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Abstract 
 

Fenugreek (Trigonella foenum-graecum L.), wild or cultivated, is widely distributed throughout 
the world and belongs to the Fabacecae family. It is an old medicinal plant and has been 
commonly used as a traditional food and medicine. Fenugreek is known to have hypoglycemic, 
and hypocholesterolaemic, effects. Recent research has identified fenugreek as a valuable 
medicinal plant with potential for multipurpose uses and also as a source for preparing raw 
materials of pharmaceutical industry, especially steroidal hormones. A significant increase in 
quantity and quality yields through the suitable management of cultivation, breeding and 
biotechnology practices could make an immediate and important contribution to farm and 
pharmaceutical industry income. To achieve these goals with regard to sustainable production, 
we reviewed a summary of biology, cultivation and biotechnology of fenugreek in this paper.  
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Introduction 
Fenugreek leaves and seeds are consumed 

in different countries around the world for 
different purposes such as medicinal uses 
(anti-diabetic, lowering blood sugar and 
cholesterol level, anti-cancer, anti-microbial, 
etc.), making food (stew with rice in Iran, 
flavor cheese in Switzerland, syrup and bitter 
run in Germany, mixed seed powder with flour 
for making flat bread in Egypt, curries, dyes, 
young seedlings eaten as a vegetable, etc.), 
roasted grain as coffee-substitute (in Africa), 
controlling insects in grain storages, perfume 
industries, and etc. Fenugreek can be a very 
useful legume crop for incorporation into 
short-term rotation and for hay and silage for 
livestock feed, for fixation of nitrogen in soil 
and its fertility, and etc [1]. 

Fenugreek seeds have been known and 
valued as medicinal material from very early 
times. Fenugreek as a chemurgic crop has a 
wide use for industrial purposes. Its seeds are 
considered to be of commercial interest as a 
source of a steroid diosgenin, which is of 
importance to the pharmaceutical industry [2, 
3, 4]. Nowadays, fenugreek is widely 
cultivated as a drug plant. The mucilaginous 
seeds are reputed to have many medicinal 
virtues, as a tonic, emollient, carminative, 
demulcent, diuretic, astringent emmenagogue, 
expectorant, restorative, aphrodisiac and 
vermifugal properties and were used to cure 
mouth ulcers, chapped lips and stomach 
irritation [5]. In Iranian traditional medicine 
the seeds are used as tonic and blood sugar 
lowering [6]. 

The biological and pharmacological 
actions of fenugreek are attributed to the 
variety of its constituents, namely: steroids,  
N-compounds, polyphenolic substances, 
volatile constituents, amino acids, etc [4]. 
Fenugreek seed contains 45-60%  
 

 

carbohydrates, mainly mucilaginous fiber 
(galactomannans), 20-30% proteins high in 
lysine and tryptophan, 5 - 10% fixed oils 
(lipids), pyridine alkaloids, mainly trigonelline 
(0.2 - 0.38%), choline (0.5%), gentianine and 
carpaine, the flavonoids apigenin, luteolin, 
orientin, quercetin, vitexin and isovitexin, free 
amino acids, such as 4-hydroxyisoleucine 
(0.09%), arginine, histidine and lysine, 
calcium and iron, saponins (0.6 - 1.7%), 
glycosides yielding steroidal sapogenins on 
hydrolysis (diosgenin, yamogenin, tigogenin, 
neotigogenin), cholesterol and sitosterol, 
vitamins A, B1, C and nicotinic acid and 
0.015% volatile oils (n-alkanes and 
sesquiterpenes) [4, 7, 8]. 

There are some possibilities for increasing 
the chemical constituents contained in the 
seed, either during the growing period by 
using different cultural techniques [9, 10], or 
during post harvest treatments by different 
techniques (enzymes, hormones, etc.) of 
germination with incubation [11], different 
conditions of incubation and fermentation 
[12], by storage [11], by the use of tissue and 
cell culture (static or suspension) [13, 14] and 
by biological manipulation of yield [4, 11, 15]. 

When fenugreek grown under modern 
production techniques, resulted in an increased 
yielding ability. The yield potential of 
fenugreek can be defined as the total biomass 
produced or agricultural important part of the 
crop. The total biomass is a result of the 
integration of metabolic reactions in the plant. 
Consequently, any factor influencing the 
metabolic activity of the plant at any period of 
its growth can affect the yield [16]. Metabolic 
processes of fenugreek plants are greatly 
governed by both internal, i.e. genetic make up 
of the plant and external conditions which 
involve two main factors namely climatic and 
edaphic environmental factors. The yield 
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potential of fenugreek could be regulated 
through alternation of genetical make up and 
reconstitution of genetical structure through 
breeding programs and/or by modifications of 
environment through cultural treatments [16, 
17].  

Despite fenugreek being multipurpose 
crop, it has not obtained due importance in our 
cropping pattern and little research work has 
been done on agronomic and biotechnologic 
aspects of fenugreek, especially in Iran. Thus 
the objectives of this study are to investigate 
the cultivation and biotechnology aspects of 
fenugreek. 

 
Species of Trigonella 

Petropoulos [15] and Basu [18] indicated 
that older taxonomists like Linnaeus have 
suggested that as many as 260 species of 
fenugreek exist. In contrast, about 128 species 
of fenugreek were reported by Vasil'chenko 
[19], 97 by Fazli [20] and 70 by Hector [21], 
Hutchinson [22] and, Rouk and Mangesha 
[23]. The most medicinal species of the genus 
Trigonella are presented in Table 1.  
T. foenum-graecum (fenugreek) is the only 
widely cultivated species of the genus 
Trigonella [15]. 
 
Names 

The species Trigonella foenum-graecum, 
wild or cultivated, is widely distributed 
throughout the world, as is indicated by the 
great number of names it possesses with 
Arabic, Indian (Sanskrit) and European (Greek 
and Latin) roots [15, 24]. The genetic name, 

Trigonella, comes from Latin meaning ‘little 
triangle’, in reference to the triangular shape of 
the small yellowish-white flowers. The species 
epithet foenum-graecum means ‘Greek hay’ 
and according to Rosengarten [25] the 
Romans, who got the plant from Greece where 
it was a very common crop in ancient times, 
gave it this name. It is also called ‘ox horn’ or 
‘goat horn’ because of the two seed pods 
projecting in opposite directions usually from 
the nodes of the stem base that resemble ox or 
goat horns [15]. 

Important vernacular names of fenugreek 
are Hhelbah, Hhelbeh, Hulba and Hulabah in 
Arabic; Shambala in Armenian; K’u-Tou in 
Chinese;  Fenegriek in Dutch; Fenugreek and 
Fenigrec in English; Abish in Ethiopian; 
Fenugrec and Senegre in French; Trigoniskos, 
Tsimeni, Tintelis, Moschositaro, Tili and 
Tipilina in Greek; Methi in Indian and 
Pakistani; Fieno Greco in Italian; Koroba in 
Japanese; Schemlit and Shambalilae in Persian 
(Irani); Pazhitnik, Pazsitnyik and Grezsezki 
szeno in Russian; Khul’ba, Ul’ba and Boidana 
in Uzbekistani [15, 18]. 

 
Origin and distribution 

Fenugreek, Trigonella foenum-graecum L., 
is an ancient and annual legume crop mainly 
grown for multiple uses in many parts of the 
world. Landraces and species of Trigonella 
have been found on the continents of Asia, 
Europe, Africa and Australia. Fenugreek was 
also cultivated in parts of Europe, northern 
Africa, west and south Asia, North and South 
America and Australia (Fig. 1) [18, 26]. 

 

 
Table 1- A list of the medicinal species of the genus Trigonella, from the pharmaceutical point of view  

[15, 18] 
Genus Species 

Trigonella T. foenum-graecum, T. balansae, T. corniculata, T. maritima, T. spicata, T. occulta, 
T. polycerata, T. calliceras, T. cretica, T. caerulea, T. lilacina, T. radiata, T. spinosa 
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Figure 1- Fenugreek cultivation throughout the world [26] 

 

Different authors have widely divergent 
opinions about the probable ancestry of  
T. foenum-graecum. Vavilov [27] has 
suggested that fenugreek is native to the 
Mediterranean region, while De Candolle [28] 
and Fazli and Hardman [2] proposed an Asian 
origin for the crop [26]. De Candolle [28] and 
Fazli and Hardman [2] notice that fenugreek 
grows wild in Punjab and Kashmir, in the deserts 
of Mesopotamia and Persia, in Asia Minor and in 
some countries in Southern Europe such as 
Greece, Italy and Spain. De Candolle [28] 
believes that the origin of fenugreek should be 
Asia rather than Southern Europe, because if a 
plant of fenugreek nature was indigenous in 
Southern Europe it would be far more common 
and not be missing in the insular floras of Sicily, 
Ischia and the Balearic Isles [15]. 

Many authors maintain that the direct 
ancestor of cultivated fenugreek is the wild  
T. gladiata Ste. that differs from T. foenum -
graecum in respect of the entire aggregate of 
characters, of which seed tuberculation and the 
small size of the pods are only the most 
striking. It is possible that the species  
T. foenumgraecum evolved from T. gladiata, 
which had possibly given rise to some new 
extinct forms of T. foenum-graecum [15, 29]. 

 
Botanical perspective 

Fenugreek is also known as one of the 
oldest medicinal plants recognized in recorded 

history [26, 30, 31]. Linnaeus has described 
the species Trigonella foenum-graecum first 
[15, 18, 32]. Fenugreek is an annual 
dicotyledonous plant belonging to the 
subfamily Papilionaceae, family Leguminacae 
(=Fabacecae). A morphological description of 
the plant is presented by Sinskaya [33], 
Hutchinson [22], Tutin and Heywod [34], 
Fazli and Hardman [2], Petropoulos [15, 29], 
and Basu [18] in Table 2 and Figure 2 [35]. In 
general, two types of flowering shoots are 
observed [15, 29]. The common type bears 
axillary flowers showing an indeterminate 
growth habit, whereas the less common or so 
called "blind shoots" have both axillary and 
terminal flowers, each of which become "tip 
bearers". Two types of fenugreek flowers also 
have been described [15, 29]; i.e., 
cleistogamous (closed) and aneictgamous 
(open) flowers. However, the majority of 
fenugreek flowers are cleitogamous; 
aneictgamous flowers are not common in 
fenugreek [18]. 

There are firm indications that there is a 
linkage of the quantitative character of 
diosgenin content with the morphological 
character of the number of pods per node near 
the top of stem, and that high content of 
diosgenin is inherited together with the 
formation of twin pods. So, the phenotype of 
twin pods in comparison with that of solitary 
pods is a good index of selection and should  
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Fig. 2- Fenugreek (Trigonella foenum-graecum L.) from source of Koehler’s Medicinal Plants images [35] 

 
provide a reliable basis to predict the 
performance of their progenies for a higher 
diosgenin content of seed, from very early 
generations [15, 18, 29]. 

 
Fenugreek in Iran 

Fenugreek exist wild in the provinces of 
Esfahan, Ardebil, Lourestan, Fars, Kerman, 
Balughistan, Khorashan, Semnan, West and 
Eest Azarbaijan [36]. Almost in all parts of 
Iran, fenugreek is cultivated as vegetable and 
spice crop for a long time and its cultivated 
area is about 400 ha. Annual fenugreek 
production in Iran is 800 tons and its grain 
yield is 0.8 t/ha [37]. In one of the experiment, 
Moradi et al. [38] compared twenty accessions 
of Iranian fenugreek coming from some 
provinces of Iran for quantitative and 
qualitative features (Table 3). These results 
showed significant variation (p<0.01 and 
p<0.05) among accessions. The analysis of 
ploid level of the accessions native to Iran 
revealed that all the accessions under study 
were diploid (2n=16). The longest 
chromosome was 7 Microns in Ardestan 
sample and the shortest chromosome was 2.54 
Microns in Borazjan sample. The longest 

whole chromosome in Zanjan sample and the 
shortest whole chromosome in Borazjan 
sample were measured 48.3 and 26.46 
Microns, respectively [38]. 
 
Growing period of fenugreek 

The time of germination in soil usually 
varies from 3-10 days. Six to ten days after the 
fenugreek germination the seedlings produce 
the first leaf, which is usually simple; there is 
still no noticeable epicotyl as the first trifoliate 
leaf is formed after a further 5 – 8 days (Figure 
3) [15]. Growth is slower under cooler and 
wetter conditions, and long periods of these 
conditions may cause a failure of plants to 
mature for seed harvest. The growth rate of 
fenugreek is slow at the beginning of the 
growing season, and leaf development is 
temperature-dependent [39]. Dawidar and 
Fayez [40] studied the sapogenin make up of 
the plant at various stages of growth along 
with the different parts of the seeds and they 
revealed that the seedlings have the highest 
diosgenin (and other steroid sapogenin) 
content compared to all other stages of growth 
[15].  
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Table 2 - Morphological characteristics of fenugreek [18] 
Morphological 
characteristics Description, color and texture Dimensions 

Plant habit Erect or prostrate, straight or profusely 
branched 20-130 cm in length 

Stem 

Circular to slightly quadrangular, greenish, 
often characterized by pinkish color due to 
anthocyanin accumulation under field 
condition 

0.5-1 cm in diameter 
 

Leaf 

Simple and trifoliate, distinctly petiolate, 
stipulate; leaf lamina oval or orbicular with an 
entire margin. The petioles and leaf lamina 
varies form greenish to pinkish in the field 

1.5-4.5 cm × 0.8-1.5 cm 

Petiole Pale green, pubescent, often anthocyanin 
tinged Very small; 0.5-1.1 mm 

Flower Yellow when young but white on maturity 1.6 - 2.2 cm 

Calyx Campanulate, pale green, pubescent 6 - 8 mm 

Individual sepal Pale green, pubescent 1 3 - 19 mm 

Corolla Papilionaceous, white, papery 1.5-1.9 cm 

Standard/Vexillum/Banner White, papery 1.5 - 1.8 cm 

Keels/Carina White, papery 6-10 mm 

Wings/Alae White, papery 4.5 - 5.5 mm 

Anther lobes Bright yellow, rectangular 1 -1.5 mm × 0.4- 0.5 
mm 

Filament Hyaline, tubular 1. 7 - 1.9 mm 

Ovary Deep green, glaucous 1.8-2.5 mm 

Stigma Pale green, glaucous 1.5 - 2.1 mm 

Style Pale green/hyaline glaucous 0.2 - 0.5 mm 

Pollen grain 

Oval (70-90 %) to circular, orbicular, 
ellipsoidal grains (10-30 %). Hyaline; stained 
pink or red when treated with 0.5 % 
acetocarmine 

0.032- 0.042 mm × 
0.025 -0.027 mm 

Ratio of terminal to axillary 
flowers 

All flowers yellow when immature and white 
when matured 

Extremely rare, 
however the ratio 
varies as 1:8/1:10/ 

1:11/1:13 

Number of pods per plant 
and pod dimensions 

Pods brownish or yellowish brown with 
mucronate tips 

2-8/plant 
9.5-18.6 cm × 0.2-0.4 

cm 

Seed 

Rectangular to oval in shape with deep 
grooves between the radicle and cotyledon 
Varies in color form pale brown to golden 
yellow 

10-20/pod 
3-5 mm × 2-3 mm 
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Table 3 - Some Characters of Iranian fenugreek accessions [38] 
Characters Lowest - Highest Unit 

Leaf length 16.9 (Ahvaz) – 37.4 (Shiraz) mm 
Leaf width 11.32 (Kerman) – 18.63 (Shiraz) mm 
Leaf thickness 0.229 (Kerman) – 0.348 (Ahvaz) mm 
Petiole length 22.38 (Borazjan) – 66.21 (Zanjan) mm 
Nodes number to flowering 5.25 (Kermanshah) – 7.67 (Semnan) number 
Leaf number (before flowering) 7 (Ardestan) – 23 (Seesakht) number 
Plant fresh weight 23.9 (Shahr-rey) – 44.41 (Ahvaz) g 
Plant dry weight percent 0.77 (Shahr-rey) – 0.144 (Borojerd) % 
Chlorophyll content/ fresh weight 0.13 (Ardestan) – 0.23 (Kerman) g/kg 
Leaf protein content (per 100 g) 7.97 (Ahvaz) – 14.65 (Ghaenat) g 
Seed protein content (per 100 g) 8.58 (Ahvaz) – 22.27 (Esfehan) g 
Time to flowering 39 (Borazjan) – 76 (Shahr-rey) days 
Total flowering rate 73 (Kakan) – 92 (Seesakht) number 
Flowering time 36 (Ardestan) – 61 (Ghaenat) days 
Pod length 65.2 (Kashan) – 140.08 (Borojerd) mm 
Pod width 3.42 (Kakan) – 4.46 (Borojerd) mm 
Seeds per pod 10 (Kermanshah) – 18 (Borazjan) number 
Total seeds per plant 806 (Kermanshah) – 1573 (Borazjan) number 
1000 seed weight 5.56 (Semnan) – 19.44 (Kermanshah) g 
Sowing to harvest (Growth period) 81 (Borazjan) – 133 (Ghaenat) days 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3 - The first growth habit of a fenugreek seedling [15] 
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After the seed germination and the first 
growth of the seedling, follows the main plant 
growth, which includes the development of 
stems, flowers, pods and seeds. The fenugreek 
has an indeterminate growth habit, which 
means the growth continues from the terminal 
and axially buds, while the flowering and 
formation of pods are both in progress [5, 18]. 
In the cleistogamous flowers of fenugreek 
there are four distinguished stages of 
development; flower bud (first stage), main 
development (second stage), pollination (third 
stage), fertilization (fourth stage). The pod of 
fenugreek also has the following four 
distinguishing stages of development including, 
length development (first stage), width 
development (second stage), germ development 
(third stage), ripening (fourth stage) [15]. 
However, fenugreek is botanically a short living 
(4 – 7 months) annual crop. Sinskaya [33], based 
on the growing period, morphological characters 
and habits, classified fenugreek into series, 
subseries and ecotypes and into five groups: very 
early (80–85) days, early (80 – 90) days, 
midearly, late (90 – 100/115) days and very late 
(120 – 140) days [15]. 

Ecology 
Although the main area cultivated with 

fenugreek is concentrated in some countries of 
Asia and Africa, however it has been 
distributed in many countries throughout the 
world under different environments. This wide 
distribution of its cultivation in the world is 
characteristic of its adaptation to variable 
climatic conditions and growing environments 
[15, 29] (Table 4). Duke [5] reports that 
fenugreek, ranging from cool temperate steppe 
to wet through tropical very dry forest life 
zone, is reported to tolerate an annual 
precipitation of 3.8–15.3 dm and an annual 
mean temperature of 7.8 – 27.5˚C. There are 
indications of the possible benefit of colder 
nights on the sapogenin content of the seed 
[2]. Depending on the geographical source of 
the seed its sapogenin content, calculated as 
diosgenin, varied from 0.8–2.2 percent 
expressed on a moisture free basis [2]. The 
highest sapogenin content was found in an 
Ethiopian sample and the lowest in a sample 
from Palestine [15]. 

Table 4 - Some ecological factors of fenugreek growth 
Factor Descriptions and reports 

Climate 

- Temperate climate with mild winters and cool summers [15] 

- Moderate or low rainfall 

- Fairly drought resistant and fairly frost sensitive [41] 

- It can tolerate 10 ̊C of frost [5] 

Altitude 

- Up to 1300 - 1400 m 

- In Ethiopia to 3000 m 

- But its main zone of distribution in that country is between 2150-2400 m [33] 

Soil 

- Well-drained loams and generally slightly alkaline Soils are ideal, lime application in 

some strongly acid condition may be necessary [25] 

- Heavy and wet soils limit fenugreek growth [15, 18] 

- Optimum pH 8 – 8.5 [18] 

- Potash has been used to adjust soil pH to increase nutrients uptake of fenugreek [42] 
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As a legume crop, it can condition the soil by 
fixing nitrogen from the atmosphere and can 
reduce the need for nitrogen fertilizer for 
subsequent crops. Because fenugreek is a 
nitrogen-fixing legume, seeds must be 
inoculated with appropriate Rhizobium species 
for optimal growth [15, 18, 43]. As a dry-land 
crop, its water requirements are low; use of 
fenugreek can reduce the cost of irrigation, save 
water and reduce eutrophication of surface water 
and limit contamination of ground water source. 
These properties also make fenugreek a useful 
legume crop for incorporation into short term 
rotations [18, 31]. 

 
Cultivation practices 

Higher yield per hectare will be obtained 
through superior varieties and better 
management practices of production. In the 
old times, a fenugreek yield of 1 ton of seeds 
per hectare was considered very well, but 
nowadays yields of more than 2 tons per 
hectare are being obtained. The large yields of 
fenugreek are mainly dependent to suitable 
cropping and agronomic practices. A 
significant increase in yields through the 
suitable use of irrigation and adequate levels 
of soil fertility could make an immediate and 
important contribution to farm income [15, 
29]. 

Fenugreek is a dry-land crop which 
responds even to minimal levels of irrigation. 
Interest in cultivating fenugreek in temperate 
climates, has increased because of its rain-fed 
adaptation [26, 31]. Baricevic and Zupancic 
[44] reported lower diosgenin yield from 
drought stressed fenugreek cultivars. However, 
when grown under optimal irrigation regime 
(35% depletion of available soil water) 
diosgenin yield increased in comparison to 
normal irrigated plants, suggesting that the 
plant does well under minimal irrigation [15, 
44]. 

N, P and K fertilizers had a beneficial 
effect on the fenugreek seed yield, while N 
and K improved the quality of fenugreek hay 
[45]. In pot experiments with fenugreek, it was 
found that the highest seed yield was obtained 
from the double N, P and K rates combined 
with Ca and Mg application. Crops showed the 
highest requirement for N and K, lesser for Ca 
and least for P [15, 46]. Kozlowski et al. [9] in 
pot experiments with fenugreek also found that 
seed yield was highest when the N–P–K rate 
was doubled. Mg addition increased the effect 
of the doubled N rate, but the highest seed 
yields were obtained when Ca was also added. 
The addition of Ca alone without Mg had a 
more positive effect on seed yield than 
addition of Mg alone. The average mucilage 
value was highest when Ca and Mg were 
added at doubled N rates. When Ca and Mg 
were added at doubled K rates the mucilage 
value decreased, while doubled K alone 
yielded the lowest diosgenin concentration. 
Without Ca and Mg the diosgenin 
concentration increased most when the N rate 
was doubled. A negative relation between N 
uptake and diosgenin content was observed [9, 
15]. In order to reduce salt accumulation in the 
soil, small amounts of fertilizers are applied 
frequently rather than large quantities at longer 
intervals [15, 29]. 

Fenugreek is a nitrogen fixing legume. 
Hence the seed must be inoculated with an 
appropriate Rhizobium inoculum to optimize  
its growth potential. The most common 
nodule- forming bacteria associated with 
Trigonella foenum-graecum L. is the Gram 
negative, aerobic, non-sporulating, rod shaped 
bacterium, Rhizobium meliloti [18, 31]. 
Abdelgani et al. [47] has suggested that 
inoculation of fenugreek with a suitable strain 
of Rhizobium can improve quality and amount 
of seed generated. 
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As different varieties of fenugreek are 
cultivated in different conditions throughout 
the world, a wide range of seed yields have 
been reported by various authors. In India seed 
yields are 500–3320 kg/ha and that yields of 
1800 kg/ha were economically viable, while 
the average seed yield of the last twenty years 
(1975–95) in India is 1203 kg/ha [15, 48]. 
Mohamed [10] reported a seed yield of 1595 
kg/ha in Egypt, Piper [49] reported 1680 kg/ha 
in USA, while Talelis [41] estimated the seed 
yield in Greece as 2465 kg/ha. In Ethiopia, the 
seed yield for fenugreek was presented as very 
low, fluctuating between 582 and 608 kg/ha, 
while in Poland [48] this value was 495–1480 
kg/ha and in Germany 1700 – 2100 kg/ha [50]. 

In England, a seed yield of 3700 kg/ha has 
been reported from experimental fields [15]. 

At different stages of growth, a broad 
range of forage yields has been reported. Piper 
[49] reports that the yield of fenugreek as fresh 
matter was estimated to be 13170 kg/ha at Santa 
Paolo of California and 17400 kg/ha in San 
Joaquin Valley, while Duke [5] reported that 
according to the Wealth of India the green 
forage production of fenugreek is estimated at 9 
– 10 t/ha. Purohit and Vyas [51] also reported an 
average leaf yield of 9000 - 10000 kg/ha. 

In summary, agronomic practices of 
fenugreek and relevant references for 
additional information reported in Table 5. 

 
Table 5 - Some of fenugreek cultivation practices 

Practice Descriptions and reports 

Soil preparation 
- Deep plowing and harrowing (two or three ploughing) [51] 
- When fenugreek follows most cereal crops or soil moisture was limited and low 
cost, plowing may not be necessary [15, 18]. 

Sowing depth 1.0-1.5 cm [15],or 2 cm [50] depth 
Methods of sowing Namely broadcasting on the surface of the soil and drilling are applied [15] 
Seed quality It should posses a least 95% seed purity and 80% germination ability [15] 

Spacing of sowing 

- Rows 45 cm apart and 8 cm within rows [5, 25] 
- Rows 30-50 cm apart [41, 52] 
- Rows 30-40 cm apart [48] 
- Rows 10-30 cm apart, but highest seed yield in 20 cm [10] 
- Optimum plant density: 158480 plant/ha [15] 
- Rows 25 cm apart  [15, 50, 51] 

Seed rate 

- 22.5 kg/ha for broadcast [5, 25]. When drill seeded, lesser quantities of seed could 
give satisfactory results. 
- 40-67 kg/ha [41, 52] 
- 17-22 kg/ha for seed production and 35 kg/ha for green manure [49] 
- 15-20 kg/ha [48] 
- 25 kg/ha  [15, 50, 51] 
(Estimating that a 1 kg seed of fenugreek contains approximately 35000-53000 
seeds [15], but in Iran contains 52000-90000 by my studies). 

Hard seed 
Scarification  

- Sulphuric acid for 35-40 min [15, 18] 
- Soaked in water or GA (at 25, 50 or 100 ppm) for better germination [18, 51] 

Time of Sowing 
It is generally grown as a winter crop in areas with mild winter and as spring crop in 
areas with soil that keeps moisture in the summer. However, spring sowings are 
recommended for all areas with prolonged periods below freezing [15, 41]. 

Irrigation 

- Methods of application are both flooding and spraying [15, 31]. 
-  It is estimated that a water quantity of 200 m3/ha every time for sandy soils, and 
250 m3/ha for heavier soils replicated every fortnight [15]. 
- Five times for the whole growing period of a fenugreek crop under Indian 
conditions [15, 45] 
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Continue Table 5 - Some of fenugreek cultivation practices 
Practice Descriptions and reports 

Fertilizer 

General recommended basal doses of; 
- Infantile nitrogen about 20 ka/ha at sowing time [15] 
- N: 60 [53, 54], and 87.5 kg/ha [15, 55]  
- The main source of N fertilization is nitrate ammonia for acid soils and sulfate 
ammonia for limey soils [15]. 
- 10 tones manure, 25 kg N, 25 kg P2O5, and 50 kg K2O per ha [51] 
- Foliar application of urea (0.25 to 1.25%), 10 to 20 days after germination [51] 
- The N×P interaction can significantly increase the yield per hectare. The highest 
seed yield and seed weight can be obtained from plants receiving N: P at 30:60 
kg/ha but it reduces the diosgenin content from 0.35% to 0.12% with NP treatment 
[51]. 
- P2O5: 30 [15, 55], 45-60 [56], 50-60 [43], and 60 kg/ha [57] 
- K2O: 40 kg/ha [53] 
- In Poland, Germany, and Hungary: 20-30 kg N, 60-70 kg P2O5, and 80-100 kg 
K2O per ha [15]  
- On sandy loam with a pH value at least 6.5, 80-90 kg/ha K2O [15] 

Weed control 

- Hand weeding twice, 15 and 30 days after sowing (critical period), resulted in the 
highest seed yield [58]. 
- Pre-sowing treatments; paraquat, and glyphosate (non-selective herbicides). Pre-
emergence treatments; trifluralin, fluchloralin, chlorpropham, and pendimethalin 
(soil-acting). Post-emergence treatments; bentazon, MCPB, diclofop-methyl, and 
alloxydim [15, 29]. 

Rotation 

- A very good two year rotation crop is fenugreek–wheat, which is widely practiced 
[50]. The usefulness of fenugreek as a commercial crop is now being recognized and 
also as a break-crop for cereal areas [15]. 
- Fenugreek can be successfully grown in conservation tillage systems in rotation 
with a wide range of crops [26, 31]. 

Harvesting 

- In most of the cases, especially under wet conditions, harvesting starts when most 
of the pods are mature. For spring sowing, ripens usually 3–5 months after planting 
and for fall sowing, this time exceeded 7 months [15]. 
- The best harvesting time of fenugreek for green fodder should be when the pods of 
the base are in the first stage of their development, where the plants are a well 
formed mass and are very tender [15]. 

 
 

Application of plant growth regulators 
Alhadi et al. [59] found that application of 

gibberellic acid to the seed before sowing 
causes a slight change in the growth 
characteristics and physico-biochemical 
properties of standing fenugreek crops under 
water deficient conditions. Ortuno et al. [60] 
reported a considerable increase in diosgenin 
content in young leaves (20 mg g-1 dry weight) 
in fenugreek seeds treated with 
benzylaminopurine. Alagukannan and 
Vijaykumar [61] reported that application of 2-
1-napthylacetic acid (NAA) to seed increased 
the number of seeds per pod and, seed size in 

fenugreek, while application of maleic 
hydrazide (MH) and 2,4 
dichlorophenoxyacetic acid (2,4-D) on seed 
increased the seed protein content [18, 31]. 

 
Genetic and Breeding 

Fenugreek according to Darlington and 
Wylie [62] has 2n=16 chromosomes, while 
Joshi and Raghuvanshi [63] have investigated 
the presence of B-chromosomes. Singh and 
Singh [64] isolated five double trisomics along 
with primary trisomics from the progenies of 
autotriploids, which had 2n+1+1=18 
chromosomes. 
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Fenugreek is grown for multiple uses and 
breeding programmes need to be concerned 
with the suitability of the product according to 
its existing uses, such as high diosgenin 
content of seed for steroidal industry, high 
protein content for human and animal feeding, 
high mucilage (galactomannan) content with 
appropriate ratio of Man./Gal.1 for industrial 
uses and as the case may be for fixed oils, 
aromatic and spicy substances, as well as 
pharmaceutical constituents etc [15, 18, 31]. 
The development of improved varieties of 
fenugreek with higher diosgenin content in the 
seed should be obtained at first from the 
existing populations, cultivated or landraces, 
using known breeding methods especially 
those with the induction of mutations [15]. The 
final goal of a fenugreek breeder is the 
development of a variety of excellent quality 
and quantity yield over a wide range of 
environments [52]. In actual practice three 
methods namely selection, hybridisation and 
mutation used separately or in combination, 
may be involved in the development of an 
improved variety of fenugreek.  

Fenugreek is self-pollinated, but there are 
opportunities for natural out crossing. The 
inherent variation in fenugreek is quite 
immense and so it is grown today in the wide 
range of climatic conditions of all continents 
[15, 18]. Allard [65] has suggested that 
legumes are considered cross-pollinated when 
more than 10 % of them are "outcrossed". On 
this basis Petropoulos [15, 29] described 
fenugreek as a rarely cross pollinated plant as 
its stigma becomes receptive before the 
anthers mature. Because of this 
Petropoulos[15, 29] has suggested that cross 

                                           
1 Mannose/Galactose; The ratio of mannose to galactose 
varies in the different plant genus but the most appropriate for 
industry applications is 4:1 [15] 
 

pollination for breeding purposes, can be done 
in closed flowers of fenugreek at initiation of 
the second stage of floral development, when 
the stamens are lower in position than the 
stigma, i.e. when the anthers are closed but the 
stigma is receptive to pollination [18]. 

Consequently selections among world 
accessions and mutation breeding have been 
advocated as the best ways to improve the crop 
[15], and much of the breeding with fenugreek 
has utilized these two approaches [18, 66]. On 
the basis it and for example, the first North 
American fenugreek forage cultivar "Tristar" 
was released for use in western Canada in 
2004 by Agriculture and Agri-Food Canada 
(AAFC). Tristar fenugreek was developed 
from a line L3314 (formerly PI-138687), 
originally collected in 1940 from Iran [18]. 

A lot of fenugreek mutants have been 
isolated by the treatment of dry seeds with 
different chemical mutagens [67, 68], while 
shoot apexes of fenugreek treated by 
colchicine produced tetraploid plants with 
promising economic characteristics [69]. The 
effect of mutagens on tissue cultures of 
fenugreek with UV-irradiation, ethyl-methane-
sulphonate (EMS), methyl-methane-
sulphonate (MMS), and sodium azide (NaN3) 
increased steroidal sapogenin about two- to 
three-fold [4, 15, 68]. 

 
Biotechnology 

Fenugreek tissue and cell cultures have 
been used for either plant regeneration or for 
the production of secondary products of 
economic interest. Among these products are 
diosgenin and trigonelline: a saponin and an 
alkaloid with therapeutic properties, which are 
constituents of fenugreek seeds [70, 71, 72]. 
The demand for fenugreek metabolites, mainly 
with a higher diosgenin and trigonelline 
content, prompted more directed tissue 
culturing efforts [4]. 
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The first report on the production of 
spirostane derivatives by Trigonella tissue 
cultures was published by Khanna and Jain 
[13] and concerned the establishment of static 
cultures grown on solid Murashige and Skoog 
(MS) medium [73] supplemented with 1 mg/l 
2,4-dichlorophenoxyacetic acid (2,4-D) [72]. 
They reported the production of diosgenin, 
gitogenin and tigogenin along with other 
sterols. Six-week-old cultures showed a high 
growth index (GI= final wet weight – initial 
wet weight / initial wet weight) and the total 
steroidal content was higher than in the seeds 
[74]. In other study, the highest diosgenin and 
tigogenin content was found in 8-week-old 
calli (0.40 and 0.15%, respectively) [74]. 

Khanna et al. [75] demonstrated that 
suspension cultures of Trigonella foenum-
graecum L. grown on media supplemented 
with various concentrations of cholesterol 
produced higher sapogenin contents than those 
grown on medium without cholesterol. There 
are alternative pathways from sterol to 
diosgenin [76]. A first pathway is the 
incorporation of cholesterol and this pathway 
is predominant when the precursor is added at 
subculture. The second pathway involves side-
chain cleavage before incorporation and takes 
place when the sterol is added 10 days after 
subculture. In a similar way, Trisonthi et al. 
[14] demonstrated that mevalonic acid 
promotes the synthesis of steroidal sapogenins 
in fenugreek tissue, particularly in suspension 
cultures grown on MS or Miller medium. 

More recently, the effects of diniconazole, 
a triazole-type fungicide with a broad 
antifungal spectrum, on cell suspension 
cultures have been studied [70]. This fungicide 
was added (125 µM) to the fenugreek cell 
cultures, and, after 21 days, the cell growth 
decreased by about 20% compared to the 
control cell growth. Furthermore, diniconazole 
treatment led to a decrease of about 50% of 

total sterol content, causing an inhibition of 
sterol biosynthesis at the 14-α-demethylation 
step leading to accumulation of 14-α-
methyl∆8-sterols. Oncina et al. [71] reported 
on the production of diosgenin by callus 
cultures of Trigonella foenum-graecum L. 
Leaf, stem and root calli were established and 
cultured on different soild growth media (MS, 
White’s basal medium, Gamborg’s B5) [77] 
supplemented with coconut milk, malt extract 
and NAA. In all cases, MS medium 
supplemented with 15% (v/v) coconut milk 
and 3×10-6M NAA was the most suitable 
medium for callus growth. Diosgenin levels 
were higher in leaf calli than in stem and root 
calli and corresponded to about three to five 
times the levels observed in the calli from 
other plant organs. Maximum diosgenin levels 
were attained after 45 days and reached 2.2 
mg/g dry weight in leaf calli, 0.74 mg/g in 
stem calli and 0.60 mg/g in root calli, which 
represents 22, 10 and 27% of the levels 
detected in the corresponding organs of the 
mother plant at 45 days [60, 74]. 

The pyridine alkaloid, trigonelline, is 
widely distributed in the plant kingdom and is 
known for its hypoglycaemic and 
hypocholesterolaemic activity [78]. It has been 
reported to occur in the seeds (0.3-0.4%) of 
Trigonella foenum-graecum L. [79]. Joshi and 
Handler [80] demonstrated the biosynthesis of 
trigonelline from nicotinic acid and S-
adenosylmethionine. Cell-free extracts of root 
callus cultures have been reported to catalyze 
the conversion of nicotinic acid and S-
adenosylmethionine to trigonelline in the 
presence of ATP and MgCl2 [81]. 

Callus cultures of Trigonella foenum-
graecum contained 3 to 4 times more 
trigonelline than the seeds of this plant and 12 
to 13 times more than the roots and shoots. 
Even higher levels of this alkaloid were 
produced by suspension cultures. This high 
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productivity was maintained during successive 
subculturing of calli and cell suspensions for 
eight months. Trigonelline accumulated in 
callus and suspension cultures with aging [4, 
15]. 

Eight-week-old callus tissue cultures of 
fenugreek, established from seeds on solid 
Revised Tobacco (RT) medium and 
supplemented with 1 mg/l 2,4-D, produced 
4.5% trigonelline. In the presence of 0.5 and 
1.0 mg/l nicotinic acid, trigonelline increased 
to 5.25 and 5.01% respectively [75]. 
Comparison of trigonelline contents of seeds, 
roots, shoots and in vitro cultures was carried 
out by Radwan and Kokate [82]. The explants 
were first subjected to shocks with high 
concentrations of 2, 4-D, IAA, indolepropionic 
acid (IPA), NAA, GA and kinetin to determine 
which auxin(s) was suitable for the 
development of calli. Hormonal shocks for 1 h 
stimulated significantly the growth of the calli. 
Whereas 2,4-D, IAA, IPA and NAA (10 mg/l) 
led to some increases in the trigonelline 
content, GA (1 mg/l) and kinetin (2 mg/l) did 
not have pronounced effects. Gamborg’s B5 
[77] medium, modified by supplementing it 
with 3 g/l of casein hydrolysate, 2 g/l of yeast 
extract and 40 g/l of saccharose, was used as 
growth medium. Four-week-old callus cultures 
of Trigonella foenum-graecum L. produced 
15.6 mg/g dry wt. of trigonelline, which 
represents 3 to 4 times more trigonelline than 
the seeds and 12 to 18 times more than the 
roots and shoots of the parent plants. Four- and 
6-week-old suspension cultures produced 38.2 
and 44.2 mg/g dry wt., respectively, of 
trigonelline which is more than twice the 
amount found in the calli. Proportions of 9-
12% of the trigonelline were released into the 
solid medium. In suspension cultures, one 
third or more of the trigonelline was dissolved 
in the liquid medium. Therefore, it appears 
that the biosynthesis of this compound is 

favored by its enhanced removal from the site 
of its biosynthesis in the cells, into the 
medium. Cultures grown in the presence of 50 
mg/l nicotinic acid contained more trigonelline 
than those grown in the presence of 1 mg/l 
only of this substrate. At the same time, the 
proportion of the alkaloid released into the 
liquid medium increased from 31%, with a low 
level of nicotinic acid, to 37%, with a high 
level of the same compound [74]. 

In other way, regeneration of shoots has 
also been achieved from fenugreek protoplasts. 
Protoplasts were isolated from the root apices 
of 48-h-imbibed seeds. The first divisions of 
root fenugreek protoplasts were observed after 
a 3–4 day culture and subsequent divisions 
gave cell colonies. However, a culture of these 
colonies gave only roots [15, 74]. 

 
Conclusion  

The usefulness of fenugreek as a 
commercial and chemurgic crop is now being 
recognized, not only as a break-crop for cereal 
areas, where it is a very good soil renovator, 
but also as forage, medicinal plant, source of 
diosgenin (the most important raw material for 
the steroid industry) and other constituents 
such as trigonelline, protein, fixed oils, 
mucilage, as well as culinary uses for 
traditional and modern flavoring. 

Our knowledge of agronomic and 
biotechnology practices which could promote 
high quality and quantity of fenugreek 
production under Iranian growth conditions is 
very limited. There is need to develop an 
efficient agronomic and biotechnological 
package for assured production in fenugreek. 
Widespread cultivation of fenugreek requires 
that we solve the production problem through 
proper understanding of the agronomic 
complexities of growing this crop, and select 
germplasm. Since fenugreek is a self-
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pollinated crop, a mutation breeding method 
can be applied to generate mutants with a 
determinate growth habit. Irradiation and 
chemical mutagens can be used to produce 
point mutations in fenugreek. Selection for 
improved agronomic properties in the world 
collections is another possible approach that 
can help solve the seed yield and quality 
problem. In conclusion, higher quantity and 
quality yield will be obtained through better 
management practices of cultivation, breeding 
and biotechnology of fenugreek or in 
combination them. This approach will help 
scientists to develop, through integrated 
research management programs, means to 

establish optimum levels of fenugreek 
production and to optimize the yield of active 
constituents per unit area for a wide range of 
environmental and other conditions and for 
specific farming situations. 
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