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Extended abstract

Introduction

Water deficit is a major environmental constraint that limits plant establishment, growth, productivity,
and photosynthetic efficiency. Plants exposed to water<deficient conditions often exhibit reduced leaf
area and growth, mainly due to decreased turgor pressure, reduced photosynthetic rate, and impaired
nutrient uptake by the roots.dn recent years, plant biostimulants have gained considerable attention as
effective agronomic tools for enhancing plant resilience and tolerance to adverse environmental
conditions. Numerous studies have demonstrated that amino acids, as the fundamental building blocks
of proteins, can alleviate the detrimental effects of abiotic stresses on plants.

Materials and methods

This study was conducted in the research greenhouse of the Faculty of Agriculture, Lorestan University,
to evaluate the effects of biostimulants on the growth, yield, and key biochemical and physiological traits
of fenugreek under'drought stress. The experiment was conducted as a factorial experiment in a
randomized complete bloek design with four replications. Plants were grown in pots containing a
mixture of soil; manuré, and sand. Drought stress was imposed at three field capacity (FC) levels (100%,
80%, and 60%). Biostimulants were applied as foliar sprays at five treatment levels: control, glutamic
acid,mnicotinic acid, aspartic acid, and a combination of all three compounds, each at a concentration of
300 mg L 1. The first irrigation was applied immediately after sowing, followed by manual irrigation
every two days until plant establishment. The first foliar spray was applied at the 4—6-leaf stage, followed
by three additional applications at 14-day intervals, resulting in a total of four applications. Drought
stress treatments were initiated at the 10-leaf stage after full plant establishment.

Results and discussion

The results indicated that the highest values of lateral branch number, internode length, leaf area, shoot
fresh weight, root fresh weight, root dry weight, photosynthetic rate, stomatal conductance,
transpiration rate, chlorophyll a, carotenoid content, and total nitrogen content were recorded under
well-watered conditions (100% field capacity). The application of biostimulants significantly improved
the studied traits compared with the control treatment (without biostimulant application). Notably, the
combined application of biostimulants resulted in the greatest improvements, including increased
lateral branch number, leaf area, shoot and root fresh and dry weights, stomatal conductance,
transpiration and photosynthetic rates, total nitrogen accumulation, and chlorophyll a and carotenoid
contents. The interaction between irrigation levels and biostimulant treatments showed that the highest
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values for plant height (59.75 cm), lateral branch length (42.75 ¢cm), root length (38.50 cm), shoot dry
weight (3.75 g), relative water content (79.67%), chlorophyll b content (9.07 mg g1 FW), total
chlorophyll content (26.14 mg g1 FW), and sub-stomatal CO2 concentration (492.50 umol cm~2) were
obtained with the combined application of the three biostimulants at 100% field capacity. Amino acids,
as fundamental components of proteins and precursors of various metabolites, participate in a wide
range of enzymatic reactions associated with primary and secondary metabolism in plants. Therefore,
amino acids can influence various physiological and biochemical processes, including vegetative growth,
signaling, activation of defense mechanisms against abiotic and biotic stresses, osmotic regulation,
reactive oxygen species scavenging, and nitrogen storage. Moreover, numerous studies have
demonstrated that nicotinic acid can enhance the photosynthetic rate in various crops, which may be
associated with increased chlorophyll content and ribulose-1,5-bisphosphate carboxylase/oxygenase
(Rubisco) activity.

Conclusion

The findings of this study demonstrated that biostimulant application, particularly:their combined use,
can effectively alleviate the adverse effects of drought stress by promoting plant growth and improving
yield in fenugreek. Therefore, the combined application of nicotinic acid, glutamic acid, and aspartic
acid is recommended as an effective strategy to mitigate the adverse effects of water deficit stress in
fenugreek.
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Table4. Mean comparison of the effect of water deficit stress on morphological characteristics and yield of fenugree

a5 Lo olaws alols SES (939
Gl i sl 0,5k agh Jhd  Spphe  (alee eldl 5 5 1 ady) B o) sy
Water Lateral shoot Internode Crown Leaf Shoot fresh Root fresh Root dry
deficit stress number length diameter area weight weight weight
% FC cm mm cm? g
100 5.5008 2.9032 2.6228 15.62428 9.360° 2.0532 0.2562
80 3.350° 2.246" 1.951° 14.162° 8.030P 1.640° 0.2342
60 2.800¢ 1.954¢ 1.773° 12.226°¢ 6.489° 1.521° 0.194°
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Means with common letters in each column indicate no significant difference at the 5% probability level using the LSD

Aol oS 5 ,Sos 9 (K2 5999,90 SS9 » (o) GBS e (Ll Jelme P (eSSl d o D Jguar
Table5. Mean comparison of the effect of foliar spraying of biostimulants on morphological characteristics and yield of

fenugreek
as L oloas plosl 55 439 SB35
sl 0)5ko alold  adgb Jhd Sy b e aday ¥ 039 Al
) SB =8 ] ateral shoot  Internode Crown Leaf  Shoot fresh Root fresh Root dry
Biostimulants number length diameter  area weight weight weight
mg.L*! cm mm cm? g
N 2.7501 1.701¢ 1.754° 11.450° 6.364° 1.131¢ 0.060¢
Control
N sl LT 2276° 2047 12498  7.273° 1439  0.287°
Glutamic acid ( G)
W psleests po0e 28028 2342 12580° 6.950°  1.346°  0.136°
Nicotinic acid (N)
L el g3 2411  2188® 15247 90412 2081  0.258
Aspartic acid (A)
S b SisSainsalish 4 666 2647% 2246 182458 10.169°  2.693°  0.399°
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il oo LSD (yge3l 5l ool b s ys gy Jloi g j0 jlo e S pae il ooygim 10 48 S i B9 61l slonSile
Means with common letters in each column indicate no significant difference at the 5% probability level using the LSD test

5O Ay, S 9 a5 b 0 050 sll can ol o
s als 4 e (ol cld b s Al
=y cad b a0 e jlend 0 el g ol las (g )ls e
039 Ol 02 b Egazee )0 - Z8L el sall 4y Cod

a5 ol i o laTeS ooles 5l eSiles auglie b

& 7t oy bl woys A e B )lleS
Cad,bas 0P jlegas Jlo ol a5 g5 LielS

Sologre i elyy cod b v o A aslie jo 25



=l psle 5o heme slo s Ve

Je ol bols olas guldl allsS 5 cpl 0,5 00 cod ety cud b oo Ve g jo Al Sis g 5

o8 lesd o ady, SES g 5 (59 Ol oSGk S e ool Jl Sl dslie (o) p (T Jgoz) 0l
.(&Jy\?).\ﬂwon\gw'}j)mmsﬁ;; LIL&WW)Ms)SQ”JonLuM}

P Lailass) 5 6 SVl o ySles p (sowm ) SIS o (LBl glre 9 ikl (i Jilite J il amlie £ Jour
Lo

Table 6. Mean comparison of the interaction effect of water deficit stress and foliar application of biostimulants on
yield, gas exchange, and plant pigments of fenugreek

4>l Job SiS (339
Gl G . il . <o plf
water deficit g gl Lateral aia ) Job Shoot dry
stress Biostimulants o) sWS > Plant height shoot length Root length weight
% FC cm g
Control by 36.25% 24.75% 26.25¢ 1.40°%
Glutamic acid (GA) sl Slials 38,509 26.25% 35.50°¢ 2.40°
100 Nicotinic acid (NA) sl SeuigSs 49,00 36.25° 32.75¢ 1.69¢¢
Aspartic acid (AA) Al Syl 53,25P 42.75% 29.75¢ 2.20b¢
GA X NA X AA S )luwlx S gSuix SwliglS 59,752 40.00% 38.50? 3.752
Control wly 3222 21.00« 24.00¢ 1.30%
Glutamic acid (GA) sl Slial§ 35,050 22.75% 29.25¢ 1.38¢%
80 Nicotinic acid (NA) Sl Si oS 41.50% 24775 28.25% 1.43%
Aspartic acid (AA) a5l 43,0264 27.82¢ 28.50% 2.11b¢
GA X NA X AA i Ll S ¢Six Swaligls 50,40 38.50%® 37.00%® 2.55P
Control Wi, 21.02' 16.759 22.00" 1.09¢
Glutamic acid (GA) SewlSuslipls 1 33.25™ 18.509 26.22f 1.27¢%
60 Nicotinic acid (NA) oSS 9851311200 18.75% 27.00°f 1.31%
Aspartic acid (AA) amlSs el 29,500 19.50%¢ 26.75¢f 1.90vd
GA X NA X AA (5 I S oSix Sualighs  36.97% 26.00% 35.50° 2.18bc
Table 6. Continued aldl.f Jgus
s Slgimo 2 o0 ; ;
ol i S o 23 ST D Jdorls S Juds,ls
water deficit . RWC 1Y) Chlb Total Chl
stress Biostimulants Gty GBS yxo Int. CO;
% FC % mmol cm? mg g FW.
Control wls  70.94¢ 397.75¢f 6.39¢ 19.30¢
Glutamic acid(GA) el SaliglS 77,402 470.25%¢ 7.840 22.12%¢
100 Nicotinic acid (NA) Sl S 95 72.47%4 446.75% 8.10% 23.53°
Aspartic acid (AA) Sl Syl 73,970 455,250 6.75% 19.30¢
GAX NA X AA S jluwlx S gSuix SwlislS 79,672 492.502 9.072 26.142
Control wls  65.42 350.50¢f 3.84 11.849
Glutamic acid (GA) sl Slbigl§ 74,065 442.00% 4.58° 17.18¢f
80 Nicotinic acid (NA) sl S oS 70.07% 430.75¢ 8.08%® 22.88P
Aspartic acid (AA) el Syl 70,35 425.75¢ 5.07¢ 15.70¢f
GA X NA X AA S )lowx S gSix SoliolS 76,90 482.50% 8.35% 23.67"
Control wls  46.87" 212.759 3.099 8.92"
Glutamic acid (GA) sl Soligls  58.399 327.75f 6.43¢ 17.38¢
60 Nicotinic acid (NA) ol iS5 63.85 358.50¢f 6.29¢ 19.80¢
Aspartic acid (AA) el Skl 64,76 221.009 4.48°F 13.33¢
GA X NA X AA S ) lewlx S gSin SolislS  67.52° 439.25% 7.62¢ 20.95%
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Means with common letters in each column indicate no significant difference at the 5% probability level using the LSD test
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Table 7. Analysis of variance of the effect of water deficit stress and biostimulants on some biochemical characteristics
and gas exchange of fenugreek

4z emdglgme e Gy Culan 25 SemShied (25 .
Ol i 2o 0051 S ool i g8 Stomatal ey SAG1 Transpiration
S.0.V df RWC Pn conductance Int. CO2
. Sek 3 22.92 27.52™ 2261.26M 2332.15™ 0.14m
o g 116252  74.33" 6413.75" 107974.21™ 1.20™
Stress (S)
Hhdel=e 289.53"  .410.65™ . 52679.55™ 4120451 3.31™
Spray (SP)
] Xi‘;‘w”"“ XU g 53.18™ 1.07m 95.950 5941.96™ 0.05"s
Foks 4 7.65 5.73 1494.96 571.776 0.13
Total error
Ol g s 401 14.36 14.70 6.04 13.37
CV (%)
Table 7. Continued awlol.Y Jous
a9
Ol s o o3 S (59 4 a Judg ks b Judg b5 JS5 Jedg ks S gl
S.0.V df . Total nitrogen Chl a Chl b Total Chl Carotenoid
. w9 0.16™ 274" 1.08" 6.98" 252"
) 3.24™ 50.63" 23.61" 137.85™ 17.54™
Stressi(S)
Hhdslxe 7.30™ 114.95™ 29.29™ 257.67" 31.88™
Spray (SP)
Ao x giid g 0.07™ 0.63™ 277 3.70™ 0.06™
S x SP
Febs 4o 0.19 0.80 0.49 1.79 0.43
Total error
Sl caps 11.54 7.38 10.93 721 13.41
CV (%)

o0 gl Jlesst mhas 5o ls e BB oS5 a4 T 5 T o ime BB 35z g pae ™
" no significant difference, ** and * significant difference at the 0.01 and 0.05 probability levels, respectively.
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Table 8. Mean comparison of the effect of water deficit stress on gas exchange, photosynthetic pigments and total
nitrogen of fenugreek

GobToS Gids laije, calos w’“ % Jedgpls RUCREPNTS IS Oie s
Stress Stomatal g Transpiration ¢ Carotenoid .Total
conductance Pn Chl a nitrogen
% FC MMOl CM 2ol e mg g FW------- %
100 281.35% 18.60% 2.98% 1367% 5.822 4.232
80 261.60% 16.63° 2.66" 12.27° 5.03 3.83°
60 245.60° 14.75°¢ 2.50° 10.49°¢ 3.95¢ 3.42°¢

Db o LSD 5031 5l ooliiasl b duopd iy JloiShgmdams 5o o e SMShane Kby gim /o 10 S b By, sl sl Siloot
*Means with common letters in each column indicate no significant difference at the 5% probability level using the LSD test
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Table 9. Mean comparison of the effect.of foliar spray treatment with biostimulants on gas exchange, photosynthetic
pigments and total nitrogen of fenugree

S o

Glaijey culus J5 oier
St 3 GBS o0 Stomatal Fawgid & A Jdg,ls adgig,ls Total
Biostimulants conductance Pn Transpiration Chl a Carotenoid  nitrogen
mg.L*? mmol CM2--mmemmmmmmceeees s mg gt FW------- %
L
) 157.67¢ 12.02¢ 1.94¢ 7.629 2.70° 2.71°
Control
| SewliglS
S Lal 301.3% 17.96 2,720 12.61° 5.94b 3.99
Glutamic.acid (GA)
S oS
. Q. - Ak 281.58° 15.75°¢ 2.96° 14.582 5.34¢ 3.91°
Nicotinic acid (NA)
1S 5L
B Sl 244.92¢ 17.40b¢ 2.60° 10.67¢ 3.91¢ 3.63°
Aspartic acid (AA)
Sy o T S gSix S ol
ol SRSl 308 750 20.172 3,372 15240 6770 4.88°

GA x NA x AA

aib oo LSD 9030 5l ooliiw! b sy s Jliol mhaw )0l pae GBS pae by g5t ;0 30 S i By, sl slo 1 Sileose
*Means with common letters in each column indicate no significant difference at the 5% probability level using the LSD test
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