
 

3 

AGRICULTURAL BIOLOGY, ISSN 2412-0324 (English ed. Online) 

2024, V. 59, Iss. 1, pp. 3-21 

[SEL’SKOKHOZYAISTVENNAYA BIOLOGIYA] ISSN 0131-6397 (Russian ed. Print) 

ISSN 2313-4836 (Russian ed. Online) 

 

Reviews, challenges  
 

UDC 633.37:633.524.1 doi: 10.15389/agrobiology.2024.1.3eng 

doi: 10.15389/agrobiology.2024.1.3rus 

 

Crotolaria juncea L., A NEW LEGUME CROP FOR CULTIVATION  
IN RUSSIA: CHARACTERIZATION AND PROSPECTS  

(review)  
 

J.V. PUKHALSKY1, 2, 3 , N.I. VOROBYOV1, S.I. LOSKUTOV2, 3, R.I. GLUSHAKOV4, 5, 
Yu.V. KOSULNIKOV1, A.I. YAKUBOVSKAYA6, G.V. NIKITICHEVA2,  
L.A. GORODNOVA2, A.P. KOZHEMYAKOV1, Yu.V. LAKTIONOV1 

 

1All-Russian Research Institute for Agricultural Microbiology, 3, sh. Podbel’skogo, St. Petersburg, 196608 Russia, e-mail 

puhalskyyan@gmail.com ( corresponding author), kullavayn@gmail.com, kojemyakov@rambler.ru, laktionov@list.ru; 
2Pushkin Leningrad State University, 10, Petersburgskoe sh., St. Petersburg, Pushkin, 196605 Russia, e-mail 

lislosk@mail.ru, gorodnovalarisa@gmail.com, uchhoz@mail.lengu.ru; 
3All-Russian Research Institute for food additives, Branch of the Gorbatova Federal Scientific Center for Food Systems 
RAS, 55, Liteiny prosp., St. Petersburg, 191014 Russia; 
4Kirov Military Medical Academy, 6, ul. Academika Lebedeva, St. Petersburg, 194044 Russia, e-mail: 

glushakoffruslan@yandex.ru; 
5Saint Petersburg State Pediatric Medical University, 2/litera B, ul. Litovskaya, St. Petersburg, 194100 Russia; 
6Research Institute of Agriculture of Crimea, 150, ul. Kievskaya, Simferopol, 295043 Russia, e-mail yakubovskaya_alla@mail.ru  

ORCID: 

Pukhalky J.V. orcid.org/0000-0001-5233-3497 Nikiticheva G.V. orcid.org/0009-0003-0229-3994 

Vorobyov N.I. orcid.org/0000-0001-8300-2287 Gorodnova L.A. orcid.org/0009-0002-3767-4562 

Loskutov S.I. orcid.org/0000-0002-8102-2900 Kozhemyakov A.P. orcid.org/0000-0002-9657-2454 

Glushakov R.I. orcid.org/0000-0002-0161-5977 Laktionov Yu.V. orcid.org/0000-0001-6241-0273 

Kosulnikov Yu.V. orcid.org/0000-0003-1134-3503  

Yakubovskaya A.I. orcid.org/0009-0001-8434-2689  

The authors declare no conflict of interests 

Acknowledgements: 

Supported by State Assignment FGEW-2024- 0009  

Final revision received September 26, 2023  
Accepted October 23, 2023 

  

 

A b s t r a c t   
 

Sunn hemp (Crotalaria juncea L.) is a multi-purpose annual legume plant. This is the oldest 

bast crop grown in tropical regions for fiber (H.R. Bhandari et al., 2016; 2022). In 1791, the plant was 

brought to Europe where it is cultivated as an alternative green manure crop. Crotalaria has been 

shown to produce sufficient dry matter to cover and protect the soil from potential erosion, as well as 

providing nitrogen in amounts useful for subsequent harvests of crops in a diversified crop rotation 

(D. Scott et al., 2022, A.P. Barros et al., 2022). In the United States, the plant occupies one of the 

leading places in the list of intermediate cover crops. Dry green biomass contains from 18 to 22 % 

protein, but can only be used in limited quantities for livestock feed (  ˂10 % of the silage produced), 

since sunn hemp during flowering accumulates the toxic alkaloid monocrotaline. The sunn hemp seeds 

are up to 35-40 % protein, and also contain a small amount (up to 0.1 %) of toxic dehydropyrrolizidine 

alkaloids (trichodesmine, junsein, apigenin-7-4'-0-diglucoside, apigenin-7-glucuronide, lectin, sene-

cionine and seneciphylline) and amino acids (alpha-amino-beta-oxylaminopropionic, alpha-aminox-

ylaminobutyric and/or alpha,gamma-diaminobutyric) (V.B. Malashetty et al., 2015; F. Prada et al., 

2020). Their use in animal feeding requires special attantion and is, if possible, undesirable. The main 

non-toxic variety currently used in the United States is Tropic Sun. In other varieties, the accumulation 

of toxic concentrations of alkaloids in the biomass occurs at flowering, so plant biomass for silage 

should be harvested 60 days after sowing (J.E. Garzon et al., 2021; J.B. Morris et al., 2015). It was 

noted that pruning shoots to 30 cm 60-100 days after sowing and re-growing for 70 days increases the 

nitrogen content in the biomass (A.S. Abdul-Baki et al., 2001). In Russia, crotalaria can be an uncon-

ventional cover crop in biological farming to reinforce the soil, improve fertility and for reclamation. 

The area for sunn hemp cultivation may be southern regions, in particular the Krasnodar Territory, 

the Republic of Adygea and Crimea. Polysaccharides (galactomannans) from the sunn hemp seeds are 

bioactive growth stimulant for other plants (R.P. Zakirova et al., 2020). These metabolites, obtained 

as a result of the refining (degumming) process of vegetable oil extracted from seeds, can be comparable 

in quality to seed extracts from guar (Cyamopsis tetragonolaba (L.) Taub) ‒ another currently in demand 
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annual legume crop (E.A Dzyubenko et al., 2023). Secondary metabolites extracted from Crotalaria 

leaves are a rich source of carbohydrates, steroids, triterpenes, phenols, flavonoids, alkaloids, amino 

acids, saponins, glycosides, tannins and volatile oils (S.K. Dinakaran et al., 2011). Thus, C. juncea has 

hypolipidemic, antioxidant, antibacterial, antifungal, antidiarrheal, anti-inflammatory, hepatoprotec-

tive and many other pharmacological effects. Another practical application of C. juncea is the produc-

tion of cost-effective biofuels (S. Sadhukhan et al., 2016). 
 

Keywords: Crotalaria juncea, biological farming, recultivation, galactomannans, natural gum, 

pharmacology  
 

Crotalaria is one of the largest genus in the family Fabaceae, the subfamily 

Papilionoideae [1]. The genus is currently assigned to the tribe Crotalarieae with 

another 15 genera divided into three groups (Fig. 1). 

The Crotalaria group consists of 

three genera, the Euchlora, Bolusia and 

Crotalaria. The Crotalaria genus com-

prises more than 713 species of annual 

and perennial plants growing throughout 

the world [2]. Africa and India are the 

main centers of Crotalaria biodiversity 

(approximately 540 species), as well as 

Madagascar [3-5]. In India, the habitat 

of 73 species is limited to the peninsular 

territory (Karnataka, Andhra Pradesh, 

Kerala, and Tamil Nadu), with most of 

them occurring in the western states 

(Maharashtra, Tamil Nadu, Karnataka, 

Kerala) [6]. Approximately 15 represent-

atives of Indian species are endemics 

listed in the Red Data Book of Indian 

Plants [7, 8]. 

In 1753, Carl Linnaeus was the 

first to describe 12 species of the genus 

Crotalaria, i.e., C. perfoliata, C. sagitalis, 

C. juncea, C. triflora, C. villosa, C. verrucosa, C. lotifolia, C. lunaris, C. laburnifolia, 

C. micans, C. alba and C. quinquefolia [9]. In 1786, Jean-Baptiste Lamarck was 

the first to propose a general classification of species in the genus. The existing 

sectional classification of Crotalaria based on morphological charaacters is not 

fully consistent with its molecular phylogeny. Some members of the genus Crot-

alaria, particularly C. cornetii, C. peschiana, C. prolongata, and C. variegata are 

indicators of the copper and cobalt ions in the environment, capable of their hy-

peraccumulation ( 50 μg Cu/g DM and  5 μg Co/g DM) [10]. It is known that 

the metallophytes C. cobalticola and C. peschiana do not require high concentra-

tions of copper during early ontogenesis and can grow on an uncontaminated 

substrate for a relatively long time [11]. 

The purpose of this review was to summarize the data available in scientific 

literature on the cultivation of the leguminous crop Crotalaria juncea which is 

atypical for the Russian Federation. 

Bo t an i c a l  d e s c r i p t i on  and  d i s t r i bu t i on  o f  t h e  s p e c i e s  

Crotalaria juncea. C. juncea plants have been grown as a bast crop in India since 

600 BC. In the 1960s, C. juncea was the main source of income for the country’s 

economy. The plant name is due to its resemblance to rush grass (Spartium 

junceaum L.), a Spanish Mediterranean shrub with green shoots and sparse yellow 

leaves [12]. 

C. juncea is an erect, shrubby annual plant, typically 1 to 4 m tall [13]. 

 

Fig. 1. Phylogenetic tree of the tribe Crotalarieae 

based on a combination of morphological and mo-

lecular genetic synapomorphies [4, 9]. 
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Pubescent stems are up to 2 cm in diameter. The leaves are alternate, simple, 

linear-elliptic to oblong-lanceolate in shape, up to 15 cm long and 3 cm wide, 

bright green in color, usually with an acute tip. Stipules are 1-2 mm long, slender. 

The petiole is approximately 3-5 cm in length. The inflorescence is a leaf-shaped, 

opposite raceme 10-50 cm long, loose, consisting of 6-20 flowers. Spectacular 

butterfly-shaped flowers are bisexual, zygomorphic, 5-membered. If cross-pollina-

tion is absent, self-pollination occurs due to stimulation of the stigmatic surface 

by insects or wind [12]. 

The main insect pollinators of the crop are three species of bees, the Xy-
locopa fenistroides, X. latipies and Megachile lanata [14, 15]. The flowers are also 
visited by Apis florea and A. indica, but they are not effective pollinators because 

of their smaller bodyweight. The calyx is five-lobed, 1.5-2.0 cm long, covered with 

short brown hairs. The blades are 3-4 times longer than the tube. The corolla is 

bright yellow, elliptical, with a reddish tint. Ten stamens are free almost to the 

base. Bracts are elliptical, up to 3-5 mm in length. The fruit is a cylindrical bean, 

from 3.0 to 5.5 cm long, velvety, with 6-12 heart-shaped seeds 4-6 mm in diam-

eter, dark brown to almost black in color. Depending on the variety and envi-

ronmental conditions, the number of seeds varies greatly from 18,000 to 30,000 

per kg of crop [16]. The Hawaiian cultivar Tropic Sun produces 30,000 to 35,000 

seeds/kg. 

The plant traditionally grows in Asian countries, especially in its tropical 

part (Bangladesh, Bhutan, India), but is widely cultivated in drier areas of the 

tropics, subtropics, and in areas with a temperate climate and hot summers. 

C. juncea grows in many countries of the African continent from the Atlantic coast 

to the Red Sea, from Tunisia to South Africa and on the islands of the Indian 

Ocean (Fig. 2). 
 

 

Fig. 2. Distribution of Crotalaria juncea L. (area highlighted in green). 
 

The species was first introduced to Europe in 1791 as a cover and bast 

crop [6, 17]. The BECOOL project (https://www.becoolproject.eu/) has now been 

launched to assess the potential for growing non-conventional lignocellulosic crops 

in diversified crop rotations across Europe [18, 19]. 

The C. juncea came to the USA from the Hawaiian Islands where its large-

scale research has been carried out since the 1930s. Now C. juncea occupies one 

of the leading places in the list of intermediate green manures in the USA south-

east (e.g., Florida, Texas, Alabama, Oklahoma, Georgia) [20]. The plant is also 

grown in the north (Washington), but not intensively. 

Fe a tu r e s  o f  g r ow ing  Crotalaria juncea. The culture has a C3 type of 

metabolism. It is a light-loving, short-day crop [21] which reproduces only by 

seeds. The optimal air temperature for growth is 28-32 С. Optimal soil conditions 
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are good drainage, pH 5.0-7.5 and 170-200 mm precipitation during the growing 

season [16]. 

Crotalaria can grow either as a monoculture or in a legume-cereal mixture 

[22], e.g., with millet Pennisetum glaucum (L.) R.Br., corn Zea mays L., or sor-

ghum/Sudangrass Sorghum ½ drummondii (Nees ex Steud.) Millsp. & Chase (Fig. 

3). Less commonly, the crop grows together with other legumes, thetephrosia 

Tephrosia vogelii Hook. f. and sesbania Sesbania sesban (L.) Merr.), American 

vetch Aeschynomene americana L., Chinese cowpea Vigna unguiculata (L.) Walp., 

hairy indigo Indigofera hirsuta L., and thin-leaved rattle Crotalaria ochroleuca 

G. Don [23]. 
 

 

Fig. 3. Crotalaria juncea L. (1) and sorghum Sorghum ½ drummondii (Nees ex Steud.) Millsp. & Chase 

(2) (photo courtesy of Stacy Swartz and Daniel Calzadilla) grown in a mixture; 5 weeks after sowing 

(left), and mature plant roots (right) [26]. 
 

Sowing crotalaria immediately after harvesting corn and soybeans remains 

the land fallow for less time thus minimizing soil degradation. This crop increased 

nitrogen content in a 0-5 cm soil layer compared to fallow [24, 25]. In crop 

rotation, corn can follow crotalaria. The residual effect of planting C. juncea pro-

vided higher corn yield, freshness of spikelets with straw, and greater productivity 

of marketable cobs compared to the control [26]. 

Crotalaria is not particularly demanding on soil fertility, but on poor soils, 

it will not produce the same biomass as on rich soils. It was noted that the crop 

might not form seeds north of the 28 parallel. Nevertheless, in the conditions of 

the Russian Federation, crotalaria is a candidate crop for use in a modern biolog-

ical farming system. As a complementary non-traditional legume plant, it will 

improve the state of soil ecosystems [27]. The area for crotalaria cultivation in our 

country could be the southern regions with a warm temperate climate, in particular 

the Krasnodar Territory, the Republic of Adygea or Crimea. 

We did not find scientific publications on the cultivation and use of crot-

alaria on the territory of the Russian Federation. It is known that at the Vavilov 

Federal Research Center the All-Russian Institute of Plant Genetic Resources 

(VIR), there is a collection of crotalaria lines. The latest seed adaptability assess-

ment of the C. juncea performed in Kuban dates back to 1978-1984. However, the 

research was not continued. 

In crotalaria monoculture, early sowing dates, from June 15 to July 15 are 

preferable [28, 29]. In the Republic of Uzbekistan, this is early April-May [30]. 

Sowing dates vary depending on location, but sufficient soil moisture and frost-free, 

warm weather will ensure rapid emergence and high yields. Late sowings leads to 

abundant branching. The seed rate for commercial sowing is  17.0-34.0 kg/ha [31], 

sowing is continuous, in double rows. For fiber production in Brazil and India, 
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seeding rates are higher, up to 60.0-100.0 kg/ha. With a decrease in crotalaria 

planting density, the weed population also decreases [32]. For better germination, 

the seeding depth should be 2.5 cm, with 10 cm distance between plants in a row 

and row spacing no more than 10-20 cm. The recommended crop dencity is 48-

100 plants per 1 m2 [33, 34]. For paper production where fine fibers are required, 

the distance between rows can be up to 30-36 cm [21]. Increasing the distance 

between rows leads to a decrease in fiber diameter, making plants susceptible to 

lodging, which affects seed production. Planting density generally does not affect 

plant height, but unthinned plants reach greater height and average biomass, which 

may be due to increased competition for light energy. However, dry shoot biomass 

was greater at higher planting densities [35]. Low sowing density helps to increase 

the diameter of the stem and the number of formed lateral shoots. Due to less 

competition, there are more branches per plant. 

Reports on the rate of application of mineral fertilizers vary. After germi-

nation, N at 30 kg/ha and K2O at 40 mg/kg are recommended [22, 36]. The 

phosphorus P2O5 dosage is 20 kg/kg though the soils with low levels of this element 

require a higher dose [37, 38]. In a recent study, for typical gray soils in the 

Tashkent region, the optimal rate (kg/ha) was N120P160K120 [39]. With sufficient 

humidity, temperature and soil fertility, the plant growth rate is 14.0-30.0 cm per 

week, or 2.0-4.3 cm per day. 

Treatment of crotalaria seeds with native inoculants for Chinese cowpea 

(Bradyrhizobium japonicum, Rhizobium leguminosarum) forms a legume-rhizobil 

symbiosystem, enhancing the atmospheric nitrogen fixation in crops and its accu-

mulation in the soi [40, 41]. For crotalaria inoculation, highly specific rhizobia of 

the genus Methylobacterium have been isolated [42], namely, M. nodulans strain 

ORS2060 [43] and the closely related strain CMCJ317 [44]. Additional application 

of organic fertilizers to the soil induces the development of the R. leguminosarum 
population [45]. A better dosage of organic fertilizers is 3-5 t/ha. Increasing the 

content of humic and fulvic acids in soil organic matter provides stimulating and 

stabilizing effects, since these compounds significantly improve growth and in-

crease the titer of rhizobia. 

Keeping seeds in hot water (70 C) for 8 h before sowing provides surface 

sterilization and stimulates germination [46]. An example of another Crotalaria 

species, the C. verrucosa, shows that aggressive chemical compounds can also serve 

as sterilizing reagents, e,g., sulfuric (H2SO4) and hydrochloric (HCl) acids [47, 

48] provide a higher elimination of microorganisms from seeds. Additional ultra-

violet radiation (UV-B) increases the activity of enzymes (peroxidase, polyphenol 

oxidase, superoxide dismutase and phenylalanine ammonialyase) and the produc-

tion of reactive oxygen species, e.g., superoxide anion, hydroxide ion, and hydro-

gen peroxide. These forms are extremely active and cytotoxic [49]. Thus, growth 

activation under irradiation may be an adaptive mechanism of plant tolerance to 

stress [50]. 

The optimal harvest time ensures the highest quality crotalaria fiber. Alt-

hough opinions vary, the general recommendation is that it should be done at the 

mature fruit stage when the plant has 40, 60, 80, and 100% dry yellow beans that 

produce a characteristic cracking sound when shaken [51]. Usually this is the 133-

155 days after the flower has fully opened (anthesis). Flowering occurs 60-71 days 

after sowing. Sometimes the minimum period from sowing to flowering is 20-25 

days. The full growing season is 153-226 days [52]. If crotalaria is grown for too 

long, the bast fibers can become lignified which will complicate their further pro-

cessing. Cutting shoots to 30 cm 60-100 days after sowing [53, 54], and then 70-

day re-growing the plant increases the nitrogen content of the biomass [54]. The 

optimal time for cultivation is 170 days. The yield is harvested mechanically with 
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a combine or manually.  

To date, the productivity of crotalaria in the humid subtropics has been 

poorly studied [25], and information on cultivation in temperate climates is 

lacking [55]. According to some reports [56], the production of C. juncea green 

biomass during the pre-monsoon period in India was 22-27 t/ha. Moreover, 

depending on soil conditions, the fiber yield was 0.12-0.60 t/ha, and the seed 

yield was up to 10-22 t/ha. 
 

 

Fig. 4. Flowchart showing the main Crotalaria juncea L. yield modeling processes incorporated in the 

SunnGro program. Boxes with a light gray border indicate processes that were excluded from the 

original implementation of the Arungro model developed for sugarcane [57]. 
 

Recently, an international team from Italy, Spain and Greece developed 

a simulation model called SunnGro which showed high accuracy in predicting 

crotalaria productivity in different soil and climatic conditions using biophysical 

modeling methods [57]. The simulator was based on finding empirical relation-

ships between production/biometric traits and harvest time. The previously created 

Arungro model for assessing the growth dynamics of giant reed plants (Arundo 
donax L.) was taken as the basis for new algorithms. T. Stella et al. [58] presented 
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an algorithmic description of Arungro. Figure 4 shows the processes implemented 

in the adapted SunnGro module. To calculate and reproduce data on crop produc-

tivity with regard to the external limiting factors, the authors used data from long-

term experiments (1999-2018) performed at different times and densities of crop 

sowing in three different locations (one for each country) [57]. 

D i s e a s e s  a n d  p e s t s  o f  Crotalaria juncea. Of the serious diseases 

reported in the United States, crotalaria is susceptible to anthracnose caused by 

the fungus Colletotrichum acutatum. Plants are also susceptible to powdery mildew 

(Microsphaera diffusa) and root and stem rot (Sclerotium rolfsii) [59]. Treating 

seeds with fungicides and crop rotation are the most common practiced measures 

to combat the pathologies. 

The main insect pests of C. juncea in the United States are the pulse pod 

borer moth (Etiella zinckenella Treitschke, 1832) and the bella moth (Utetheisa 
bella L.) [60]. In Florida, these insect pests have been reported to attack beans 

with little or no seed production. In India, the main insect pests of crotalaria are 

the crimson-speckled moth (Utethesia pulchella L.) which feeds on leaves and seed 

pods, and the codling moth (Cydia pomonella Linnaeus, 1758) which damages 

apical shoots by feeding there and causing excessive branching and cessation of 

apical growth [61]. Additional insect pests reported to periodically attack the crop 

are caterpillars of crotalaria pod borer Argina astrea (Drury, 1773) and Argina 
syringa (Cramer, 1775) fed plamt leaves, and the southern green stink bug Nezara 
viridula L. [60]. As in the case of disease control, the main protective measures 

include treating crops with insecticides. To avoid outbreaks of pests and the spread 

of diseases, the crop should be returned to crop rotation no earlier than in 3 years. 

Economic importance and use o f  the species  Crotalaria juncea. 

C. juncea is a multi-purpose crop. Of all the species of the genus, only Crotalaria 
ruminata is grown for its fiber the harvest of which accounts for about 8% of the 

stem dry biomass [6, 17]. The fiber is 10.0% moisture, 67.8% cellulose, 16.6% 

hemicellulose, 3.5% lignin, 0.3% pectin, 1.4% water-soluble substances and 0.4% 

fat and wax. Nanocellulose of various morphologies is extracted from biomass 

using acid hydrolysis. The highest yield (94.83%) was obtained when using 32% 

H2SO4 solution, the lowest yield (12.03%) when using 72% H2SO4 solution. How-

ever, in the latter case, the product had the highest thermal stability among other 

nanocellulose morphologies [62]. 

Crotalaria fiber is classified as soft and is used mainly in the production of 

cigarette paper, fishing nets, bags, and ropes [21, 56, 61]. In terms of strength, it 

is superior to jute, but inferior to flax, agave fiber (sisal) and textile banana (Manila 

hemp, or abaca) [63]. Basal shoot diameter and plant height were found to signif-

icantly correlate with fiber yield. The thickest fiber is usually found in the middle 

of the stem [64, 65]. Research conducted at commercial greenhouses in Texas 

evaluated the feasibility of producing and using shorter core fibers when growing 

plants in soilless potting. The fiber can exceed kenaf (Hibiscus cannabinus L.) in 

terms of bast length and width. Additionally, unlike H. cannabinus, C. juncea can 

grow in soils infested with root-knot nematodes [6]. Moreover, the species can be 

a predecessor of crops (e.g., potatoes, tobacco, soybeans, etc.) prone to damage 

by these parasites [66]. The culture exhibits nematostatic activity against Meloido-
gyne spp. [67-70], Heterodera glycines and Rotylenchulus reniformis [71, 72]. A 

significant relationship was revealed between positive mycotrophy and an increase 

in plant resistance to Meloidogyne javanica and M. incognita upon inoculation of 

the culture with an arbuscular mycorrhizal fungus (Glomus interradices) [73]. 

Due to the use of a continuous system of cultivation of rice and wheat 

with high doses of inorganic fertilizers, the soil agroecosystem is disrupted, requir-

ing the integration of legumes as green manure into crop rotations. It is known 
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that adapted tropical legume plants accumulate greater dry biomass, nitrogen and 

potassium in the soil per 1 ha [74-77] compared to other types of winter legumes 

already in the virginal period of ontogenesis (35-60 days) [28, 59, 78]. It has been 

shown that crotalaria as a predecessor significantly increases the yield of rice, 

wheat, rye and corn in crop rotation [56, 76, 79-81. C. juncea has also been 

proposed as a green manure for organic strawberry production [82]. C. juncea as 

a green manure for different crops exibits a significant positive correlation between 

plant heights, green and dry biomass, and number of root nodules [83]. 

Due to land shortages, fodder crop cultivation is not attractive to many 

Indian farmers, leaving cattle owners in India dependent on expensive concen-

trates [84]. The nutritional value of crotalaria is no less than that of clover and 

alfalfa [85, 86]. Its hay contains a significant amount of protein, from 18 to 22%. 

However, due to alkaloids (trichodesmin, junsein, apigenin-7-4'-0-diglucoside, 

apigenin-7-glucuronide, lectin, senecionine, seneciphylline and monocrotaline) in 

the dry biomass, the crop is used to a limited extent for silage, no more than 10% 

of volume. Toxic alkaloids are contained in the form of free bases in seeds and 

shoots, so their inclusion in the diet of animals requires a special attention and 

separate study [87-89]. Plant seeds may also contain toxic amino acids (-amino-

-oxylaminopropionic, -aminoxylaminobutyric and/or ,-diaminobutyric) [87, 

88]. In animals. toxicants lead to refusal to eat and general weight loss, an in-

creased excitability, lameness and constant diarrhea. Horses may develop tenesmus 

and, less commonly, pulmonary adenomatosis and severe dyspnea. Nephrosis oc-

curs in pigs, hair loss and difficulty breathing in sheep [90, 91]. 

The main non-toxic crotalaria cultivar currently used in the United States 

is Tropic Sun released in 1983. In other varieties, the accumulation of toxic con-

centrations of alkaloids in the biomass occurs at the flowering stage, 45-60 days 

after sowing [92, 93]. To meet the needs of most livestock and avoid the toxic 

effects of these compounds, plant biomass for silage should be harvested at a spec-

ified time [53]. 

In experiments with bacterial biofilms, the crotalaria alkaloid kaempferitrin, 

a flavonol glycoside exhibited antimicrobial properties against the Gram-positive 

pathogenic bacterium Staphylococcus aureus [94]. Aqueous extracts of the crot-

alaria plants have an allelopathic effect against weeds [95-98]. Moreover, extracts 

from 4-week shoots reduced the number of cereal weeds, broad-leaved weeds, and 

sedges, having a stronger inhibitory effect than extracts obtained later in the grow-

ing season [97]. 

C. juncea has some potential for resistance to heavy metals, particularly 

tolerance to the accumulation of cadmium, nickel, and chromium ions [99-102]. 

To a certain extent, it can be used in the technology of phytoreclamation (phyto-

extraction) of technogenically-disturbed lands [74, 103]. Inoculation with toxi-

cant-resistant strains of rhizobacteria from the genus Streptomyces significantly in-

creases phytoextraction of cadmium from a crop [104]. 

C. juncea seeds contain 45.2% carbohydrates, 36.4% protein, 4.2% fat, 

10.8% moisture and 3.3% ash. A small proportion (up to 0.1%) of toxic dehydro-

pyrrolizidine alkaloids is also present [105]. Polysaccharides (galactomannans) re-

sulted from degumming of seed oil can be used as physiologically active growth-

stimulants for exogenous treatment of other plants, in particular cereals [106]. 

Their further purification by precipitation produces a viscous colloidal solution, 

the gum. This gum is a natural food additive or a thickener (stabilizer) in addition 

to the high-molecular gum extracted from guar Cyamopsis tetragonolоba (L.) Taub, 

another leguminous crop non-traditional for Russia. The C. juncea gum is used in 

the mining industry to break down oil-bearing formations [107]. 

The C. juncea can be used in pharmacology and medicine [108]. The seeds 
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cleans the blood, treat impetigo, psoriasis, other skin diseases, it also stimulates 

menstrual cycle. The juice from the leaves is used to relieve swelling and treat 

leprosy. In Indian folk medicine (Ayurveda), the leaves are used as an emetic, 

laxative, abortifacient, analgesic meanse, and to treat diarrhea and bleeding disor-

ders. Crotalaria flowers are useful in the treatment of gonorrhea and blood diseases 

[108]. 

Secondary metabolites isolated from crotalaria leaves, flowers, and seeds 

provide a rich source of carbohydrates, steroids, triterpenes, phenols, flavonoids, 

saponins, glycosides, tannins, anthraquinones, chebulic acid, ellagic acid, gallic 

acid, chebulic acid, and volatile oils [109]. The plant has hypolipidemic, antioxi-

dant, antibacterial, antifungal, antidiarrheal, anti-inflammatory, hepatoprotective, 

hypolipidemic and pharmacological effects. We especialy highlight the results of 

assessing the antibacterial activity of alcoholic extracts from the seeds and flowers 

of C. juncea against Citrobacter freundii, Escherichia coli, Enterococcus faecalis, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Shigella flexneri, Staphylococcus 
aureus, Shigella dysenteriae and Vibrio cholerae when grown on an agar medium. 

It was shown that an ethanol extract from seeds had a higher antibacterial effect 

than an extract from flowers [110]. The zone of growth inhibition varied from 

14.00 to 18.00 mm. Although the results were positive, still they turned out to be 

worse than for ciprofloxacin used in the experiment as a standard [111]. 

Compounds extracted from C. juncea seeds in sodium phosphate buffer 

are highly active against the bacterial pathogen Xanthomonas oxanopodis pv. puni-
cae [112]. Analysis of antifungal activity in vitro revealed the peptides cj-AFP and 

cp-AMP in seeds, which are capable of inhibiting the growth of filamentous fungi 

Fusarium oxysporium (113, 114). These proteins were subjected to de novo amino 

acid sequence analysis, finding no homology with existing proteins in the data 

bank. The discovery of these peptides may contribute to the development of bio-

technological products — transgenic plants resistant to fungal diseases. 

Another practical application of C. juncea is the production of low-cost 

biofuel from seed oil [115]. It has been noted that the anaerobic fermentation of 

cow manure added with of 20% crotalaria serves as a potential source of additional 

biogas production [116]. Since plant fiber consists of lignocellulosic biomass and 

is difficult to microbially transform, alkaline pretreatment is necessary [117]. Alkali 

destroys lignin, neutralizes the acidity of the biomass and increases the methane 

(CH4) production. Sodium hydroxide is the best in terms of alkaline decomposi-

tion of agricultural waste [116]. It has been shown that when plant raw material 

is processed before fermentation, the CH4 production is 89% higher than without 

pre-treatment [115]. 

Fur the r  p ro spec t s  f o r  r e s ea rch. Currently, there is a growing need 

for fiber production and the development of organic farming technology. Because 

crotalaria can be grown on a large commercial scale as a cover crop and bast crop 

[118], many countries around the world are gradually introducing it into diversified 

crop rotations as a green manure to improve the soil health and reduce root-knot 

nematode abundance. An effective agrotechnical technique that increases the ad-

aptation of a crop to the conditions of a certain soil-climatic zone can be the use 

of biological products based on a consortium of beneficial nodule and associative 

rhizobacteria, as well as arbuscular mycorrhizal fungi. Dur to creation of a legume 

symbiosystem, the mineral nutrition and tolerance of the macrosymbiont to vari-

ous stresses improves [119, 120]. 

Efforts should be focused on introduction of the crop into various agro-

climatic zones of our country. The limiting factor for now remains the high cost 

of seeds accounting for 4.5USD per 1 kg. 

As a multi-purpose crop, crotalaria is of interest as a raw material for the 
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production of high-quality fiber, a source of lignite cellulose in the production of 

biofuel, and green manure. The potential is being assessed of using crotalaria for 

livestock feed and as a remediator plant, accumulating in green biomass toxicants 

from the soil ecosystem during its gradual phytorecultivation (sanitation). 

The pharmaceutical use of the crop is a separate area. In this case, it is 

permissible to cultivate plants in both fields and greenhouses on soilless substrates 

with minimal use of mineral fertilizers, herbicides and other chemical protectanys, 

but with organic growth regulators and microbial biological products. The vast 

majority of alkaloids found in the genus Crotalaria must be studied to evaluate 

their pharmacodynamic properties and to develop new alkaloid-based drugs [121]. 

Information on the crop genetic variation is still limited. In recent years, 

genetic and breeding studies have been carried out on crotalaria grown in Brazil 

[121-124]. Since the pollination in the crop can usually be controlled, the results 

of these studies indicate the possibility of using heterosis. 

A germplasm bank can serve to maintain the genetic purity of the crop 

and to select more resistant lines and varieties through micropropagation followed 

by cultivation in greenhouse microclimates [122]. However, before this, it is nec-

essary to assess the variability of the chromosome set in the C. juncea varieties, 

especially their ploidy, in order to obtain hybrids with high fertility. In addition, 

methods for growing the resulting seedlings must be standardized for different 

hydroponic systems (chemo-, aggregate-, and ionoponics). 

Thus, this review is the first in the domestic special literature that sum-

marizes data on physiology and cultivation of Crotalaria juncea, a non-traditional 

leguminous crop in the Russian Federation. In the southern Russian regions, 

C. juncea may serve as an intermediate crop in new diversified crop rotations and 

as a raw material for gum production instead of or in addition to guar. The abiotic 

factors limiting cultivation of this tropical crop in Russia are the lack of heat and, 

in some sites, moisture supply, photoperiod, soil pathogens and the absence of soil 

nitrogen fixing bacteria. Field conditions and the use of biologicals based on a 

consortium of beneficial nodule and associative rhizobacteria complementary to 

the genus Crotalaria will partially avoid these problems. Organic additives, e.g., 

the compounds based on humic acids of various origins (peat, coal, sapropel, 

zoohumus, etc.), can be used as physiologically active plant growth stimulants. 

However, the decisive role in the creation of stable legume-rhizobium symbiosys-

tems based on C. juncea plays its genotype. So far, the main suppliers of C. juncea 

seeds for Western countries are India, Africa and Pakistan. The Hawaiian variety 

Tropic Sun is among the promising varieties for research. Nevertheless, creation 

of Russian crotalaria varieties possessing all the necessary biological and economic 

characteristics is relevant. The plants can be adapted for cultivation for seeds in 

greenhouses and hotbeds equipped with neural vision and a system for automatic 

control of growth parameters. Soilless potted culture excudes the limiting influence 

of soil matrix and adsorption processes on plant development and absorption of 

nutrients from substrates. Solid substrates that replace soil are mineral wool, co-

conut fiber, zeolite, vermiculite, etc. Probably, in such phytotechnical complexes, 

C. juncea plants will be shorter due to shorter internodes. Neertheless, due to 

precise control of the microclimate, the plants will confidently produce beans. 
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