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Table 1- Some physical and chemical properties of studying soils

Colar Colild i -G . O g
S5 0 o ‘i T ol oske Jlae prnds’ S 5 oomisel N.t;“t' SB cél
: iy oW N ) Organic Calcium carbonate . itrate
Soil H matter equivalent Ammonium Textural
number PH12 ECyy q class
(ds m™) (%) (mg kg™)
1 7.9 0.14 0.26 28.5 3.7 0.5 Loamy Sand
2 7.9 0.23 0.30 29.0 9.9 15 Loam
3 8.0 0.31 0.35 36.2 13.6 4.6 Silty Clay
SBoojlond yhed el ol e &) o
Soil P K Fe Mn Zn Cu
number Available (mg kg™
1 6.3 119.5 7.0 5.0 0.17 0.36
2 13.0 604.4 5.6 9.0 0.43 0.85
3 14.5 776.7 5.3 10.3 0.61 0.84
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Table 2- The effects of nitrogen fertilizer types on ammonium and nitrate content after 30 and 60 days of spinach planting
in different soils

potisel Olas OlWgw

abs o Ammonium sulphate DMPP * pgsigel Sl iy Eeils
S o, lowd Control Urea nitrate P Ammonium sulphate nitrate +DMPP Mean
Soil number = Z e i - R R
(0,545 52 05 Juo) CudS 51 pum o, Yo dold 5 & 0gigel li
Ammonium content in soil after 30 days of planting (mg kg™
1 2.00' 19.39° 12.28° 34.58° 17.06°
2 6.91" 26.83¢ 21.60 44.32° 24.91°
3 9.779 30.98¢ 28.59% 53.99° 30.83*
(Mean) il 6.23° 25.73% 20.82¢ 44 297
S olowd (2,5 2 5 o) €S 5| ey oy Fe dlold 3 S5 pouisal e
Soil number Ammonium content in soil after 60 days of planting (mg kg ™)
1 0.67" 24.51° 15.85¢ 50.45° 22.87°
2 2.73" 29.46° 24.84f 65.89" 30.73°
3 478" 33.86° 31.41° 70.36° 35.10%
(Mean) oSl 2.72° 29.288 24.03¢ 62.23*
S o)l (B35S 2 oS ko) et 5l (g 9y T abiold )5 S s jlade
Soil number Nitrate content in soil after 30 days of planting (mg kg ™)
1 0.76' 7.839 15.807 6.879 7.82°
2 153 17.27° 28.03° 14.51f 15.34°
3 3.30" 22.86° 31.80° 19.89¢ 19.47%
(Mean)  u&ibe 1.86° 15.99°8 25.214 13.76°
S o,lowd (PSS 3 p)Siee) CadS 5l s 59, 5+ Aol > SK- s jlade
Soil number Nitrate content in soil after 60 days of planting (mg kg ™)
1 0.05° 9.72° 18.75% 8.91" 9.35°
2 0.13¢ 19.75¢ 29.24° 17.40° 16.63°
3 0.309 24.92° 33.26% 24.32° 20.70%
(Mean) u&ibo 0.16° 18.138 27.08% 16.87°¢
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Means in each column and row with the same letter (small letters) are not statistically different at a =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 3- The effects of nitrogen fertilizer types on shoot fresh weight of spinach varieties (g pot™) in different soils
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Soil number Control Urea Ammonium sulphate DMPP Mean
nitrate Ammonium sulphate
nitrate +DMPP
(Spinach variety) gUiw! 4 ,lg
] PO S Y <ols ) o]y Sisslg <ols Sisslg
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Giant Giant Giant Giant
Santos Santos Santos Santos
1 16.2" 18.2" 175.5°% 125.97 178.9% 159.8° 128.97 127.3 116.3°
2 245" 23.4" 219.2% 183.9 225.7° 196.2% 196.3% 165.6% 154.48
3 50.09 59.19 216.1% 221.2° 229.3 175.1°% 220.2 226.1° 174.6%
(Mean) il 31.9° 190.3% 194.2% 177.4°
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Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 4- The effects of nitrogen fertilizer types on shoot nitrate concentration of spinach (mg kg™ fresh weight) in different

soils
S oylend K¥AWe 5,9 Parigel Ol s Ol g DMPP + agaigol el yi <\d gan oo
Soil number  Control Urea Ammonium sulphate Ammonium sulphate nitrate Mean
nitrate +DMPP
1 1763" 3335 30737 2284° 26147
2 1678: 35381 3138°Z 2227° 26452
3 1870 3516° 35132 2320° 2805
(Mean) Sk 1770°  3463" 3241° 2277°
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Means in each column and row with the same letter (small letters) are not statistically different at & =0.05 (LSD Test). The main
effects are shown by capital letters.
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Introduction: Leafy vegetables such as spinach (Spinaciaoleracea L.) contain high levels of nitrate. Using
nitrification inhibitors (NIs) such as 3,4-dimethylpyrazole phosphate (DMPP) is one of the strategies for reducing
nitrate accumulation. Nitrification inhibitors are compounds that delay the biological oxidation of ammonium to nitrite
by depressing the activity of Nitrosomonas bacteria in soil. Soil properties such as texture, pH, organic matter, moisture,
temperature and mineral nitrogen have important effects on the efficiency of NIs to delay nitrification. A pot
experiment was conducted to investigate the effects of NI 3,4-dimethylpyrazole phosphate (DMPP) on soil mineral
nitrogen (ammonium and nitrate) content, yield and nitrate concentration of spinach.

Materials and Methods: A completely randomized factorial design was carried out employing three factors
consisted of nitrogen fertilizer type, soil type and spinach variety with three replications at Shahrekord University.
Nitrogen fertilizers included urea, ammonium sulfate nitrate (ASN) and ASN plus DMPP (0.8 %). A no N fertilizer
application was considered as control treatment. The soil factor contained 3 different soils with different physical and
chemical characteristics. Two spinach varieties were smooth-leaf (Giant Santos) and wrinkled-leaf (Viking). The dose
of applied nitrogen in all experimental treatments was 150 mg kg™ soil that was applied in two split doses before
sowing and after one month. The textures of three selected soils were loamy sand, loam and silty clay for the soils
number 1, 2 and 3, respectively. Three selected soils were non-saline (EC;.,=0.14-0.31 dS m™) and alkaline (pH;.,=7.9-
8.0). Organic carbon and calcium carbonate equivalent (CCE) ranged from 0.26% to 0.35% and 28.5% to 36.2%,
respectively. At 30 and 60 days after sowing, soil subsamples were taken to determine ammonium and nitrate content.
The ammonium and nitrate concentrations (extracted with 0.5 M K,SO,) were determined calorimetrically using a
spectrophotometer at a wavelength of 667 and 410 nm, respectively. At the end of the experiment, shoot fresh weight
was determined and plants was mixed and dried to measure nitrate accumulation.

Results and Discussion: The results indicated that the application of ASN with DMPP led to significant increase
of ammonium compared with ASN and urea fertilizers in three soils. At 30 days after sowing, the amount of this
increase for ASN plus DMPP in comparison of ASN and urea were 182% and 78% for the soil number 1 (loamy sand),
105% and 65% for the soil number 2 (loam) and 89% and 74% for the soil number 3 (silty clay), respectively. By
contrast, the application of ASN with DMPP led to significant decrease of soil nitrate in comparison of ASN and urea
fertilizers in three soils. At 60 days after sowing, the amount of this decrease for ASN plus DMPP in comparison of
ASN was 52%, 40% and 27% for the soils number of 1, 2 and 3, respectively. It means that the application of DMPP
has slowed down the process of ammonium oxidation to nitrite. In fact, the addition of DMPP retained soil nitrogen as
ammonium form for longer time. The application of NI DMPP also had positive effect on decrease of nitrate
concentration in the soil. Unlike nitrate, ammonium is less susceptible to leaching and thus the application of DMPP
can reduces nitrogen loss from the soil. However, the application of ASN with nitrification inhibitor DMPP in soils No.
2 (loamy sand) and No. 3 (loamy) significantly reduced shoot fresh weight of both spinach varieties compared with the
similar treatment but without NI. This decrease was due to the toxic effects of high level of soil ammonium on the plant
growth. While, in the soil No. 3 (silty clay) in Viking variety, the use of ASN plus DMPP resulted in significant
increase of spinach shoot fresh weight to 29% in comparison with the same treatment but without NI. The highest and
lowest values of shoot fresh weight (229 and 16.2 g pot™, respectively) were obtained by Giant Santos variety in soil
No. 3 (silty clay) with ASN plus DMPP and soil No. 1 (sandy loam) with no added N fertilizer. The application of ASN
with nitrification inhibitor DMPP induced significant decrease of shoot nitrate concentration in spinach in comparison
of ASN and urea. The amounts of this decrease for ASN plus DMPP in comparison with ASN and urea were 25.7% and
31.5% for the soil number 1 (loamy sand), 29.1% and 37.1% for the soil number 2 (loam) and 33.9% and 34.0% for the
soil number 3 (silty clay), respectively. This decrease was due to ammonium nutrition of spinach plants.

1, 2 and 3- Former M.Sc. Student, Associate Professor and Professor of Soil Science and Engineering, College of
Agriculture, ShahreKord University, respectively.
(*- Corresponding Author Email: shkiani2002@yahoo.com)
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Conclusion: In all studied soils, application of ASN with nitrification inhibitor DMPP is recommended for
diminishing nitrate content in both spinach varieties (Giant Santos and Viking).

Keywords: Ammonium, Ammonium sulfate nitrate, Nitrification inhibitor, Urea



