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Introduction

Biostimulants, such as amino acids and nitrogen-containing compounds, play a vital role in the
biochemical and physiological processes of plants. These molecules serve as precursors and raw
materials for the production of otheriessential compounds, and are crucial for the regulation and
control of cellular activities and varioustbiological\systems. Amino acids and nitrogen-containing
compounds are essential for optimal plant growth and development, and improving nitrogen nutrition
and amino acid management can enhance, plant growth, yield, and resilience to environmental
stresses.Foliar applicationtef amino acids and hitrogen-containing biostimulants helps plants channel
more of their stored energy into growth, development, and overall quality.

Materials and Metheds

This study aimed te investigate'the effects of amino acid and nitrogen-containing biostimulants on the
growth, performance, and ‘morphe-physiological and biochemical characteristics of fenugreek at
LorestanyUniversity. Thesexpériment was conducted in a greenhouse using a completely randomized
design withh10 treatments'and three replications. The treatments included a control (spraying with
distilled waterand foliar applications of aspartic acid, glutamic acid, and nicotinic acid, each at three
levels (75, 1505and 300 mg/L). The first foliar application was performed during the 4 to 6 leaf stage,
with subsequent applications every 14 days (for a total of 4 applications).

Results and Discussion

The results indicated that applying nicotinic acid and aspartic acid at a concentration of 300 mg/L
significantly increased plant height. Foliar application of all three biostimulants at concentrations of
150 and 300 mg/L resulted in a significant increase in leaf area and fresh weight of root. The
application of nicotinic acid and aspartic acid also led to a significant increase in the fresh weight of
the plant. However, the positive effect of nicotinic acid on plant fresh weight was greater than that of
aspartic acid. Nicotinic acid treatment at all three levels increased the dry weight of the plant. Foliar
application of glutamic acid and aspartic acid at concentrations of 150 and 300 mg/L also increased
the dry weight of the plant. However, root dry weight increased only with concentrations of 150 and
300 mg/L of nicotinic acid and aspartic acid, and 300 mg/L of glutamic acid. Foliar application of all
three compounds—glutamic acid, nicotinic acid, and aspartic acid—resulted in significant increases in
chlorophyll a, chlorophyll b, and total chlorophyll. The most positive effect on chlorophyll was
observed with aspartic acid application. Carotenoid levels were also significantly increased with the
application of nicotinic acid and aspartic acid compared to the control, while glutamic acid only
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increased carotenoids at the highest concentration. Photosynthesis rate, stomatal conductance, CO,
concentration under the stomatal chamber, and total nitrogen were significantly increased with the
foliar application of all three compounds—glutamic acid, nicotinic acid, and aspartic acid.
Conclusion

The results of the present study showed that the application of biostimulants such as nicotinic acid,
aspartic acid, and glutamic acid generally led to improvements in the studied characteristics. Overall,
it can be concluded that the use of biostimulants, particularly nicotinic acid and aspartic acid
(especially at a concentration of 300 mg/L), is recommended for improving the growth, performance,
and morpho-physiological traits of fenugreek.
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Table 1- Some characteristics of the soil used in
the research.
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Table 2- Variance analysis of morphological traits and yield of T. foenum-graecum in responsg to biostimulants.

TIVIEa ors o
SOV e Plant Crown | Mm, | araral Internode Number Leaf frach - Root fresh Root dry
R e height  diameter b:;nbc;es bl;;n?;ns lengtfpits of nodes area j“hf w:: :ht welght weight
Treatments 9 35.25" CAYAT S LenptiBl” 40™ 7.49°  Shewm7 o1 0.114 2.87
Error v Biostimldeits qf’g]?ﬂntf ,ﬁﬁ%r of latesed2  NUMPh 93 Leafarses  frealsd éﬁé éry ﬁg,ﬁ,ﬁfﬁsﬁ ,S,tﬂ?,[y 0.135
V. weatmentaognil) R S brancins O " mios avegro Bt MRt e
VR and ! significant {CBP)and 1% TevelS of prébability and non-signifgafplestctivelyy rprant o
Control (0) 35.00  2.90° 25.25° 18.50% 12.60° 18.45" 2.96¢ 1.76° 0.23°
Nicotinic acid 75  38.50™  2.93" 32.62° 20.37° 13.55° 27.76™ 6.12"¢ 3.03% 0.31%
Nicotinic acid 150  39.00®  2.53° 30.87%® 18.12° 16.472 32.29% 7.10% 7.86° 1.46°
Nicotinic acid 300  40.32° 2.46° 32.87° 20.37° 18,87 36.90° 8.08° 7.79° 2.90°
Asparticacid 75 34.12°  2.87® 29.75® 17.00° 13.93¢ 24195% 3.59" 2.27® 0.31%
Aspartic acid 150  37.25™  2.56° 30.62* 17.62° 1.7.05% 2745 5.90% 5.58" 1.35°
Aspartic acid 300  42.07° 2.60° 29.00" 18.50%° 17.92* 81.19% 6.57™ 4.44" 1.57°
Glutamicacid 75  34.77°  2.64™ 27.75" 16.12° 13.22¢ 19.90° 3.02¢ 2.27® 0.33"
Glutamic acid 150 ~ 34.37" 2.47° 29.25° 17.50" 16.25° 19.89° 4.42° 3.23% 0.60%
Glutamic acid 300  33.50° 2.57° 28.00 1737° 17.20%° 21.87%" 5.04% 3.02% 0.79°

*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 of photosynthetic pigments, gas exchange, and nitrogen content of T. foenum-graecum in response to biostimulants.
Mean squares

Chlorophyll  Chlorophyll Total . Photosynthesis o Stomatal Internal .
S.0.V. Df. a b Chlorophyll Carotenoid rate Transpiration conductance co, Nitrogen
Treatments 9 18.66" 6.095" 4276~ 3.258" 99.93” 4.67™ 0.017 16584.887  2.437
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

*,**_ and ns: Significant at 5% and 1% levels of probability and non-significant, respectively.

Table 5. Mean comparison of the effects of foliar application of biostimulants on photosynthetic pigments, gas exchange, and nitrogen content
of T. foenum=graecum

Traits
Chlorophylla  Chlorophyll Total Carotenoid™  Photosynthesi Stomatal Internal Nitrogen

Biostimulants (mgg*F.W.) b(mgg*  Chlorophyll (mg g™ srate (mmol  conductance Cco, (%)

treatments (mgr/L) F.W.) (ngv g; F.W.) CO,/m?ls) (mmol/m%s)  (umol/mol)
Control 9.59° 4.62¢ 14.22¢ 3.68% 13.05° 0.13¢ 195.25' 3.53f
Nicotinic acid 75 13.32 6.99™ 20.32° 5.68° 18.82% 0.26™ 273.25%¢ 4.15%
Nicotinic acid 150 14.91% 7.16™%¢ 22.08" 5.28% 23.23" 0.36° 366.00%° 4.90°™
Nicotinic acid 300 16.08% 8.20° 24.29% 5.89° 30.47° 0.35° 400.75%® 6.17°
Aspartic acid 75 15.00 7.53%¢ 22547 5.49% 16.30% 0.22° 225.25° 4.32°%
Aspartic acid 150 16.12% 7.43° 23.56 498" 21.40" 0.27™ 318.00™ 4.50%
Aspartic acid 300 17.39° 7.72% 25.11° 5.79% 24.50° 0.28" 330.5™ 5.56%
Glutamic acid 75 12:96° 4.56° 17.53° 3.29° 15.92% 0.24 245.00%" 3.92°
Glutamic acid 150 14.44°%¢ 6.55° 20.99% 4.43" 19.27% 0.25"¢ 284.75% 4.76%
Glutamic acid 300 13.88% 6.85" 20.73¢ 5.37° 22.07" 0.30° 253.50% 5.00

*Meanswith the same letter in each column are not significantly different at 5% of probability level.
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