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1- Calcium phosphate
2- Tiobacilus spp.
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Table 1- Some of physical and chemical properties of field soil and vermicompost used in experiment
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Table 2- Analysis of variance (mean of squares) of some studied traits of black seed in flowering stage
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Table 3- Interaction effects of phosphorus ratexsoil amendments on some studied traits of black seed in flowering stage
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(kg.ha)) Soil amendments Plant height (cm) Leaf area index Plant dry weight (g.m)
C 33.33 0.45 373.13
0 S+T 44.83 1.06 875.23
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V+S+T 60.00 1.50 1244.73
C 44.17 0.71 588.08
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V+S+T 58.67 147 1217.22
LSD (5%) 7.26 0.16 133.40

ws.wSL;a)9 R <u49l~cb9u dffb T 4.))?9? :S wali:C
C: control, S: Sulfur, T: Tiobacilus bacteria, V: Vermicompost
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Table 4- Analysis of variance (mean of squares) for yield components and quantitative yields of black seed
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Table 5- Effects of phosphorus rate and soil amendments on some yield components and quantitative yields of black seed
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0 - 55.33 47.42 727.55 2082.45 34.76
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C: control, S: Sulfur, T: Tiobacilus bacteria, V: Vermicompost
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Table 6- Interaction effects of phosphorus ratexsoil amendments on some yield components and quantitative yields of black

seed
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C 25.7 412.62 1433.61
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S+T 53.3 857.37 2406.24
V+S+T 62.7 1002.63 2803.88
LSD (5%) 2144 83.85 302.60
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C: control, S: Sulfur, T: Tiobacilus bacteria, V: Vermicompost
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Table 7- Analysis of variance (mean of squares) for some qualitative yields of black seed in maturity stage
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Sov " Crude protein Crude protein Oil yield Essential oil Essential oil
percentage yield percentage percentage yield
Ssk 2 232" 49.227™ 015" 921.26 ™ 0.0004™ 0.18"
Block
s Jade 2 446" 1673.919 ™ 6.02" 3885.37 00113 135"
Phosphorus rate
SE laossiol 3 2182 16824.210 1149 44446.01" 0.0262 ™ 7.42*
Soil amendments
X )w )L\.S.a
S laosuS N 6 0.17 " 307.941™ 460" 1006.46 ™ 0.0014 0.22"
Phosphorus ratexSoil
amendments
las 22 0.50 124.3752 1.48 452.34 0.0005 0.08
Error
Syl 0 - 4.02 8.11 3.61 8.13 8.30 12.39
CV (%)
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*, **and ns: significant at the 0.05 and 0.01 level of probability and no significant, respectively.
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Table 8- Effects of phosphorus rate and soil amendments on some qualitative yields of black seed in maturity stage

..\»p): "

o -0 0! iy 95 2N oy 5,Sdos oy 5,5dos
Hd s S el i ol . . il il
Phosphorus Y Py Crude protein o9 a9 o o
rate (kg.ha™) Soil Crude yield Oil Qil yie_lld Essential oil Essential o_ill

amendments protein (kg.hal) percentage (kg.ha™) percentage yield (L.ha™)
percentage
0 - 17.00 126.09 32.85 241.52 0.25 1.93
30 - 17.35 137.02 34.11 267.29 0.30 2.39
60 - 18.19 149.69 34.03 276.16 0.31 2.59
LSD (5%) 0.60 9.44 1.03 18.01 0.02 0.24
- C 15.31 80.16 32.04 167.94 0.21 1.10
- V+T 18.47 157.88 33.79 288.63 0.32 271
- S+T 17.54 131.61 34.21 255.81 0.29 217
- V+S+T 18.73 180.74 34.61 334.25 0.33 3.23
LSD (5%) 0.69 10.903 1.19 20.793 0.02 0.28

WM@)B R ‘L)")}L""by) d)‘b H 4.))?9? S walsC
C: control, S: Sulfur, T: Tiobacilus bacteria, V: Vermicompost
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Table 9- Interaction effects of phosphorus ratexsoil amendments on some qualitative yields of black seed in maturity stage

i e GBSl A e o
Phosphorus S o9 ol ol
r kg.ha” : Oil Essential oil Essential oil
ate (kg ha) Soil amendments percentage percentage yield (L.ha™)
C 29.81 0.17 0.75
0 V+T 33.75 0.27 221
S+T 33.47 0.24 1.48
V+S+T 34.36 0.33 3.19
C 31.87 0.24 1.26
30 V+T 34.14 0.33 2.90
S+T 35.09 0.30 231
V+S+T 35.33 0.33 3.08
c 34.45 0.23 1.20
60 V+T 33.47 0.35 3.02
S+T 34.08 0.32 2.72
V+S+T 34.13 0.34 341
LSD (5%) 2.06 0.04 0.48
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C: control, S: Sulfur, T: Tiobacilus bacteria, V: Vermicompost
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Introduction

Phosphorus deficiency due to the chemical function of calcareous compounds is considered as one of the most
important problems in the sustainable nutrition of black seed (Nigella sativa L.), especially in arid and semi-arid
regions of Iran. Furthermore, low soil organic matter content in these areas can adversely affect phosphorus
availability and thus challenge the sustainable production of black seed. Accordingly, biochemical modification of
calcareous soils based on ecological approaches including biological sulfur oxidation or increased phosphorus
solubility by organic fertilizers, such as vermicompost, may alleviate these problems.

Materials and Methods

In order to some approaches for increasing the soil soluble phosphorus and its effects on quantitative and
qualitative yields of black seed in a calcareous soil, a field experiment was conducted at Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran, in the growing years of 2010-2011. A complete randomized block design
based on the factorial arrangement with three replications and 12 treatments were used. The resources of soil
amendment (1- Control, 2- Vermicompost + Thiobacillus, 3- Sulfur + Thiobacillus and 4- Vermicompost + sulfur +
Thiobacillus) and three levels of phosphorus (0, 30 and 60 kg.ha™) were the first and second experimental factors,
respectively. In order to evaluate the experimental treatments, plots were designed with 3 m long and 2 m width,
0.5 m apart from each other. To eliminate all influence of lateral effects, 1 m alley was kept between blocks.
Vermicompost (pH: 7.59, organic carbon: 34.76%, total nitrogen: 2.31%, and total phosphorus: 1.78%), sulfur
(along with Thiobacillus) and diammonium phosphate were incorporated into the soil before seed sowing. The
analysis of variance and the least significant difference test (LSD: 0.05) were performed using SAS 9.3 software
(SAS, 2011).

Results and Discussion

According to the results, the interaction effect of soil amendment x phosphorus rate on plant height, leaf area index
and plant dry weight of black seed was significant. Biological and grain yields of black seed notably affected by the
interaction between soil amendment x phosphorus rate. Based on our results, plant height significantly increased
with increasing levels of phosphorus fertilizer. In addition, phosphorus solubility due to sulfur + Thiobacillus
application considerably improved this index compared to control. From the results, grain and biological yields of
black seed by applying the sulfur + Thiobacillus treatment were considerably higher than phosphorus 30 or 60
kg.ha™ treatments. The highest biological and grain yields of black seed were observed in vermicompost +
Thiobacillus or vermicompost + sulfur + Thiobacillus treatments. With applying the mentioned treatments, grain
yield of black seed were significantly increased (by 63.3 and 84.4%, respectively) compared to control treatment.
In general, optimal growth and yield of crops are dependent on balanced nutrient uptake. Given the positive
correlation between sulfur and nitrogen, as well as between phosphorus and nitrogen, the specific role of biological
sulfur oxidation combined with vermicompost can be due to increased phosphorus solubility in the soil and
ultimately facilitated uptake nitrogen.

1, 2, 3 and 4- PhD. Student of Crop Ecology, Professor and Associate Professor of Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran and Professor of Department of Soil and Crop Sciences Texas A & M University,USA,
respectively.

(*- Corresponding Author Email: rezvani@ferdowsi.um.ac.ir)

Doi: 10.22067/jag.v11i4.27851


mailto:rezvani@ferdowsi.um.ac.ir

IWAA Gliwso oF o lods ) ol (5559l (owlicds pgr 4yl \FFA

Conclusion

In alkali soils, biological sulfur oxidation individually or in combination with vermicompost treatment can be a
suitable approach to increase the soil soluble phosphorus and quantitative and qualitative yields of black seed. The
results also suggested that the application of phosphorus fertilizers in soils dominated by calcareous compounds
might have limited efficacy. As a result, the biochemical reactivity of Nigella plant to phosphorus uptake is
improved only in conditions where the rhizosphere can be balanced in terms of soil pH and phosphorus solubility.
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