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Abstract

Introduction

Garlic is one of the most widely employed condiments in cooking. It has been found to possess important
biological properties with high therapeutic potential, which is influenced by the mode of its utilization,
preparation, and extraction. It has been attributed with antioxidant, anti-inflammatory, and
immunomodulatory capacities. Garlic, in particular its organosulfur compounds, can maintain immune
system homeostasis through positive effects on immune cells, especially by regulating cytokine proliferation
and expression. Amino Acids are the building units of proteins. There are about 300 amino acids occur in
nature. Only 20 of them enter in proteins synthesis. Amino acids are essential nutrients for plant growth. Due
to the characteristics of amino acids, they have a unique promotion effect on plant growth, especially on
photosynthesis. Amino acids are good organic nitrogen sources in plant. They can be directly absorbed and
utilized by cells, promote protein synthesis, and have a good effect on the growth. Spraying or irrigating
amino acid nutrient liquid fertilizer can increase the element of various nutrients required in the plant,
aggravate the accumulation of dry matter and the speed and quantity of the operation from the root or leaf to
other parts, and adjust the proportion and balance of macroelement, trace element and other nutrients. Thus,
the normal growth of the plant will be regulated. Many studies proved that amino acids play a positive role in
enhancing the plant yield and quality when they are sprayed at different growth stages. This research was
done to study effect of different amino acids compound on the quantitative and qualitative characteristics of
garlic.
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Materials and Methods

The experiment was performed at three replications in a completely randomized blocks design in the
Research Field of Tarbiat Modares University during the 2018-19 growing season. The experimental
treatments included: 1) Arginine + Aspartic acid 2) Arginine + Valine 3) Arginine + Tyrosine 4) Arginine +
Leucine 5) Aspartic acid + Valine 6) Aspartic acid + Tyrosine 7) Aspartic acid + Leucine 8) Valine +
Tyrosine 9) Valine + Leucine 10) Tyrosine + Leucine 11) Trade amino acid 12) Distilled water 13) No
amino acid (control).

Results and Discussion

The results showed that the maximum bulb fresh weight (13.054 t ha) and photosynthetic rate (10.58 umol
m2s1) was obtained from the aspartic acid + leucine. Also, the highest amount of chlorophyll a, b and total
chlorophyll was obtained from the compound of aspartic acid with leucine, while the lowest carotenoid was
observed in the application of aspartic acid with leucine (2.43 mg gF.W!) and arginine with leucine (3.10 mg
gF.W™). The highest catalase activity was observed in the use of arginine with aspartic acid (9064 U mgFw-
1, while the peroxidase activity was higher in the aspartic acid + valine (517 U mgFW1), arginine + and
tyrosine (511 U mgFw-?) and arginine + leucine (496 U mgFW1) treatments.

Conclusion

In general, it seems that foliar spraying of amino acids increases the plant's energy efficiency (plant energy
storage for the production of amino acids) and also increases the photosynthesis rate and thus helps the plant
to increase the yield of the plant. Among the investigation of different combinations of amino acids, the
combination of aspartic acid and leucine increased the performance more than other combinations and is
introduced as the best treatment.
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Table 2. Analysis of variance of quantitative traits of garlic affected by different amino acids

Mean Squares

5.0.v d.f Total fresh Leaf fresh Bulb fresh Clove

Leafdry Clovedry Bulbdry  Totaldry
weight weight weight fresh weight weight weight weight
g 8 8 weight 8 8 g g
Block 2 408641 85515 369692 180106 2963 9726 242153 266255
Treatment 12 21166512  2719917**  10269728**  8054199**  818016**  504297**  1011388**  5417002**
Error 24 2274887 131122 2214687 1631517 101841 91723 140824 186569
C.V (%) - 10.53 8.23 14.99 16.77 13.71 14.52 10.70 6.07
** showing no significant and meaningful at 1% probability level.
Table 3. Mean comparison of the garlic quantitative traits affected by different amino acids
Total Leaf 1 1 Total
ota A Bubfresh 9% Leafdry %% Bubdry O
fresh fresh weicht fresh weicht weicht dry
Treatments weight weight & weight & weight & weight
(kg ha) (kg ha) (kg ha) (kgha') (kgha') (kgha') (kgha') (kgha')
Arginine + Aspartic acid 12303e-g 4267d 8036ef 6219f-¢ 3150a 1962c-e 3032e 6244e
Arginine + Valine 14533de 5238b 9296¢-f 6663d-f  2800a-c  2170cd 4000ab 7807cd
Arginine + Tyrosine 14467de 4638b-d 9829c-e 7446¢c-e  2129d-f 2883a 3998a-c 8710b
Arginine + Leucine 17325ab 5196b 12129ab 9425a-c = 2625a-c  2024c-e 3774bc 7749cd
Aspartic acid + Valine 16542cd 5117b 11425a-c =~ 9256a-c ~ 2575b-d  2140c-e 3890b 7779¢cd
Aspartic acid + Tyrosine 17092a-c ~ 4892bc 12200ab 9683ab  2538cd  2350bc  3950ab  8367bc
Aspartic acid + Leucine 19383a 6329a 13054a 10267a 3088ab  2840ab 4552a 9551a
Valine + Tyrosine 14629c-e  4413cd 10217c-e ~ 7554c-e  2263d-e  1666de  3128de 6244e
Valine + Leucine 11381fg 3296e 8085ef 6390d-f 1588g 2072c-e  3222c-e 6365e
Tyrosine + Leucine 10969g 3200e 7769e-f 5544ef  1750e-g 1639¢ 2892e 5868ef
Trade amino acid 13911ef 3650¢ 10604a-d ~ 8392a-d  2225de  2017c-e  3673b-d  7228d
Distilled water 12433e-g 3621e 8812d-f  6792d-f 1838e-g  1676de 2789% 5224f
No amino acid 11229g 3321e 7642f 5383f 1675fg 1680de 2680e 5360f

Means with the same in each column are not significantly different at 1% probability.
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Table 4. Correlation coefficients between studied traits

Traits A B C D E F G H I ) K L M N o P Q R
Total fresh weight (A) 1.00

Leaf fresh weight (B) 0.92** 1.00

Bulb fresh weight (C) 0.97*  0.81**  1.00

Clove fresh weight (D) 095 080  0.99* 1.00

Leaf dry weight (E) 068  0.82**  0.57*  056*  1.00

Clove dry weight (F) 0.63*  0.68*  0.57*  057* 046  1.00

Bulb dry weight (G) 0.86**  0.86**  0.81* 0.79** 0.62* 0.86"* 1.00

Total dry weight (H) 0.85**  0.84*  0.80* 078 0.61* 091** 098 1.00

Photosynthetic rate (I) 0.26 0.17 0.29 0.31 0.18 0.36 0.28 0.38 1.00

Chlorophyll a()) 0.70%  0.71** 0.63* 0.59* 0.51 0.57* 0.59% 0.62°  0.42 1.00

Chlorophyll b (K) 0.68* 0.68 0.62* 0.59* 0.45 0.57* 0.55 0.60* 043 0.95%* 1.000

Carotenoid (L) -0.69**  -0.68**  -0.63* -0.60* -0.48 -0.55* -0.54 -0.59* -045 -0.97* -00.99** 1.00

Total chlorophyll M) 0.68* 0.69%* 0.62* 0.57* 0.49 0.53 0.56 0.59* 043 0.99** 0.96%* -0.98**  1.00

Anthocyanin (N) 0.38 0.22 0.43 0.39 -0.05  -0.15 -0.02 -0.01  -0.02 0.17 0.24 -0.26 0.19 1.00

Total flavonoid (O) -0.59* -0.38 -0.66*  -0.66*  0.07 -0.50 -0.51 -0.52  -0.21 -0.38 -0.46 0.45 -0.38  -048 1.00

Total protein (P) 0.05 -0.16 0.19 0.25 -0.18 0.21 0.23 0.26 0.43 -0.17 -0.19 0.21 -0.20  -0.12 -0.09 1.00

Catalase (Q) 0.04 0.16 -0.02 0.07 0.39 0.42 0.23 0.28 0.40 -0.01 0.05 -0.05 -0.04 -051 0.06 0.10 1.00
Peroxidase (R) 0.20 0.13 0.21 0.24 -0.16 0.29 0.23 0.28 0.19 -0.16 -0.01 0.07 -0.18 037 -038 046 018 1.00

*and ** respectively, indicates a significant correlation in the level five and one percent.
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Table 5. Analysis of variance of garlic physiological and qualitative traits affected by different amino acids

Mean Squares

S.0.V d.f  Photosyntheti Total Total Total
Orosyniiete Chlorophylla  Chlorophyllb  Carotenoid o Anthocyanin o . 0 a. Catalase Peroxidase
rate chlorophyll flavonoid protein
Block 2 1.52 4.2 0.13 0.40 0.61 0.0001 1.56 153 218351 2.85
Treatment 12 3,41 370.5%* 2.02%* 0.39* 423.12%* 0.00004" 0.62™ 6136 14703240** 65677**
Error 24 0.35 8.1 0.05 0.16 1.44 0.00005 0.31 827 45980 436
C.V (%) 6.58 18.50 12.23 11.49 6.80 10.34 21.14 9.10 4.83 7.38
ns, * and ** respectively, showing no significant and meaningful at 5% and 1% probability level.
Table 6. Mean comparison of the garlic qualitative traits affected by different amino acids
Chlorophylla  Chlorophyllb  Carotenoid Total chlorophyll Total protein ~ Catalase ~ Peroxidase
Treatments
(mg gFW™) (mg gFW™) (mg gFW™) (mg gFW™) (ng ml™) (UgFW')  (UgFW™)

Arginine + Aspartic acid 12.70c-f 1.70d 3.49a 14.40ef 283de 9064a 143f

Arginine + Valine 10.57d-f 1.09g 3.77a 11.66g 274e 4222e 195e

Arginine + Tyrosine 14.06¢c-¢ 2.14c 3.40a 16.21de 334bc 5955¢ 51la

Arginine + Leucine 23.91b 2.57b 3.10ab 26.48b 335a-c 3396f 496a

Aspartic acid + Valine 8.64f 1.71d 3.65a 10.35gh 346ab 5213d 517a

Aspartic acid + Tyrosine 15.10cd 1.55de 3.51a 16.65d 366ab 5922¢ 341b

Aspartic acid + Leucine 49.60a 4.15a 2.43b 53.74a 293c-e 4020e 127f

Valine + Tyrosine 15.93¢ 2.26bc 3.32a 21.62¢ 225¢ 2922¢g 130f

Valine + Leucine 12.01c-f 1.73d 3.52a 13.74f 329b-d 7547b 352b

Tyrosine + Leucine 10.29f 1.52d-f 3.67a 14.18f 365ab 2144h 267¢

Trade amino acid 8.52f 1.17fg 3.75a 9.69gh 383a 3499f 135f

Distilled water 8.31f 1.29%¢-g 3.67a 9.60h 281de 1922h 237cd

No amino acid 10.27ef 1.22e-g 3.6%9a 11.50gh 294c-e 1877h 227de

Means with the same in each column are not significantly different at 5% probability level for carotenoid and at 5% for other traits
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Amino acids

Figure 1. The effect of different amino acids on photosynthetic rate of garlic (Means with the same are not

significantly different at 1% probability level).
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