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Article Info ABSTRACT

Article type: Background and Objectives: Nitrogen (N), as an essential nutrient for
Full Length Research Paper  growth and development of plants, is added to agricultural fields to boost
crop yield. Soil inorganic amendments such as zeolite are effective

Article history: strategies to improve soil quality and increase soil nitrogen content. The

Received: 05.27.2025 objective of this research was to determine the impact of zeolite and
Revised: 06.14.2025 ammonium sulphate fertilizer on physiological characteristics and yield in
Accepted: 07.15.2025 two soils with different texture.

. Materials and Methods: This experiment was conducted as a split plot
Keywords: . o . . . . .
Amendment, design under pot conditions with three replicates in Sari Agricultural
Enriched zeolite, Sciences and Natural Resources University in 2022. In this experiment, the
Nitrogen, main factors included two types of soils (silty clay loam and sandy loam)
Soil texture and the secondary factors consisted of twelve levels include the control,

108 and 153 mg kg™ ammonium sulphate fertilizer, 2, 4 and 6 g zeolite
with 108 mg kg™ ammonium sulphate, 2, 4 and 6 g zeolite with 153 mg kg™
ammonium sulphate and 2, 4 and 6 g of enriched zeolite. The amount of
ammonium sulfate fertilizer was determined according to the soil test and
zeolite was enriched by ion saturation method. Data analysis was done in
the Statistic software and the mean comparisons were made by LSD test.

Results: The results showed that the effects of the soil type treatments
were significant on pod weight, protein grain and grain yield and the
effects of the amendment treatments were significant on all studied traits.
The interaction effect of soil type and amendment treatments were
significant on biological yield, harvest index, oil yield and grain yield. The
treatment with 4 g zeolite with 153 mg kg™ ammonium sulphate (T,) was
the most effective treatment on pod weight and greenness index. The
highest amount of plant height and protein grain was observed in 6 g
zeolite with 153 mg kg™® ammonium sulphate (Tg) and 153 mg kg™
ammonium sulphate (T,) respectively. The highest amount of biological
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yield (26.47 g) and grain yield (7.68 g) was observed in silty clay loam soil
and 6 g zeolite with 153 mg kg® ammonium sulphate (Tg). The most
effective treatment on harvest index was silty clay loam soil and 108
mg kg ammonium sulphate (T,) and the highest amount of oil yield was
observed in silty clay loam soil and 2 g zeolite with 153 mg kg™
ammonium sulphate (T).

Conclusion: According to the results of the present study, all studied traits
in soil with silty clay loam texture are more than soil with sandy loam
texture. The best results were obtained in 6 g zeolite with 153 mg kg™
ammonium sulphate (Tg) and among the enriched zeolite treatments,
application of 6 g enriched zeolite with ammonium was the most effective
treatment. It can be concluded that the combined use of zeolite and
ammonium sulphate can be a suitable solution for improving rapeseed
yield.
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application of zeolite and ammonium sulphate condition. Journal of Plant Production
Research, 33 (2), 171-189.

© The Author(s). DOI: 10.22069/jopp.2025.23506.3246

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

Wy


https://doi.org/10.22069/jopp.2025.23506.3246

YRYY-Veor il UL _

% .— % LS JuJ o u 5 N o
YEYY-YVYA 1o LLS G Y SO S o
N %féﬂdaﬂrﬁgs

guwlgiyd s Tl ph 58 1305 ol & jShos g (939890 30 Slwo g (owi y 9
PonigeT O gw 85

id:l.o& dﬂa.\a.a A “‘}L'L;w Jl?u S LY*JM LA‘GM g\dj",fi olile

Dl ol (ol b e 5 @3l e oSal (S g5l Gy 5 bl Cunde S5 Gendils )
maedeh_agooshi@yahoo.com :4.lL|,

Ol ol ol b mle 5 islis e yle Ml (S ke psle 035 Sul Wit odwy Y
mali.bahmanyar@gmail.com :4.lL|,

sepanlu@yah00.com :asbll, .0l xl (sile csole rub mlie 5 (555058 psks ol (St wdige 5 p ke 05 S LS Y

mostafaemadi@gmail.com :asLll, .0l 5l (sl (ol b e s $osliS psle oLl (Sl wdige p ke 05,5 Sl b

oS> Al Sledb|
025 #15 OWLS LR 5 Al sl e ole op feee 5 S 0550 1908 5 e Wl g g

Ll e SlaediS Mol iS55 8 e OLS 53 5 Shoe (5l o O 38 5 Rk Tl J Al
ol el S35 055 20 OIS il 5 St kS 3 Sl el sy S5
5 S Pn Dlosar npaisel SlWae 58 5 S5 5l et D b s

. . ) ) \i'i/'*/"\is}jlgj.:é)u
A rbu\ Q)Lﬂ;ﬁ C,&L;L:gf\? 35 > lJ,lS )ng.o.@

VECE/Y/YE S gyl
03 SIS Ll s s SUSS T s O Sdbed Spson hlesl cul tlai, g slge VEESEYE ISR 6
Y JALZ de\ J,«Lo A (L>_L3l Veey Jle s 6)Lﬂﬁb @bﬁ Soaslis fjk' s

L ~ ~ ot (S slaells
elja.h‘uﬁ,.:jy) r;-\)iﬁ Jﬂ)\fcr;)l:sﬂr;&:a\OVJ\'/\ch.ﬂjé)J f):"j"l
S Mol
g “ . é T = P T

S e VOV el pon s S35 0 SN 5 8T 5 p gl Ol 355 0 S kS e S e VoA P
3 2L

Sbt p SlS s asisel Lodd 26 308N 58 Y 5 asdsel Slisw s Ss .
’(’JS)'LSI’(‘}*’J‘ & S pf_ _ el Sl s S eSS 5 i e
05051 b LapSle anglin 5 a 3JUT Statistic il 5 55 Lesls s a5 L s 05, s
DI

LS ey (LSD) s pns slis 3l

D3 sme il 5 Shas 5 il 55 5 (NS O3y p S g5 sless Sl sl Ol il aasly
J;LL,« JS‘ J’;:VA L )\Jw’u axllzo 39 Slaw L;‘Lojfa.\.v.gcw‘ )LQ.:; J_IIJ.L_»;;

B g_'féj) J;Lo& c@i\)ﬂ u.,a;-l.u"a Lé‘j"jﬁ JJ.«% 2 @Jﬁsc‘jwl )La._; 9 Sk t_’.v

ywy


mailto:maedeh_agooshi@yahoo.com
mailto:mali.bahmanyar@gmail.com
mailto:sepanlu@yahoo.com
mailto:mostafaemadi@gmail.com

2 Sk V0¥ elen w p SHLS s a8 8 Sl S e 4l s Ses
33 Sigee parls 5 W 055 2 ol iS5 (T1) passel Dlipm 555 ¢ S5k
slran ar p SHhS s e SV S b 4 s s 5 S W S
Sl g 355 0 S kS 2 0 S koo VO 5 (Ta) s pol Dl 558 0 SAbS 5 p S Lo VOF
wls 3 Shas 5 (OIS 55 0 8 YVEY) S35 5 3 Shas 1 5t ol s w0 (T2) sl
2SS e SN sl s A s o DAL L S Sl s (OIS s 0 8 VW)
oA oAb sdalin (Tg) oy gl Dlser 358 ¢ SIS 5 0 Jon 10T ol oy S5kS
355 eSS e Sk VA Ll 5 A e 2 S e (il patle sl
5 b s 0 DI L S e 53 sy Shes 5t 5 30 (T) g sl Sl e
(T6) p el DM g 358 £ S5LS 08 Joa VOV ol o w2 SALS 25 ¢ 5 Y Jles

Al e “

53 andlls 5,50 Olho el ol Zags s ool Cews 4 =k e aes L (8 S Ao
Voles 3 bl o s b el DL L S Sl SN S e ps) DL L S
s & (Tg) ol Sl 555 0 S5LS 20 8 Lo 1OV ol pan w0 SIS 2 50 S
Loodd b sy p S Sl i b S s slie glasles Obe 53 5
o155 2 I8 w38 o 015 o S5k a sy w50 Sl e (5 A sl

AL 1S s Shee 55 (51 olin SIS, il 5 o g gl S s 38 5 S 5

o, Slee § (S5 id Sloogas cwyp (VF20) ahas dw (goloe (sage bl HloB ¢ deawsma i wasle ¢ 25T ol
AVANAR (V) XY o olS wdsi cla oyt a5 pid poigel Olalgw 555 g Cudgs) 8,5 oyl i j0 1515 oL
DOI: 10.22069/jopp.2025.23506.3246

R U5 b 6541 e s

e


https://doi.org/10.22069/jopp.2025.23506.3246

O )Sed 5 (95T 0ile [ 1nn 3, Sos 9 (Sl jud Cloogad (o)

3 Si04 sla alssler 51 o sdomsl rpan Sl
Nﬁ@ﬁ S Sl (V) il e AlOy
el bl 53 e 5l sl Lol g s Sl
S0 s Cly e 5L opd e S8
Sl sy pabge pl 45 2pd e B Dl LG
RO (FE P C IO SN
Jals b b s Lls Jsa ol 5 (V) 358
o cpaspel Sl Vb Ul 5 VU S
el 0T Jlis 4 5 s w paisel fds halS
5 3b5 Joo (A sk e SBE s s s
Ceib Pl e s Jhe s sl
2 prbse ol S spde S s O Gl
Ao b LS e SUS a5 SUS Gble
SLShs 2ot 02 S B AL el
Slastle spe Bk 5l S plas 5 S
38 bl (S wse sl of Jlse 5 St
Dmed 3ok s LB Ol 5 S O
oeies Lo 5 (Sbt 5l LI ole sl j2alS
O 5V Q) cales 518 Cilises
Cahl S WS ol (TV) Oes 5 i)
SRIB I 55 0l b s e el e e
5 Skl @l o Shes SRS O dl
b T GlassS ohen o sy 5l esliad ams
SIS e ol Vg Gl alesd
Olartle s 4 Ol e Of s o8 ol o
D 5 kS e BT R sl
IV V) ol o (M2 jolis w (p ins SRl 3
S LS SolS (Yert) O 5 Ay (08
e 0313 LI (B ae las S LIS g5
ol Ea s Fl SVpame go gy A
358 o Ol L3 5 Shes izl 5 3 Shes 3l
A oon a e (7)) O 5 e (V0)
5 Lt IS s Shas lizrl 5 5 Shas 2 55

Vvo

EVRT
i o, 3l Brassica napus s el LIS
slsr s ol s 55 5 Wil e oIS o Sl
LS s S e ady S Ssen dsle
Olgzr L3 CuiS 3,50 eSS o855 Sl g
5 o SLLS e 51 S S L) L s
ol J s s e el 4 Ol s e
S I Foe st S 53 IS SES 5 e
6&4;\;&):\)@5,1)@4“@)3&6@\
IS ails Lcal sls jolanstl 56 4 Ol 5o LTS
D o T PRI N ) P e
Camer plde 5L 51 ool i UML (Y) el
ol s Sl 25 2Ll s S SOl Al a)
L Sl mie ol @IS 5 Lis ey passe
ol 3 L s el (F) das e Ol aadS 5l i
OB dAe s oLl 5L 0 S e s Camer
SRl Gk Sl s eosleS oY same s Shes
2 S ol e p RO S 5 e
S Al C]a“ A=l 5y s Ses Al
Oisp (V) b 5, e sl op 5 ol
WU 5 1y sl e b b ees 3 S
Slp Ol awg Llais 38 5 cul ol OLlS
G jlooms Codl 5 (65,5LS 50 U5 ol
St O35 Sepl a5 L s 2l Slslp Coeal
350 O5s 8 AEL IS OLLS 5L gl Ll e
el JbOisss sbaesS sl L ooblS Sl
e Sande 3 s sla i, 5l S6(8) 558
Sk eSOl 4 55 5l eslinad (St
Cob b guen gl Sy, 5 0l 508 L
sbelg 5l Sk olope e Ol s Aol

(0) ;)'Lﬂda V..;a\f B &;W
St S a1 gla SIS e 55

SGobls S ergn S LB 5 LB GOl



EXT-IN ¢ o)lm.f} Y 2,93 cuhlg‘f ..\.3)93 dl.buubgf Q)w

S S LS (S) ol bale bals b
Jole 5 B2) (Ao s o 3L L S 5 (S0)
VoA (To) aals Jols &8 Sl VY s (T) o8
(T sl Sl 555 2 SAS 2 05 L
(T2) psisol DMl 358 0SS 2 p S L VoY
e SSke WA+ e SHS ey e S Y
I3 0S8 d(Ta) passel Sl 555 oSS
Sy 358 0SS e S e VA 2SS
VA eSS ocdys oS 1 (T psdsel
(Ts) psmsal Ml 55 0 SAS 5 05 L
2 pSSke VO 4 e SHS ey e S Y
55 08 & (T) passel Slilsm 558 0 Sk
Sl g 358 0SS e S e VOV H 0SS
VO¥ S a0 SV d(T) el
(Ta) pisel Sl 555 84S 5 05 e
(To) ¢SS s passel Lok b s p 5 Y
5 (M10) pSHAS 2 psispel Lods b cdise St
(T11) ¢ S5hS 2 paisel bodd o s 051
wolie s B Sk s OIS VY g
lesl s Gk psspel Sl pu 38 1 eslina
RYSRSNERCHI SV N S
wo s Glhs psisel Sl 0SS 0 S L
Dl g p SHS  p Sk VO 5 SLE O]
Skt Osa3l ao s 5l Sk doys YO psdsal
0 Sl Sns S ) dade s il e
G a Sl il el edd &l anllas
Colla LB OA) T S dIY) (e
Doy S 05 (V) S pH 5 S
5O udsl iy a Sl i (T0) JIUs
Sl b sl Gy a5 S bl by
Ao agmhds ofSas b Vse s el

YY) s

wi

0 PV UM a4 s 08 aS sl Ol s
Wl s Ses ol i, bl il s b S
(Y Oas 5 Jsl, .0)) sls Siulssl as s
S Vo Cla“): Sy a8 e s S aslS
oo 03550 58 28 il msha 5 LS
o S 53 05580 p S AS Yee 5000 e
WS s sl 5 Ol ChlE s e (5
N B S PP R RSP PR £
sl e L0 s b s s Shas 5 O,
5 el B gele s JxS silesll
o b 5l s e sl S5 e 56l
Loy s 4 Susby 5 e ole e Vb
b5 S il g s 4 0V) 48 SaS olS
A on S Sas a0
Sl L bl 3 6lS L) g5, » eSO
S Sl gy Seplaar g Lol &g Sl
G Jsd M6 il bl ol s eslizad
Ao Sospe il O3 bl g
Olseas pmpel boodd ib s 5 o5 5,8
o Sl Ll 60,5 5 S eSO
g3 (SHS S 5 S deg O e
308 e Gras rl S S 3818
S s sl S 58 5 b S
sl 3L LS g s padgel Loeds gk

By IS s Shes 5 (S P n b Do st S

W yg; 9 319
Lold 28 5 anb S5 B e sk o
o3 1S oS (SK5dpsd Slogas n ool
Sl gy S8l Jlesl 55 00 Vpla
Y s halar S £k wl o
sl 5 s3uslaS pake oKl 3 SIS &) son
Sloles i bl 1E0) Jlo s sile ab



O )Sed 5 (95T 0ile [ 1nn 3, Sos 9 (Sl jud Cloogad (o)

Addlas 590 LS plend 5 (S5 sl S s 3 F o) Jsdr
Table 1. Selected physical and chemical characteristics of the studied soil.
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Table 2. Selected chemical characteristics of raw and ammonium enriched zeolite.
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Table 3. The result of analyzing the variance (mean square) of measured traits in rapeseed.

x
3 X =2 3 @ -
:T dz 1@ 42 12 3% 2. 3% 2
. i h S > e o 2 3,5 o ¥ et gl
2 < o> % B ¥ .2 Lcu o J = 7S %;“‘:\U
38 88 4g a8 4§ 38 9T 983 soV
O] . < ) VAR = o
JSS
0.18 275.1 2.45 0.11 0.44 1.84 7.29 0.69 2
Replication
x x wox ns « * ns * S &
7.04 10850.1 85.69 1.79 25.69 46.48 190.12 3.06 1 )
Soil type
S s x LSS s
0.02 103 03 0.59 0.31 1.68 254 007 2 S
Error replication x soil type
297 3024 18.04 336.67 12.20 58.16 161.42 8.95 11 Cyw o
Amendment treatment
. “ - - siS Il x St s 5
0.19 217.7 6.07 36.12 0.56™ 5.78™ 15.30™ 0.54"™ 11 Cw S &
Soil type x amendment treatment
0 kiSOl e Sl 51 G Lt
0.09 107.1 1.80 1312 0.32 3.46 8.61 0.36 44 Epor replication x soil type x
amendment treatment
Ot o b
2.7 4.55 2.96 2.36 1.24 5.09 1.59 3.40 - S
CcVv
ns s

Lk e Jls ome o gline (aJp;J.a):@gMﬁ&Ju»lcla_d):)b@félﬁ eSS e
** * and "™ represent significant effect at P<0.01, P<0.05 and no significant effect, respectively
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Table 4. Mean comparison effect of soil type pod weight, protein grain and leaf chlorophyll content.
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Table 5. Mean comparisons effect of amendment treatments of measured traits in rapeseed.
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Control (Ty), 108 mg kg™* ammonium sulphate fertilizer (T;), 153 mg kg™ ammonium sulphate fertilizer (T,), 2 g kg™
zeolite + 108 mg kg™ ammonium sulphate fertilizer (T3), 4 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer
(Ta), 6 g kg zeolite + 108 mg kg™ ammonium sulphate fertilizer (Ts), 2 g kg™ zeolite + 153 mg kg™ ammonium
sulphate fertilizer (T¢), 4 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer (T;), 6 g kg™ zeolite + 153 mg kg™
ammonium sulphate fertilizer (Tg), 2 g kg ammonium enriched zeolite (T,), 4 g kg™ ammonium enriched zeolite

(T10) and 6 g kg™ ammonium enriched zeolite (Ty;). Means followed with the same letters in each column are not
significant at P<0.05
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Fig. 1. The interaction effect of soil type and amendment treatments on biological yield.

Sandy loam soil (S,), Silty clay loam soil (S,), Control (T,), 108 mg kg™ ammonium sulphate fertilizer (T,),
153 mg kg ammonium sulphate fertilizer (T,), 2 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer
(Ts), 4 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer (T,), 6 g kg™ zeolite + 108 mg kg™ ammonium
sulphate fertilizer (Ts), 2 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer (Tg), 4 g kg™ zeolite +
153 mg kg™ ammonium sulphate fertilizer (T-), 6 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer

(Te), 2 g kg ammonium enriched zeolite (T), 4 g kg™ ammonium enriched zeolite (T0) and 6 g kg™ ammonium
enriched zeolite (T1,). Means followed with the same letters in each column are not significant at P<0.05
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Fig. 2. Mean comparison of the interaction effect of soil type and amendment treatments on grain yield.
Sandy loam soil (S,), Silty clay loam soil (S,), Control (T), 108 mg kg™ ammonium sulphate fertilizer (T,),
153 mg kg ammonium sulphate fertilizer (T,), 2 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer
(T3), 4 g kg™ zeolite + 108 mg kg™* ammonium sulphate fertilizer (T,), 6 g kg™ zeolite + 108 mg kg™ ammonium
sulphate fertilizer (Ts), 2 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer (Tg), 4 g kg™ zeolite +
153 mg kg™ ammonium sulphate fertilizer (T+), 6 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer

(Te), 2 g kg ammonium enriched zeolite (T), 4 g kg™ ammonium enriched zeolite (T0) and 6 g kg™ ammonium
enriched zeolite (T,). Means followed with the same letters in each column are not significant at P<0.05
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Fig. 3. The interaction effect of soil type and amendment treatments on harvest index.

Sandy loam soil (S,), Silty clay loam soil (S,), Control (T,), 108 mg kg™ ammonium sulphate fertilizer (T,),
153 mg kg ammonium sulphate fertilizer (T,), 2 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer
(T3), 4 g kg™ zeolite + 108 mg kg™* ammonium sulphate fertilizer (T,), 6 g kg™ zeolite + 108 mg kg™ ammonium
sulphate fertilizer (Ts), 2 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer (Tg), 4 g kg™ zeolite +
153 mg kg™ ammonium sulphate fertilizer (T-), 6 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer

(Ts), 2 g kg™ ammonium enriched zeolite (Ts), 4 g kg™ ammonium enriched zeolite (Ty) and 6 g kg™ ammonium
enriched zeolite (T,). Means followed with the same letters in each column are not significant at P<0.05
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Fig. 4. Mean comparison of the interaction effect of soil type and amendment treatments on oil yield.
Sandy loam soil (S,), Silty clay loam soil (S,), Control (T), 108 mg kg™ ammonium sulphate fertilizer (T,),
153 mg kg™ ammonium sulphate fertilizer (T,), 2 g kg™ zeolite + 108 mg kg™ ammonium sulphate fertilizer

(T3), 4 g kg™ zeolite + 108 mg kg™* ammonium sulphate fertilizer (T,), 6 g kg™ zeolite + 108 mg kg™ ammonium
sulphate fertilizer (Ts), 2 g kg zeolite + 153 mg kg™ ammonium sulphate fertilizer (Tg), 4 g kg™ zeolite +
153 mg kg™t ammonium sulphate fertilizer (T;), 6 g kg™ zeolite + 153 mg kg™ ammonium sulphate fertilizer

(Ts), 2 g kg ammonium enriched zeolite (To), 4 g kg™ ammonium enriched zeolite (Ty,) and 6 g kg™ ammonium
enriched zeolite (T1;). Means followed with the same letters in each column are not significant at P<0.05
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