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Tablel- Selected physical and chemical properties of used soils and water

b 5 (59 08 Oluoguass &yl o . s ‘.5.;5;943 T )
Selected physical and chemical properties Irrigation water G Soil sallmgl levels (dSm™) G
- <l - 1.62 497 9.82
Electrical ci;cfﬁ;oérziﬁﬁlegiﬁact (dSm™) t
(SAR) e Ol G 3.33 2.52 4.40 4.40
(PHs) S5 glusl o )lac any il - 7.75 7.61 7.53
Soluble Na (meq. I'") Jglo nsduw 5.41 5.64 16.65 26.28
Soluble Ca (meq. 1" ) Joloes pasalS 22 5.22 18.8 5.45
Soluble Ca+Mg (meq. 1) Jgloeo s juio + panalS 5.29 10.05 32.35 71.19
Soluble K(meq. 1" ) Jsloro paliy 0.3 0.5 0.7 0.7
Soluble CI (meq. 1) Jsl>ce IS 36 2.8 272 88.39
Soluble CO; (meq. It ) Joloe il )8 0.2 - - -
Soluble HCO; (meq. I') Jobro cliyS s 26 42 3.6 46
Total Nitrogen (mg. kg™") S 13955 533.7 525 525
available P (mg. kg™") o> JB jhusd 14.73 14.31 14.15
available K (mg. kg™) _pwyiwd JB punlis 559.5 423.8 432.97
SP (/) sl 1o > 36.30 36.55 36.85
Soil texture S8 8l Loam
M () I osle do y> 1.0
Bulk density (g. cm?) (¢ ,»lb UPgaSw py> 1.46
23.2
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Table2- Variance Analysis (Mean Square) of dry weight, Nitrogen concentration and uptake

(MS) a0 (Sl
Factors) b .St 33l 4y oS S 35 oS )3 i clale oS 53 Ojg sk o
(Factors) Wy’ df Dry weight of Plant Nitrogen Nitrogen uptake in
yweig concentration in plant plant
(Soil salinity) S5 g qu 2 0.28" 0.005" 96.6™
97 35 &9 1 0.39° 0.002" 8433
(Nitrogen fertilizer type)
039 395 £ & S (5590 " \ .
(Soil salinity* nitrogen 2 0.26 0.073 15.88
fertilizer type)
O 395 lade 2 0.45° 0.128° 2122
(Nitrogen fertilizer levels)
09k 395 o & S (5590 . . .
(Soil salinity* nitrogen 4 0.12 0.009 25.84
fertilizer levels)
0395 395 jlsko # £93 . . .
(Nitrogen fertilizer levels * 2 0.18 0.003" 38.54
type)
355 Jlade i £oi # S (5590
039’2"‘-; e e #*
(Nitrogen fertilizer 4 0.039 0.012 3.61
levels*nitrogen fertilizer
type*soil salinity)
(Error) Us 36 0.003* 0.003* 1.06™
(Total) sgox0 53
(CV) Ol i oo 2.7 3.54 3.64

(Significant at p<0.01)a0,5 aaw 4> )b e =s# (Significant at p<0.05)sw g gdaw 5 I3 ine

=3 No significant) ;345 )b ixe = 1S

(0I5 2 )5) U335 Sl (559 52 o] LS o052 9 (950 395 £95 S (65900 1 =T oo
Table3- The effect of soil salinity, nitrogen fertilizer type and their interactions on mustard dry weight (g/ pot)

(Nitrogen fertilizer type) (s 358 g9

Sk W W Sleo
soil sa;j:lgytli:ls el S posyel Mg Aﬁ;ge
Calcium nitrate Ammonium sulfate
Cy (s2Ld) 2.06a 1.96bc 2.013 A
C, 1.62d 1.98b 1.802 B
G, 1.66d 1.91c 1.79B
(average) nSbo 1.78 B 1.96 A

Cy=V dS ! (6)58 Cr= 0 dS ™ ()0 « Cop=uali sl o b ydgety o 3 I3 sine CoMS] 1B aulito oy >
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Table 4- The effect of soil salinity and nitrogen fertilizer type and their interaction on plant nitrogen
concentration (%)

. (Nitrogen fertilizer type) (yj9, 395 &9 .
S (5 9 T gl Sl

Soil salinity levels oS’ i porigol ©lilgu Average
Calcium nitrate Ammonium sulfate
Co (L) 1.56¢ 1.67a 1.61 A
C, 1.66ab 1.51d 1.58 A
C, 1.6¢ 1.61bc 1.60 A
(average) (»Sike 1.60 A 1.59 A

Cr=V- dSm™ (5,95 C1=0dS M ()98 « Co=salis 3l oo ydty gdaw j3 o sine M) 1315 lie oy
Numbers followed by the same letter are not significantly differents (P<0.05)

(015 2 0,5 o) 0l (39505 i 2 Wl (S 052 9 (595 395 £95 9 S (5980 510 Jgaa
Table 5- The effect of soil salinity and Nitrogen fertilizer type and them interaction on plant Nitrogen uptake

((mg per pot
) (Nitrogen fertilizer type) (yj9.pw 3 5 ’
S g9 gobaw S M’wf fi 18: oo
Soil salinity levels oS’ i Pegel S gw Average
Calcium nitrate Ammonium sulfate

Cy (2aL3) 32.21a 32.58a 1.61 A

C 26.59¢ 29.79b 1.58 A

C, 26.64c 30.75b 1.60 A

(average) nSiko 284 B 31.0A

Cr=V- dSm™ (5,95 C1=0dS M ()98 « Co=salis 3l ooty a3 o sine oM 1815 lie oy
Numbers followed by the same letter are not significantly differents (P<0.05)

L olS Sitd 59 cppiin Ca syas 5 oS b 5 el cunday
oty ol sy (33955 35 p)S5kS 2 5 o\ Ve by
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PRS p S el Ve o B gy 395 B pae 4 olS Cute
g )T el Al (39 i 295 sl Saljal g aly (2l
I a8 eud pasiie aa (alS ol SES iy 0 ]y (yed
S s oM JUd it by QIS paie S a4 olS Sy
b Liulisl gyes 3l oL luis cla olu)b Sl paie o
il wgie yebdy oS’ 5)sba .(Grattan and Grieve, 1994)
e 3 S0t 98) )bl O )9 anly ya talidl
LS (595 S 53 S ST+ 3900 b (0 pudes o
39 Lol j i Ll b 5 00 b 4y o 35S 4

.(Malakooti, 2000 ; MohajerMilani et al., 1999)
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Table 6- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard dry weight (g/pot)

S 658 gl ) D e }
Soil salinity levels Nitrogen fertilizer levels (mg kg™)
40 80 120
(wls) Cy 1.84d 2.19a 2.01bc
C,y 1.58f 1.96¢ 1.86d
C, 1.63f 1.70a 2.03b
(average) ,Slo 1.58C 1.85B 1.98 A

Cz =\. dS m-l 6)9»3 ‘Cl: 6 dS m'l d)}& ¢ Co =5 .L:JLL;O Lo )2 c]a.w » )‘J&m 3 (SR d:Lw.n n_95)>
Numbers followed by the same letter are not significantly differentns (P<0.05)

i S ke s B 39755 358 o ke UL S TS a5 ok s & 3555 38 e IS L

P Uk 8L (alS ) gae j5bdy olS (g ks Clale pSlS Syt oS )3 (yjgyis il Jg (halS (g s cals
S’ 2l L bjlas e )3 olS g yns cale ol Sis odlo ol drgi b a5 (A gV Jshia) il iulj3)
(Y Jgis) sl Cuoday (yj0 5 368 pySshS Esmaili e al. .uib o 3y 5| Loy Yl clale jzals oyl
GRBILC1las g a0l 3 9y Gla A Jodo 4 i L 39508 b 6598 gohaw (sdon 53 &5 Wdge3 )15 (2008)
sobd p S lS 1 oy S ook e L (5958 35 zolaw 8L, (lj3l oS ygm olS ) (g ks ol g cald ()59 i
i 5 Cy jlas o aS s 3wl ili8l gl e U (59 395 Cilisie ol 1 SLS (6y9 Lialjil
S e pybany oLS ()9t i p)SShS 25 (el gaw > b g ety oS g ts clale o ()l e
S Gl 09y 4 olS (S9)3 jLs aSTe by iuljEl oS ()39t Clale Cr (69 haw 3 p)S kS’ 2 p)S (ool
ol sl i3l S &9 Zolaw (gdod ;3 (8l ialS by txe jebdy dald 4 Cuws

(2 y3)J3 3 (395 CRIE p3 (59 395 9 S (5 )90 Tobw (SR 1 9 (195 395 Tobw -V Jgur
Table 7- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard nitrogen concentration (%)

SE ()9 oo Olsr gobw
Soil salinity levels Nitrogen fertilizer levels (mg kg™)
40 80 120
(12L3) Cy 1.68a 1.58b 1.59b
C, 1.73a 1.52be 1.49¢
C; 1.69a 1.57be 1.56bc
(average) ,Slo 1.7A 1.5B 1.54B

Cy=Ve dSm™! )58 C1=0dS M ()58 « Co=ualis .13l oo gy o 3 I3 sine 5] 131 it g >
Numbers followed by the same letter are not significantly differentns (P<0.05)

(OIS 32 0,5 (hao) U353 359 @2 12 059 395 9 S (5)90 Tobaw (S o2 52 9 (159.%5 355 Tobaw 1A Jgor
Table 8- The effect of nitrogen fertilizer levels and interaction of soil salinity and nitrogen fertilizer levels on
mustard nitrogen uptake (mg/ pot)

SE (5y9 golaw . Oj;’f:*'i gl »
Soil salinity levels Nitrogen fertilizer levels(mg kg™)
40 80 120
(12l3) Cy 30.72bc 34.59a 31.87b
C,y 27.13d 29.53¢ 27.9d
C, 27.58d 26.68d 31.55b
(average) (puSSlbw 28.48 B 30.26 A 30.44A

Cz =\. dS m-l 6)9»3 ‘Cl: 6 dS m'l d)}& ¢ Co =y .L:JLL;O duo )2 c]a.w » )‘J&m 3 (SR d:Lw.n n_95)>
Numbers followed by the same letter are not significantly differentns (P<0.05)
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395 93 G S ne WS £ S 9 LSy )5 (oo Ve B e
Olie 5855 )3 3 g culple (V) 9 8 Jghia) s oralie
2 pS5S p oS Shohe o U psgigel Slilgus 358 (S ()95
el S5 5l 50 (g da g olS S (g i3Sl
395 £95 PSS9k prS WV e (355 a3 Ll il e

B (5g s ol g olS S (s 0 (b dre S (59 S

o 355 e 5 g9 G
2oL Gy Clale (g ps 395 e g g (S wh
395 b Gl (Vga2) M5 )l e do oy Jlai]
9 0LS St g @S okS 2 pS eIV aw U rdS it
iRl &S Jls 3 Bl Il (gl e ygboar ()9 s ol
033 S5 1 35 S Acdas U pgsisel Cligus 365 zokaws
oo 9 ORI )i Hoban (g Dl g ol Suis
395 SB )98 bulyd )3 cnlpl (1) 5 Joba) cdly als
Gege 355 ol gl 00 S8 Wl (Bpas poisel Slilg
poigal g ond S Dl 4 Coas S (5095 e S5
A il a5 S g 3ol bLS (gl el (S

J3,5 0l SuES (59 32 (39 995 Jle 9 £98 GRS R - Jgua
Table9- The Interaction of nitrogen fertilizer type and amount on mustard dry weight (g/pot)

iers 355 &9

Nitrogen fertilizer type

(Calcium nitrate) y..lS' ol s
(Ammonium sulfate) sg: g0l <l gu

059 ok
Nitrogen fertilizer levels (mg kg™")
80 120
1.63d 1.75¢ 1.96b
1.74¢c 2.15a 1.97b

LSl o dao s pdaw ) Hb gme OS] WBL alie Bgys

Numbers followed by the same letter are not significantly differentns (P<0.05)
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Introduction

Soil salinity is a major limiting factor in agricultural development within Iran. Nitrogen is the most
important nutrient that its uptake is limited over other elements under saline conditions due to decrease in the
permeability of plant roots, soil microbial activity and mineralization of organic compounds and nitrate uptake
by high concentrations of chloride anions in the root zone of the plant. Mustard plant has a good compatibility to
weather conditions and since there is an extreme need of vegetable oilseed in our country and also wide extent of
saline soils in Iran, this study was conducted to determine the best type and amount of nitrogen fertilizers
between calcium nitrate and ammonium sulfate under saline conditions.

Materials and Methods

A greenhouse experiment was conducted in a completely randomized design (factorial) with three
replications in February 2012 in the Research greenhouse of the Ferdowsi University of Mashhad. The
treatments were consisted of two types of nitrogen fertilizer (calcium nitrate and ammonium sulfate), each with
three levels of N (40, 80 and 120 mg per kg of soil) in three levels of soil salinity (CO= control, C1= 5 and C2=
10dS m-1). Experimental soil (control) collected from agricultural experimental station was leached by salt
solutions containing salts of calcium chloride, magnesium chloride and sodium sulfate with specified
concentrations and ratios during 50 days to reach the similar salt concentrations of leached water consisting the
desired levels of salinity. The seeds of mustard were planted at a depth of one centimeter in soil of each pot and
were irrigated with tap water to field capacity (by weight). Plants were harvested after 5 months and plant fresh
and dry weights and nitrogen concentration and uptake of plant were measured by the Kjeldahl method.
Irrigation water and physical and chemical properties of soil before and after harvest were determined. Data
obtained were analyzed using statistical software MSTAT-C and the means were compared using Duncan's
multiple range test at 5 % percent.

Results and Discussion

In this study, plant dry weight increased significantly with increasing levels of calcium nitrate fertilizer in all
levels of soil salinity, due to increasing plant internal needs under saline soil. While the maximum dry weight
was obtained with ammonium sulfate fertilizer in saline conditions and plant positive response to increasing
fertilizer consumption increased with soil salinity. Positive or negative effect of ammonium or nitrate salt varied
among plant varieties and generally it depended on the types of crop, soil conditions and crop density and
rotation. In addition, the nature of the culture medium (soil, sand or liquid culture), salinity and sodium levels
(salinity, sodium absorption ratio or percentage of exchangeable sodium and pH), salinity and sodium
distribution under field conditions, the nature of the salts used to make salt and Sodium in growth medium
(sodium chloride salt or mixture of salts), environmental conditions (temperature, light intensity, etc) and the
duration of the experiment (from days to years), all were effective on experiments results and can cause
differences in these results with each other. Therefore, in this study, ammonium sulfate fertilizer, resulted in
more plant dry weight due to its acidic characteristic because of sulfur and more nitrogen and less leaching than
calcium nitrate, despite its higher salinity index in a calcareous soil with less soil primary concentration of
nitrogen. In addition, a significant increase in uptake of nitrogen by plant was observed by application of
ammonium sulfate fertilizer over calcium nitrate that effectively increased plant resistance to soil salinity.

Conclusions

The results showed that plant dry weight and nitrogen uptake increased with increasing nitrogen fertilizer

1- PhD Student of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad

2- Associate Professor, Department of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad
3- Associate Professor, Department of Soil Science, Faculty of Agriculture, Ferdowsi University of Mashhad
(*- Corresponding Author Email: astaraei@ferdowsi.um.ac.ir)



OAY . J3,5 obS 0 )luslis slaomibom U 5509 99,5has y1 (359,50 995 Hlio § £95 S (590 il

despite decreasing nitrogen concentrations in plant and the significant reduction in plant dry weight compared to
control also increased due to increasing soil salinity. But the plant's response to the type and amount of nitrogen
fertilizer was different at various levels of salinity in soil. In general, dry matter and nitrogen uptake efficiency
increased by ammonium sulfate usage in all levels over calcium nitrate under soil salinity conditions, but its
amounts were partly limited more than calcium nitrate amount due to increasing levels of salinity in soil.

Keywords: Ammonium sulfate fertilizer, Brassica rapa L., Calcium Nitrate fertilizer, Soil salinity



