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Table 1- Results of field soil testing from depth zero to 30 cm prior of experiment

YYA I

39 pewliy 3O yhumd 0 yhwd Coloa
03954 0395 0395 .y
o yid NT o yd NT o yd NT &S S st
Kave (%) Pave (%) Pave (%) EC SOI' tEXture
(ppm) (ppm) (ppm) (ds.m™)
248 13.1 0.077 36.4 0.61 75 1.08 Loam
ool 2l 5l am de 50 S Giolojl @l =Y Jgu
Table 2- Results of field soil testing at the end of experiment
@ 30 yhowd 30 yhowd LRV
(8.0 naddB Ll ek o A QI s [$315 0 d s [$31 54 ey S bl
Kave NT NT NT Soil texture
(ppm) (%) Pave (%) Pave (%) EC L
(ppm) (ppm) (dS.m™)
150 6.7 0.048 313 0.54 77 1.92 Loam
ooliiul 050 als 355 Linlesl il - ¥ Jga
Table 3- Results of using animal manure testing
EC H ocC K P N
(dS.m) P (%) (%) (%) (%)
16.4 7.85 43.5 321 0.68 2.38
035 o y0 oberds LS 5 -F Jeua
Table 4- Chemical compounds in fresh garlic
Solie ol g
C B6 B3 B2
mg.100 g f.w
21 130 487 958 001 001 053 263 53 1138 137 0.84 0.02 0.21
f Joos aolol
Table 4- Continued
5! FouS o) Ol ydap g yS b awlis ey ol
Energy Ash Lipid Carbohydrate Fiber Starch Pr H20
kcal.100g f.w g.100! f.w
133 2.3 5.1 41.4 1.2 22.1 13 53.6
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Table 5- Results of variance analysis (mean squares) of garlic morphological traits under the
influence of bio fertilizers and sulfur

Spolas 5 njy  SAS G ¥ o8

JUUE AN 4”){ a3lw Job aSlw yhd Sy deb gy o Sy Sy a8lw
S.0V el Stem Stem Leaf Number  Fresh Dry Fresh

df length  diameter  length  of leaves  weight  weightof  weight

per plant  of leaf leaf of stem

block g4 2 116 ns 0.035*  0.256ns 4.13* 0.496 1.76* 0.411ns

ns

Treatment ,les 4 7.78ns 0.072** 10.2* 2.84* 132** 4.27%* 59.3**
Error ts 8 2.64 0.004 1.72 0.677 171 0.287 5.80
C.V. W) &l yuds gy 15.6 13.7 10.9 8.97 12.8 10.6 134

oy ) 5[3Jm:l@a“)o)\ogmsjlasmﬂ.é@;4.3:**5*‘[13
ns, * and **: nonsignificant and significant at 5 and 1% probability levels, respectively.

-0 Jgue aolsl
Table 5- Continued

olasy . R 3l

39 4ijey <wlin SO 09
o TP G T TP e
’ T Number 277 Intra ¢ i X Garlic yield
SOV p of Bulb  oular  Stomata  Photosynthesis —weight of ™o 2
bulblets weight carbon conductivity bulblet
blockssty 5 5oges 0182 gggu g 00er 1.46% 0.003ns  1355ns
Tre;L:rT;ent 4 26.9** 32.6** 1261** 0.021** 33.8** 1.00** 191098**
Error s 8 0291 0760  0.870 0.0001 0.371 0.007 1179
CN.Ob) oy ays 17,4 15.7 7.03 911 8.57 16.1 20.1

2op3 ) 90 Jlesol gl 53 418 (hxe g )l (hxe ju cos i 47 5 NS

ns, * and **: nonsignificant and significant at 5 and 1% probability levels, respectively.

Ll ;539,555 5 (Frmy ogS ;8 Cod w0 Shoe Slizl 5 (S3led )90 Dlio (B eSile anslie —F Jgu
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Table 6- Mean comparison of some morphological traits and yield components of garlic
affected by bio fertilizers and sulfur in field conditions

It gL s b oy olasi ¥ i_us 6-%” 039 r‘“u:s Sl S 09
- S A SV o
SISy “ Stem 2 #) Fresh Dry Fresh FX Weight
Trearment Sttm  diameter  Leaf Number weight weight of weight Number of
length cmy  length  of leaves of leaf leaf of stem of bulblet
(cm) (cm) per plant @ o o bulblets o
T1 32.5a 0.88ab 34.2a 6.31a 39.1a 6.37a 45.9ab 11.6b 3.10a
T2 29.4a 0.72b 30.6a 6.00a 21.6d 3.34c 40.0b 10.3c 1.81d
T3 32.6a 0.83b 32.0a 6.00a 29.4b 5.74ab 40.2b 13.5a 2.64b
T4 30.8a 1.07a 32.3a 5.82a 25.1cd 4.38bc 45.9ab 10.3¢c 2.18c
T5 33.4a 1.08a 34.1a 5.83a 27.6bc 5.37ab 50.6a 13.6a 3.13a

et 70 Jloin | o )3 (65 cme AU 18 5t yo > Sy B> K Jlis ()b sla,Sils
Numbers followed by the same letter are not significantly differents (P<0.05)

T1: Nitoxin, T2: Control, T3: Sulphor, T4: Basilus subtilis, T5: Biophosphur.
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Table 6- Continued

a2 o 9 (339

a2y S (939

(o ) Shos ok om o5

Sl Weight of NI Weight of e 0 M.é . Ci

Number of Bulb weight Garlic yield b
Treatment bulblet bulblet 3 )
@ bulblets © @-plant™) per g.m- umol CO, ms?)

T1 3.10a 11.6b 3.10a 21.3ab 941b 226ab

T2 1.81d 10.3c 1.81d 14.0d 539c 175c¢

T3 2.64b 13.5a 2.64b 18.0c 932b 213b

T4 2.18c 10.3c 2.18c 19.0bc 635¢c 198bc

T5 3.13a 13.6a 3.13a 22.5a 1176a 246a

s 70 Jlois| o )3 (65 dme B 18 atw y2 )

Numbers followed by the same letter are not significantly differents (P<0.05).

T1: Nitoxin, T2: Control, T3: Sulphor, T4: Basilus subtilis, T5: Biophosphur.
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Figure 1- Effect of bio fertilizers and sulfur on photosynthesis and stomatal conductance in
garlic plant in field conditions
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Abstract

Garlic is the second balbous product after onions, which is considered by
consumers due to its medicinal compounds. This product has different functions with
adaptation in different climates. Existence of high bio-flexibility in this plant has caused
the planting of this plant in most temperate and cool regions in Iran. In order to
investigate the effect of nitrogen-fixing and phosphate-solubilizing soil microorganisms
with sulphur fertilizer and pure Bacillus subtilis on morphophysiological and yield
components of garlic (Allium sativum L.), an experiment was conducted in a
randomized complete block design with three replications in agriculture research and
education center of Mashhad in 2020. Experimental treatments include bio fertilizers 1)
Nitroxin (Azotobacter sp., Azospirillum Azospirillum sp., Entrobacter Cloacea), ii)
Biophosphate (PSB) (containing phosphate-solubilizing bacteria of the genus Bacillus
and Pseudomonas), iii) Bacillus subtilis, iv) sulphur fertilizer and control. The results
showed that garlic did not show a positive response to the use of Bacillus subtilis
bacteria. The highest fresh weight of the stem (50.6 g) was obtained from the treatment
containing Pseudomonas bacteria. The highest fresh weight and dry weight of leaves
were significant under the influence of nitroxin fertilizers with 39.1 and 6.37 g.plant™,
respectively. Fertilizers containing Azotobacter, Azospirillum and Entrobacter Cloacea
also had a 34% increase in garlic weight per plant compared to the control. Application
of biofertilizer containing phosphate-solubilizing bacteria had the highest number of
garlic, garlic weight per plant and garlic yield (11760 kg.ha). The highest amount of
photosynthesis (17.9 pCO2mol.m?.s), stomatal conductance (0.251 mmolH.Om2.s?)
and Ci (246 umol CO2 m2.s™) were obtain from Phosphate solubilizing bacteria. In
general, the results showed that both phosphate-solubilizing bacteria and nitrogen-fixing
bacteria improved the morphophysiological and vyield traits of garlic, but the greatest
effect was obtained from Pseudomonas and Bacillus bacteria.

Key words: Biofertilizer, Phosphate solubilizing bacteria, Photosynthesis, Sulphur.
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