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Abstract

Introduction

Fenugreek (Trigonella foenum-graecum L.) is an important annual leguminous plant widely
distributed across Asia and Southern Europe. Valued for its nutritional benefits, the leaves are
commonly consumed as a leafy vegetable, owing to their rich composition of choline, proteins,
essential minerals, and vitamins. Beyond its dietary use, fenugreek leaves and seeds have
demonstrated potent therapeutic potential, notably in blood detoxification. Numerous studies
have documented its diverse pharmacological properties, including antidiabetic, anticancer,
antimicrobial, and lipid-lowering effects. Biostimulants, particularly amino acids and nitrogenous
compounds, play a vital role in plant biochemical and physiological processes, acting as
precursors for vital metabolites and regulators of cellular function. Their application can enhance
plant growth, yield, and resilience to environmental stresses by optimizing nitrogen nutrition and
amino acid management. Foliar application of these compounds is known to promote plant
energy allocation toward growth and improved quality.
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Materials and Methods

This study investigated the effects of amino acid and nitrogen-containing biostimulants on
fenugreek grown at Lorestan University. A greenhouse experiment was conducted using a
completely randomized design with 10 treatments and three replications. Treatments included a
control (distilled water) and foliar applications of aspartic acid, glutamic acid, and nicotinic acid,
each at 75, 150, and 300 mg 1"". The first foliar application was at the 4-6 leaf stage, with three
subsequent applications at 14- day intervals (for a total of 4 applications). At the flowering stage,
a comprehensive set of morphological parameters was recorded, including plant height, lateral
branch length and number, number of nodes, crown diameter, internode length, and leaf area.
Additionally, fresh and dry weight of roots and shoots were quantified. Concurrently, key
physiological and biochemical traits were assessed, encompassing chlorophyll a, chlorophyll b,
total chlorophyll content, carotenoid levels, net photosynthetic rate, intracellular CO,
concentration, stomatal conductance, transpiration rate, and total nitrogen content.

Results and Discussion

Foliar application of nicotinic acid and aspartic acid at 300 mg 1" significantly increased plant
height. All three biostimulants at 150 and 300 mg 1" significantly enhanced leaf area and root
fresh weight compared to the control. Nicotinic acid and aspartic acid also notably increased
plant fresh weight, with nicotinic acid showing the greatest effect. Dry weight increased
significantly with nicotinic acid at all concentrations and with glutamic and aspartic acid at 150
and 300 mg 1"'. Root dry weight increased with nicotinic acid and aspartic acid at 150 and 300 mg
1" and with glutamic acid at 300 mg I"'. Chlorophyll a, chlorophyll b, and total chlorophyll were
significantly increased by all three compounds, with the most pronounced effects observed for
aspartic acid. Carotenoid content rose significantly with nicotinic acid and aspartic acid
treatments and with glutamic acid at the highest concentration. Additionally, photosynthesis rate,
stomatal conductance, intercellular CO, concentration, and total nitrogen content were
significantly improved across all biostimulant treatments.

Conclusion

Foliar application of biostimulants, particularly nicotinic acid and aspartic acid at 300 mg 1"
markedly improved growth, yield, and key morpho-physiological and biochemical attributes in
fenugreek. These findings support the use of amino acid-based biostimulants for enhancing
performance and stress resilience in fenugreek cultivation.
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Table 2. VVariance analysis of morphological traits and yield fenugreek in response to biostimulants

Means of squares

Plant Crown Number of Length of Internode Number Leaf Shoot Shoot Root fresh Root dry
SOV. Df. height diameter lateral lateral length of nodes area fresh dry weight weight
branches branches weight weight
Treatments 9 35.25" 0.128" 0.60™ 21.317 0.40™ 7.49 18.97" 151.22" 1247 20.114™ 287"
Error 30 12,51 0.030 0.71 5.32 0.23 3.25 2.34 15.63 0.594 0.928 0.135
CV (%) - 9.58 6.62 12.58 7.79 17.61 9.93 9.75 15.16 14.59 2.32 3.72

A3 gy 5 0S| el 53 1 e O3t 5 a5 7l e OV 3 gy et ™
* ** and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.
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Table 3. Mean comparison for the effects of foliar application of biostimulants on morphological traits and yield of fenugreek

ciosimulns esmens PPN Crowncameer LISl N0l gy Shoolteh Senilly R foo
lostimulants treatments

cm mm cm per plant cm? g. plant™ g. plant™ g. plant™ g. plant™
Control 35.00™ 2.90° 25.25° 18.50% 12.60° 18.45" 2.96° 1.76° 0.23°
Nicotinic acid
75mg I 38.50® 293 3262 20.37° 13.55° 27.76™ 6.12"¢ 3.03% 0.31%
150 mg I 39.00® 2.53° 30.87% 18.12° 16.47° 32.29* 7.10* 7.86° 1.46"
300mg I 40.32° 2.46° 32.87° 20.37° 18.87° 36.90° 8.08* 7.79° 2.90°
Aspartic acid
75mg It 34.12™ 2.87* 29.75% 17.00° 13.93° 24,95% 3.59% 2.27% 0.31¢
150 mg I 37.25% 2.56° 30.62% 17.62° 17.05% 27.45> 5.90 5.58" 1.35°
300mg I 42.07° 2.60° 29.00° 18.50% 17.72% 31.19* 6.57™ 4.44> 1.57°
Glutamic acid
75mg I 34.77% 2.64™ 27.75% 16.12° 13.22° 19.90° 3.02¢ 2.27% 0.33%
150 mg I"* 34.37" 2.47° 29.25 17.50° 16.25" 19.89° 4.42% 3.23« 0.60%
300mg I 33.50° 2.57° 28.00™ 17.37° 17.22% 21.87% 5.04% 3.02% 0.79°

sl o LSD 05037 5 eslial b oy gty Szl el 3l gne (3O oo S0l s 52 55 65 2 o 51,1 (sla 0 SSlonse
*Means with the same Letter in each column are not significantly different at 5% of probability level.
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Table 4. Variance analysis for photosynthetic pigments, gas exchange, and nitrogen content of fenugreek in response to biostimulants

Means of squares

Total - . .
SOV, Df Chlorophylla  Chlorophyll b Chlorophyll Carotenoid Photosynthesis Transpiration Stomatal Internal Nitrogen
content content content content rate conductance CO, percentage
Treatments 9 18.66™ 6.095" 42.76” 3.258™ 99.93™ 467" 0.01" 16584.88"™ 243"
Error 30 1.53 0.626 3.38 0.408 10.23 2.67 0.001 1620.18 0.29
CV.(%) - 8.61 11.69 8.69 12.80 15.62 7.13 0.03 13.91 11.60

M)b@jd&JL}\cEn)é)\:dhAJ}k‘d—l%:&;Q*}**‘ﬂéswg.jw‘aﬁ-}c.\pns
*,** and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.

Wl I 03958 9 I YO (5 jwgid S0 355 2 () BB o (2 (b g F1 (iSle dwlie -0 Jguer
Table 5. Mean comparison for the effects of foliar application of biostimulants on photosynthetic pigments, gas exchange, and nitrogen percentage of

fenugreek
Chiorophyll a Chlorophyll b Total chlorophyll Carotenoid Photosynthesis Stomatal Internal CO, Nitrogen
Biostimulants treatments content content content rate conductance
mg gt F.wW mg gl F.wW mg g™ F.W mg gt F.W mmol m? s mmolm2s?  mmolm?s? (%)

Control 9.59° 4.62° 14.22 3.68% 13.05° 0.13° 195.25' 3.53f
Nicotinic acid

75mg I 13.32¢ 6.99" 20.32° 5.68° 18.82¢ 0.26™ 273.25% 4.15%
150 mg I 14.91 7.16® 22.08™ 5.28% 23.23™ 0.36° 366.00® 4.90™
300mg I"* 16.08% 8.20° 24.29% 5.89° 30.47° 0.35° 400.75% 6.17°
Aspartic acid

75mgI*? 15.00™ 7.53% 22.54* 5.49° 16.30% 0.22° 225.25% 4.32¢
150 mg I 16.12% 7.43° 23.56% 4.98® 21.40™ 0.27" 318.00™ 4.50%
300mg I 17.39° 7.72% 25.11° 5.79° 24.50 0.28" 330.5" 5.56%
Glutamic acid

75mg It 12.96° 4.56° 17.53° 3.29° 15.92% 0.24% 245.00% 3.92%
150 mg I 14.44" 6.55° 20.99% 4.43™ 19.27¢ 0.25" 284.75% 4.76%
300mg I 13.88% 6.85" 20.73° 5.37° 22.07™ 0.30° 253.50% 5.00”

sl o LSD Ose3T Sl eslizal b dus s o) Jle| c\z.ﬂ 3 )l fme OO pule ;L_.: O A 53 ES i Cog o glyls L;u;,:isttp-:se
*Means with the same letter in each column are not significantly different at 5% of probability level
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