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Abstract
Introductio Soil contamination is the presence, diffusion or fusion of foreign matter into the soil,
altering its physical and chemical quality in a manner that is harmful to humans, plants and the
environment. Soil nitrate pollution due to excessive use of nitrogen fertilizer and inappropriate
irrigation causes nitrate accumulation under the active root zone and its movement to groundwater
and endangers the environment. By labelling the soil with *°N-labelled nitrate or urea it is possible
to trace the fate of fertilizer derived nitrate down the soil profile. This can be achieved by taking
sequential by using suction cups to sample the nitrate in the soil solution. The purpose of this
study was to investigate the effect of irrigation system and nitrogen fertilizer level on the amount
and pattern of nitrate distribution in different soil depths.
Materials and Methods The experiment was conducted in a randomized complete block design
with a split plot in two plots and three replications on tomato plant in Agricultural Research Farm
of Nuclear Science and Technology Research Institute. Furrow and drip irrigation systems as the
main factor and fertilizer treatment (100 and 200 kg N/ha from urea fertilizer source), soil depths
(including 15, 30 and 60 cm) and sampling time (Includes 28, 40, 61 and 80 days after plantin)
were first, second and third sub-factors respectively. In order to trace nitrogen, CO(**NH,), urea
fertilizer with enrichment of 4.634% was used. Three soil solution extractors were installed at
depths of 15, 30 and 60 cm in each isotopic plot in each replication and extraction was performed
4 times. Soil solution nitrate and °N/*N isotope ratio were measured by spectrophotometer and
mass spectrometer respectively .
Results and Discussion The highest soil nitrate-N (N-NOs) concentration(94.31 mg L™) in
furrow irrigation (Fertilizer level of 200 kg N ha™, soil depth of 60 cm and third time of soil
solution sampling) and its lowest concentration(1.73 mg I™%) in drip fertigation system (fertilizer
level of 100 kg N ha™, soil depth of 60 cm and fourth time of soil solution sampling) was
observed. The results showed that the concentration of nitrate-N in the drip fertigation system was
higher at a depth of 15 cm (active root depth) than at depths of 30 and 60 cm. The highest
concentration of nitrate nitrogen derived from the source of nitrogen-15 (N-°NO; dff)(88.82 mgl"
Y'in furrow irrigation (Fertilizer level of 200 kg N ha™, soil depth of 60 cm and third time of soil
solution sampling) and the lowest concentration (0.12 mgl™) in drip irrigation fertilizer (fertilizer
level of 100 kg N ha™, soil depth of 30 cm and second time of soil solution sampling) was
observed. Nitrate-N concentration derived from labeled fertilizer source in furrow irrigation at a
depth of 60 cm (below the active root depth in furrow irrigation) was greater than the depths of 15
and 30 cm. the results also showed that The highest concentration(42.25 mgl™) of nitrate-N
derived from soil source in drip fertigation system (fertilizer level of 200 kg N ha™, soil depth of
15 cm and first time of soil solution sampling) and the lowest concentration (0.29 mgl™) in drip
fertigation system (100 kg N ha, soil depth of 60 Cm and the fourth time of soil solution
sampling) was observed.
Conclusion The results showed that of the total nitrate nitrogen in the 0-60 cm depth, the values
(62, 29 and 9%) in the drip and (10, 34 and 56%) in the furrow irrigation system in Depths of 15,
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30 and 60 cm were observed respectively. Nitrogen-15 data showed that of the total soil nitrate
nitrogen, the values of 20 and 80 percent in fertigation system and 77 and 23 percent in furrow
irrigation system was observed from labeled fertilizer and soil source, respectively. increasing
nitrate accumulation was observed in soil depth of 60 cm with increasing nitrogen application in
furrow irrigation. The use of fertigation system was effective to prevent nitrogen loss from the
active root zone of the plant. In general, fertigation system and fertilizer level of 100 kg N ha™
was the best irrigation method and the best fertilizer level to reduce nitrate leaching losses in the
conditions of this study.

Keywords: Nitrogen-15 labeled fertilizer, Suction capsule, Drip irrigation fertilizer, Nitrate leaching
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Table (1) Physical and chemical analysis results of field soil prior to the experiment
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Table (2) Results of analysis of variance of the measured parameters in the irrigation system, fertilizer level, sampling depth and time
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Table (3) Comparison of average nitrate-N concentration under the influence of irrigation method,
fertilizer level and sampling times at different soil depths

(e Ble) Goe
Depth (cm)
60 30 15
(a3 0 8 o) 515 035 25 okl 355 v 3 4 35 OLe
Nitrate-N (mg L™) Irrigation  Fertilizer level Sampling Time
6.09 " 18.09 ™ 33.22° Slo a3 100 T1
3.62" 10.28 ' 26.30 Drip kg N ha™ T2
2.65" 7.84° 18.05 ™ T3
1.73% 6.59 " 14.85® T4
30.86 22.10" 6.33 " Slaz T1
42.73" 19.36 ™ 7.62  Furrow T2
35.53 9" 26.38 5.01" T3
44.90 © 26.86 9.47 " T4
13.40 ¢ 27.67% 42.87° Slo ks 200 T1
13.70 ¢ 21.21'™ 37.149 Drip kg N ha-1 T2
6.33" 19.65 ™ 22.85' T3
6.3 13.22 1 22.12" T4
54.70 ¢ 31.21! 16.00%®  Glemsr T1
48.47° 30.69 19.52™  Furrow T2
94.31° 37.51°9 13.321 T3
63.00° 38.51" 16.51 % T4

RGN (ug\bg}}ﬂJT) MJ)@JL&‘?JJJ‘J&A QJ}UJ LR ) ¢.,\;J,il.:¢~l.;.» J}f—
B85l e 5o A ENEF YA 5 5 TA T3, T2, TLeS s Jghous (6515 55 505 Jom! o =

- Similar letters indicate no significant difference at the 5% probability level (Duncan test).
Sampling time of soil solution T1, T2, T3, T4 28, 40, 61, 80 days after planting respectively.
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Table (4) Comparison of the average nitrate-N derived from the source of nitrogen-15 labeled

fertilizer concentration, under the influence of irrigation method, fertilizer level and sampling time
at different soil depths

(Sl Gos
Depth (cm)
60 30 15
V005555 355 ate Sl ok Grie (155 055 2 @bt 255 g So13 4 sai Ol
Nitrate Nitrogen Drive from Fertilizer Nitrogen15 Irrigation Fertilizer level Sampling Time
2.52° 0.34" 0.28" 100 T1
221 0.12" 1130w S kgNhat T2
1.65 W 2484 0.76 ™" Drip T3
1.43 " 372" 0.19" T4
19.871 15.39 ¢ 423" i T1
37.21° 14.60 ¢ 6.16 ™ Furrow T2
21.74" 19.221 3.88" T3
39.65° 12.88' 1.87 "W T4
11.14™ 0.48" 0.61 " lo ka3 200 T1
8.25° 400" 1.02 " Drip kg N ha™ T2
4757 15.77 453" T3
451" 11.63'™ 6.57" T4
42.42° 26.07 ¢ 9.68 ™ Gl T1
38.37* 2452 " 12.70'™ Furrow T2
88.82° 32427 11.99'™ T3
57.59° 25.58 " 9.65 " T4

Wl (S5 0 903T) Ao 3 gy Jacm! pebann 53 513 e sl 5 g5 ke SIS bt o —
Sl 5l s 550 AEVE YA 5 5 TA T3 T2, T1eS 1 Jghous (6515 5 505 Jom! o —

- Similar letters indicate no significant difference at the 5% probability level (Duncan test).
- Sampling time of soil solution T1, T2, T3, T4 28, 40, 61, 80 days after planting respectively
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2- Hanson et al.
3- Constantinos et al.
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Table (5) Comparison of the average nitrate-N derived from soil source concentration under the
influence of irrigation method, fertilizer level and sampling time at different soil depths

(e le) Gas
Depth (cm)
60 30 15
STl mta e i 155 055 58 @bt 635 o 1> 4 505 Ole

Nitrate Nitrogen Drived from soil Irrigation Fertilizer level Sampling Time
356%°  17.68"  32.93° (sl 100 T1
241" 10.15’ 25.20 Drip kg N ha™ T2
0.99" 536™% 17311 T3
0.29" 2.87" 14.66 " T4
10.21° 6.71"° 2.09™  Glem s T1
6.43 P 4.76 ™ 156"  Furrow T2
13.78"  7.14%M 111" T3
473" 13.19"  7.12km T4
225" 27.23¢ 4225  lo ks 200 T1
477" 1694  36.12° Drip kg N ha-1 T2
1.25" 3.87 7 18.38 T3
1.79 % 1.60" 16.42 9 T4
1252 498°% 631" Gl T1
8.66 * 6.17"°  6.82%°  Furrow T2
549 ™% 506" 1.10" T3
4.42 ™4 8.27 6.95 k" T4

Cﬁw‘(ug:‘bg)}ﬂ)T)M‘).!c.idk}‘chw‘)b)\)w;;jw.}?jCJ;SJLQMLLAJ}P—
Sl 5l s 5o A EVF YA 5 5 TA T3 T2, TLeS 1 Jglonn (6505 245 305 Joml o —

- Similar letters in indicate no significant difference at the 5% probability level (Duncan test).
-Sampling time of soil solution T1, T2, T3, T4 28, 40, 61, 80 days after planting respectively
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Figure 3 interactions effects of irrigation method, fertilizer level and soil depths on nitrate-N
concentration (a), nitrate-N derived from fertilizer nitrogen-15 (b) and nitrate-N derived from soil

(c) , (11-Fertigation system and I12-Furrow Irrigation) (F1 and F2 are equal to 100 and 200 kg of
nitrogen per hectare) and (D1, D2, D3 are soil depths of 15, 30 and 60 cm)
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