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Table 1- Soil properties used in the study

2
Cyw u!.:.w ) cal PV N Ca Mg K Na - S b:l:o
Sand Silt Clay Sk &l (Total) 3 EC SAR (;;‘ftz:lel;c
Soil Bulk % (dS.m™) - (%)
% Texture Density (meq.lit™)
(g.em™)
56 38 6 9 161 0.078 30.8 38 10.7 913 7 1316 1558 0.3
Sandy-
Loam
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Table 2- Components of calcic zeolite
Si0; (%)  ALO; (%) Fe03 (%) CaO (%) Na,O (%) K0 (%) MgO (%) TiO,; (%) MnO (%) P,0s5 (%)
70.95 7.88 131 221 3.00 3.67 0.62 0.162 0.022 0.013
LOI (%) SO3(%) Cl(ppm) Ba(ppm) Sr(ppm) Cu(ppm) Zn(ppm) Pb(ppm) Ni(ppm) Cr (ppm)
8.13 1.345 3504 1154 399 54 5 39 12 7
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Table 3- Components of z-mix zeolite

Si0; (%)  ALO; (%)  Fe,O3 (%)  CaO (%) Na,O (%) K,0 (%) MgO (%) TiO; (%) MnO (%) P05 (%)
65.36 6.44 2.19 6.42 1.20 2.88 1.59 0.213 0.043 0.018
L.OI" (%)  SO3(%) Cl(ppm) Ba(ppm) S (ppm) Cu(ppm) Zn(ppm) Pb(ppm) Ni(ppm) Cr (ppm)
11.55 1.318 1920 1021 1056 60 17 33 20 20
Sl i
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Table 4- Components of potasic zeolite
Si0; (%)  ALO; (%)  Fe,03 (%)  CaO (%) Na,O (%) K,0 (%) MgO (%) TiO; (%) MnO (%) P05 (%)
70.25 7.68 0.91 1.12 3.10 3.43 0.39 0.153 0.017 0.006
L.OI" (%) SO3(%) Cl(ppm) Ba(ppm) S (ppm) Cu(ppm) Zn(ppm) Pb(ppm) Ni(ppm) Cr (ppm)
11.84 0.600 2049 1158 666 56 2 27 5 6
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Table 5- Water properties used for irrigation
SO, CI HCO; CO; K Na Mg Ca 1ps SAR pH EC
meq.I" mg.I” - - dS.m™

425 22 475 000 001 419 53 17 6848 224 726 0991
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Table 6- The results of ANOVA (MS) on nitrate leaching

JCAPOVES 37 V1Y &3l an Wil po (ko
S.0.V df MS
ol &9 2 3048.65"
Type of Zeolite
g ylade 2 14540759
Amount of Zeolite
255 )l 2 26447.43"
Amount of Fertilizer
g jldexc)g; g9 4 16912.52"
Type* Amount of Zeolite
Amount of Zeolite* Fertilizer
355 iex ol g9 4 528.92"
Type of Zeolite* Amount of Fertilizer
>9§ )l_\_&axgﬁlﬁ)‘ )Lm"x“‘“";’) &9" 8 854.95”5
Type and Amount of Zeolite* Amount of Fertilizer
s 54 1195.45
Error
Sl 2 - 18.75

Coefficient of Variation

sblise (S5 o9el b slosine pas g 40y 0 oy ) Jlain] e )3 ()l e i 4 NS F X
** * and nsare significant at 1, 5 and non-significant probability levels, respectively
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Fig 1- Effect of type of Zeolite on nitrate leaching [Means with the same letter(s) in each row have not significantly difference
based on Tukey's test (p<0.05)]. Zk, Zs and Zca: indicate potasic, z-mix and calcic zeolite, respectively.
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Fig 2- Effect of amount of Zeolite on nitrate leaching [Means with the same letter(s) in each row have not significantly
difference based on Tukey's test (p<0.05)]. M0, M2 and M6: indicate zero, 2 and 6 % zeolite levels, respectively.
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Fig 3- Effect of amount of fertilizer on nitrate leaching [Means with the same letter(s) in each row have not significantly
difference based on Tukey's test (p<0.05)]. F0, F2 and F4: indicate urea rate at zero, 200 and 400 mg.g‘l soil, respectively.
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Fig 4- Effect of type and amount of Zeolite on nitrate leaching [Means with the same letter(s) in each row have not

significantly difference based on Tukey's test (p<0.05)]. Zk, Zs and Zca: indicate potasic, z-mix and calcic zeolite,
respectively. M0, M2 and M6: indicate zero, 2 and 6 % zeolite levels, respectively.
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Fig 5- Effect of amount of Zeolite and fertilizer on nitrate leaching [Means with the same letter(s) in each row have not

significantly difference based on Tukey's test (p<0.05)]. M0, M2 and M6: indicate zero, 2 and 6 % zeolite levels, respectively.
F0, F2 and F4: indicate urea rate at zero, 200 and 400 mg.g"' soil, respectively.



WAD ja9 st — 310 30 Fojylous Fe ul> (S5 g ui Ay AYF

230
ab

%]

b

e

S5
-
425

S
55

[y

LA

(=]
=

S

Nitrate leaching (mg 1)

| o1 - .
(mg ) oley oz ol

=

—

oy Lt
0 | B QK
Pt o e

ab %

T
5

[

oy !

C K e
o L5 g
S L5 !
S L5 !
S L5 !
S L5 !
S L5 !
S L5 !
S L5 !
S L5 !
& & e
S L5 !
5 [ [
£ g L

ZkF4 Z3F{

ZsF2 ZeF4 ZeaF0  ZeaF2  FeaF4

355 ke s ol 5
Type of Zeolite * Amount of Fertilizer
SH 09051 b w03 0 Jloinl mhas )3 (55 e pas (me d alidio B ya) Ol aguil 2 355 e 5 Culgi; g9 1T IS
(52303 i 5 4 Fd g F2 FO (yrizmod alhund ol 5 (o5 )5« sommilly Cli; (5000 WS 5 Ziea 9 Zs ZK (sl 0
Wil go S1E 0,598 1 55 0,5 o Er e g Vow yho pobaw )3 0)9] 395 3,115 p3lie
Fig 6- Effect of type of Zeolite and amount of fertilizer on nitrate leaching [Means with the same letter(s) in each row have

not significantly difference based on Tukey's test (p<0.05)]. Zk, Zs and Zca: indicate potasic, z-mix and calcic zeolite,
respectively. F0, F2 and F4: indicate urea rate at zero, 200 and 400 mg.g” soil, respectively.
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Fig 7- Effect of type and amount of Zeolite and amount of fertilizer on nitrate leaching [Means with the same letter(s) in each
row have not significantly difference based on Tukey's test (p<0.05)]. Zk, Zs and Zca: indicate potasic, z-mix and calcic

zeolite, respectively. M0, M2 and M6: indicate zero, 2 and 6 % zeolite levels, respectively. F0, F2 and F4: indicate urea rate at
zero, 200 and 400 mg.g™' soil, respectively.
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Introduction: Nitrogen is an essential element for plant nutrition. Urea is a common fertilizer that used by
farmers due to high nitrogen content in its structure. This fertilizer transforms into nitrate in soil. Nitrate is
leached below the rooting zoon of agricultural soil. Nitrate leaching is not only a waste of a great cost, but also
causes the pollution of water resources. Methemoglobinemia and cancer are well known issues that caused by
nitrate leaching. For this purpose, many methods have been proposed to prevent nitrate leaching but due to high
cost and low efficiency are not accepted. Using of zeolites is one of the ways that is considered due to its low
cost and ability. Zeolite is a mineral material that found in many regions in Iran. Although effect of zeolite on
nitrate leaching reduction was studied by many researchers, but there was no study on common three types of
Iranian zeolite.

Materials and Methods: For this purpose, a study was conducted as factoria layout based on a CRD with
21 treatments and 3 replications (total of 63 pots) at the Agricultural Research Station (with longitude and
latitude 59° 21' E and 32° 78 N, respectively, and elevation 1941m), University of Birjand during 2013.
Treatments consisted of calcic zeolite (Zca), potasic (Zk) and z-mix (Zs) in three levels: 0 (MQ), 2 (M2) and 6
(M) as wt% and three nitrogen levels: zero (F0), 200 (F2) and 400 (F4) (as mg.kg™ soil). Natural clinoptilolite
zeolite (Zca, Zk and Zs) were collected from Semnan province (53° 15’ E, 35° 25' N) and analyzed for its
chemical composition by X-ray diffraction.

Pots after saffron harvesting irrigated (in October) and urea treatment added to irrigation water (Iranian
farmers called as Zaeech Ab). For prepared sufficient drain from all pots, due to different effect of type and
amount of zeolite on soil water content, based on former experiments, leaching fraction was considered as 20%.
Sample drain from each pot were transferred toa lab, immediately, and were measured by spectrophotometer.
Data related to nitrate leaching were analyzed by ANOVA and Tukey’s test. In this study, SAS 9.1.3 software
and Microsoft Excel 2013 were used.

Results and Discussion: Results showed that type of zeolite, amount of zeolite, amount of nitrogen fertilizer,
type of zeolite with amount of zeolite (interaction effect) had significant effect (P<0.01) on nitrate leaching.
Also, type of zeolite and amount of fertilizer (interaction effect) had a significant effect (P-value<0.05) on nitrate
leaching. Other interaction effects were not significant.

Results showed that z-mix zeolite had less effect on nitrate leaching reduction compared to calcic and potasic
zeolite. It might be due to its properties since z-mix zeolite were prepared as gross zeolite. Potasic and calcic
zeolite reduced nitrate leaching about 15.4 and 21.8% compared to z-mix zeolite, respectively. By increasing the
amount of zeolite, nitrate leaching reduced. These reductions were 32 and 34% by using M2 and M6 treatments
compared to MO, respectively. Amount of urea had a significant effect on nitrate leaching reduction (P-
value<0.05). Although no significant effect between F2 and F4 was observed, but these treatments had
significant effects compared to FO (P-value<0.05).

The highest nitrate concentration in drain water was observed in ZkMOF4, ZsMOF4 and ZcaMOF4. It is well
known that no zeolite was used in these treatments. Results showed a significant difference (P-value<0.05)
between ZkMOF4 and ZkMOFO. There was not significant effect between ZkMOFO and ZkMOF2 due to high
bulk density and salinity. So, soil had no capability to maintain nitrate when 400 mg of ureawere used. The Zca
and Zs treatments showed similar results. When zeolite was not used in soil, it is necessary to apply ureain
several timeswith low levels. It is recommended for both Zca and Zs treatmensts.

In this experiment, potasic zeolite showed the greatest effect on reducing nitrate leaching. By applying 200
and 400 mg of urea, the lowest leaching was observed in ZkM6 treatment which compared to control it was
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reduced 3.47 and 4.61 times, respectively. As ZcaM2F4 showed a reduction about 45.75% in nitrate leaching, it
can be recommended to use in saffron cultivation. This proposal was due to lack of significant effect among
ZcaM2F4, ZkM6F2 and ZkM6F4. In addition, amount of zeolite is reduced enough by application of this
treatment.
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