediterranean, and Irano-Turanean

zones.

Sudanian

Mediterranean

Irano-Turanean

Amaranthus retroflexus
Ammi majus

Arundo donax

Beta vylgaris
Chenopodium murale
Convolvulus arvensis
Cuscuta campestris
Cyperus esculentus
Cynodon dactylon
Glycerrhiza glabra
Malva nicaeensis
Orobanche crenata
Orobanche ramosa
Prosopis farcta
Portulaca oleracaae
Solanum elaeagnifolium
Sorghum halepense
Tribulus terrestris

Amaranthus blitoides
Amaranthus retroflexus
Aanthemis palestina
Avena sterilis

Bromus tectorum
Cardaria draba

Cynodon dactylon
Cuscuta campestris
Dlplotaxis erucoides
Hirschfeldia incana
Hypericum triquetrifolium
Lactuca serriola
Onobrychis crust-galli
Orobanche ramosa
Onopordum alexandrinum
Salvia syriaca

Sinapis arvensis

Tribulus terrestris

Alkanna strigos
Astraagalus spinosus
Calenula arvensis
Centaurea eryngioides
Cephalria syriaca
Chorispora purpurascens
Echium judaeum
Erucaria hispanica
Fumaria densiflora
Geranium tuberosum
Gladiolus segetum
Hordeum glaucum
Hyoscyamus reticulatus
Ononis antiquorum
Poa sinaica

Silene conoidea
Trigonella arabica
Texiera glastifoliaa

in alfalfa fields, fruit trees as well as uncultivated
lands (Holm ef al. 1977, Abu-Irmaileh 2000).

Cyperus esculentus, the Tiger nut or Yelleiw
nutsedge, produces mainly by tubers, and
extremely difficult to eradicate. It can quickly
regenerate from a single tuber and forms dense
colonies, which suffocates other plants species
in its vicinity (Holm et al. 1977, Abu-Irmaileh,
2000, Dodet et al. 2008).

Prosopis farcta, the Syrian mesquite, is one
of most dominant and troublesome species in
Jordan valley. It is spreading at lower and higher
altitudes in the highlands. It is a troublesome
shrub with a branched root system, which
penetrates as deep as 20 meters below soil
surface. It infests cultivated fields and waste
areas in Jordan valley and extends through the
Mediterranean and the Iran-Turanian zone. It
can survive difficult weather and soil conditions
(including saline soil). However, Prosopis genus
is treated as one of the world’s worst invasive
plant species (CABI 2011b).

Different species of Prosopis, namely, P.
juliflora and P. chinensis (Salam in Arabic)

were introduced as trees and shrubs for fencing
orchards in Jordan valley, are expanding into
higher altitudes. P. juliflora trees rapidly form
dense thorny thickets and block irrigation
channels, obstruct roads, reduce accessibility to
pasture, croplands, and water sources in many
countries. It is considered a serious invasive
species in many parts of Eastern Sudan and
Ethiopia (Weber 2003, Babiker 2006, Hoshino
et al. 2012, Mehari 2015).

Sorghum halepense, the Johnsongrass, is a
perennial grass with a worldwide distribution.
Its extensive spreading rhizome and shoot
system and high rate of seed production make
it extremely invasive and difficult to eradicate
(Labrada 1994). This species is a Cy-plant
and shows correspondingly rapid growth under
warm and hot conditions (Holm et al. 1977). S.
halepense infests irrigated fields in Jordan valley
and many irrigated orchards and vegetable field
crops in the highlands at altitudes 1200 m above
sea level in the south (For example, Shoubak
area, which receives annual snow much earlier
than other highlands, a much colder climate than
Jordan valley).

Solanum  elaeagnifolium, the  Silverleaf
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nightshade, is a deep-rooted noxious perennial
weed, which reproduces by both seed and
vegetative propagules, is poisonous plant to
grazing animals (Mas & Lugo-Torres 2013).
It was introduced to many countries around
the world as a crop seed contaminant in
soil and crops (Holm et al. 1997, EPPO
2007). This weed had invaded ecosystems in
Jordan valley and in rain-fed in the highlands.
Farmers in Jordan face difficulties controlling
Solanum elaeagnifolium due to its deep and
extensive root system, high seed and vegetative
reproductive capacity, adaptability to poor soils,
and limited effectiveness of mechanical and
chemical control measures. FAO formulated a
technical cooperation programme (TCP)-project
to manage this weed in several countries in the
Middle East region (Gbehounou 2013).

Cuscuta campestris Yunk. field dodder, is a
serious parasitic weed around the world and
in Jordan. It has wide host range of crops
and weeds. Seeds germinate without a need
for a germination stimulant provided by the
host. Some seeds have a hard coat, which
requires gradual degradation or scarification
to germinate. Once germinated, light, and a
relatively high temperature of 25°C, are needed
for the parasite to coil and form haustorium
(Holm et al. 1997, Costea & Tardif 2006), which
connect to the host phloem, enabling the parasite
to become a powerful sink for metabolites,
and totally dependent on the host for growth
and survival, causing a severe drain on host
resources, preventing normal host development
and retarding crop production.

Orobanche ramose, the Branched broomrape or
Hemp broomrape, is the main species, which
infests large areas of host crops, including
tobacco, many cucurbit, legume, and eggplant
crops in both irrigated and rain-fed areas. It also
infests many weed species. Each plant produces
enormous number of very light seeds which
can be easily carried by wind, contaminated
crop seeds, soil, machinery and expand its
range within and outside the country. Orobanche
is among weeds that are verbuty difficult to
eradicate. Orobanche species are listed as
prohibited and/or subject to quarantine, in
virtually all countries with developed plant

quarantine systems (USA 2008, USDA-NRCS
2008). Quarantine regulations in most countries
should be enforced to ensure effective prevention
of further spread.

Other parasitic plants exist in Jordan, including
Cistanche tuberosa, Loranthus acaciae, Osyris
alba, Thesium humile, and Viscum cruciatum,
and cause severe harm to their host plants
(Qasem 2022). These parasitic plants are
not widespread in Jordan (Qasem 2022).
Weed species listed in Table 1 are the most
common, but other species can be competitive,
troublesome (thorny, poisonous or serious
contaminant of agricultural goods) when present
in large populations in either zone.

Farmer field schools (FFSs)

According to Food and  Agriculture
Organization, FFSs is defined as” an approach
based on people-centred learning. Participatory
methods to create an environment conducive
to learning: the participants can exchange
knowledge and experience in a risk-free setting”.

Necessity of farmers’ capacity building in
developing countries to plan for better weed
management strategies

Many of the developed weed technologies
have not been effectively disseminated to
farmers in developing countries due to
technical, institutional and socio-economic
constraints; including lack of reliable research
and extension, poor knowledge of the biological
and ecological features of weeds, which make
them invasive and competitive. Although new
technological discoveries are continuing, besides
that individual control options may lead to
good weed control and increase crop yields,
none of the currently available control measures
has proven to be completely effective. Weed
infestations of local, as well as the new invasive
species keep threatening the livelihood of
farmers.

FFSs are effective, community-based, non-
formal adult education programs (Labrada
2004). They train and empower farmers through
hands-on learning to understand ecological
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principles and promote Integrated Weed
Management. FFSs encourage farmer groups to
compare local practices with holistic, integrated
crop production approaches, ultimately leading
to better, more profitable crop production and
improved livelihoods.

Studies focusing on climate change primarily
address plant physiology, yet its impact on
integrated weed management (IWM) in mixed
fields needs more research. Inevitable weed
composition shifts demand investigation into
IWM practices—Ilike crop choice, herbicide-
resistant crops/weeds, and sowing time—to
build better strategies.

Farmers in developing nations lack skills and
affordable equipment for chemical control.
While preventing new weed introductions is
hard, raising awareness and vigilance is crucial.
Quarantine and community awareness are
vital to contain serious migratory weeds,
exemplified by the successful containment of
Striga asiatica in the USA (Eplee 1992).
Farmers require training in adaptive IWM
strategies to overcome increasingly complex
weed problems, considering their socioeconomic
status.

Introducing FFSs in Jordan and their role in
weed management in various farming systems

Farmers have limited access to information and
advisory services (Lugman et al. 2024). Most
farming communities in Jordan are characterized
by being smallholders or subsistent farmers.
Famers’ attitude towards weeds varies as being
aggressive pests having negative impact on
their productivity in small farming systems,
or not as harmful in subsistent farming
situations. However, all farmers appreciate any
affordable technology, which improves their
living conditions. Thus, weed management
should be adapted to the existing socioeconomic
conditions of the farmer. The adaptation and
dissemination of appropriate weed management
practices are most challenging, taking into
consideration the specific socio-economic
characteristics of farming systems.

Prior to the introduction of FFSs, extension

agents were trained in weed science by exposing
them to short courses in cooperation with
the Ministry of Agriculture. Researchers and
trained extension agents used to hold field-
day-demonstrations on most promising research
results and technologies to expose invited groups
of farmers in cooperating farmer field in each
farming area. However, there were no serious
follow up for testing farmers’ applications of the
demonstrated results.

In Jordan, more than 85% of the government
extension agents were trained through the Food
and Agriculture Organizations’ (FAO) Regional
Integrated Pest Management (IPM) Program in
the Near East started its activities in Jordan
(Labrada 2004) considering the integration of
pest and disease management with different
crop production practices. Using ecology-
based IPM approaches to promote sustainable
management of pests, about 170 FFSs have
been established by the National Agricultural
Research Center (NARC) in Jordan since its
inception; training approximately 2,400 farmers
who started organizing themselves in order
to carry out field experiments, train other
farmers, and interact effectively with research
and extension.

Effective weed management in Jordan required
a community-based integrated approach to
improve the dissemination of knowledge
and skills by using FFSs, in which farmers
participate in discussing the problems they
encounter from weeds and share their views
on best affordable practices to get rid of
harmful weeds. Many of the technologies
are either unavailable, or beyond farmers’
affordability. Therefore, the diverse biophysical
and socio-economic challenges faced by farming
communities are discussed and analysed
through FFSs meetings, suggesting best possible
utilization of farm resources and farmer’s
capabilities in order to avoid or manage risks
that would otherwise have serious consequences
in the farming system (Abu-Irmaileh & Labrada
2006).

FFSs have been designed to help farmers
learn the principles and practices of integrated
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management of weeds including the parasitic
broomrapes, Orobanche; and serve as an
essential part of a long-term and dynamic
farming systems approach for sustaining
and enhancing agricultural  productivity
(Abu-Irmaileh  2004). FFSs provided an
important entry point for enhancing farmers’
understanding of the ecological and agronomic
principles of weed management within their
farm management. FFSs enhanced farmers’
understanding the suitable integrated weed
management in order to increase their
productivity and improve their living conditions.

To accomplish a successful participatory
approach for weed management, local research
facilities should be staffed with trained
research and extension workers (Abang et al.
2007). Capacity building in weed management
started with 27 extension agents from various
agricultural areas. The curriculum of training
was developed on integrated direct and indirect
weed management means. Each extension agent
became a trainer of farmer in the served area
using FFSs approach.

The concept of FFSs was applied for
management of broomrapes, Orobanche spp.,
parasitizing tomato and other vegetables.
Possible means for reducing broomrape
parasitism included hand and mechanical
removal of Orobanche and its weed-hosts,
rotation with non-host, trap and catch crops, soil
solarization for six weeks using black plastic
sheets during the hottest months (Abu-Irmaileh
1984, Abu-Irmaileh 2003, Abu-Irmaileh 2004),
breeding for resistant crops against parasitic
weed (Rubiales er al. 2006) chemical and
biological weed control (Kroschel & Klein 2004,
Martin et al. 2018) besides planting herbicide-
resistant crops (Kotoula-Syka & Economou
2005).

Leading farmers applied the affordable effective
means for Orobanche management who were
able to disseminate gained knowledge around his
region. FFSs enhanced farmers’ understanding
of the ecological principles of good Orobanche
management. Running FFSs helped farmers
learn the principles and practices of integrated

Orobanche and other weed management
as an essential part of any long-term and
dynamic strategy for sustaining and enhancing
agricultural productivity.

Most appreciated strategy of Orobanche
management was solarizing the soil by covering
planting rows with black plastic sheets (BP) for
six weeks during summer. Drip irrigation system
is placed under tarp for moistening the soil 2-
3 times during solarization period. BP tarp is
left in place over planting rows as black tarp for
the rest of the season. Holes are made at proper
distances for planting the crop seedlings.

Elevated heat during solarization to a depth of
10-15 cm under tarp raised soil temperature
enough to kill imbibed weed seeds and other
active soil living inhabitants (Barakat 1987,
Abu-Gharbieh et al. 1991, Lamont 1999).
Vegetable yields were increased by 2-3 folds.
In addition to its efficiency in reducing weed
infestation, and controlling many of the soil born
pests, soil solarization improved the solubility of
nutrients and improved nutrient uptake by the
crop roots (Barakat 1987, Al-Kalaielah 1988,
Stapleton & DeVay 1995, Elmore et al. 1997).

Soil solarization technique was generally
practiced among all farmers in Jordan valley
for controlling weeds as well as the Orobanche,
in almost all vegetable production area under
plastic tunnels and houses (Abu-Irmaileh 1991).
Weed management in the upland depends
on private agricultural dealers who promote
their products, the advice of the academic
weed scientists and the staffed FFSs weed
management scientists and extension agents.

Difficulties facing FFSs in weed management
due to climate changes and fluctuations in
Jordan

Changes in climate may bring about extended
wetter or drier seasons. Early weeding may
be difficult during shorter periods of suitable
conditions once the fields become wet. Weed
removal by tillage equipment is applicable
between row crops with suitable row widths.
Weeds, within crop rows and closer to crop
plants, escape removal, so should be controlled;
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otherwise, crop losses are expected (Melander et
al. 2012). Repeated operations are necessary for
effective weed control. However, several passes
of heavy equipment led to soil compaction
(Smith et al. 2011), increased soil erosion, and
leaching of plant nutrients (Ahlgren 2004). Low
input farming systems will be more negatively
impacted compared to intensive farming, as the
affordability of farmers to cope with drought
and heat stress is much less than those in
intensive farming systems. Weed toll is heavy
in this system due to the lack of proper weed
management. It is well known that the prevailing
environmental conditions have a large impact on
the effectiveness of various practices of weed
management, including cultural, chemical, and
integrated crop management.

Manual weeding is still practiced where labour
is cheap, especially in small landholdings and in
subsistent farming systems. Weeds are removed
by simple tillage tools or tools drawn by animals.
However, the immediate availability of labour
before the weeds cause economic losses to crops
is a critical factor in the success of this method
(Shad 2015). However, this method is usually
inconvenient, uneconomical, and unfeasible in
larger farms (Donald 2000, Rao et al. 2007).

Effective results of chemical weed control
depend on the recommended herbicide
application at the proper weed growth stage
during the best possible set of environmental
conditions. If changes in climatic factors bring
about drought, heat and water stress, and low
soil moisture, weeds develop thicker cuticle
with increased leaf pubescence, resulting in
subsequent reductions in herbicide entry into
the leaf and/or translocation to target sites.
Herbicide rates should be adjusted to get the
most effective actions, during the prevailing
climatic factors. Higher rates of application may
be necessary, or certain adjuvants could be added
to enhance the efficacy of control. Higher rate
of application or repeated application of the
same herbicide result in weed shifts towards
species that were not normally controlled by the
recommended application.

Drift hazard from application of these

herbicides, and lack of safety precautions are
among the shortcomings of this situation.
Farmers suffer from the lack of knowledge about
herbicide residues. FFSs make farmers aware of
herbicide-tolerant or herbicide-resistant weeds.
Besides, certain weed species develop tolerance
or resistance to herbicides having similar mode
of action and selectivity pattern. Solaimalai
et al. (2004) reported that after few years of
2,4-D application, grassy weeds appeared. In
addition to the more troublesome grassy weeds,
Abu-Irmaileh er al. (2015) found new tolerant
2,4-D broadleaf weed species from the family
Caryophyllaceae became dominant after the
continuous application of 2,4-D in grain fields
in Jordan. Most farmers in Jordan rely on
private cooperatives that have herbicide-spraying
equipment.

Spraying is sometimes delayed due to a wet
weather, resulting in crop injury and ineffective
weed management. To overcome this situation,
spraying equipment and the proper herbicide
should be made available at the proper growth
stage. Current herbicides should be continuously
replaced with others having different modes
of action to control the herbicide-resistant
weeds (Kao-Kniffin et al. 2013). Farmers will
also be faced with fewer choices of suitable
herbicides to control weeds, as the discovery
of new herbicides has been drastically reduced
in recent years (Duke 2012). Jordan’s limited
agrochemical market restricts chemical weed
control options. Climate change awareness is
crucial, as drought and heat stress reduce the
efficacy of pre-emergent soil herbicides, which
need moisture for activation (Zhang et al. 2005).

Slower microbial degradation under dry
conditions can extend herbicide persistence,
while  warmer, sunnier days increase
photodecomposition and volatility (Brown
2008). Conversely, a more humid, warmer
climate can shorten persistence (Bailey 2004).
Persistent herbicides like sulfonylurea and
triazine can harm subsequent sensitive crops
(Zimdahl 2007). Additionally, elevated CO-
stimulates photosynthesis, making rhizomatous
perennial weeds harder to control (Patterson
1995).
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Role of FFSs in weed management under
climate change in different ecosystems in
Jordan

Al. Subsistent farming system : Over 85% of
land holdings in Jordan are considered small
farms, with areas not exceeding 10 hectares.
However, holdings in subsistent farming in
Jordan do not exceed one hectare, characterized
by mixed cropping that limits chemical weed
control. Weeding is mostly carried out by
family members or cheap workhands. Weeds
are left to grow until they are easily grasped and
removed by hand, small weeding tools, and/ or
animal-driven local plows. Most weeds reach
flowering prior to their removal. After harvest,
crop remains and weed leftovers are plowed
under as part of traditional practices where
viable seeds may be added to the soil, increasing
future infestations. Farmers traditionally use
weed-contaminated fresh manure, aggravating
weed infestation and leading to crop losses
despite selective manual weeding due to
competition and increased pests (personal
observation). Lacking knowledge and capital for
proper herbicide use, subsistence farmers face
challenges. A successful Farmer Field School
(FFS) strategy involved pre-plant composting
of fresh manure under tarp (BP) for six weeks,
often during summer soil solarization. Elevated
soil heat from solarization combined with heat
from manure fermentation effectively killed
imbibed weed seeds, diseases, insects, and
nematodes to a depth of 10-15 cm (Barakat
1987, Al-Kalaielah 1988, Abu-Gharbieh et al.
1991). This technique controlled in-row weeds,
significantly improved crop yields, and was
adopted widely, with increased yields making
the plastic tarp affordable (Abu-Irmaileh & Abu
Rayyan 2006, Abu-Irmaileh & Abu Rayyan
2007).

A2. Subsistent rain-fed farming system: Farmers
follow a two-year rotation of cereals - summer
legumes and/or summer vegetables (cucurbit
crops). Most farms have mixed cropping. Olives
and stone fruits are found in small areas within
the farm. Weeds are always plowed after rain and
prior to planting cereals or summer vegetables.
In years of drought, the farm can be fallowed
for one year. No further weeding is carried out.

Crops are selectively harvested manually. Yields
are normally higher if precipitation is enough to
allow good growing seasons. Farm animals are
allowed to graze the remains of the cropped area.

B. Weed management in small farming systems:

B1. Irrigated farming system: Over 85% of land
holdings in Jordan are considered small-scale
farms, with areas not exceeding 10 hectares.
Most irrigated farms in Jordan valley and
lowland areas follow soil solarization during
the hottest period of the year (June—September).
Vegetable crops are commonly planted under
plastic tunnels and plastic houses (protected
crops) in solarized farms. Soil solarization
provides effective soil-pest control, including
weeds, especially if crop rows are tarped with
BP sheets during the solarization period for six
weeks prior to planting (Abu-Irmaileh 1994,
Abu-Irmaileh & Saghir 1994, Abu-Irmaileh
2003). This technique provided good control
of weeds, pathogens, and parasitic broomrapes.
Rarely weeds appear in the solarized planting
rows. Weeds appearing between plastic
tunnels or plastic houses are hand weeded or
controlled mechanically. General herbicides
(e.g. glufosinate, glyphosate or paraquat) are
applied in few farms. Herbicide drift causes
crop injuries if carelessly applied. In some
cases, vegetable crops and fruit trees are planted
outside plastic tunnels. Tarping (covering with
BP) the planting rows of vegetables, fruit trees
or vines provided good weed control in the
planting row under tarp (Abu Rayyan et al.
2011). Weeds appearing between the tarped rows
are then removed manually or ploughed under
using animal-driven local ploughs. At the end
of the season, the unusable plastic sheets and
plastic pipes are collected for recycling. Limited
herbicides and poor application knowledge
cause crop damage from drift and carryover, but
Farmer Field Schools (FFSs) are helping.

B2. Non-irrigated small farming system: Grain
crops and pulses dominate this system, with
orchards making up about 15% of the area.
Planting follows autumn rains (November—
December) after pre-plant plowing removes
initial weeds. For decades, 2, 4-D has been
the sole chemical for broadleaf weed control in
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grain crops in Jordan. Continuous use has caused
weed shifts, leading to the dominance of 2, 4-D-
resistant broadleaf weeds and increased grassy
weeds like wild oat and rye grass. Abu-Irmaileh
et al. (2015) reported new tolerant species from
the Caryophyllaceae family becoming prevalent.

Orchard weed control primarily uses plows, with
minimal herbicide use due to limited market
availability. Farmer Field Schools (FFSs) now
educate farmers on herbicide-tolerant/resistant
weeds and promote herbicide and crop rotations
to manage new infestations.

C. Large farming system: Most farms are located
in rain-fed areas and are usually planted to grain
crops. The only weed management is carried
out by spraying 2, 4-D for controlling broadleaf
weeds. Most farmers rely on private cooperatives
that have large sprayers. However, spraying
is not done at the proper growth stage. Crop
injury is commonly noticed. FFSs make farmers
aware of herbicide-tolerant or herbicide-resistant
weeds. Herbicide rotations and /or crop rotations
were advised to reduce the infestation of new
weed problems.

The repeated applications of the same herbicide
caused a shift towards the dominance of weedy
grasses and tolerant 2, 4-D weed species. Large
farms with a source of irrigation (artesian wells)
are planted to either vegetable under plastic
tarps, or fruit trees. Weeds are mechanically
removed between planted rows, in addition
to manual weeding within the vicinity of the
crop plants. Weed toll is heavy in this system
due to the lack of proper weed management.
General herbicides such as glyphosate and
paraquat have been the main herbicides sold
in the Jordanian market. Drift hazard from
application of these herbicides, and lack of
safety precautions are among the shortcomings
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