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Abstract. In the context of the current climate change, it has become 
urgently necessary to develop adequate systems to protect horticultural 
crops. In Romania, the losses caused to these cultures by the extreme 
weather phenomena, as well as the lack of active intervention measures to 
combat or limit them, represent the main argument for addressing this field 
in particular. Vegetable crops are generally sensitive to extreme weather 
phenomena. In the climatic conditions in our country, the extreme 
phenomena occur between March and September, which coincides with the 
vegetation period of the crops. Of these, hail causes significant damage, 
and in some cases, at high intensity and long-lasting, can cause the 
calamity of vegetable crops. Another effect can arise in the drought years, 
when, in the absence of rainfall, the weeds enter into a fierce competition 
with vegetables, as regards the specific consumption of water and 
nutrients. The paper presents a review regarding the current methods of 
vegetable crops protection against the extreme weather phenomena and of 
weed control in these crops, grown in organic system. Combining the 
available solutions, adopting integrated strategies for non-chemical weed 
control can be an important premise for researchers and farmers to protect 
vegetable crops. 

1 Introduction 

In recent years, an increasing importance has been given to the study of climate change, due 
to the negative effects generated on natural ecosystems, human health and the economy. 
The global warming, manifested by the increase in average and extreme temperatures of the 
air has been demonstrated by numerous studies carried out in different regions of the globe, 
during several decades [1, 2, 3, 4]. This has resulted in an increase in the humidity level of 
the atmosphere, increasing the intensity and frequency of negative events related to extreme 
precipitation, which is one of the most variable climatic elements [5]. 

The monitoring of extreme climatic events at the annual and seasonal scale is 
particularly important for the creation of protection or intervention means to reduce the 
losses caused by such manifestations [6]. In countries where agriculture is one of the 
main branches of the economy, as is the case in Romania, extreme climate phenomena 
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have a profound impact [7]. Of these, hail storms are severe convective weather events 
that occur frequently in Central Europe during the summer, most being confined to 
continental Europe, where convective energy is the highest [8, 9]. 

In our country, about 60 % of the storms that occur between March and September are 
accompanied by hail falls [6]. The occurrence interval coincides with the vegetation period 
of most crops and the intensity of the phenomenon determines the degree of their calamity 
[10]. 

Vegetables play an important role in ensuring food and nutritional security, being one of 
the richest sources of vitamins and minerals. Vegetable crops are highly perishable and 
sensitive to unpredictable as well as extreme climate changes, which affect them in terms of 
quantity and quality of production, as well as the severity of environmental stress [11]. 
Depending on the vegetation phase of vegetable crops, hail can cause not only a drop, but 
even a complete loss of crops. 

Also, compared to other crops, vegetables are highly sensitive to weed attack, which is a 
top concern among organic vegetable producers [12]. Crop protection and weed control in 
organic vegetable crops are major challenges for farmers. 

The purpose of the paper is a presentation of the current state of protection methods 
against the negative effects caused by climate change for organic vegetable crops. 

2. Methods of vegetable crop protection 

Due to the frequency and adverse effects of hail falls, the most used protection systems are 
those against this extreme phenomenon. 

2.1 Anti-hail protection methods 

Protection methods include active and passive hail control methods. 

2.1.1 Active control methods 

Different methods, equipment and technologies have been used over time to reduce hail 
effects. Modern solutions aim at the protection of large areas, allowing the automation 
and mathematical modeling of processes [13]. Active control methods are based on: 
seeding of clouds with silver iodide or other substances, which causes freezing at higher 
temperatures, respectively the use of hail cannons or other types of explosive devices. 
These involve the generation of significant supersonic shock waves, directed to the sky, 
to transport the positive ions from the ground level to the cloud level, disrupting the 
formation of hail nuclei [13, 14, 15]. For the methods to be effective, the timing of their 
start-up is very important [13, 14]. These methods achieve anti-hail protection by: 
prevention of hail formation in advance or stopping the further growth of small ice 
particles in the clouds and by suppressing, stopping the growth of small and moderate 
hailstones, by stopping the melting of hail particles nuclei [14, 15]. The simplest method 
of introducing silver iodide into the clouds is to use generators, located on the ground and 
manually operated. The operation can also be performed by plane at the right time and 
place, except for heavy clouds. The method of seeding the clouds made with rocket-type 
devices is much more accurate and efficient, being also used in Romania. Most European 
countries have anti-hail systems, using the last two methods, sometimes in combination, 
according to national or regional strategies [13]. In order to increase the efficiency of the 
national anti-hail system, the research aimed at its complementary equipment, such as the 
anti-hail rocket launcher monitoring system [16]. 
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2.1.2 Passive control methods 

These methods refer to plant cover systems, which prevent or reduce hail physico-
mechanical impact on them. The use of these systems, generally made up of the 
protective net and the resistance structure that supports it, requires significant 
investments for farmers, but in the longer term. Thus, for a culture, the structure of 
resistance and fixation can be used approx. 15-20 years, and the net approx. 3-4 years, or 
more, depending on its characteristics [14]. 
 Agricultural crops, especially horticultural ones, are often protected by “nets” against: 
excessive solar radiation (shade nets), pests (insects, birds, fruit bats) or extreme weather 
phenomena (hail, wind, frost), depending on mesh size. These textile materials can be 
applied as a single coating or combined with other types of materials, as in the case of 
greenhouses [17]. These “nets”, increasingly used for horticultural crops, are part of the so-
called agrotextiles, whose generic name is used to classify the woven, nonwoven and 
knitted textile materials used in agriculture [18]. This sector of the economy faces many 
problems, as we have shown above, and these materials can offer multidimensional points 
of view and solutions to some of them [19]. Agrotextiles are an important segment of 
technical textiles, which due to their mechanical properties, high resistance to 
environmental factors, light processing capacity and durability can improve the yield, 
quality and safety of agricultural crops and products [18, 19]. 
 In general, the advantages of using agrotextiles are: increasing agricultural production, 
avoiding soil drying, reducing fertilizer, pesticide and water requirements, improving 
product quality, increasing early maturity of non-seasonal plants, protecting against climate 
change and their effect [18]. 
 Agrotextiles can be classified according to several criteria such as: the way the textile 
material is made (woven, knitted or non-woven), application field (agriculture, horticulture, 
forestry, aquaculture, animal husbandry), purpose pursued (anti-hail protection, protection 
against birds, insects, for shade, mulch-type mats, etc.) [18, 19]. Synthetic fibres 
(polyethylene, polypropylene, polyester, nylon) are widely used for their manufacture. The 
commonly used synthetic polymers are tape, monofilament and multifilament yarn. Natural 
fibres (wool, jute, cotton), although they have a much shorter lifespan compared to 
synthetic ones, are only used for certain purposes, when their properties related to good 
moisture retention, better insulation under humidity conditions, maintaining the constant 
temperature of the soil without generating the effect of wind tunnel, biodegradability, etc. 
are exploited [18, 20]. 
 Agrotextiles are technically made, depending on their destination. Thus, those for 
protection against hail are lightweight, made with mesh (nets), resistant to breakage and 
exposure to ultraviolet radiation, to prevent crop defoliation. Usually, these nets are made 
of polyethylene monofilament and do not restrict plants’ development [21, 22]. Textiles 
designed to reduce the effect of the wind can improve the quality of the plants’ 
development by minimizing their damage and shaking. The ones used for shading are made 
of polypropylene monofilament slivers, in both woven and knitted form. Each plant has its 
own requirements for optimum development, the balance between them and the 
environmental conditions, can only be achieved through a correct choice of coverage [22]. 
In addition, agrotextiles prove their adaptability and flexibility in various locations and 
geographical areas [21]. 
 The efficient application of light is essential for the growth of plants, all aspects of their 
development being sensitive to it. Horticulturists are studying the possibility of selective 
modification or activation of plants’ existing features depending on the light, in order to 
increase the productivity and quality of the crops [23]. 
 Following the researches, for some vegetable crops, by using photoselective nets, 
which have chromatic elements incorporated by an innovative technology, specific 

3

E3S Web of Conferences 180, 03016 (2020)
TE-RE-RD 2020

https://doi.org/10.1051/e3sconf/202018003016



physiological and horticultural benefits were obtained, in addition to the initial protection 
ones, presented previously [17, 24]. In the case of sweet peppers, the use of red and yellow 
nets increased productivity. In addition, in their case, an increased accumulation of anti-
oxidants was observed for the yellow mesh [24]. 

2.2 Weed control in organic vegetable crops 

Weed management is a major concern for organic vegetable producers. These crops are 
more susceptible to weeds than the arable ones, because of their low competitive capacity, 
and the strategies and techniques used are established according to the crop, climate, soil 
technology [25, 26, 27]. For this type of crops, it is necessary to apply an integrated system 
of non-chemical weed control methods, and it is necessary to approach as many of them as 
possible in order to obtain efficient results [25, 27]. The classification of these methods can 
be done in the general way or by customizing according to the type of crop [25, 26, 27]. 
Since vegetable crops in ecological system fall into the minor crops, we present a non-
chemical weed control strategy proposed for them [26]. 

2.2.1 Agricultural practices - preventive measures 

Prevention refers to the ways in which the danger of introducing new weed species is 
reduced. In this case, hygiene conditions are required for the seed material or the 
seedlings used, for the equipment and soil. It can be disinfected with steam or steam and 
organic substances, such as zeolites (potassium hydroxide and carbon oxide), using the 
Bioflash system. Soil heating is a promising, preventive ecological method of weed 
control in niche crops, which bring high incomes, such as vegetables and flowers [28, 29, 
30]. Crop rotation must be diversified by adding crop species with different life cycles. 
Their associated management under different environmental conditions, has an effect on 
the control of weed populations or causes the reduction of the weed seed bank in the soil 
[31, 32]. Primary tillage and seedbed preparation can have important effects on the 
dynamics of the weed communities, if the weather conditions are considered 
(temperature, precipitation), and facilitate the mechanical control [26, 33, 34, 35]. 
Fertilization contributes to reducing the use of herbicides and increasing crop production, 
but the variation in dosages, the application methods, combinations and types of 
fertilizers used must be adapted to maintain the biodiversity of weed communities in an 
agroecosystem, protecting the environment. [36, 37]. Vegetable varieties are chosen 
based on resistance to biotic and abiotic stress factors, as well as productivity and quality. 
Some of them due to their general size or leaf size can be competitive against the weeds, 
preventing the germination of their seeds [38, 39]. 

2.2.2 Control by physical means (mechanical or thermal) 

For the mechanical control, together with the equipment fitted with classic active parts, the 
one equipped with new types of environmentally friendly active parts (e.g. brush weeder 
with horizontal or vertical axis, basket weeder, finger weeder etc.) or combinations between 
types of active parts can be used. Table 1 presents the characteristics of certain types of 
equipment intended for mechanical control between rows that can be used for any type of 
crop, including vegetable crops [26,40]. 
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Table 1 Features of inter-row mechanical weed tools [26] 

Inter-row 
mechanical 

weed 
control 

tools 

Weeding 
action 

Work
ing 

depth 

Soil 
texture 

Inter-
row 

distance 

Optimum 
weed 

growth 
stage 

Optimum 
crop 

growth 
stage 

Work 
capacity 
(ha h-1) / 
Working 

width 
Traditional 
hoe (with 

tine 
cultivators) 

uprooting
cutting 

and 
burying 

30-50 
mm 

both clay 
(with 
rigid 

shanks) 
and 

sandy 
(flexible 
shanks) 

soils 

from 
0.20-

0.25 m 
to 0.50 

m 

from 4 to 6 
true leaves 

stage 

from 
cotyledon 
stage (with 
shanks) or 

from 4 
true-leaves 
stage until 

the 
treatment is 
carried out 

without 
crop injury 

0.5 / 1.5 
m 

Rotary hoe uprooting 
and 

burying 

40-50 
mm 

better in 
loose 
soils 

from 
0.40 m 
to 0.50-
0,75m 

-from 
cotyledon 
to 4 true-

leaves 
stage 
-low 

effectivene
ss on grass 

and 
perennial 

weed 
species 

from 
cotyledon 
stage (with 
shanks) or 

from 4 
true-leaves 
stage until 

the 
treatment is 
carried out 

without 
crop injury 

1.5 / 3 m 

Rotary 
tilling 

cultivators 
(with 

multiple 
heads) 

uprooting
lacerating 

and 
burying 

40-60 
mm 

both clay 
and 

sandy 
but not 
stony 
soils 

from 
0.30 m 
to 0.40-
0.50 m 

from 
cotyledona

l-2 true-
leaves 

stage to 
well-

developed 
weeds 

from 2 
true-leaves 
stage until 

the 
treatment is 
carried out 

without 
crop injury 

0.3/ 1.5 
m 

Horizontal 
brush 

weeder 

uprooting 
and 

drying 
weeds on 
the soil 
surface 

10-30 
mm 

better in 
loose, 

flat and 
not 

compact
ed soils 

from 
0.20-

0.25 m 
to 0.40 

m 

from 
cotyledon 
to 4 true-

leaves 
stage -also 
weeds very 

close to 
crop row 

from 
cotyledon 
stage until 

the 
treatment is 
carried out 

without 
crop injury 

0.4/ 1.5 
m 

Split-hoe cutting, 
uprooting 

and 
drying 

weeds on 
the soil 
surface 

10-40 
mm 

both clay 
and 

sandy 
but not 
stony 
soils 

from 
0.20-

0.25 m 
to 0.40 

m 

from 
cotyledon 

to 6-8 true-
leaves 

stage also 
weeds very 

close to 
crop row 

from 
cotyledon 
stage until 

the 
treatment is 
carried out 

without 
crop injury 

0.4/ 1.5 
m 
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The mechanical equipment together with the thermal one for weed control are 
intensively used both in organic vegetable crops and in the conventional ones, because of 
the strict European legislation regarding the chemical substances of protection. These 
devices, which have been continuously developed, represent the traditional physical means 
used in the non-chemical weed control [41]. 

Regarding thermal control, it is based on the transfer of heat between equipment and 
plants, the contact being foliar. The specialized equipment is based on the action of: hot air, 
steam, hot water, saturated steam, infrared radiation, flames, laser, etc. The efficiency of the 
treatment depends on the amount of heat transferred, the exposure period, as well as the 
development stage of weeds, the younger ones being more vulnerable. Drying of plants 
after exposure to heat occurs because of the expansion of intracellular water, which causes 
the breakdown of cell membranes, young weeds being vulnerable to this [42, 43, 44]. Most 
used are open flame burners: atmospheric and self-vaporizer, which can have various forms 
(cylindrical, truncated-conic, prismatic, or truncated-pyrmidal), being powered by propane 
or LPG in gaseous or liquid phase [40]. For high efficiency, they have a position inclined to 
the vertical, the distance to the soil, respectively to the crop plant, being important [44]. 

Numerous researches have been made regarding the combined use of the two methods 
presented above, in order to increase the efficiency of the control operation [45, 46, 47]. 
Thus, a combined flamer-cultivator was used to control weeds in an asparagus crop, before 
mechanically harvesting it. The new machine achieved a satisfactory level of weed control, 
for a consumption of 43-87 kg ha-1 LPG, being especially effective on weeds in the early 
stages. This method can be introduced as an ecological alternative for weed control in 
asparagus cultivation technology, before and after harvesting it. [47]. 
 In order to effectively control weeds, intelligent systems carry out: guiding the control 
devices (mechanical or thermal), detecting and identifying the weeds, eliminating them and 
possibly mapping them. At this moment only a few companies make and sell automatic 
machines for mechanical weed control: Robovator (Frank Poulsen Engineering ApS - 
Denmark); Robocrop (Garford Ltd. United Kingdom), IC-Cultivator (Machinefabriek 
Steketee BV - Netherlands), Remoweed (Costruzioni Meccaniche Ferrari -Italy) [26, 40]. 
They have been tested in several working conditions.  

The active parts of Rovobator are a pair of knives that move 1-2 cm below the 
ground, closing and opening according to the order received from a hydraulic servomotor 
connected to a camera mounted in front of it. The identification of the plants in the crop is 
based on colour, size and spacing [48, 49]. A computer processes the images and calculates 
the points at which the cutting blades need to be activated depending on the speed and 
location of the crop plants. For larger working widths, several such modules are mounted 
on a frame [48]. Thus, in a lettuce crop, Robovator removed 18 to 41% more weeds from 
areas with moderate to high densities and reduced the weeding time by 20 to 45 % 
compared to the standard cultivator, but in an onion crop it did not have a satisfactory yield 
[48, 50]. The Rovobator system is also made in the variant for thermal control, which uses 
the same plant recognition system as for mechanical control. This machine is based on the 
serial application of a propane-powered flame. As the flame system passes over a weed, the 
viewing system controls the ignition of the burners, so that a weed will be exposed to the 
heat of the flame several times. The viewing system extinguishes the flame when passing 
over the crop plants, the working speed of the equipment is 1 - 6 km h-1 [49]. 

The IC-Cultivator, has a similar construction, the blades actuated by two pneumatic 
cylinders, performeds a cutting capacity of 3 - 4 plants / second, at a working speed of 
maximum 5 km h-1. Robovator and IC Cultivator were tested in lettuce thinning, achieving 
a level of 5.6 % because of the small size of the plants, as well as of the operating mode, 
based on the recognition of vegetable plants. They achieved a satisfactory weeding level, in 
a shorter time by 37.1 % compared to the manual one [51]. 
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 An automatic system of thermal control with hot oil used against the black nightshade 
and red-root weeds was studied in an early tomato crop. To a hyperspectral imaging 
system, based on a multispectral Bayesian classifier, a precision micro-metering system 
with pulsed pulses was coupled to provide organic oil at 160 0C. In the range 384-810 nm, 
weed species were discriminated in an average proportion of 95.9 %. The oil was sprayed 
over the weeds, the doses applied on the target being about 0.85 mg cm-2, in 10 ms pulsed 
doses, during the movement with a speed of 0.04 m s-1. After 15 days, the black nightshade 
was destroyed 95.8 % and red-root 93.8 %, while only 2.4 % of tomato plants were affected 
by the thermal agent. [52]. 

 2.2.3 Mulching 

It is a physical method used in the strategy of weed control in vegetable crops, consisting of 
the application on the soil of a layer of organic or synthetic matter, being effective 
especially against annual weeds. Organic mulch (cereal straw, leaves, pine needles, etc.) is 
most often used in organic crops because it can improve soil properties. For tomato and 
eggplant crops, polyethylene mulches are used, which ensure a lower soil temperature than 
the transparent one, preventing sunlight from entering and implicitly weed development 
[26]. 

3 Conclusions 

 In general, the only way to mitigate the negative impact of climate change on vegetable 
production, especially on their productivity, quality and yield, is to take effective measures. 
Crop protection against extreme weather events and weed management improvement are 
also among the efficient adaptation strategies, which include: the development of heat and 
salinity tolerant varieties, as well as flood resistant, drip irrigation, soil and moisture 
conservation measures, fertilizer management, etc. 

Combating harmful plants in organic vegetable crops can be solved only by combining 
available solutions and adopting an integrated non-chemical weed management strategy. As 
for specialized equipment, it seems that small innovative companies will develop new weed 
control technologies, because based on the progress made, the future in this field belongs to 
automatic systems. 

It is important for future research to focus on the shortcomings or weaknesses of 
systems and methods related to reducing the negative impact of climate change on organic 
vegetable crops, in order to provide farmers with viable strategies and solutions. 
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and a grant of the Romanian Education and Research Ministry, through Programme 1 – Development 
of the national research-development system, subprogramme 1.2 – Institutional performance – 
Projects for financing excellence in RDI, contract no. 16PFE." 
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