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Abstract. Field grown camelina suffers from various biotic and environmental stresses, affecting its 

growth and productivity. Allelopathy is a biochemical interaction that occurs between plants by releasing 

allelochemicals. It has become a sustainable approach that can help to deal with these stresses. When 

allelochemicals are released and applied at low concentrations, they stimulate crop growth. The potential 

role of allelopathy in the control of weeds, insects, and diseases is well illustrated. The use of allelopathic 

crops in the mulching, intercropping, and crop rotations is very useful for weed control. When released at 

high concentrations, these allelochemicals can also interfere with biochemical and physiological 

processes, thus affecting plant performance. In this review, we discuss the potential effects of allelopathy: 

(a) enhancing the growth performance of camelina, (b) controlling weeds, insects, and diseases, and (c) 

enhancing tolerance to environmental stresses. Based on previous evidence, we also discussed the 

mechanism, with which allelochemicals promote crop growth and confer tolerance to environmental 

stimuli and concluded that these allelopathic features can enhance camelina production in the future. 
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Introduction 

Allelopathy’s definition was familiarized by plant physiologist Molisch (1937) to 

raise biochemical (both, inhibitory and stimulatory) interactions between all kinds of 

plants. Later, it was defined as the direct and indirect, beneficial or destructive effect of 

a plant on another plant through different compounds. These compounds are emitted 

from different plant parts through residual decomposition, root exudation, stem flow, 

and leaching into the environment (Birkett et al., 2001). The most important part of 

allelopathy depends on the presence of chemical compounds that are released from 

living or disintegrating plant parts (Dayan et al., 2000). The naturally occurring 

metabolites and chemicals of plants play a vital role in the processes of biologically, 

ecologically, and various ecosystem processes, and are interconnected with neighboring 

plants and the environment (Cheng and Cheng, 2015). Allelochemicals may play a role 

in different plants with different mechanisms of actions, and the negative and positive 

types of interactions are reported based on the target plant and concentration under-

examined (De Albuquerque et al., 2011; Eichenberg et al., 2014). Approximately 

300,000 plant species produce several kinds of secondary metabolites or compounds, 

but a limited proportion of these chemicals has been examined and their effects on agro-

ecosystems and other processes in different plants have been evaluated. In allelopathy, 
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the source of the compound’s release into the environment (Fig. 1) is also important, 

and it plays a vital role in other plant processes and different agro-ecosystems (Dayan, 

2006). The use of allelopathy mechanisms is conducive to crop growth and helps to 

increase their dominance against different problems (Inderjit, 2005). 

 

 

Figure 1. Allelopathy framework; chemical release into the atmosphere, after dilution reaches 

into the soil and available for plant roots. The leaching process may also help pant residues and 

extracts to reach into soil. Root intervention, absorption, root exudation, decomposition, 

degradation, transformation, and stimulation with plant process involve in allelopathy 

framework or mechanism in agriculture systems 

 

 

Among the oil-seeded crops, camelina is one of the most important crops for bio-

based and oil production purposes. Camelina is commonly known as flax and is native 

to the Mediterranean regions of Europe and Asia (Obour et al., 2015; Yuan and Li, 

2020). The crop is also distributed in South America, New Zealand, and Australia and 

appears to be adopted and perform better under cold environments (Campbell et al., 

2013). Compared with other oilseed crops, it has the capability to perform better under 

different drought stress levels, which makes it very successful in areas with arid 

environments and less rainfall (Obour et al., 2015). Camelina is commonly used to 

produce biofuels, and bio-based products (Tabatabaie and Murthy, 2017; Kalita et al., 

2018), humans (Rahman et al., 2018), and animal nutrition (Ponnampalam et al., 2019). 

In addition, it is used in the food industry to prevent food oxidation, loss of flavor, 

discoloration, and the formation of toxic compounds (Abramovic and Nikolic, 2007). 

Due to abiotic stresses, plant germination and growth are unreasonable, and the yields 

of major crops (including oilseed crops) in different countries have dropped 

significantly (Haq et al., 2014). Compared with other oilseed crops, camelina has 

several agronomic benefits because of its ability to survive in dry nature and harsh 

environments. However, due to abiotic stresses, there have been some promising 

problems from germination to harvesting (Waraich et al., 2016). In the past, researchers 

have also tried to evaluate the response of C. sativa to different abiotic stresses and 

other factors (fertilizers, greenhouse experiments, etc.) (Wang and Frei, 2011). Today, 

camelina is considered to be the most important crop in oil production, and farmers all 

over the world are trying to grow for good economic benefits and oil production (Keske 

et al., 2013). Yohannes et al. (2020) studied the consequence of salt stress (treated with 

KCl and NaCl) on the germination performance of camelina and reported that salinity 

reduced the germination rate, depending on the salt level. Salinity also negatively 
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affects seed vigor index, germination percentages, root and seedling length, which are 

critical for growth and yield (Amiri-Darban et al., 2020). Drought stress also possessed 

negative effects on camelina growth and productivity (Adam et al., 2012). Kamkar et al. 

(2011) demonstrated heat stress also causes a reduction in the growth and productivity 

of camelina. Researchers from all over the world have also tried to study the ionic 

effects of different abiotic stresses on different crops (Kusvuran et al., 2015; Morales et 

al., 2017), and conclude that C. sativa seedling or germination is also reduced due to 

different abiotic stresses (Adam et al., 2012). Nonetheless, compared with other crops, 

research work on camelina with their productive features under different abiotic stresses 

is still limited (Pavlista et al., 2015; Hunsaker et al., 2013). Aiken et al. (2015) and 

Pavlista et al. (2016) reported that optimal environmental conditions and normal 

irrigation facilities can improve the germination, seedling growth, and productivity of 

C. sativa. 

Weeds’ infestations in Camelina’s growing areas are the major threats to seed yield 

and quality, as they are competing for lights, water, and nutrients (Berti et al., 2016; 

Lenssen et al., 2012). Nitrogen competition between weeds and camelina crop reduces 

protein content, seed yield, and fatty acid quantity; these variables show a positive 

response to nitrogen fertilizers (Jiang et al., 2013; Jiang and Caldwell, 2016). Moreover, 

chemical control is not an effective method of weed management; because camelina is 

tolerant to broad-leaved herbicides, and it is characterized by a narrow mode of action 

(Berti et al., 2016). In addition, some pre-emergence herbicides may also cause injuries 

to the camelina plants (Jha and Stougaard, 2013). Recently, most countries are striving 

to reduce the use of pesticides to meet new environmental challenges (Barzman and 

Dachbrodt-Saaydeh, 2011). Few studies have reported the use of zero-herbicides for 

weed management in oilseed crops (including C. sativa), such as mechanical control 

(Heiska, 2009) and intercropping methods (Sacuke and Ackermann, 2006). When 

choosing a sustainable method of weed control of C. sativa, the use of zero herbicides 

seems to be a priority in many agricultural systems. The use of allelopathy for crop 

improvement and weed management has been discussed for major crops (Farooq et al., 

2011a). However, only a few studies have reported the use of allelopathy to improve the 

crop performance, and as a weed control strategy for C. sativa. In this review, we reveal 

for the first time the major problems associated with camelina cultivation and study how 

allopathic phenomena promote the production of camelina and respond to biotic and 

abiotic stresses. 

Crop growth promotion 

Growth enhancing effects of allelopathy for the major crops are described in the 

literature (Kamran et al., 2019; Ming et al., 2020); however, there is a lack of 

information about allelopathy in promoting the growth of C. sativa. Several studies 

were discussed, and it was found that the application of low concentrations of 

allelochemicals stimulates the germination process (Findura et al., 2020) and growth 

(Kamran et al., 2019) of the major field crops. The application of aqueous crop extracts 

either applied exogenously (foliar spray), and seed treatment promotes the germination 

and growth of crops (Farooq et al., 2018). Exogenous application of allelochemicals as 

a foliar spray could be approved as an effective method. According to Kamran et al. 

(2019) aqueous extract of sorghum (3% and 5%) imposed a significant improvement of 

seedling growth, chlorophyll content, and carotenoid protein content in maize. A recent 
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study conducted by Lameirão et al. (2020), reported that low concentrations of chestnut 

(Castanea henryi) extract promoted seed germination, increased the seedling 

development, chlorophyll content, and antioxidant enzyme activity in maize. Phenolic 

compounds are among the important class of allelochemicals (Ameena et al., 2014), 

which can be applied exogenously to promote the growth of the crop. Allelopathic 

water extracts can increase the germination rate, improve crop stand, and seedling 

growth when used as a seed treatment, thereby improving plant growth (Maqbool et al., 

2012). Farooq et al. (2018) reported that allelopathic water extracts, applied as a seed 

treatment, significantly promoted the growth, yield, and yield-related attributes in wheat 

(Triticum aestivum L.). moringa, sunflower (Helianthus annuus L.), sorghum, and 

brassica water extracts commonly used as seed treatments (Farooq et al., 2018). 

Successful crop production depends largely on the optimal supply of nutrients. Soil is 

the basic medium that provides all essential nutrients for crop growth. Nutrients, in the 

form of a solution, are taken up by plant roots. Allelochemicals, when release by plant 

roots, greatly influences the absorption of nutrients. Under normal as well as stress 

conditions, allelochemicals promote nutrient uptake status by altering the nutrient forms 

and soil microbial populations. Allelochemicals played an important role in nutrient 

management because they have a great influence on biological nitrification and nutrient 

acquisition and in this way increase nutrients absorption (Jabran et al., 2012). Nitrogen 

(N) is an important macronutrient and plays an essential role in plant growth and 

development. Allelochemicals have significantly improved nitrogen use efficiency 

(NUE) by reducing N losses. These secondary metabolites inhibit biological 

nitrification by reducing the enzyme activity that plays a role in the nitrification process. 

Crop water extract of sorghum, sunflower, and rice (Oryza sativa L.) also have shown 

positive effects in this process (Farooq et al., 2013). Phenolics as an important 

secondary metabolite (Jabran and Farooq, 2013), promote the uptake and release 

Phosphorus, and Iron. Therefore, allelopathy considered a unique method to enhance 

crop NUE without causing environmental pollution, however, special attention needs to 

be paid to the camelina crop. 

It is difficult to determine the mechanisms underlying the application of 

allelochemicals. The production of secondary metabolites by shikimic acid, malonic 

acid, melvonic acid, methylerythritol phosphate, and isoprenoid pathways are well 

documented (Taiz and Zeiger, 2010). When applied at low concentrations, secondary 

metabolites increased the germination rates by reducing seed dormancy, promote root 

growth by increasing the absorption and utilization of water and nutrients, and promote 

plant growth by increasing chlorophyll content, transpiration, and photosynthesis rate. 

Several studies also reported that the application of low concentrations of 

allelochemicals enhances enzyme activation (gibberellins and auxins), stimulates cell 

division, enhances ion absorption, and in this way increases plant growth and 

development. 

Weed management 

Camelina, also known as false flax, is an important crop of Brassicaceae and can 

grow successfully under various environmental conditions. However, the control of 

weeds is currently the main challenge for the successful camelina production (Lenssen 

et al., 2012; Berti et al., 2016). Weed infestation can cause severe yield reductions and 

quality declines, mainly through competition for lights, space, and other inputs (Jiang 
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and Caldwell, 2016; Leclère et al., 2019). The major weeds of camelina are Berberis 

vulgaris (L.), Capsella bursa-pastoris (L.) Lepidium campestre, Thlaspi arvense (L.), 

Raphanus raphanistrum, Galium aparine (also known as catchweed) (Al-Shehbaz, 

2012; Malhi et al., 2014; Sagun and Auer, 2017; Zhang and Auer, 2020), Camelina 

laxa, Camelina hispida (Zhang and Auer, 2019), Lepidium latifolium (pepper weed), 

Setaria faberi (foxtail) (Rizzitello et al., 2019), Cirsium arvense (field thistle), Elymus 

repens (L.), Matricaria recutita, Sonchus oleraceus, and Trifolium pretense (Saucke 

and Ackermann, 2006). Various perennial broad-leaved weeds, such as Convolvulus 

Arvensis (bindweed), and Chondrilla juncea (L.) (naked weed) also caused a significant 

reduction in camelina production. With the passage of time, the chemical control of 

weeds is less effective because it increases environmental pollution (Sodaeizadeh and 

Hosseini, 2012). In addition, the use of herbicides can also cause injuries to camelina 

(Leclère et al., 2019). The application of herbicides mainly causes damage to plants by 

reducing the efficiency of photosynthesis (Kaiser et al., 2013). Several organic 

alternatives to chemically controlled weeds have been reported in the literature (Macías 

et al., 2019; Fracchiolla et al., 2020). Allelopathy is a promising tool that can be 

successfully used for weeds control without causing environmental pollution and the 

development of herbicide resistance (Razzaq et al., 2010). Allelopathy involves the 

release of allelochemicals, which act as natural pesticides, can reduce environmental 

pollution and resistance development in weed species (Farooq et al., 2011a). 

Allelopathy can be successfully used for weeding of field crops through mix 

intercropping (Iqbal and Cheema, 2007), crop rotation (Mamolos and Kalburtji, 2001; 

Farooq et al., 2011a), use of ground cover and soil residue embedding, and allelopathy 

water extracts (Ahmad et al., 1995; Cheema et al., 2000a; Matloob et al., 2010) (Table 

1). In addition, the use of smothering crops (such as rye (Secale cereals L.), buckwheat 

(Fagopyrum esculentum), and Black Mustard (Brassica nigra) can also be successfully 

used for weeds management (Jabran and Farooq, 2013). Intercropping can be an 

effective tool for weed management (Saudy, 2015). Various studies have shown that 

intercropping with allelopathic crops has been used for integrated weed management 

(Farooq et al., 2011a; Baumann et al., 2002). Allelopathic crops reduce the weed 

population by releasing allelochemicals and inhibit the weed-crop competition 

(Liebman and Davis, 2000; Ali et al., 2000). For example, Saucke and Ackermann 

(2006) reported that intercropping camelina (C. sativa) with pea (Pisum sativum L.) 

significantly reduce the weeds by 52-63% as compared with the sole crop. Crop 

rotation, temporal diversification of crops, with the inclusion of allelopathic crops can 

help reduce the weed population (Jabran and Farooq, 2013). In crop rotation, the 

allelochemicals in the rhizosphere released from the root of plants and the 

decomposition of previous crop residues help to suppress weeds (Voll et al., 2004; 

Mamolos and Kalburtji, 2001). Setaria faberi, a common weed of C. sativa, can be 

managed through crop rotations with maize-soybean, and soybean-wheat-maize 

(Schreiber, 1992). The use of allelopathic crops as mulching also useful for reducing the 

weed germination and seedling growth, by releasing of certain allelochemicals 

(Teasdale and Mohler, 2000; Bilalis et al., 2003; Rawat et al., 2017). Cover crops, by 

releasing allelochemicals, and alterations in soil physicochemical properties helpful in 

managing the weed population (Tursun et al., 2018). Various studies have reported the 

potential of allelopathic crops to reduce weeds in major crops (Cheema et al., 2000a, 

2004). Therefore, there is an urgent need to classify allelopathic crops to reduce weeds 

in C. sativa. The use of allelopathic water extracts (aqueous extract) has caused 
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widespread concern in the suppression of weeds (Farooq et al., 2020). The water-

soluble allelochemicals (secondary metabolites) are first extracted in water and then 

used to control weeds (Bonanomi et al., 2006). Sorgaab, a water extract of sorghum, is 

one of the most commonly used water extracts for weed control (Cheema et al., 2002a). 

The application of sorgaab for suppressing of weeds in major crops such as wheat, 

cotton (Gossypium hirsutum L.), rice, and maize (Iqbal et al., 2009; Cheema et al., 

2004), have been well reported. The sunflower water extract is rich in chlorogenic, 

ferulic acid, and vanillic acids (Ghafar et al., 2001), and has the potential to inhibit the 

growth of grassy and broadleaf weeds (Anjum and Bajwa, 2010). The combined 

application of various allelopathic water extracts may have more benefits in controlling 

weeds, as compared with the sole application (Cheema et al., 2003; Jamil et al., 2009). 

Different crops have released specific types of allelochemicals, and each allelochemical 

has control of a specific type of weed. Gramine/Hordenine, well-known 

allelochemicals, can inhibit the growth of Capsella bursa-pastoris (the major weed of 

C. sativa) (Nawaz et al., 2014). The mechanisms underlying the control of weeds 

through allelopathy are not well understood. Some reports have discussed that the 

application of high concentrations of allelochemicals may interfere with cell division, 

hormonal balancing, mineral absorption and transport, plant water relations, oscillations 

of stomata, membrane permeability, respiration and photosynthesis, and the process of 

protein metabolism (Gupta et al., 2018; Nawaz et al., 2018). This phytotoxic activity of 

allelochemicals can inhibit the growth of weeds. 

 
Table 1. The application of allelopathy for the suppression of weeds in different crops 

Weed species Allelopathic source Weed control (%) Reference 

Convolvulus 

arvensis 

Allelopathic water extracts 

Sunflower (Helianthus annuus 

L.)  

Reduction in total weed 

density and DW 

(17.19% and 35.92%, 

respectively) 

Naseem et al. 

(2010) 

Allelopathic water extracts 

Sorghum (Sorghum bicolor L.) 

Reduction in total weed 

density and DW (by 31.58% 

and 44.11-59.62%, 

respectively) 

Khaliq et al. 

(2002); Cheema et 

al. (2001) 

Allelopathic crop rotations 

(Sorghum (surface mulch) 

Reduction in total weed DW 

(81%) 

Cheema et al. 

(2000b) 

Combine application of 

allelopathic water extracts and 

herbicides Sorghum (10 L ha-1) 

+ S. metolachlor (2.3 kg a.i. ha-1 

Dualgold 960 EC) 

Reduction in total weed DW 

(79.32%) 
Khaliq et al. (2002) 

Setaria faberi 
Maize-soybean, and soybean-

wheat-maize 

Completely inhibit the weed 

growth 
Schreiber (1992) 

Capsella bursa-

pastoris 

Allelochemicals application of 

Gramine/Hordenine 

Inhibited the weed density and 

biomass 
Nawaz et al. (2014) 

Major weeds of 

C. sativa 

Allelopathic intercropping with 

Camelina (C. sativa) with pea 

(Pisum sativum L.) 

Reduce the weeds by 52-63% 
Saucke and 

Ackermann (2006) 
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Pest and disease management 

Camelina sativa is an important source of biodiesel and classified as a minor crop 

(Sobiech et al., 2020). In the cultivation of minor crops, insects and diseases can cause 

serious harm to growth, yield, and yield-related aspects (Olivier et al., 2011; Meynard et 

al., 2018). Many types of insects, such as Lygus hesperus Knight (Naranjo and 

Stefanek, 2012), Lygus spp. (Naranjo et al., 2011), Phyllotreta cruciferae, Ceutorhyncus 

obstructs), and Meligethes aeneus (Scottish Rural Colleges, 2013) are regarded as pests 

of camelina crop. Some other types such as Ceutorhynchus cyanipennis and C. 

americanus also caused damaging effects for camelina crop (Malik et al., 2018). In 

addition, various diseases, such as Leptosphaeria maculans, Sclerotinia, Peronospora, 

Botrytis sclerotinia, Ustilago, aster yellows (Olivier et al., 2011; Soroka et al., 2015) 

and Sclerotinia sclerotiorum (Ehrensing and Guy, 2008) are among the important 

diseases of camelina causing a severe reduction in growth, and yield losses. Camelina 

sativa is also susceptible to other diseases such as damping-off, white rust, and downy 

mildew (Séguin-Swartz et al., 2009). Recently, to reduce pest populations, the most 

reliance is on the use of pesticides. Although chemical pest control methods have made 

significant contributions to improving crop performances, certain challenges are also 

associated with them. The increasing cost of pesticides, environmental concerns, and 

resistance against pesticides are among the major challenge for using pesticides for pest 

control (Farooq et al., 2013). A number of options are available for reducing insect 

populations and disease control without any environmental hazards. Reducing the pest 

population through the allelopathic phenomenon is included among the innovative pest 

control methods (Nawaz et al., 2018). Neem (Azadirachta indica L.) is rich in 

azadirachtin and is the most commonly used to reduce insect populations (Khan et al., 

2014). The application of some types of allelochemicals extracted from Chenopodium 

ficifolium (Dang et al., 2010), and Eucalyptus globulus (Farooq et al., 2011a) are 

among the allelopathic measures used for controlling the insect populations. 

Allelochemicals also were shown their role to reduce damage to plant diseases (Nawaz 

et al., 2018). Aqueous extracts of many allelopathic plants are known to revelation 

antifungal and antibacterial possessions. According to Bajwa et al. (2004), the water 

extract of Parthenium (Parthenium hysterophorus) exhibited antifungal activity against 

fungal diseases. Momilactone A and momilactone B are important allelochemicals in 

rice and play a role in suppressing fungal and bacterial diseases (Kong et al., 2004). For 

major crops, antifungal and antibacterial activities of allelochemicals are well 

understood but their effectiveness against camelina-specific diseases remains to be 

further explored. 

Abiotic stress tolerance 

As an annual crop, C. sativa can adopt under a wide range of environmental 

conditions (Hunsaker et al., 2011; Schillinger et al., 2012). However, under field 

conditions, the crop is also pronounced to various abiotic stresses (Schillinger et al., 

2012; Gesch, 2014; Gesch and Cermak, 2011), which retard the growth, and yield losses 

(Berti et al., 2011). Some studies have reported complete crop failure under abiotic 

stress conditions. Among abiotic stress, high temperature (Gesch, 2014; Schillinger et 

al., 2012), drought stress (Eberle et al., 2015), salinity stress (Khalid et al., 2015; 

Heydarian et al., 2018), and waterlogging (Gesch and Cermak, 2011) are among major 

limiting factors for camelina growth and its production. Various researchers have been 
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documented the optimum temperature ranges for better emergence and growth of C. 

sativa. Russo et al. (2010) recorded 100% germination at 4 °C, 10 °C, 16 °C, 21 °C, and 

27 °C. They also reported that the temperature above 32 °C might decline the 

germination rates. According to Gesch (2014), high temperature has resulted in the 

decrement of seed yield and oil content of C. sativa, even under optimal water 

conditions. Similar findings were also reported by (Schillinger et al., 2012), unveiled 

that high temperature significantly hinders the seed yield of C. sativa. Allelopathy has 

great potential to enhance crop tolerance to cope with environmental stresses (Fig. 2). 

Farooq et al. (2018) reported that the application of crop water extracts (through seed 

priming or foliar spray application) significantly promoted wheat growth and yield-

related aspects under heat stress. The increase in growth and yield attributed to the 

decrease in MDA content and membrane leakage under heat stress. 

 

 

Figure 2. Application of allelochemicals to enhance the tolerance against abiotic stresses. 

Allelochemicals; applied at low concentrations, (a) improve the accumulation of proline, 

soluble phenolic, and glycine betaine, (b) promote the acquisition of water and minerals, and 

enhance the ions absorption. Under stress conditions, allelochemicals (c) reduce the 

malondialdehyde (MDA) content and membrane leakage and promote the activation of 

metabolites 

 

 

Khalid et al. (2015) reported that salinity stress results in postponed germination, 

decrease seedling emergence, plant growth (plant height), relative water content, and 

chlorophyll (CHL) contents (CHL a, b and total CHL) in C. sativa. The higher 

concentration of Na+ and Cl- in chloroplast are resulted in a reduction in photosynthesis. 

In addition, salinity also causes an increment in electric conductivity (52.8%), guiacol 

peroxidase, and malondialdehyde content in stressed camelina plants as compared with 

untreated plants. Similarly, Morales et al. (2017) found reduced germination, plant 

growth, chlorophyll content, and stomatal size in camelina depending on cultivars and 

salinity levels. In the same study, increased proline content was also reported with 

increasing salinity levels. In a recent study, Yohannes et al. (2020) demonstrated that 

salt stress (with KCl and NaCl) can be caused a marked reduction in germination 

attributes (such as germination speed, germination percentage, and index), root and 

shoot length, root shoot ratio, and fresh weights of Camelina seedling depending on 
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stress level. Farooq et al. (2011b) explored the role of allelopathy in enhancing 

resistance to salinity. In this regard, the authors reported that seed priming with 

sunflower water extract could not only increase the germination rate but also increase 

seedling growth. Wang et al. (2019) studied the effect of goldenrod (Solidago 

canadensis) leaf extract on lettuce (Lactuca sativa L.) and reported that at low 

concentrations goldenrod extract promotes root growth and leaf width under high salt 

concentrations. One possible mechanism is that at low concentration, the 

allelochemicals released by goldenrod leaf extracts can produce the reactive oxygen 

molecules in plant cells, and then have a positive effect on the seed germination and 

seedling growth of lettuce (Prithiviraj et al., 2007). 

Drought is another abiotic stress imposed negative effects on the growth and 

productivity of C. sativa. In this regard, Ahmed et al. (2017) reported that drought stress 

resulted in decreasing growth attributes (length, and dry and fresh weights of the root 

and shoot), photosynthetic and transpiration rates, leaves stomatal conductance, and 

soluble proteins content in treated camelina plant as compared with untreated one. In 

the same study, an increment in proline content, soluble sugars, and amino acid content 

was also reported under drought stress. Similarly, Waraich et al. (2017) demonstrated 

that water deficit conditions (60% field capacity (FC)) resulted in decreasing leaf area 

index, crop growth rates, leaf area duration, net assimilation rates, and yield-related 

attributes (1000-seed weight, and seed yield) in camelina as compared to normally 

irrigated plants (100% FC). In a recent study, Gao et al. (2018) have documented the 

decreased photosynthesis and transpiration rates, stomatal conductance, and root and 

shoot biomass of camelina under water deficit conditions. Farooq et al. (2018) reported 

that crop water extracts (applied through seed priming or foliar spray) promote the 

growth, yield, and yield-related aspects in wheat, subjected to drought stress. The 

improvement was attributed to the reduced MDA contents and membrane leakage under 

drought stress. 

Under stress conditions, allelopathic substances (secondary metabolites) play a vital 

role in the production of reactive oxygen species (ROS) at first, and then in the 

activation of the antioxidant defense system (Farooq et al., 2013). In addition, these 

substances also promote the acquisition of water and minerals, chloroplast function, the 

activation of metabolites, and enhance the absorption of ions (Waśkiewicz et al., 2013), 

thus playing an active role in the defense system. Moreover, allelochemicals can also 

produce hormonal imbalance, which can lead to the overproduction of some useful 

hormones, which is crucial for the smooth operation of different physiological processes 

under stress. Allelochemicals also improve the accumulation of proline, soluble 

phenolic, and glycine betaine, which may lead to the stabilize of the biological 

membrane under stress conditions (Farooq et al., 2018). The increased allelochemicals-

induced activities of antioxidant enzymes also responsible for stress tolerance (Ye et al., 

2006). 

The enhancement of abiotic stress tolerance using allelopathic phenomena has been 

reported for major crops. However, reports on the use of allelopathy to enhance stress 

tolerance in camelina are limited and further studies are needed. 

Limitations and implementations 

Allelochemicals are mainly composed of secondary metabolites with different 

natural pathways (Fig. 1) and some allelochemicals change the process during 
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extraction. Therefore, researchers must carefully determine whether plants haves 

allelopathic potential or separate and identify allelochemicals using organic solvents 

and aqueous extracts from plant tissues. The type and quantity of allelochemicals 

released into the environment depend on the combined effects of the plant itself (plant 

factors) and environmental factors (De Albuquerque et al., 2010). Plants from the same 

environment or close in taxonomy do not necessarily show similar secondary 

metabolites production, so they may not secrete the same quantity and quality of 

allelochemicals or have similar allelopathic effects (Chon and Nelson, 2010). A large 

number of studies have shown that allelopathy has good application potential in 

agricultural production. So far, many allelopathic crops have been used in agricultural 

production, but their application is limited to small-scale and regional areas. In nature, 

plant products represent a vast diversity of compounds with a variety of biological 

activity (Inderjit, 2005). The natural products represent a diverse class of chemical 

compounds. These allelochemicals will have an impact on different species of plants. 

There are limitations to the successful use of allelochemicals in weed management. In 

implementing of natural products to effective weed/pest management, some of these 

factors include: (i) the concentration of the compounds is very low, (ii) the half-life of 

allelochemicals is usually very short, (iii) the weed selectivity is narrow, and (v) high-

cost production. 

Conclusion and future prospects 

This review for the first time highlights the potential of allelopathy to promote the 

growth of camelina plants, as well as the potential to control weeds, insects, and 

diseases of C. sativa. When applied at low concentrations, allelochemicals can reduce 

seed dormancy, increase water and nutrient absorption; improve photosynthesis and 

respiration rate, thereby promoting germination, root, and plant growth. The use of 

allelopathic crops in the form of cover crops, mulching, and including in crop rotations 

can be useful in weed management. Correspondingly, studies to date have shown that 

allelochemicals have great potential in controlling of insects and diseases. 

In the past, most research was on the use of allelopathy on major crops, but a lot of 

work needs to be done on camelina. Future research should be carried out: (a) to 

establish the feasible technique of using allelochemicals for camelina under field 

experimentation, (b) to study the definite mechanisms related to enhancing the growth 

of camelina (c) to illustrate the optimum concentrations of allelochemicals for 

promoting the growth and development in camelina, (d) to screen the diverse range of 

crops with greater pest-suppress ability, and (e) to find the advance biotechnological 

tools to enhance biological weed/pest control in camelina. 
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