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Table 1- Physical and chemical characteristics of the soil in the experimental site before the experiment
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o AvaFe AvaK AvaP OC N -
Ava.C  aAyazn Ava TNV pH EC Year
Ava.B : (%) (%) (%)
mokey Y (mgkgh Mmoo (Mg (mgo(mg %) (@S m?)
9xg (mg mg ko) k) kgh)
kg?) kg™)
0.6 15 1.0 9.3 3.4 419 6.8 0.31 0.03 15.9 75 40 2.9 1
0.5 1.6 1.2 12.0 4.2 380 8.0 0.41 0.04 14.0 7.6 38 2.3 2
SP (Saturated Percentage)., TNV (Total Neutralized Value)., EC (Electrical Conductivity)., OC (Organic Carbon)
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Table 2- Summary of the analysis of variance of garlic yield, yield components and plant height

Ol oS olin BR L aSles P W SnSTojy @m0l SxeW) o
S:“O V. ] C[oves ield Bulbs in Cloves Bulb Plant Lea{f aria
" D.E y cloves weight weight height
Ju 1 53029551 114 ns 29924 ns 35ns 112 ns 0.76ns
Year ns
5X
IS ‘_JL“ . 4 563146 ns 2.8ns 488 ns 12 ns 137 ns 0.0ns
YearxReplication
e 2 54480262** 10.6 ns 4637* 112* 1659** 0.11%+
Sulfur
T.5X
255 Jo 2 578860 ns 0.01 ns 1241 ns 9 ns 13ns 0.0ns
YearxSulfur
ol
j 8 1700220 ns 4.1ns 590 ns 15ns 3.8ns 0.0 ns
Error
w”“” 3 90631960** 346** 6144** 14** 547** 0.06**
Nitrogen
ng’zﬁj_x Ju 3 424760 ns 0.9 ns 854 ns 2.6ns 0.4 ns 0.0ns
YearxNitrogen
2PN LIs 6 799773+ 0.1ns 367 s 3.6 s o7 0.0ns
NitrogenxSulfur
e X 3,8 eEX
03 355 J 44686 ns 0.01 ns 253 ns 2.6 s 0.02 ns 0.0ns
YearxNitrogenxSulfur
elixdl 36 251552 0.16 245 2.1 0.3 0.0
Error

sl 3 gme (6 ylel gl Dy ps g oy g o yd S et o j3 (glel @iglis 3939 T ol s 4 NS

* ‘**

** * and ": significant at 1%, 5% of probability levels and non-significant, respectively.
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Table 3-_Interaction effects of nitrogen xsulfur on yield and its components, plant height and leaf area of garlic

" , 4 g dlaxs Wg ST (59 A ot 339 ol§ glis,l J,:g Slaxs 5 ) s
Phec Cloves vield 4D o Bglb Plgnt &g Leaf
yie ] . eaf area
Treatment (kg-ha'd) Bulbs in Cloves weight weight height Number of (m?
Cloves (@) (9 (cm) leaf in plant
355
Sulfur
So 9602c 10.0a 66¢C 7.1c 43c 8.6¢ 0.33c
Ss00 11064b 10.3a 76b 8.0b 48b 9.7b 0.42b
S1000 12651a 9.0a 93a 11.3a 59a 12.5a 0.47a
I
Nitrogen
No 8084c 8.0c 55¢ 76¢C 43c 8.3c 0.33c
N1oo 10675b 9.3b 72b 8.6b 48b 9.8b 0.39b
N2zoo 12822a 10.8a 93a 9.5a 54a 11.4a 0.45a
NEW) 12792a 10.6a 93a 9.5a 55a 11.6a 0.46a
U3srX0)5 S
SulfurxNitrogen
SoNo 7148f 8a 49a 6.6a 33 6.7i 0.25g
SoN100 9061d 9a 62a 72a 41h 8.4g 0.31f
SoN20o 11069¢ 1la 76a 74a 49f 9.6 ef 0.37de
SoNs00 11129c 1la 76a 74a 49f 9.9de 0.39d
Sso0No 7980e 9a 54a 69a 40i 7.9h 0.34ef
Ss00N100 10763c 10a 78a 8.3a 469 9.2f 0.4d
Ss00N200 12848b 1la 88a 8.5a 52e 10.8c 0.46¢
Ss00N300 12655b 1la 87a 8.4a 53d 10.8c 0.47 bc
S1000No 9125d Ta 61a 9.4a 55¢ 10.3b 0.38de
S1000N100 12201b 9a 80a 10.2a 57b 11.7b 0.46¢
S1000N200 14550a 10a 116a 12.8a 62a 13.9a 0.51ab
S1000N300 14583a 10a 115a 12.7a 63a 14.1a 0.52a

55 SOl glaals dix g0l 5l odlitul b doy3 B pdaws 13 (gyld cime (gylol @glds K0aSs b gt yb 5> duliie oandSSl B9 > L il
The numbers with the same letters in each column do not have significant difference at 5% of probability level based on Duncan’s
multiple range test.
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Table 4- Summary of variance analysis table for some soil chemical properties and garlic leaf analysis

g e 1. syl o) yiuS'| Ol i }
©lyetd ilio Ry 5:“ 6‘: ;l: Spel Snopl  Spg,
SOV ; _ _ Leaf-N 7 Leaf-Fe  Leaf-Zn
D.f Soil -SO4* pH NO3z"-soil Leaf -P
Ju 1 1407 018" 271 177 0029  70700™ 9307
Year
5
A Jle 4 gns 0.06" 1.8 167 0019 22530™ 479"
YearxReplication
2P 2 9837 033" gns 48  0256° 65631 2771
Sulfur
25557 Jl 2 307 s 0.06 1 003  0.009™  0.001™ 20069" 324
YearxSulfur
oL
: 8 7478 0.06" 3ns 0.801"  0.001"  40212™ 122"
Error
039 3 2118 0.01" 812" 56%  0.012®  61170™ 26
Nitrogen
S A 3 3ns 0.03" 1.8 0.060™ 00117  59854"  19m
YearxNitrogen
255 Lisr 6 6 0.020 1.2 0080™ 0004 18989 ™ s
NitrogenxSulfur
0ipF 3555 Jl 6 4 001™  001™  0012™ 0001™ 19432  10™
YearxNitrogenxSulfur
olxdl 36 7 0.023 0.30 0016 0002 32241 7
Error
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* ‘**

** * and ", significant at 1%, 5% of probability levels and non-significant, respectively.

1- Source of Variation
2- Degree of freedom
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Table 5- Effect of Sulfur and Nitrogen on the Concentration of nutrients elements in garlic Leaves, garlic nitrate and
chemical properties of soil

o) *y59 yiud
S oSl 5:., SB ol e ol u‘?ﬁ Syt phud Sy ol SS9
Treatment pH . Soil NOs Bulb NOs » Leaf -P Leaf-Fe Leaf-Zn
Soil SO4% Leaf-N
(mg.kg")  (mg.kg™) (mg.kg™) (%) (mg.kg™) (mg.kg™) (mg.kg™)
355
Sulfur
So 7.49a 19.2c 12.3a 197 a 28¢c 0.33¢c 108 ¢ 19¢
Ss00 7.40b 38.6b 13a 175b 3b 0.34b 119b 30b
S1000 7.26C 59.6 a 13.4a 146 ¢ 3.7a 0.54 a 204 a 40 a
OI95
Nitrogen
No 7.39a 38.3a 5.3d 68d 1.7d 0.44a 111a 28a
N10o 7.38a 38.3a 10c 134c 27¢c 0.43a 116 a 30a
N200 7.37a 39.4a 15.4b 211b 3.6b 0.43 a 117a 3la
N300 7.39a 40.6a 20.8a 278 a 46a 0.44 a 231a 3la
U3srX0)5 S
SulfurxNitrogen
SoNo 7.47a 19.3a 5.2a 82i 1.3a 0.34a 78a 18¢
SoN100 7.47a 18.6a 9.4a 163f 2.3a 0.32a 80a 20c
SoN20o 7.50a 19.0a 14.2a 235¢ 3.3a 0.32a 77a 20c
SoN3oo 7.52a 19.8a 20.3a 310a 4.3a 0.34a 98a 20c
Ss00No 7.43a 37.6a 5.2a 65j 1.7a 0.44a 113 28h
Ss00N100 7.40a 37.9a 10.1a 139g 2.5a 0.44a 121 29b
Ss00N200 7.36a 39.6a 16.1a 212d 3.4a 0.44a 121 30b
Ss00N300 7.40a 39.3a 20.6a 283b 4.4a 0.44a 121 3lb
S1000No 7.27a 58.0a 5.6a 56k 2.2a 0.54a 141a 39a
S1000N100 7.27a 58.3a 10.5a 100h 3.4a 0.54a 148a 40 a
S1000N200 7.23a 59.7a 16.1a 186e 4.2a 0.54a 151a 42 a
S1000N300 7.27a 62.6a 21.7a 240c 4.9a 0.54a 170a 43 a

)5 o b o3 O paw j3 ) gxe (g lel gl ¢ygiar p 5D Al w39 y> b dlac
The numbers in the same English letters in each column do not have a significant statistical difference at 5% level.
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Figure 1- Correlation of soil pH with consumed sulfur
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Introduction: Garlic (Allium sativum L) is the second most commonly used herb of alliums after onions.
This plant has significant effects on lowering blood pressure, preventing atherosclerosis, reducing blood
cholesterol and triglyceride and inhibiting platelet aggregation. In recent years, the increase in the yield of this
product has been of interest to manufacturers of this product with respect to the preservation of qualitative
characteristics, including the maximum content of nitrate. It has been shown that the absorption of nutrients in
the soil affects the yield and yield components of the plant. In this regard, the timely and adequate supply of
nutrients such as sulfur and nitrogen has a special role in promoting quantitative and qualitative characteristics of
garlic.

Material and Methods: In order to study the effects of nitrogen and sulfur consumption on quantitative and
qualitative traits of garlic, this study was conducted with 12 treatments and three replications in the form of a
split plot design in two years in Agricultural Research Center of Agricultural and Natural Resources of Tehran
Province which located in Varamin in Iran. Nitrogen factor was considered at four levels (0, 100, 200 and 300 kg
ha*) and sulfur at three levels (0, 500 and 1000 kg ha with inoculation of Thiobacillus). Before planting, soil
samples were taken from the experimental site and physical and chemical characteristics including texture,
reaction, organic carbon, lime, nitrogen, phosphorus and potassium, and iron, manganese, copper, zinc and boron
were measured. Dry matter yield, number of bulbs per garlic, single plant weight, garlic weight, plant height, leaf
number per plant and leaf area were recorded at the end of experiment. Garlic nitrate content and nutrient
concentration in garlic leaves were also measured. Data obtained were analyzed statistically using SAS software.

Results and Discussion: The effects of nitrogen and sulfur on the yield of garlic cloves, number of bulbs in
cloves, cloves weights, bulbs weights, plant height, leaf area and bulb nitrate were significant as all these traits
were improved. Application of 1000 kg.ha* of sulfur increased the garlic cloves yield by 31% compared to the
control. Nitrogen consumption up to 200 kg.ha* increased garlic cloves yield by 58% compared to the control.
The highest economic yield of garlic cloves was obtained by 1000 kg.ha* sulfur and 200 kg.ha* nitrogen, which
was 104% more than control treatment.

Data also showed that the effects of sulfur and nitrogen and the interaction of sulfur and nitrogen on the leaf
area of the garlic plant were significant. Consumption of 1000 kg.ha™of sulfur increased the leaf area of the
garlic plant by 42% compared to the control. Nitrogen consumption up to 200 kg.ha* increased the leaf area of
garlic plant by 39.3% compared to the control. The highest leaf area of garlic plant was obtained from 1000
kg.ha*sulfur and 200 kg.ha*nitrogen, which was 104% higher than control. Increase of the growth and yield of
garlic was attributed to the main role of nitrogen in increasing meristematic activity, cell division, prolongation
of the cell. Sulfur is one of the essential nutrients of the plant, and without sulfur, the plant does not grow and
function properly. Sulfur is the fourth essential element after nitrogen, potassium and phosphorus for garlic. This
element is needed in production of amine acids, such as methionine and cysteine, which are essential for the
production of vitamin A, and the activation of certain enzymes. The results of studies have shown that amino
acids directly or indirectly affect the physiological activity of the plant, and positively affect the growth, increase
in yield and increase plant tolerance to environmental stresses. The soil reaction was affected by sulfur
consumption and decreased. There was a negative correlation between soil reaction as a dependent variable (Y)
and consumed sulfur as an independent variable (X), which correlated with linear relation with correlation
coefficient of 0.98. Data showed that use of 1000 kg.ha*of sulfur reduced soil reaction from 7.49 to 7.26 and
increased leaf iron concentration by 88% compared to control and increased leaf zinc concentration 110%
compared to control treatment. The researchers believe that sulfur oxidation and sulfuric acid production in the
soil reduce soil reactions and increase the absorption capacity of phosphorus and microelements. The effect of
sulfur on the concentration of leaf phosphorus was significant. The phosphorus concentration was increased
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significantly with sulfur application into the soil, so that 1,000 kg.ha* of sulfur increased the concentration of
leaf phosphorus by 63% compared with the control (0.33%). Research results have shown that phosphorus
absorption capacity in soil is highly dependent on soil reaction and reducing soil reaction leads to increased
phosphorus absorption capacity. Researchers have reported that sulfur consumption and the production of
sulfuric acid, as a result of its oxidation, reduce soil reaction and increase phosphorus availability for plants. The
effect of nitrogen, sulfur and the interaction of nitrogen and sulfur on the content of garlic nitrate was significant.
Garlic nitrate content decreased with application of sulfur and increased with nitrogen addition. Application of
sulfur at 1000 kg.ha™* significantly reduced garlic nitrate content by 35% compared to control. The application of
100, 200 and 300 kg.ha* of nitrogen increased the content of garlic nitrate 97, 210 and 308%, respectively in
comparison to control. At all levels of nitrogen addition, sulfur consumption reduced the content of garlic nitrate.
Garlic nitrate content decreased with application of sulfur and increased with nitrogen addition. Sulfur
application at 1000 mg.kg™* significantly reduced garlic nitrate content by 35% compared to control (mg.kg™).
Garlic nitrate was increased by the amount of nitrogen consumed. There was a positive correlation between
garlic nitrate (YY) as a dependent variable (N) and independent nitrogen (X), which correlated with linear relation
with the correlation coefficient of 0.99. Researchers have argued that excessive consumption of nitrogen
fertilizers is the main factor causing the accumulation of nitrate in a number of vegetables and other plants such
as garlic.

Conclusion: Based on the results of the experiment, it was concluded that nitrogen and sulfur increase the
yield of garlic. Meanwhile, sulfur reduces nitrate accumulation in garlic. Sulfur consumption reduces soil pH and
increases the absorption availability of micronutrients and phosphorus in the soil and causes more absorption of
these elements by the plant.
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