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Introduction 

Fenugreek (Trigonella foenum-graecum), is a mem-
ber of the Fabaceae/Leguminosae family. Fenu-

greek, also referred to as methi, is a member of the 
Trigonella genus. West Asia, the subcontinent, Europe, 
and Australia are among the places where it is grown 
(Basu et al., 2008). Additionally, it is grown throughout 
Pakistan, especially in the Sindh and Punjab regions, 
the production of fenugreek in Pakistan was recorded 
494 tons cultivated on area 164 hectares. (Provincial 

crop reporting service centers 2021-2022). It is a herb 
that grows vertically, usually reaching a height of 10 
to 50 cm (Suleiman et al., 2008) having large, yel-
low grains produced by tall, semi-erect, moderately 
branching with the dark green, vitamin A, iron, and 
protein-rich leaves and greenish pods (Petropoulos, 
2002). Fenugreek can be produced in sub-tropical cli-
mates with moderate winters and required tempera-
ture of 10-15 °C and requires pH of 6.0-7.0, relatively 
high temperatures increase seed formation (Singh et 
al., 2014). Furthermore, Amin et al. (2005) discovered 
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that fenugreek seed extract successfully prevents and 
inhibits the growth of breast cancer; this may be be-
cause flavonoids are present in the extract (Eidi et al., 
2007) noted that fenugreek is also historically been 
used to cure a variety of illnesses, including rickets, 
depression, tumours, enlarged liver and spleen, heart 
disease, diabetes, fever and stomach disorders (Thorat 
et al., 2019). Its green leaves contains 1.1g fiber, 4.4 g 
proteins, 6 g carbohydrates, 86 g moisture, Vitamin 
B1, B2, B3, B6, and vitamin C (Wani et al., 2018). 
The seeds of fenugreek are frequently added as a spice 
to pickles, dal, and vegetable dishes. Curry recipes 
such as “aloo methi” curry frequently contain fresh 
fenugreek leaves. It has also been discovered that fen-
ugreek has therapeutic qualities (Syeda et al., 2008; 
Vidyashankar, 2014). Legumes like fenugreek and 
Soybean, which are nodules forming plants, can fix 
atmospheric nitrogen into the soil by the action of a 
bacterial species known as “Rhizobia.” These bacteria 
more especially, the rhizobium live in the root nod-
ules of leguminous plants and establish a symbiotic 
connection with them. Rhizobiaum bacteria are able 
to suppress pathogens through a variety of strategies, 
including resource competition and antibiotic pro-
duction (Essalmani and Lahlou, 2002). Additional-
ly, they accelerate the process of biological nitrogen 
fixation, which supplies a large amount of nitrogen 
to plants, and encourage plant growth, Siddiqui et 
al., (2000) and Gendy (2013), conducted an experi-
ment on fenugreek for selection of suitable rhizobi-
um strains, results showed that fenugreek growth was 
enhanced by rhizobium inoculation in terms of leaf 
count, dry weight of the plant, and number of nod-
ules per plant. In a different experiment, Ahmad et al. 
(2022) discovered five distinct bacterial strains from 
the rhizospheres of sesame, chickpea, lentil, berseem, 
and mungbean. The length of the shoot, root, and dry 
matter production of chickpea seedlings increased 
significantly in most isolates. In comparison to the 
control treatment, the experiment showed that iso-
lates treated with rhizobium strain inoculation had 
higher plant heights, nodule counts and pod counts 
per plant. Being a leguminous plant, nitrogen is fixed 
by bacteria in root nodules of fenugreek. Rhizobium 
is a significant source of nitrogen for agricultural soils 
therefore more fresh leaves production, and improved 
soil quality have all been demonstrated benefits of 
using appropriate rhizobium strains. This experiment 
has been conducted to inoculate the fenugreek seed 
with different Rhizobium strains for yield improve-
ment.

Materials and Methods

An experiment on “Effect of nitrogen and rhizobi-
um inoculation on growth and yield of fenugreek 
(Trigonella foenum-graecum) fresh leaves” was con-
ducted at Horticulture Research Farm, The Univer-
sity of Agriculture Peshawar, Pakistan during 2023. 
The research was arranged in Randomized Complete 
Block Design (RCBD) with split plot arrangement, 
with two factors and three replications, there were 16 
treatments in each replication. A whole of 48 sub-
plots and 12 main plots were used to prepare the field. 
Factor “A” was nitrogen levels (0, 20, 40 and 60 kg 
ha-1) and factor “B” was different strains of rhizobi-
um bacteria (uninoculated seeds, rhizobium trifolium, 
mesorhizobium ciceri and bradyrhizobium japonicum). 
Nitrogen levels were kept in main plots, while rhizo-
bium inoculated seeds were kept in sub plots.

Laboratory analysis
Laboratory analysis were conducted at the labora-
tory of soil and environmental sciences division, Nu 
clear institute for food and Agriculture, (NIFA) Pe-
shawar, for isolation of rhizobium strains Three dif-
ferent rhizobium strains were isolated from three 
different organic sources i,e berseem (Rhizobium tri-
folium), chickpea (Mesorhizobium ciceri) and soybean 
(Bradyrhizobium japonicum). 

Table 1: Isolation and purification of rhizobium strains.
Ingredients Quantity
K2HPO4 (5.0%) 10mL
MgSO4.7H2O (0.2%) 10mL
NaCl (1.0%) 10mL
Yeast extract 1.0g
Mannite 10g
Agar 15g
pH 7.0

Rhizobium strains were isolated using Yeast Extract 
Mannitol Agar (YMA) media. The composition of the 
medium was (1000 mL) (Atlas 1993).

Using yeast extract mannitol agar medium (YMA), 
certain host plants such as berseem and chickpea were 
used to extract rhizobium species. 5% K2HPO4 (10 
ml), 2% MgSO4.7H2O (10 ml), 1% NaCl (10 ml), 10 
g mannitol, 1 g yeast extract, and 15.0 g agar made 
up the YMA medium composition per liter. In or-
der to sterilize the medium, it was autoclaved for 20 
minutes at 121°C and 15-20 lb inch-2 pressure. Petri 
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plates were aseptically filled with the sterilized me-
dium inside laminar airflow cabinets. In the laminar 
flow cabinet, exposure to UV light further sterilized 
these petri plates. Berseem, chickpea and soybean 
plants were uprooted at flowering stage as the nodule 
number and health are expected to be maximum at 
this stage. The nodules from the plant roots were sep-
arated using knife and were washed with tap water. 
The nodule were surface sterilized with 95% ethanol 
and rinsed with DI water then again sterilized us-
ing 0.1% HgCl2 and finally rinsed four to five times 
with sterilized distilled water. Using sterile forceps, 
the nodules were crushed, and the nodule juice was 
sprinkled onto the solidified medium by using steri-
lized micro pipette. The petri-dishes were then incu-
bated for 48 hours at 28 °C in incubator. On recently 
produced plates, prolific single colonies of rhizobium 
species from berseem and chickpea were chosen and 
purified. Following purification, these cultures were 
stored at 5±1°C for further experimentation.

Preparation of broth culture media for seed inoculation
A broth medium for a 500 ml solution containing a 
variety of nutrients and chemicals 2.5 g of sucrose, 
0.25 g of peptone, 0.1 g of MgSO4.7H2O, 0.5% NaCl 
(5 ml), 5 g mannitol, 0.25 g of KH2PO4, 0.25 g of 
Fe (NH2)2SO4, and 5 g of yeast extract was prepared. 
After preparing and adding four distinct solutions to 
individual flasks, the autoclave was used to sterilize 
them for 15-20 minutes at 121 °C. After cooling and 
being exposed to UV light to avoid contamination, 
these liquid cultures were inoculated with three dis-
tinct isolated strains of rhizobium bacteria and the 
samples were incubated for 72 hours at a particular 
temperature of 30±2 °C in incubator. For compari-
son, an uninoculated control group was also prepared 
using same procedures and protocols. In the broth 
cultures, prolific colonies of rhizobium species were 
seen with naked eye as dense growths at the top. The 
produced broth was then used to inoculate fenugreek 
seeds.

Determination of nitrogen content by kjeldahl method 
About 0.5 g grinded plant sample was taken in di-
gestion tube and 3.5 g digestion mixture + 10 mL 
commercial sulphuric acid (H2SO4) added. Digested 
it at 420 °C for 2-3 hours and on cooling run in the 
auto-distillation apparatus using 10 ml of 4 % boric 
acid as a receiver in a conical flask and titrated against 
0.1 N H2SO4 and the volume of acid used for titra-
tion was recorded. Following formula was used to get 

nitrogen content in leaves samples of fenugreek;

Calculations

OR

N (%) = (Sample-blank) × 0.28

Inoculation of fenugreek seeds 
After observing highest development of rhizobium 
in broth culture, the seeds of fenugreek were soaked 
for 6-8 hours in the prepared inoculum. After soak-
ing the seeds were dried in the shade before sowing. 
Seeds of fenugreek Punjab local were sown after in-
oculation, on 28 October, 2023 in a four-row sub-
plot, with six seeds per row. Line sowing was used, 
maintaining a distance of 10 cm between plant-plant 
and 30 cm between row-row. The studied parameters 
were, days to emergence, number of branches plant-1, 
number of leaves plant-1, plant height (cm), nitrogen 
content in leaves, chlorophyll content and fresh leaves 
yield (tons ha-1).

Statistical analysis
The ANOVA was used to analyze the data in order 
to find whether there were any variations among the 
distinct treatments. The average difference was meas-
ured using the LSD test at the 0.05 % or 0.01 % sig-
nificance level (Steel et al., 1997). The STATISTIX 
8.1 software was used to execute the computations for 
both ANOVA and LSD.

Results and Discussion

Rhizobium inoculation and nitrogen levels had a pro-
nounced effect on the growth and yield of fenugreek. 
The results obtained are discussed briefly as under.

Days to emergence 
Rhizobium inoculation and nitrogen levels signif-
icantly effected days to emergence (Table 1) shows 
maximum days to emergence (11.92) was observed 
in uninoculated seeds while less days to emer-
gence (5.92) was recorded in seeds inoculated with 
Bradyrhizobium japonicum. Rhizobium bacteria are 
capable of producing indole acetic acid (IAA) and 
gibberellic acid (GA), which are growth hormones 
crucial for germination and plant growth. Giri and 
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Joshi (2010) also reported that rhizobium inoculation 
improved the seed quality and plant growth due to 
its easy handling and contemptibility. However, Ha-
feez et al. (2004) used different strains of rhizobium 
in their experiment and observed that Bradyrhizobi-
um japonicum not only induced root elongation, shoot 
development and enhanced nutrient uptake, but also 
promoted early germination. Among nitrogen levels 
maximum days to emergence (10.00) was obtained in 
control while minimum days to emergence (6.42) was 
recorded at the level of 60 kg ha-1. Increased levels of 
nitrogen not only play a significant role in improv-
ing maximum number of leaves and plant growth, 
but also enhanced germination (Monaco et al., 2003). 
Observations of Osuna et al. (2015) showed nitrogen 
is an essential nutrient and many plants in terrestrial 
ecosystems are adapted to conditions of low N avail-
ability, in addition to serving as a basic nutrient, N 
also promotes seed germination through function 
as a signaling molecule resulted in improved days to 
emergence (Table 2).

Number of branches plant-1

The means of statistical analysis indicates that num-
ber of branches plant-1 was significantly affected 
by treatments (Table 1). More number of branches 
plant-1 (10.00) was recorded in bradyrhizobium japon-
icum, while les number of branches plant-1 (4.92) 
was observed in uninoculated seeds. Rhizobium in-
oculation can significantly enhance the number of 
branches plant-1 through improved nitrogen fixation, 
better nutrient uptake, hormonal effects, enhanced 
root development, and increased stress resistance. A 
study performed by Namvar et al. (2011) showed that 

rhizobium inoculation with bradyrhizobium japon-
icum and mesorhizobium ciceri significantly increase 
primary and secondary branches plant-1 over uninoc-
ulated plants. The mean values for nitrogen levels also 
displayed significant effect for number of branches 
plant-1 maximum number of branches plant-1 (9.75) 
was observed at the level of 60 kg ha-1 while mini-
mum number of branches plant-1 (6.58) was calculat-
ed in control. Nitrogen is vital and key element that 
enhances number of branches plant-1 by promoting 
photosynthetic activities, improving protein synthesis 
and stimulate growth hormones such as Auxin (cell 
elongation and branching) and cytokinins (cell divi-
sion and shoot initiation). Results of Kazemeini et al. 
(2010) showed that nitrogen application enhanced 
number of branches plant-1 by promoting several 
metabolic processes and increased cell division and 
expansion.

Number of leaves plant-1

The number of leaves plant-1 was significantly affect-
ed by rhizobium inoculation and nitrogen levels (Ta-
ble 1). While mor number of leaves plant-1 (105.50) 
was observed in bradyrhizobium japonicum, while les 
number of leaves plant-1 (62.25) was observed in un-
inoculated seeds. The symbiotic association between 
rhizobium and the roots of leguminous crops is re-
sponsible for the maximum number of leaves in inoc-
ulated plants (Sajid et al., 2011). However, Hassan et 
al. (2024) also concluded that bradyrhizobium japon-
icum greatly enhanced plant growth and number of 
leaves plant-1 as well as brought about positive devel-
opments in sustainable agriculture through processes 
such as phytohormone synthesis and nitrogen fixation. 

Table 2: Growth and yield characteristics as affected by rhizobium inoculation and nitrogen levels.
Treatments Parameters
Rhizobium Strains Days to 

emergence
No of branch-
es plant-1

No of leaves 
plant-1

Plant height 
(cm)

nitrogen con-
tent in leaves

Chlorophyll 
content

Fresh leaves 
yield (tons ha-1)

Uninoculated seeds 11.92 A 4.92 D 62.25 D 54.83 C 3.79 C 29.18 D 5.96 D
Rhizobium trifolium 8.92 B 8.00 C 80.08 C 63.38 B 4.13 B 33.02 C 6.41 C
Mesorhizobium ciceri 7.25 C 9.00 B 93.92 B 67.19 AB 4.54 A 37.22 B 6.98 B
Bradyrhizobium japonicum 5.92 D 10.00 A 105.50 A 70.34 A 4.70 A 41.14 A 7.51 A
LSD 0.9027 0.7121 4.2373 5.1949 0.2567 1.7988 0.3064
Nitrogen levels (kg ha-1)

10.0 A 6.58 B 73.17 D 56.84 c 3.95 B 31.43 B 6.18 C0
20 kg ha-1 9.42 A 7.50 B 79.92 C 62.60 bc 4.08 B 32.88 B 6.33 C
40 kg ha-1 8.08 B 8.08 B 84.83 B 66.35 ab 4.47 A 36.83 A 6.67 B
60 kg ha-1 6.42 C 9.75 A 103.83 A 69.96 a 4.67 A 39.43 A 7.49 A
LSD 0.9354 1.5344 4.6668 9.8452 0.2336 3.0475 0.3912
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The data recorded for nitrogen levels show that max-
imum number of leaves plant-1 (103.83) was observed 
at the level of 60 kg ha-1 while minimum number of 
leaves plant-1 (73.17) was calculated in control. Ni-
trogen is vital for the development of new tissues, 
including leaves. Healthy nitrogen levels support the 
production of more leaves, which can enhance the 
plant’s photosynthetic capacity and overall growth. 
Studies of El-Desuki et al. (2005) showed that ap-
plication of nitrogen increased the vegetative growth. 
Petropolous et al. (2008) determined that higher ni-
trogen levels resulted in a greater number of leaves in 
the plant.

Plant height (cm) 
The inoculation of rhizobium and nitarogen levels sig-
nificantly affected plant height (cm), (Table 1). Tallest 
plants (70.34 cm) was given by the seeds which were 
inoculated with bradyrhizobium japonicum while small 
plant height (54.83 cm) was observed in uninoculat-
ed seeds. Maximum plant height in inoculated plants 
may be attributed due to the fact that rhizobium in-
oculation provides better soil environment for nutri-
ents and water leading to taller plants (Tahir et al., 
2009). These results are earlier confirmed by Sharar 
et al. (2000) who reported that seeds produced sig-
nificantly taller plant height than uninoculated seeds. 
Data regarding nitrogen levels showed that maximum 
plant height (69.96 cm) was observed at the level of 
60 kg ha-1 while minimum plant height (56.84 cm) 
was calculated in control. Nitrogen influences the 
production of growth hormones such as auxins and 
cytokinins which regulate cell division and elonga-
tion. Increased cell division and elongation contrib-
ute to the vertical growth of plants. Nitrogen fertilizer 
has significant effect on plant height, however, Argaw 
(2017) observed significant effect of nitrogen fertiliz-
er on soybean plants.

Nitrogen content in leaves (%)
Rhizobium inoculation and nitrogen levels had a 
significant effect on nitrogen content in leaves (Ta-
ble 1). However more nitrogen content (4.70) was 
recorded in bradyrhizobium japonicum while less ni-
trogen content (3.79) was observed in uninoculated 
seeds. Maximum nitrogen content in leaves may be 
due to maximum nutrients uptake by rhizobium bac-
teria in vegetative stage. The use of advantageous mi-
crobes greatly improved the quantity of nitrogen in 
the leaves of cotton (Khaliq et al., 2006). Based on the 
nutritional analysis of chickpea seeds, bradyrhizobi-

um japonicum and mesorhizobium ciceri seed treatment 
with appropriate rhizobium strains promoted to raise 
P and N uptake in the leaves of plants. These nutri-
ents are likewise necessary for the microorganisms, 
and their inoculation enhanced rhizobacterial colo-
nization, which supply the crop with essential nutri-
ent such as nitrogen. The findings of Sogut (2006) 
indicated that the inoculated plants tended to have a 
higher vegetative nitrogen content. Our conclusions 
support the earlier work of Koutroubas et al. (2023). 
They found that inoculation of seeds with bradyrhizo-
bium japonicum not only improved nutrients uptake, 
but also increased nitrogen content in leaves and 
vegetative parts of the plant. Among nitrogen levels 
highest nitrogen content in leaves (4.67) was calculat-
ed at the level of 60 kg ha-1 while minimum nitrogen 
content (3.95) was noted in control. The amount of 
nitrogen content in leaves significantly affects sever-
al physiological and biochemical processes in plants 
such as photosynthesis, protein synthesis and most 
importantly it promotes vegetative growth, resulting 
in larger leaves and increased biomass. Petropolous et 
al. (2008) demonstrated that nitrogen fertilizer con-
siderably raised the nitrogen concentration in leaves.

Chlorophyll content 
The treatments had showed significant effect on 
chlorophyll content (Table 1). Maximum chloro-
phyll content (41.14) was produced in the inoculated 
plants, while minimum chlorophyll content (29.18) 
was produced in uninoculated seeds. Due to symbi-
otic association between rhizobium bacteria and root 
nodules more nitrogen is available to the plant re-
sulting in more chlorophyll content. Nyoki and Nda-
kidemi (2014) examined the effects of bradyrhizobium 
japonicum inoculation and phosphorus supplementa-
tion on the uptake of macronutrients in cowpea. They 
discovered that inoculating bradyrhizobium japoni-
cum significantly increased the total leaf chlorophyll 
content of the cowpea when measured five and seven 
weeks after planting. According to studies by Biswas 
et al. (2000) and Bambara and Ndakidemi (2010), 
soybeans inoculated with Bradyrhizobium japonicum 
showed a significant increase in the amount of chlo-
rophyll content in their leaves. Among nitrogen levels 
maximum chlorophyll content (39.43) was observed 
at the level of 60 kg ha-1 while minimum chlorophyll 
content (31.43) was noted in control. Nitrogen is a 
structural component of protein and chlorophyll mol-
ecules, and it stimulates the development of chloro-
plasts and the formation of chlorophyll within them 
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Figure 1: Research Glimpses.

(Bojovic and Markovic, 2009). Results of an experi-
ment on the impact of nitrogen fertilizer on chloro-
phyll content conducted by Hokmalipour and Dar-
bandi (2011) showed that applying nitrogen fertilizer 
had a positive impact on chlorophyll content. 

Fresh leaves yield (tons ha-1)
The treatments had a pronounced effect on fresh 
leaves yield (tons ha-1), (Table 1). Highest fresh 
leaves yield (7.51 tons ha-1) was obtained by the 
plants which were inoculated with bradyrhizobium 
japonicum while low fresh leaves yield (5.96 tons ha-

1) was given by uninoculated seeds. Rhizobium bac-
teria has the ability to improve fresh leaves yield by 
adapting several mechanisms such as, the symbiotic 
relationship between rhizobium bacteria and legu-
minous plants leads to improved nitrogen fixation, 
enhanced nutrient uptake, hormonal regulation, in-
creased photosynthesis, better disease resistance, and 
overall soil health improvement. Findings of Wier-
zbowska and Zuk-Golaszewska (2014) revealed that 
inoculation with bradyrhizobium japonicum not only 
improved seed yield, but also increased fresh leaves 
yield. Bradyrhizobium japonicum contributed to the 
provision of additional vital nutrients, water, and 

growth-regulating phytohormones, which supported 
further plant development and yield (Rudresh et al., 
2005). In case of nitrogen levels, maximum fresh leaves 
yield (7.49 tons ha-1) was observed at the level of 60 
kg ha-1 while minimum fresh leaves yield (6.18 tons 
ha-1) was calculated in control. Applying N fertilizer 
boots fresh leaves yield, this strategy is only effective 
up to a certain amount of N fertilizer. Nitrogen ap-
plication significantly impacts the fresh leaves yield, 
provided it is applied in the right amounts and under 
suitable conditions. Studies of Tehlan and Thakral 
(2011) showed that green leaves yield increased with 
the increasing levels of nitrogen. The results coincide 
with the findings of Mauyo et al. (2008).

Conclusions and Recommendations 

Based on the above results, it is concluded that seeds 
inoculated with bradyrhizobium japonicum improved 
yield and other growth parameters of fenugreek. 
Seeds inoculated with bradyrhizobium japonicum also 
increased plant height and other yielding compo-
nents. Seed inoculated with bradyrhizobium japoni-
cum and nitrogen level at the rate of 60 kg ha-1 is rec-
ommended for better growth and yield of fresh leaves 
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of fenugreek. Further study should be conducted to 
investigate the influence of nitrogen application at 
the higher level on fenugreek and other leguminous 
plants. In future, the performance of more rhizobium 
strains such as Rhizobium leguminosarum should be 
tested in fenugreek and other leguminous plants.
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growth and yield of fresh leaves.

Author’s Contribution

Aman Bibi: Did research, analysis and write-up of 
this manuscript.
Neelam Ara: Supervised the research work contrib-
uted in statistical analysis and interpretation of the 
results.
Haroon Shahzad: Co-supervisor for research, pro-
vided supervision for the laboratory analysis.
Faiza Aman: Helped in revision of the manuscript

Conflict of interest
The authors have declared no conflict of interest.

References

Ahmad, M.A., Q. Khan and H. Shahzad. 2022. 
Response of Rhizobacterial strains and 
organic amendments on chickpea growth. 
Brazilian J. Biol., 82: 261-908. https://doi.
org/10.1590/1519-6984.261908

Amin, A., A. Alkaabi, S. Al-Falasi and S.A. Daoud. 
2005. Chemopreventive activities of Trigenolla 
foenum graecum (Fenugreek) against breast 
cancer. Cell Biol. Int., 29: 687-694. https://doi.
org/10.1016/j.cellbi.2005.04.004

Argaw, A. and D. Muleta. 2017. Inorganic nitrogen 
application improves the yield and yield traits of 
common bean (Phaseolus vulgaris L.) irrespective 
of the indigenous rhizobial population. South 
Afr. J. Plant Soil., 34: 97-104. https://doi.org/1
0.1080/02571862.2016.1193906

Bambara, S. and P.A. Ndakidemi. 2010. Changes 
in selected soil chemical properties in the 
rhizosphere of Phaseolus vulgaris L. supplied 
with Rhizobium inoculants, molybdenum and 

lime. Sci. Res. Essays., 5: 679-684.
Biswas, J.C., J.K. Ladha, F.B. Dazzo, Y.G. Yanni 

and B.G. Rolfe. 2000. Rhizobial inoculation 
influences seedling vigor and yield of rice. 
Agron. J., 92: 880-886. https://doi.org/10.2134/
agronj2000.925880x

Bojovic, B. and A. Markovic. 2009. Correlation 
between nitrogen and chlorophyll content in 
wheat (Triticum aestivum L.). Kragujevac J. Sci., 
31: 69-74.

Basu, S.K., S.N. Acharya and J.E. Thomas. 2008. 
Application of phosphate fertilizer and 
harvest management for improving fenugreek 
(Trigonella foenum-graecum L.) seed and forage 
yield in a dark brown soil zone of Canada. 
Current Appl. Sci. Tech., 8: 1-7.

Essalmani, H. and H. Lahlou. 2002. In vitro 
antagonistic activity of some microorganisms 
towards (Fusarium oxysporum f. sp.) lentis 
(french). Cryptogamie-Mycologie. 23: 221-
234.

Eidi, A., M. Eidi, M. Sokhteh. 2007. Effect of 
fenugreek (Trigonella foenum-graecum L.) 
seeds on serum parameters in normal and 
streptozotocin-induced diabetic rats. Nutr. 
Res., 27: 728-733. https://doi.org/10.1016/j.
nutres.2007.09.006

El-Desuki, M., S. Salman, M. El-Nemr and A. 
Abdel-Mawgoud. 2005. Effect of plant density 
and nitrogen application on the growth, yield 
and quality of radish (Raphanus sativus L.). J. 
Agric., 4: 225-229. https://doi.org/10.3923/
ja.2005.225.229

Gendy, A. 2013. Growth, yield and chemicals 
constituents of fenugreek as influenced by 
Rhizobium inoculation and molybdenum foliar 
spray. Middle East J. Agric. Res., 2: 84-92.

Giri, N. and N. Joshi. 2010. Growth and yield 
response of chick pea (Cicer arietinum) to seed 
inoculation with Rhizobium sp. Nat. Sci., 8: 
232-236.

Hafeez, F., M. Safdar, A. Chaudhry and K. Malik. 
2004. Rhizobial inoculation improves seedling 
emergence, nutrient uptake and growth of 
cotton. Aust. J. Exp. Agric., 44: 617-622. https://
doi.org/10.1071/EA03074

Hasan, A., B. Tabassum, M. Hashim and N. 
Khan. 2024. Role of plant growth promoting 
rhizobacteria (PGPR) as a plant growth 
enhancer for sustainable agriculture: A rev. 
Bact. 3: 59-75. https://doi.org/10.3390/

https://doi.org/10.1590/1519-6984.261908
https://doi.org/10.1590/1519-6984.261908
https://doi.org/10.1016/j.cellbi.2005.04.004
https://doi.org/10.1016/j.cellbi.2005.04.004
https://doi.org/10.1080/02571862.2016.1193906
https://doi.org/10.1080/02571862.2016.1193906
https://doi.org/10.2134/agronj2000.925880x
https://doi.org/10.2134/agronj2000.925880x
https://doi.org/10.1016/j.nutres.2007.09.006
https://doi.org/10.1016/j.nutres.2007.09.006
https://doi.org/10.3923/ja.2005.225.229
https://doi.org/10.3923/ja.2005.225.229
https://doi.org/10.1071/EA03074
https://doi.org/10.1071/EA03074
https://doi.org/10.3390/bacteria3020005


September 2025 | Volume 41 | Issue 3 | Page 969

Sarhad Journal of Agriculture
bacteria3020005

Hokmalipour, S. and M.H. Darbandi. 2011. Effects 
of nitrogen fertilizer on chlorophyll content and 
other leaf indicate in three cultivars of maize 
(Zea mays L.). World Appl. Sci J., 15: 1780-
1785.

Khaliq, A., M.K. Abbasi and T. Hussain. 2006. 
Effects of integrated use of organic and 
inorganic nutrient sources with effective 
microorganisms (EM) on seed cotton yield in 
Pakistan. Bioresource tech. 97: 967-972. https://
doi.org/10.1016/j.biortech.2005.05.002

Koutroubas, S.D., C.A. Damalas, S. Fotiadis and 
T. Markopoulos. 2023. Species, Cultivar and 
Seasonal Effects on Nodulation and Nitrogen 
Utilization of Spring Mediterranean Grain 
Legumes. J. Soil Sci. Plant Nutr., 23: 4463- 
4473. https://doi.org/10.1007/s42729-023-
01364-7

Kazemeini, S., M. Edalat, A. Shekoofa and R. 
Hamidi. 2010. Effects of nitrogen and plant 
density on rapeseed (Brassica napus L.) yield 
and yield components in Southern Iran. J. Appl. 
Sci., 10: 1461-1465. https://doi.org/10.3923/
jas.2010.1461.1465

Mauyo, L., V. Anjichi, G. Wambugu and M. 
Omunyini. 2008. Effect of nitrogen fertilizer 
levels on fresh leaf yield of spider plant (Cleome 
gynandra) in Western Kenya. Sci. Res., Essay., 
3: 240-244.

Monaco, T.A., C.T. MacKown, D.A. Johnson, 
T.A. Jones, J.M. Norton, J.B. Norton and 
M.G. Redinbaugh. 2003. Nitrogen effects 
on seed germination and seedling growth. 
Rangeland Ecology and Management J. Range. 
Manage. Arch., 56: 646-653. https://doi.
org/10.2307/4003941

Namvar, A. and R.S. Sharifi. 2011. Phenological 
and morphological response of chickpea (Cicer 
arietinum L.) to symbiotic and mineral nitrogen 
fertilization. J. Agric. Res., 2: 121-130.

Nyoki, D. and P.A. Ndakidemi. 2014. Effects of 
phosphorus and Bradyrhizobium japonicum 
on growth and chlorophyll content of cowpea 
(Vigna unguiculata (L) Walp). American J. Exp. 
Agric., 10: 1120-1136. https://doi.org/10.9734/
AJEA/2014/6736

Osuna, D., P. Prieto and M. Aguilar. 2015. Control 
of seed germination and plant development by 
carbon and nitrogen availability. Frontiers in 
Plant Sci., 6: 1023. https://doi.org/10.3389/

fpls.2015.01023
Petropoulos, G.A. 2002. Fenugreek: the genus 

Trigonella: CRC Press, Pp.85-93. https://doi.
org/10.1201/9780203217474

Petropoulos, S., C. Olympios and H. Passam. 
2008. The effect of nitrogen fertilization on 
plant growth and the nitrate content of leaves 
and roots of parsley in the Mediterranean 
region. Sci. Hort., 118: 255-259. https://doi.
org/10.1016/j.scienta.2008.05.038

Rudresh, D., M. Shivaprakash and R. Prasad. 
2005. Effect of combined application of 
Rhizobium, phosphate solubilizing bacterium 
and Trichoderma spp. on growth, nutrient 
uptake and yield of chickpea (Cicer aritenium 
L.). Appl. Soil. ecol., 28: 139-146. https://doi.
org/10.1016/j.apsoil.2004.07.005

Sajid, M., A. Rab, F. Wahid, S. Shah, I. Jan, M. 
Khan, S. Hussain, M. Khan and Z. Iqbal. 2011. 
Influence of rhizobium inoculation on growth 
and yield of groundnut cultivars. Sarhad J. 
Agric., 27: 573-576.

Sharar, M., M. Ayub, M.A. Choudluy and M. 
Nadeem. 2000. growth and yield of gram (Cicer 
arietinum L.). Pak. J. Agri. Sci. Vol 37: 3-4.

Singh, D., A. Kumar and A.K. Singh. 2014. 
Influence of planting time, planting geometry, 
intercropping and row direction on rust 
(Uromyces viciae fabae) Pers. De bary of field 
pea (Pisum sativum L.). Legume Res. Int. J., 
37: 542- 546. https://doi.org/10.5958/0976-
0571.2014.00673.0

Siddiqui, I., S. Ehteshamul-Haque, M. Zaki and 
A. Ghaffar. 2000. Greenhouse evaluation of 
rhizobia as biocontrol agent of root-infecting 
fungi in okra. Acta Agrobotanica 53: 13-22. 
https://doi.org/10.5586/aa.2000.002 

Steel, R.G.D., J.H. Torrie and D.A. Dicky. 1997. 
Principles and procedures of statistics, a 
biometrical approach. 3rd Edition, McGraw 
Hill, Inc. Book Co., New York, pp. 352-358.

Sulieman, A.M.E., A.O. Ali and J. Hemavathy. 
2008. Lipid content and fatty acid composition 
of fenugreek (Trigonella foenum-graecum L.) 
seeds grown in sudan. Int. J. Food Sci. Tech., 
43: 380-382. https://doi.org/10.1111/j.1365-
2621.2006.01446.x

Sogut, T. 2006. Rhizobium inoculation improves 
yield and nitrogen accumulation in soybean 
(Glycine max) cultivars better than fertiliser. 
New Zealand J. crop and Hort. Sci., 34: 115-

https://doi.org/10.3390/bacteria3020005
https://doi.org/10.1016/j.biortech.2005.05.002
https://doi.org/10.1016/j.biortech.2005.05.002
https://doi.org/10.1007/s42729-023-01364-7
https://doi.org/10.1007/s42729-023-01364-7
https://doi.org/10.3923/jas.2010.1461.1465
https://doi.org/10.3923/jas.2010.1461.1465
https://doi.org/10.2307/4003941
https://doi.org/10.2307/4003941
https://doi.org/10.9734/AJEA/2014/6736
https://doi.org/10.9734/AJEA/2014/6736
https://doi.org/10.3389/fpls.2015.01023
https://doi.org/10.3389/fpls.2015.01023
https://doi.org/10.1201/9780203217474
https://doi.org/10.1201/9780203217474
https://doi.org/10.1016/j.scienta.2008.05.038
https://doi.org/10.1016/j.scienta.2008.05.038
https://doi.org/10.1016/j.apsoil.2004.07.005
https://doi.org/10.1016/j.apsoil.2004.07.005
https://doi.org/10.5958/0976-0571.2014.00673.0
https://doi.org/10.5958/0976-0571.2014.00673.0
https://doi.org/10.5586/aa.2000.002
https://doi.org/10.1111/j.1365-2621.2006.01446.x
https://doi.org/10.1111/j.1365-2621.2006.01446.x


September 2025 | Volume 41 | Issue 3 | Page 970

Sarhad Journal of Agriculture

120. https://doi.org/10.1080/01140671.2006.9
514395

Syeda, B.B., I. Muhammad and M. Shahabuddin. 
2008. Antioxidant activity from the extract of 
fenugreek seeds. Pak. J. Anal. Environ Chem. 
9: 78-83.

Tehlan, S. and K. Thakral. 2011. Effect of different 
levels of nitrogen and leaf cutting on leaf and 
seed yield of coriander (Coriandrum sativum). J. 
of Spices and Aromat. crops, Pp. 17.

Thorat, R. and D. Gaikwad. 2019. Pharmacognostical 
and Phytophysiocochemical investigations of 
Trigonella foenum-graecum Linn. J. of Drug 
Delivery and Therapeutics. 9: 138-145. https://
doi.org/10.22270/jddt.v9i3-s.2810

Vidyashankar, G.K. 2014. Fenugreek: An analysis 
from trade and commerce perspective. American 
J. Soc. Issues and Humanit., 162-170.

Wani, S.A. and P. Kumar. 2018. Fenugreek: A review 
on its nutraceutical properties and utilization 
in various food products. J. Saudi Soc. Agric. 
Sci., 17: 97-106. https://doi.org/10.1016/j.
jssas.2016.01.007

Wierzbowska, J. and K. Zuk-Golaszewska. 
2014. The impact of nitrogen fertilization 
and Rhizobium inoculation on the yield and 
quality of (Trigonella foenum-graecum L.) 
J. Elementol., 19. https://doi.org/10.5601/
jelem.2014.19.3.671

https://doi.org/10.1080/01140671.2006.9514395
https://doi.org/10.1080/01140671.2006.9514395
https://doi.org/10.22270/jddt.v9i3-s.2810
https://doi.org/10.22270/jddt.v9i3-s.2810
https://doi.org/10.1016/j.jssas.2016.01.007
https://doi.org/10.1016/j.jssas.2016.01.007
https://doi.org/10.5601/jelem.2014.19.3.671
https://doi.org/10.5601/jelem.2014.19.3.671

