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Abstract

Background and Obijective: Garlic (Allium sativum L.) is an important medicinal plant with
valuable nutritional and therapeutic properties. It is widely used in the pharmaceutical, food,
health, hygiene, and cosmetic industries. In Iran, garlic is an important agricultural and industrial
crop cultivated in different geographical and climatic regions. Its antibacterial, antiviral, anti-
inflammatory, and antioxidant properties make it a valuable natural source for preventing and
managing various diseases. However, garlic growth, yield, and accumulation of bioactive
compounds are affected by environmental conditions, soil characteristics, cultivation practices,
and agricultural management. Therefore, identifying suitable regions for garlic production is
important for achieving high yield and improving the production of valuable bioactive
compounds. This study aimed to evaluate the agronomic characteristics, biochemical compounds,
and antioxidant enzyme activities of garlic grown in different regions of Iran.
Materials and Methods: The study was conducted during the 2022-2023 growing season in
three major garlic-producing provinces of Iran: Razavi Khorasan, Hamadan, and Mazandaran. In
Razavi Khorasan Province, Quchan, Sabzevar, and Torbat-e Jam counties were selected. In
Hamadan Province, Hamadan, Tuyserkan, and Asadabad counties were selected. In Mazandaran
Province, Kelardasht, Behshahr, and Sari counties were selected. Three villages were selected
from each county, and three fields were selected from each village. Thus, a total of 81 fields were
sampled. The selected locations were considered treatments, and the data were analyzed using a
nested design. All fields had been left fallow during the previous year without fertilizer or
irrigation. Weed control was performed by hand weeding and hilling around the plants.
Harvesting was performed when 60—70% of the leaves had turned yellow. After harvesting, the
plants were dried under field conditions and transferred to the laboratory. The evaluated traits
included bulb weight, number of cloves per bulb, clove weight, bulb yield, allicin content, total
flavonoid content, catalase (CAT), glutathione peroxidase (GPx), and superoxide dismutase
(SOD) activities, DPPH radical-scavenging activity, and total phenolic content. Statistical
analyses were performed with SAS 9.4 software. Means were compared using Fisher’s least
significant difference (LSD) test at the 5% probability level. Figures were prepared using
Microsoft Excel 2017.
Results: The results showed substantial variation among the studied regions and villages in both
agronomic and biochemical traits. The highest bulb weight was recorded in Sanjuzan village in
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Hamadan Province (59.1 g), whereas the lowest was recorded in Parkala village in Mazandaran
Province (32.4 g). The difference between these values was 45%. The highest number of cloves
per bulb was recorded in Bidestan village in Torbat-e Jam, Razavi Khorasan (26.8 cloves),
whereas the lowest was recorded in Artiman village in Tuyserkan, Hamadan (12.1 cloves). The
difference was 50%. The highest clove weight was recorded in Vafarjin and Sulan villages in
Hamadan (4.28 g), whereas the lowest was recorded in Parkala (1.15 g). The difference was 73%.
The highest bulb yield was recorded in Sanjuzan (17.7 t ha™ 1), whereas the lowest yield was
recorded in Parkala (9.7 t ha™ ). The highest allicin content was recorded in Torbat-e Jam
(6.38%), whereas the lowest was recorded in Kelardasht (1.46%). The highest total flavonoid
content was also recorded in Torbat-e Jam (22.2 mg g~ 1), whereas the lowest was recorded in
Kelardasht (17.0 mg g~ %). The mean flavonoid contents were 21.03, 19.4, and 17.1 mg g~  in
Razavi Khorasan, Hamadan, and Mazandaran, respectively. Akapel village in Kelardasht,
Mazandaran, had the highest activities of catalase (21.5 U mg~ 1), glutathione peroxidase (12.9 U
mg~ 1), and superoxide dismutase (103 U mg~ 1). The lowest enzyme activities were recorded in
Shurin village in Hamadan or Noorabad village in Sabzevar. The highest DPPH radical-
scavenging activity was recorded in Akapel (75%), whereas the lowest was recorded in Vafarjin
(52.5%).

Conclusion: The results demonstrate considerable regional variation in the growth, yield, and
biochemical characteristics of garlic. Hamadan, which has a relatively cool and temperate climate,
appears to be more suitable for achieving high bulb yield. In contrast, Torbat-e Jam, with its
warmer and drier conditions, appears to be more suitable for the accumulation of bioactive
compounds, particularly allicin and flavonoids. Therefore, the selection of the production region
should be based on the intended use of garlic. Regions with suitable conditions for high yield can
be selected for food production, whereas regions with greater accumulation of bioactive
compounds may be preferred for medicinal and pharmaceutical purposes. These findings provide
useful information for regional planning, site selection, and garlic production according to
different agricultural, nutritional, medicinal, and industrial objectives.
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Table 1. Environmental and climatic characteristics of different experimental locations in Razavi Khorasan,

Hamadan, and Mazandaran provinces

Average

. . . Minimum Maximum Irradiance
. . Longitude  Latitude  Altitude annual
Province Site name temperature  temperature . (MJ. M
(E) (N) (m.as.l) rainfall
0 (°C) 2.day™)
(mm)
Razavi Quchan 58.5054°  37.1008° 1350 -3.21 234 278 17.63
Khorasan Sabzevar 57.6678°  36.2152° 977.6 1.49 27.6 128 19.1
Torbat-e-Jam 60.6248°  35.2431° 928 -0.505 283 172 19.3
Hamedan 48.5148°  34.7983° 1850 -0.88 245 348 19.34
Hamedan Tuyserkan 48.4420°  34.5532° 1784 0.252 25.2 374 19.34
Asadabad 48.1216°  34.7825° 1607 -1.06 23.8 349 19.34
Kelardasht 51.1459°  36.4980° 1250 0.014 211 1007 14.56
Mazandaran Behshahr 53.5422° 36.6987° 20 1.92 28.2 506 15.94
Sari 53.0586°  36.5659° 54 5.67 31.9 838 15.94
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Table 2. ANOVA of cultivation site effects on garlic yield traits

M.S.

SOV At Garlic weight Number of mg’;‘ Yield

Province 2 1714** 1280** 52.3** 154**

City (Province) 6 124** 60.0** 0.343* 11.2%*
Village (Province * City) 18 30.6** 11.8** 0.087** 2.76**

Experimental error 54 4.94 1.58 0.009 0.445

C.V. (%) 4.75 6.38 3.51 4.75

“and ™ significant at 5 and 1% probability levels, respectively.
e $3 e Slio eS8 oo 1 85l aglio —Y 5o
Table 3. Mean comparison of cultivation site effects on garlic yield traits
. . . Garlic weight Number of Bulblet .
Province City Village . Yield (t.ha't)
(9) bulblets weight (g)

Chaharsouq 43++1.81 15.39+1.15 2.819+0.1 12.97+0.54

Quchan Shamkhal 44.4"+1.78 16.59+1.23 2.7%+0.12 13.3"+0.53

S Qareh Cheh 41.3"+0.4 13.2"+0.4 3.13%+0.07 12.4++0.12
g Cheshmeh Sir 50.2¢9+£1.22 19.6%+1.3 2.57¢+0.13 15.1%9+0.36
__% Sabzevar Abaresh 54.9>0+2 71 24.4%+2 2.25"+0.08 16.59+0.81
E Nurabad 57%+1.21 24.6°+0.76 2.329"+0.03 17.1%+0.36
& Bidestan 56.4%°+0.61 26.8%9+0.79 2.111+0.05 16.9¢°+0.18
Torbat-e-Jam Hasan Abad 47.39+1.7 18.7%+1.9 2.54+0.17 14.29+0.51

shahabad 48.4%9+6.27 19.9%4.75 2.46%9+0.24 14.5%+1.88

Vafrejin 52.8de+0.7 12.3'+0.25 4.28%+0.04 15.8%+0.21
Hamedan shorin 53.6b-e+0.5 12.7+0.25 4.23*+0.05 16.1°¢+0.15

Solulan 52.6%+0.99 12.31+0.36 4.282+0.05 15.8%+0.3

§ Artiman 52¢% +0.96 12.1+0.36 4.32+0.05 15.6%+0.29
e Tuyserkan Korzan 52.9%¢+0.6 12.41+0.35 4.25%+0.07 15.9%¢+0.18
T Sanjuzan 59.1%+6.5 14.99+2.11 3.97°+0.13 17.78£1.95
Aq Bolagh 53.4%¢+0.2 12.8'+0.31 4.19%+0.11 16%¢+0.06

Asadabad Bujin 51.2¢+0.72 12.21+0.25 4.19%+0.06 15.4%+0.22

Virai 52.2%+0.55 12.5+0.26 4.172+0.06 15.7%+0,17

Akapel 41.6"k+1.17 25.5%¢+0.59 1.64*+0.08 12.5"+0.35

Kelardasht Peyambur 37.4'+2.06 26.2%¢+0.2 1.43'™+0.09 11.2'+0.62

- Telochal 43.51+0.98 24.8%+0.31 1.751+0.06 13.11+0.3

% Par Kola 32.4M+1.57 28.1°+0.36 1.15"+0.07 9.7m+0.47
§ Behshahr Kava Darreh 37.2'+1.88 27.5%+0.31 1.35™+0.08 11.2'+0.56

g Abbasabad 36.8+1.5 27.4%+0.42 1.34™+0.08 11'+0.45

Baba Kola 39.94+1.4 24.8%+0,53 1.61+0.09 12K+0.42

Sari Par Kuh 40.2"'+1.4 26+0.15 1.55K+0.06 12.1%+0.42

Kheyarabad 32.5M+3.01 27.9%+0.31 1.16"+0.12 9.74™+0.9

535 S &S Jo 53 g S0/ S0l b plaes
olyasle gl Hy e gl ea SN, lins) 5

Means followed by the same letter are not significantly different at 5% probability level (LSD test).
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Figure 1. Regression relationship of garlic yield with rainfall (A) and radiation (B)
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Table 5. ANOVA for the effect of cultivation S|te on phytochemical and biochemical traits of garlic

M.S.
S.O.V. d.f. . . Glutathione Superoxide
Allicin Flavonoids Catalase . . DPPH  Phenols
peroxidase dismutase
Province 2 102™ 55.7m 321" 89.4" 3370™ 1239™ 252"
City (Province) 6 6.96™ 16.5™ 34.8" 11.7° 292" 103 18.4
Village (Province * City) 18 0.239™ 2.21" 175" 4.63™ 172" 62.2" 15.2™
Experimental error 54 0.174 2.11 1.50 0.672 21.3 10.5 4.46
C.V. (%) 10.8 7.60 8.10 8.90 5.52 5.09 9.07

ns. * and ™ non-significant, significant at 5, and 1% probability levels, respectively.
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Table 6. Mean comparison of allicin and flavonoid contents in garlic under different cultivation sites

Province City Allicin (%) Flavonoids (mg.g?)
Quchan 4.32¢+0.522 19.7%+1 .54
Razavi Khorasan Sabzevar 6.332+0.500 21.28+¢1.33
Torbat-e-Jam 6.38%+0.557 22.28+1.78
Hamedan 5.08°+0.575 20.5%+0.35
Hamedan Tuyserkan 3.86%+0.352 19.4%°+1.90
Asadabad 3.28°+0.478 18.4%9+1 62
Kelardasht 1.469+0.258 17.0%+1.33
Mazandaran Behshahr 1.98%+0.315 17.1%+1.10
Sari 1.99+0.169 17.3%+1 59

Means followed by the same letter are not significantly different at 5% probability level (LSD test).
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Figure 2. Regression relationship of garlic allicin with rainfall (A) and radiation (B)
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Table 6. Mean comparison of biochemical traits in garlic under different cultivation sites

i Glutathione Superoxide
Provin . . Catalase ) ) Phenols (mg
City Village peroxidase dismutase DPPH (%)
ce (U.mg?) GAE.g?)
(U.mg™) (U.mg™)

Chaharsouq 17.289+0.66 10.5°+1.08 88.4%9+3 52 67.1¢+2.33 24 5%4+2 62

Quchan Shamkhal 16.9%+0.87 10.3¢+0.79 86.9%+3.93 66.391+2.62 24%9+1.75
= Qareh Cheh 15.59+0.72 9.2f9+1.28 83.5¢1+3.91 63%9+2.35 22.7%+2.16
§ Cheshmeh Sir 14.8"+0.66 8.691+1.08 81¢1+3,52 62.5%9+3.58 23.29+1.91
g Sabzevar Abaresh 15"+0.87 8.79"+0.79 81.5%1+3.42 61.87+3.86 22.9%+1.75
E Nurabad 14hi+1 59 8.29k+1.28 79.8%9+3.72 61.29+4.14 22.5%+1.64
2 Bidestan 13.51+0.66 7.9™+0.26 78.5+3.52 60.893+1.9 22.4%9+1.91
Torbat-e-Jam Hasan Abad 14.2"+0.87 8.591+0.36 80.2¢9+3.93 6191+2.12 22.6%+1.75
shahabad 13.8"+0.72 8.29%+0.36 79%h+4.23 60.791+2.35 22.5%+1.64

Vafrejin 9.8'm+0.61 6.5™+0.53 68.41+2.33 52.5+1.14 19.3"+1.05

Hamedan shorin 9.5m+0.79 6.2"+0.82 67.13+3.86 54.54+3.49 18.9"+0.95

Solulan 10.2km+1.28 6.7""+0.92 69.2i+4.14 56/1+2.04 19.6"+0.98

S Artiman 11.54+1.08 7.5Mm+0.53 71.50+3.58 54.7¢+1.14 19"+1.05
E Tuyserkan Korzan 10.8km+0.79 7.2%7+0.26 70.1+3.86 56.5"'+3.49 19.4"+1.42
T Sanjuzan 11km+1 28 7.3+0.92 71i+4.14 57M1+3.76 19.8"+0.98
Aq Bolagh 11.2%m+1.08 7.4-1+0.53 71.8M+3.58 55K+1.14 19.79+2.63
Asadabad Bujin 11.8+0.96 7.8™+0.92 73%i+4.14 58.19%+3.76 20.1¢M+2.44

Virai 10.7%m+0,79 7kn+0.82 70/+3.86 56.2"'+3.49 19"+0.95

Akapel 21.5%41.73 12.92+1.08 103%+6.38 75%+3.58 28%+2.62

Kelardasht Peyambur 213+1.42 12.62+0.79 102%+7.41 75%+3.86 28%+2.81

Telochal 20.2¢+1.75 12*9+0.36 100%+6.64 74%+4.14 28%+2.16
g Par Kola 18%%+1.73 10.8%+0.26 95.25°+4.95 70.8%9+3.58 26.7%°+4.39
-f% Behshahr Kava Darreh 18.5¢¢+1.42 11%+0.79 96.5%+5.11 71.2%9+3.86 26.9%+2.38
g Abbasabad 18.24%+1.75 10.784£0.36 95bc+5.7 70.209+4.14 26.4%°+2.16
Baba Kola 19.5>9+1.95 11.5"¢+1.08 98%+6.38 723°+3.58 27.1%+2.62

Sari Par Kuh 18.8¢+1.42 11.2°¢4+0.79 96.8%+3.86 71.5%°+3.86 27%+2 .38

Kheyarabad 20.8%+1.57 12.3*°+1.28 101%+6.64 74%0+4.14 29%+2.16

Means followed by the same letter are not significantly different at 5% probability level (LSD test).
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Figure 3. Regression relationship of garlic allicin with flavonoids (A), phenols (B), DPPH (C), and activities of
superoxide dismutase (D), glutathione peroxidase (E), and catalase (F)
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Table 7. Pearson's correlation matrix of garlic traits
. Number . .
Ga_rllc of Bul_blet Yield  Allicin Flavonoids Catalase Glutat_hlone Sgperoxme DPPH  Phenols
weight bulblets weight peroxidase  dismutase
A B C D E F G H [ J H
A 1
B 0.66™ 1
cC 038 0.64™ 1
D -0.25™ -0.29™ -0.73" 1
E -084" -079™ -0.61" 0.27™ 1
F -0.84" -076" -064" 038 092" 1
G -0.84" -074™ -064" 032" 096" 0.93" 1
H -083* -078" -061" 032" 0.93" 0.91 0.92™ 1
I -087" -072 -050" 035" 0.80" 0.88™ 0.81™ 0.80™ 1
J 072" 0.82" 0.74™  -0.49™ -0.80" -0.78" -0.79™ -0.80" -0.78" 1
H -0.92" -059 -0.39" 0.25™ 0.78" 0.80" 0.83™ 0.78" 0.83" -0.64™ 1
ns. * and ™: non-significant, significant at 5, and 1% probability levels, respectively.
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