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Table 1. Physicochemical properties of soil analysis site

DP BD PWP FC Sand Silt Clay pH EC  OC K P N
(cm)  (gem) (mgkg) (%) (%) (@dS/m) (%) (mgkg) (mgk) (%)
0-30 144 678 16 81 13 6 720 14 11 520 276 011
30-60 144 678 16 82 11 7 756 113 097 460 184  0.09
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Table 2- Commercial amino acid composition

S0 Jo B sy Vo (g JSi @) diel slaaal (gol> Jame iian; S o
Environmental biostimulant containing amino acids (in powder form) 10% soluble in water

Total Abbreviatio
Free amino acid commercial n symbol
amino acid

Total Abbreviation
Free amino acid  commercial symbol
amino acid
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content content
Proline 9.68 PRO Alanine 4.15 ALA
Serine 11.32 SER Phenylalanine 4.28 PHE
Glutamic acid 9.48 GLU Cystine 1.16 CYs
Glycine 6.76 GLY Lysine 1.48 LYR
Leucine 5.40 LEU Tyrosine 0.07 TYR
Valine 4.76 VAL Histidine 1.46 HIS
Aspartic acid 6.22 ASP Methionine 0.06 MET
Arginine 5.29 ARG Isoleucine 3.05 ISO
Threonine 4.20 THR

Sum of Amino Acids: 80
Total Nitrogen: 12.8
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Table 4. Mean comparison of changes of phenology traits, plant height, total chlorophyll

and carotenoid of Adel chickpea under the influence of different irrigation regimes and
foliar application of different amino acids

Lo Lo Duration of Duration of Duration of Plant Total Carotenoid
flowering podding proceedings height chlorophyli (mg/gFw)
(day) (day) (day) (cm) (mg/gFw)
11 90.5a 105.89 a 123.28 a 50.49 a 4.62 a 1.76 a
12 88.61 ab 103.78 ab 1215b 49.22 a 3.59b 1.74 a
13 86.5b 98.56 b 11255 ¢ 37.89b 3.34b 1.43b
Al 90.78 a 106.56 a 124.11a 49.44 a 4.56 a 1.87 a
A2 90.77 a 104.33 ab 121.67 ab 48.67 ab 4.42 a 18a
A3 89.55a 103.22 ab 118.90 bc 46.44 a-c 4,07 a 1.79a
Ad 88.66 a 104.44 ab 118.55 be 45.22 a-c 4.08a 171a
A5 88.55a 101.22 b 117.22 cd 44.22 he 3.19b 1.42b
A6 82.88 b 96.67 ¢ 114.22 d 4211 ¢ 270 b 1.24b

Means with common letters in each column indicate no significant difference based on LSD Multiple range test
at the 5% level.

11: Full irrigation, 12: Moderate irrigation deficit, 13: Severe irrigation Deficit,
Al: Priming + foliar spraying with Commercial amino acid, A2: Priming + foliar spraying with proline, A3:
Priming + foliar spraying with Valin, A4: Priming + foliar spraying with Alanine, A5: Priming + foliar spraying
with distilled water (control) , A6: No priming or foliar spraying (absolute control)
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Figure 1. Mean comparison of effect of different irrigation regimes on the amount of flavonoid (A) and anthocyanin (B)

of Adel chickpea leaves

11: Full irrigation, 12: Moderate irrigation deficit, 13: Severe irrigation Deficit,
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Figure 2. Mean comparison of changes of grain yield of of Adel chickpeas under the influence of different
irrigation regimes (A) and foliar application of different amino acids (B)

11: Full irrigation, 12: Moderate irrigation deficit, 13: Severe irrigation Deficit,
Al: Priming + foliar spraying with Commercial amino acid, A2: Priming + foliar spraying with proline, A3: Priming +
foliar spraying with Valin, A4: Priming + foliar spraying with Alanine, A5: Priming + foliar spraying with distilled water
(control) , A6: No priming or foliar spraying (absolute control)

(WYWAY ()l 545) aal glaanul Lol Joloxe 5 (g5lal 125, 03U Cov Dlaw o (Sawaed -0 Jgoz
Table 5. Correlation between traits under irrigation regime and foliar spraying of amino acids
Duration Duration  Duration of Plant Total Carotenoid  Flavonoid ~ Anthocyanin Grain
of of proceedings height chlorophyll (6) ©) 8) yield (9)
flowering podding ®3) 4 5)
@ @
1) 1
2) 0.91* 1
?3) 0.81™ 0.92* 1
(@) 0.74™ 0.86™ 0.95™ 1
(5) 0.86™ 0.87 0.77 0.69™ 1
(6) 0.79™ 0.88™ 0.75™ 0.67" 0.76™ 1
) -0.38 -0.53" -0.63" -0.79™ -0.36 -0.34 1
8) -0.51% -0.65™ -0.74™ -0.81™ -0.58" -0.42 0.74™ 1
9) 0.78" 0.91™ 0.93" 0.96™ 0.76™ 0.77 -0.72™ -0.83" 1

* Kk

significant at 5 and 1 percent probability levels, respectively
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EXTENDED ABSTRACT

Introduction: Chickpea (Cicer arietinum L.) is one of the oldest cultivated legumes in the world. It plays
an important role in agriculture in semi-arid regions due to its high adaptability to drought and rainfed
conditions. However, drought stress can severely reduce the yield of this plant. Using methods such as
seed priming and foliar application of amino acids can reduce the negative effects of drought stress and
improve the yield and photosynthetic characteristics of the plant. This study was conducted to investigate
the effect of priming and foliar application of commercial amino acids, proline, valine, and alanine, on
phenological traits and yield of the chickpea cultivar Adel under different irrigation regimes.
Methodology: In 2017, an experiment was conducted at the research farm of the Faculty of Agriculture,
Tarbiat Modares University, to investigate the effect of seed priming and foliar spraying of some amino
acids on the phenological characteristics and yield of chickpea cultivar Adel under different irrigation
regimes. The experiment was conducted in split plots based on a randomized complete block design with
three replications. The factors studied included irrigation regimes at three levels (optimal irrigation,
moderate irrigation deficit, and severe irrigation deficit) as the main factor and priming and foliar
application of amino acids at six levels (commercial amino acid, proline, valine, alanine, distilled water,
and control) as sub-factors.

Research findings: By changing irrigation from optimal irrigation to severe irrigation deficit, the number
of days to flowering, pod formation and maturity, plant height, total chlorophyll, carotenoids, and grain
yield decreased significantly by 4.42, 6.92, 8.70, 24.95, 28, 17.81, and 52.18%, respectively, and
flavonoids and anthocyanins increased significantly by 19 and 42.86%, respectively. The use of priming
and foliar spraying of amino acids had a significantly increasing effect on all these traits (except flavonoid
and anthocyanin). Proline and commercial amino acids had more impact on the traits, increasing grain
yield by 26.55 and 26.52%, respectively, compared to the control. The interaction effects of different
irrigation levels and amino acids on the mentioned traits were not significant. However, the application
of amino acids, independent of the irrigation level, had an effective role in increasing yield by increasing
the growth and maturity period. In other words, amino acids application as an agricultural technique can
improve plant growth and yield and, when combined with optimum irrigation management, can yield
more favorable results.
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