


Review Article
ETHNOMEDICINAL AND PHYTOPHARMACOLOGICAL REVIEW OF JATROPHA TANJORENSIS


Abstract: Jatropha tanjorensis is a small tree or perennial shrub with several uses that grows to a height of 3 to 6 meters. Originating from the Greek words "Jatros" and "trope" (food/nutrition), the word "Jatropha" suggests medical use. With over 175 species, the genus Jatropha is a member of the Euphorbiaceae family and the Acalyphoideae subfamily. It may be evergreen or deciduous, depending on the climate. It has a small tap root, robust laterals, and many fine tertiary roots. The stem is solid, cylindrical, woody, upright, and branching. Branches are semi-woody, robust, and green. The palmate leaves contain five to seven shallow lobes and are spirally phyllotaxis organized alternately. The leaves range in length and width from 16–21 and 14–18 cm respectively, and they are petiolate, ex-stipulate, cauline, and ramel. Petioles measure 12–19 cm. Studies on this plant have shown that it possesses anti-obesity, antioxidant, anti-inflammatory, antinociceptive, anti-diabetic, anti-cancer, anti-bacterial, hypolipidemic, and hepatoprotective properties. All of these properties are due to the presence of certain phytochemicals in them, such as polyphenols, saponins, tannins, and alkaloids. Due to its medicinal properties, Jatropha tanjorensis is used in traditional medicine in several parts of Nigeria. Also, the exhibition of a strong phytochemical profile indicates that it might be recommended for human consumption. This review was thus written with the intent to provide a comprehensive view of the properties of this plant and the progress that has been made in identifying phytochemicals and bioactive compounds present in this plant. Future studies on the phytochemistry and chemical constituents of this plant are necessary to fully understand the complex phytochemical and pharmacological effects.
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INTRODUCTION:
Jatropha tanjorensis is a green leafy medicinal plant that belongs to the family Euphorbiaceae. (1) It is commonly called “Hospital too far”, “Catholic vegetable”, or “Ewe Iyana-ipaja. It is a shrub of 6 m high with spreading branches off stubby twigs and smooth grey bark, which gives off whitest colored latex when cut. (2) It is usually grown in the rainforest zones of West Africa. Jatropha tanjorensis is cultivated for food and medicinal purposes. All parts of the plant, including seeds, leaves, barks, and roots, are used in traditional and folk medicine as well as for veterinary purposes. In the southern part of Nigeria, like in Edo state, the leaf of the plant is locally consumed as a vegetable added to daily meals, and it is used to treat diabetes mellitus due to its anti-hyperglycemic properties. (3, 4) In other parts of Nigeria, the plant is consumed as soups and as a tonic with the claim that it increases blood volume and treats certain diseases. There has been a claim that it cures anaemia, diabetes, and cardiovascular diseases. Jatropha tanjorensis has received tons of attention due to its potential health benefits, availability, and affordability. (5) The therapeutic effect of these medicinal plants can justifiably be attributed to the phytochemicals in them. Bioactive substances such as flavonoids, tannins, phenols, and alkaloids found in this plant may play an important role in drug development. (5, 6)
2. Methodology
The authors conducted a comprehensive literature search using various databases, including PubMed, ResearchGate, Google Scholar, and a direct Google search. Keywords such as Jatropha tanjorensis, ethnomedicinal, phytochemicals, antioxidant, anti-inflammatory, pregnancy, leaves, plant, properties, and effects were used both individually and combined, for example, “antioxidant property of Jatropha tanjorensis”. Only articles written in English language were considered. EndNoteTM 20 was utilized to manage the referencing received from the search during the entire writing and review process. One researcher independently screened the search results based on the title and abstract, and another author helped confirm eligibility based on the inclusion criteria. The authors read through the following sections: title, abstract, material and methodology, results, and discussion, to look for information of interest. 

Botanical classification
Kingdom: Plantae
Phylum: Streptophyta
Class: Equisetopsida
Subclass: Magnoliidae
Order: Malpighiales
Family: Euphorbiaceae
Genus: Jatropha
Species: Jatropha tanjorensis 
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Fig. 1. Leaves and flowers of Jatropha tanjorensis in its natural habitat (7)

Table 1: Active compounds found in Jatropha tanjorensis and their mechanism of action 
	Active compounds 
	Chemical formula
	Structure 
	Properties
	References 

	Benzyl 1-[(1-hydroxy-4-oxo-1-phenyltetrahydroquinolin-3-yl) carbamoyl] cyclohexane-1-carboxylate
	C23H26N2O4
	
	HIV-1 protease inhibitor
	(8)

	9,12,15-Octadecatrienoic acid, 2-phenyl-1,3-dioxan-5-yl ester
	C28H40O4
	
	Antiviral and anti-obesity
	(9)

	2,7-Diphenyl-1,6-dioxopyridazino[4,5:2',3’]pyrrolo[4',5'-d]pyridazine
	C20H13N5O2
	[image: ]
	Antioxidant 
	(10)

	2-Hexadecanol
	C16H34O
	[image: C16H34O]
	Antibacterial 
	(11)

	β-Acorenol
	C15H26O
	[image: ]
	
	(8)

	Octadecanal,2-bromo
	C18H35BrO
	[image: ]
	Antifungal and antibacterial 
	(12)

	Stearic acid, 3-(octadecyloxy)propyl ester
	C39H78O3
	[image: ]
	
	(8)

	Propanoic acid, 2-(3-acetoxy-4,4,14-trimethylandrost-8-en-17-yl
	C27H42O4
	[image: ]
	hypoglycemic
	(13)

	2-Nonadecanone 2,4-dinitrophenylhydrazine
	C25H42N4O4
	[image: ]
	
	(8)

	7,8-Epoxylanostan-11-ol, 3-acetoxy
	C32H54O4
	[image: ]
	
	(8)

	Ginsenoside Rh2
	C30H50O6
	[image: ]
	Anticancer effect by modulating several signaling pathways, induction of apoptosis
	(14)

	Diosgenin
	C27H40O4
	[image: ]
	Anticancer through apoptosis
	(15)



Table 2: Proximate composition of Jatropha tanjorensis
	Nutrient
	Concentration
	Plant part
	Reference

	Moisture
	5.10 ± 0.07 %
	leaves
	(16)

	
	5.32 ± 0.07 %
	Leaves 
	(17)

	
	6.195 ± 0.02 %
	Leaves 
	(18)

	Ash content
	3.23 ± 0.04 %
	Leaves
	(16)

	
	9.79 ± 0.09 %
	Leaves 
	(17)

	
	11.565 ± 0.13 %
	Leaves 
	(18)

	Fiber
	16.93 ± 0.95 %
	Leaves 
	(16)

	
	5.22 ± 0.05 %
	Leaves 
	(17)

	
	12.172 ± 3.19 %
	Leaves 
	(18)

	Lipids and Fats
	14.80 ± 0.14 %
	Leaves 
	(16)

	
	7.65 ± 0.04 %
	Leaves 
	(17)

	
	11.730 ± 1.03 %
	Leaves 
	(18)

	Carbohydrate 
	66.38 ± 0.25 %
	Leaves 
	(16)

	
	62.22 ± 0.14 %
	Leaves 
	(17)

	
	51.734 ± 0.00 %
	Leaves 
	(18)

	Protein
	10.50 ± 0.00 %
	Leaves 
	(16)

	
	9.80 ± 0.07 %
	Leaves 
	(17)

	
	6.991 ± 0.44 %
	Leaves
	(18)



Table 3: Mineral content of Jatropha tanjorensis 
	Mineral
	Concentration
	Plant part
	Reference

	Calcium
	319.42 ± 0.77 (mg/kg)
	Leaves 
	(16)

	
	5.99 ± 0.09 (mg/kg dry weight)
	Leaves 
	(17)

	Manganese
	4.15 ± 0.10 ppm
	Leaves 
	(18)

	
	0.53 ± 0.03 (mg/kg dry weight)
	Leaves 
	(17)

	Magnesium
	172.60 ± 3.54 (mg/kg)
	Leaves 
	(16)

	
	8.48 ± 0.08 (mg/kg dry weight)
	Leaves 
	(17)

	Molybdenum 
	1.33 ± 0.03 ppm
	Leaves 
	(18)

	Potassium (K)
	374.00 ±7.21 (mg/kg)
	Leaves 
	(16)

	
	3.17 ± 0.10 ppm
	Leaves 
	(18)

	
	8.58 ± 0.10 (mg/kg dry weight)
	Leaves 
	(17)

	Sodium (Na)
	141.00 ± 4.59 (mg/kg)
	Leaves 
	(16)

	
	402.20 ± 1.97 ppm
	Leaves 
	(18)

	
	6.99 ± 0.12 (mg/kg dry weight)
	Leaves 
	(17)

	Phosphorus (P)
	530.59 ± 6.32 (mg/kg)
	Leaves 
	(18)

	Iron (Fe)
	71.47 ± 8.68 (mg/kg)
	Leaves 
	(16)

	
	1.67 ± 0.06 (mg/kg dry weight)
	Leaves 
	(17)

	
	50.67 ± 0.76 ppm
	Leaves 
	(18)

	Zinc 
	19.25 ±4.62 (mg/kg)
	Leaves 
	(16)

	
	0.67 ± 0.05 (mg/kg dry weight)
	Leaves 
	(17)

	Copper
	11.81 ± 3.03 (mg/kg)
	Leaves 
	(16)

	
	0.67 ± 0.04 (mg/kg dry weight)
	Leaves 
	(17)

	
	5.40 ± 0.40 ppm
	Leaves 
	(18)



Table 4: Vitamin composition of Jatropha tanjorensis 
	Vitamin
	Concentration
	Plant part
	Reference

	Vitamin A
	48.215 ± 2.790 (mg/100g)
	Leaves 
	(18)

	Vitamin B1
	0.0201 ± 0.001 (mg/100g)
	Leaves 
	(18)

	Vitamin C
	0.0347± 0.000 (mg/100g)
	Leaves 
	(18)



Table 5: Amino acid composition (μg/g) of ethanol-water leaf extracts of Justicia secunda and Jatropha tanjorensis 
	Amino acids 
	
	Concentration (μg/g) 
	
	Plant part
	reference

	ESSENTIAL AMINO ACIDS

	Valine (Val) 
	
	4.74 ± 0.03 
	
	Leaves 
	(17)

	Threonine (Thr) 
	
	2.98 ± 0.03 
	
	Leaves 
	(17)

	Isoleucine (Ile) 
	
	4.74 ± 0.07 
	
	Leaves 
	(17)

	Leucine (Leu) 
	
	2.98 ± 0.03 
	
	Leaves 
	(17)

	Lysine (Lys) 
	
	3.74 ± 0.09 
	
	Leaves 
	(17)

	Methionine (Met) 
	
	1.54 ± 0.02 
	
	Leaves 
	(17)

	Phenylalanine (Phe) 
	
	5.78 ± 0.04 
	
	Leaves 
	(17)

	Histidine (His) 
	
	2.89 ± 0.05 
	
	Leaves 
	(17)

	Tryptophan (Trp) 
	
	1.24 ± 0.05 
	
	Leaves 
	(17)

	NON-ESSENTIAL AMINO ACIDS

	Glycine (Gly) 
	
	2.44 ± 0.09 
	
	Leaves 
	(17)

	Alanine (Ala) 
	
	2.38 ± 0.02 
	
	Leaves 
	(17)

	Serine (Ser) 
	
	3.84 ± 0.09 
	
	Leaves 
	(17)

	Proline (Pro) 
	
	4.78 ± 0.04 
	
	Leaves 
	(17)

	Aspartate (Asp) 
	
	2.21 ± 0.08 
	
	Leaves 
	(17)

	Glutamate (Glu) 
	
	4.69 ± 0.04 
	
	Leaves 
	(17)

	Arginine (Arg) 
	
	3.49 ± 0.06 
	
	Leaves 
	(17)

	Tyrosine (Tyr) 
	
	2.97 ± 0.09 
	
	Leaves 
	(17)

	Cystine (Cys) 
	
	1.44 ± 0.06 
	
	Leaves 
	(17)



Table 6: Phytochemicals found in Jatropha tanjorensis and their mechanism of action 
	Phytochemicals
	Plant part 
	Method of extraction
	Properties
	Mechanism of action

	Phenols
	leaves
	Methanolic and aqueous maceration (1, 5)
	Antioxidant (5), anti-inflammation, anticancer, antiobesity, antidiabetic, anti-mutagenic, probiotic (19)
	Phenolic compounds (PCs) act as an antioxidant by reacting with a variety of free radicals (20). This reaction involves directly neutralizing free radicals. (21)

	
	Leaves 
	Cold methanolic maceration (22)
	
	

	
	Stem 
	Hot continuous solvent extraction (22)
	
	

	
	Leaves 
	Hot continuous solvent extraction (22)
	
	

	Flavonoids
	Stem
	Hot continuous solvent extraction (22)
	Antioxidant, anti-diabetic, anti-hyperglycemic, anti-allergic, anti-inflammatory, anti-microbial, antibacterial, anti-fungal, anti-viral, anti-cancer, anti-diarrheal, and anti-anemic (1, 5)
	Flavonoids exhibit antioxidant properties by neutralizing reactive oxygen species through hydrogen atom and electron donation, augmenting endogenous antioxidant enzyme activity, and chelating transition metal ions. (23-25)
The antibacterial effect of flavonoids is expressed through the disruption of cell membranes, the inhibition of key enzymatic processes, and the suppression of efflux pumps, collectively impeding bacterial growth and causing cell death. (23, 24)
Flavonoids exhibit antifungal properties by interfering with fungal cell membrane integrity, disrupting ergosterol biosynthesis, and modulating critical signal transduction pathways, ultimately hindering fungal growth and pathogenicity (23, 24)

	
	Leaves 
	Hot continuous solvent extraction (22)
	
	

	
	Leaves 
	Methanolic and aqueous maceration (1, 5)
	
	

	Tannins
	Leaves 
	Cold methanolic maceration (22)
	Antidiarrhea, anti-hemorrhoids, antibacterial, (1, 26)

	Tannins express antidiarrhea effects by increasing colonic water and electrolyte reabsorption, decreasing the irritability of the bowel, thereby reducing the peristaltic index, and denaturing proteins in the intestinal mucosa by forming protein tennates, which may reduce secretion. (27, 28)
Tannins have been found to inhibit bacterial growth using different mechanisms of action, including iron chelation, inhibition of cell wall synthesis, disruption of the cell membrane, and inhibition of fatty acid biosynthetic pathways.  (29) Also, by preventing enzymatic activities and inhibiting the synthesis of nucleic acids. (26)

	
	Leaves
	Methanolic and aqueous maceration (1, 5)
	
	

	Alkaloids
	Stem 
	Hot continuous solvent extraction (22)
	Anti-hyperglycemic, anti-diabetic, antioxidant, antihypertensive, antimalarial,  anticancer (5)
	The anticancer effects of alkaloids are expressed through the induction of apoptosis, inhibition of angiogenesis, and anti-proliferative properties. (30)

	
	leaves
	Methanolic and aqueous maceration (1, 5)
	
	

	Saponins
	Leaves
	Cold methanolic maceration (5, 22)
	hypocholesterolemia, immunostimulant, hypoglycemic, and anticarcinogenic (5)
	The hypocholesterolemia effects of saponins are expressed through inhibiting cholesterol absorption in the intestine, which increases cholesterol excretion in the feces. (31, 32)
Saponins express anticancer properties through cell cycle arrest, cellular invasion inhibition, induction of apoptosis, overcoming drug resistance, and autophagy. (33, 34)


	
	Leaves
	Aqueous maceration (1)
	
	

	Steroids
/Phytosterols
	Leaves 
	Methanolic maceration (1, 5)
	Anti-inflammatory, anticancer 
	The anti-inflammatory property of steroids is expressed by inhibiting the production of pro-inflammatory substances and suppressing the immune system. (35)
The anticancer activity of steroids is due to the induction of apoptosis, inhibition of the NF-κB pathway, inhibition of glycolysis, and enzyme inhibition  (36, 37)

	Terpenoids 
(volatile oils)
	Leaves 
	Methanolic maceration (1, 5)
	Antioxidant (5)
	Terpenoids exhibit antioxidant effects by scavenging free radicals and inhibiting pro-inflammatory pathways (38, 39)

	Glycosides
	Leaves
	Cold methanolic maceration  (22)
	Antiviral, antimicrobial (40)
	The antiviral property of glycosides is exhibited through inhibiting the Na+/K+-ATPase (NKA) pump on cell membranes. (41, 42)
Glycosides express antimicrobial activities through disrupting bacterial cell membranes, leading to cell lysis and leakage of intracellular components.  (43, 44)



	
	Stem
	Hot continuous solvent extraction (22)
	
	

	
	Leaves
	Hot continuous solvent extraction (22)
	
	

	Reducing sugars
	Leaves 
	Methanolic and aqueous maceration (1)
	
	




Pharmacology:
Jatropha tanjorensis plant has exhibited a range of pharmacological activities, which have led to its discovery for the treatment of various ailments. The pharmacological activities include antimalarial, antimicrobial, hypoglycemic, antihypertensive, antioxidant, and anti-inflammatory properties etc. It has also been used traditionally to treat various ailments, including gastrointestinal issues, hemorrhoids, and certain skin conditions. (3, 45)
Anti-bacterial property: A study by Ndidi et al, (2022) (22), indicated that the cold extract of Jatropha tanjorensis leaf showed antibacterial properties against Escherichia coli and Staphylococcus aureus. Escherichia coli and Staphylococcus aureus are bacteria that cause a range of diseases, including urinary tract infection, meningitis, pneumonia, and bone and joint infections. At the same time, the hot extract of Jatropha tanjorensis stem showed antibacterial activity against Serratia marcescens. (22) This antibacterial property of Jatropha tanjorensis is being confirmed by (45). The cold-water extract of Jatropha tanjorensis at 500mg/ml was tested for its antibacterial efficacy. The results showed antimicrobial activities for Staphylococcus aureus, Enterococcus faecalis FELAO97, and Bacillus subtilis. (1)
Anti-cancer effect: Cancer, as is well known, is a disease that has proven difficult to cure. It is able to resist different types of therapy. Scientists have turned towards plants to check for their anticancer properties as a way to help solve the problem of cancer. Jatropha tanjorensis is a plant that has shown promising abilities. A study from Arun et al (2014) (46) showed that Jatropha tanjorensis showed antiproliferation property, which is related to cancer treatment. The phytochemicals found in plants, such as alkaloids, etc., have been found to possess anticancer properties through mechanisms such as carcinogen inactivation, inhibiting proliferation, inducing cell cycle arrest, and apoptosis. (47)
Anti-diabetic property: Study by Obinna et al (2021) (5) Suggests that the anti-diabetic and anti-hyperglycemic properties of  Jatropha tanjorensis are attributed to the high concentration of flavonoids and alkaloids. These phytochemicals contained in the plant extract have been verified to possess the antidiabetic effect of the plant by enhancing the activity of hexokinase and phosphofructokinase, resulting in glucose transport, carbohydrate digestion and absorption, and also involved in Insulin secretion, respectively. (4)
Antinociceptive effect: The ethanol leaf extract of Jatropha tanjorensis was evaluated for its antinociceptive property. In this study, the subject mice were subjected to acetic acid-induced writhing. Ethanol leaf extract of Jatropha tanjorensis caused writhing inhibition of  48.31%, 42.69%, and 49.44% across various groups, similar to aspirin at 53.36%. (48) 
Anti-inflammatory property: Jatropha tanjorensis is known to possess anti-inflammatory properties. A study by Anhwange et al (2019) (49) Confirmed the presence of phytochemicals such as flavonoids, terpenoids, and tannins in Jatropha tanjorensis. It has been shown that flavonoids prevent the synthesis of three important enzymes that are involved in the production of different inflammatory mediators: inducible nitric oxide synthase isomers, cyclooxygenase, and lipoxygenase. By competitively attaching themselves to the ATP catalytic site, flavonoids can suppress the activity of the regulating enzyme protein kinase, hence lowering the inflammatory response. Terpenoids may also reduce inflammation by inhibiting the production of prostaglandins, cyclooxygenase enzymes, tumor necrosis factor (TNF), cytokines (IL-2, IL-4, and IL-6), and inducible nitric oxide synthase enzymes. Furthermore, the anti-inflammatory properties of tannins are associated with their capacity to block inflammatory mediators such as prostaglandins, histamine, and the COX-2 enzyme. (48)
Antioxidant property: Plant phenols are the main class of chemicals that function as principal antioxidants because of their redox characteristics, which enable them to function as metal chelators, hydrogen donors, and reducing agents. (3) Several research studies have confirmed the antioxidant property of Jatropha tanjorensis. One study by Daniel et al (2019) (3) confirmed this information. In this study, the stem and leaf extract of Jatropha tanjorensis was tested for the presence of phytochemicals, and the results showed that the methanol and ethyl extracts of Jatropha tanjorensis contained an appreciable level of total phenols. The extracts exhibited significant antioxidant activity when compared with standard compounds. The investigation suggested that Jatropha tanjorensis possesses good antioxidant potential that can be exploited for pharmaceutical uses. (3) Akpan et al (2021) (50), Aiwonegbe et al (2022) (51), and Awote et al (2024) (2) also confirmed the presence of these phytochemicals in Jatropha tanjorensis.
Anti-obesity: The accumulation of body fat due to an imbalance between calorie intake and energy expenditure is called obesity. (52) Obesity has been associated with an increased risk of heart disease, type 2 diabetes, and stroke. Srivastava et al (2023) (52) Used the ethanolic and aqueous leaf extract of Jatropha tanjorensis on obese rats to test for its anti-obesity ability. The results showed that at 200 and 400 mg/kg, the rats (subject animals) showed a reduction in weight gain and feed intake, and significant decreases in serum glucose and lipid profile. A similar result was observed in a study by Amaechi et al, 2022 (53) in this study, the ethanol extract of Jatropha tanjorensis caused a decrease in the weight of the subject animals.
Pregnancy: Jatropha tanjorensis is believed to have reproductive benefits in women. A study by Antai et al (2023) (54) examined the effect of gestational administration of aqueous leaf extract of Jatropha tanjorensis on postpartum-like behavioral outcomes. Results showed that aqueous extract of Jatropha tanjorensis reduced postpartum-like depression and anxiety, and improved locomotor activity, indicating that Jatropha tanjorensis can be a preventive and adjuvant therapeutic option for pregnant women. (54) In another study by (Ukoh, 2022) (55), virgin female rats were fed with the aqueous extract of Jatropha tanjorensis; the results showed increased mean weight gain, food, and water intake in Jatropha tanjorensis-treated rats. The Birth weight, body length, and tail length of pups whose mothers were treated with the aqueous leaf extract of Jatropha tanjorensis also increased significantly. The result of this study indicated that Jatropha tanjorensis was effective in boosting female reproductive health, pregnancy health, and outcome. (55)
Hypolipidemic effect:  The main sterol that all mammals produce is cholesterol, which is primarily present in cell membranes. Cardiovascular conditions, including coronary heart disease, myocardial infarction, and atherosclerosis, are significantly influenced by cholesterol. In a study by Amaechi et al, 2022 (53), the results showed that the group of Wistar rats that received a high dose of Jatropha tanjorensis alone had a significant increase in high-density lipoprotein cholesterol (HDL-c) and a decrease in low-density lipoprotein cholesterol (LDL-c). This is as a result of the inhibition of HMG-CoA reductase, a microsomal enzyme that catalyzes the rate-limiting step in the cholesterol production pathway. Additionally, the extract of Jatropha tanjorensis caused an increase in the activity of the enzyme lecithin-cholesterol acyl transferase (LCAT), which converts free cholesterol into HDL-c and promotes reverse cholesterol transport by competitively inhibiting the uptake of LDL-c by endothelial cells and preventing the production of oxidized LDL-c. (53)
Hepatoprotective effects: The liver is an essential organ in the biotransformation and detoxification of drugs. It is highly susceptible to the toxicity of these substances. (56) The ethanol extract of Jatropha tanjorensis can treat liver injuries caused by hepatitis (liver inflammation), especially viral hepatitis and alcohol hepatitis, cirrhosis, and cholestasis. (56)
Toxicity: The administration of Jatropha tanjorensis extract at 2000 mg/kg body weight did not cause any observable toxic effects in a study by Alozieuwa et al (2024) (48). This shows that Jatropha tanjorensis leaf extract is relatively safe. Studies from Chibuogwu et al (2021) (57), Onyebuchi et al (2023) (58), and Ebhohon et al (2024) (59) showed similar results.

Conclusion and future perspective: 
Jatropha tanjorensis is a medicinal plant with rich bioactive compounds that contribute to its phytopharmacological effects. The plant also offers hepatoprotective and nephroprotective properties. These findings highlight the potential of Jatropha tanjorensis as a complementary treatment and underscore the need for further research to explore its full clinical applications. Future perspective on this plant would include phytochemical standardization, mechanistic elucidation, preclinical and clinical validation, formulation and drug delivery, and agronomic and conservation strategies.
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