Agricultural Engineering (Scientific Journal of Agriculture), 48 (2), Summer, 2025

[ Research Article I

Agricultural Engineering., 48(2) (2025) 231- 248 ISSN (E): 2588-526X

DOI: 10.22055/agen.2025.48642.1759 ISSN (P): 2588-5944

Application of natural and enriched zeolite on yield, yield components
and the concentration of potassium in soil and rapeseed.

M. Agooshit, M.A. Bahmanyar?*, M. Ghajar Sepanlu® and S.M. Emadi*.

1. Ph. D Student, Department of Soil Sciences, Sari Agricultural Sciences and Natural Resources
University. Sari. Iran.

2. Professor, Department of Soil Sciences, Sari Agricultural Sciences and Natural Resources University.
Sari. Iran.

3. Associate Professor, Department of Soil Sciences, Sari Agricultural Sciences and Natural Resources
University. Sari. Iran.

4. Associate Professor, Department of Soil Sciences, Sari Agricultural Sciences and Natural Resources
University. Sari. Iran

Received: 1 January 2025 Accepted: 21 March 2025 "Corresponding Author: mali.bahmanyar@gmail.com

Abstract

Introduction: In recent years, ensuring the continuous and sustainable production of healthy food
products along with environmental protection and paying attention to agricultural economic and
environmental problems is very important. Potassium is one of the major nutrients that its
deficiency decreased the growth and yield of rapeseed. After soybean, rapeseed is the world's
second produced oilseed. soil inorganic amendments such as zeolite are good strategies to improve
soil quality and increase soil potassium content. The addition of zeolite plays an important role in
reducing the nutrients loss and increasing fertilizer use efficiency. Considering unique
characteristics of zeolites, such as the low-cost and abundance of its mines in Iran, having a special
physical and chemical structure and it plays an important role in enhancing the water and nutrients
uptake by plant. This research was conducted with the aim of determining the effects of natural and
enriched zeolite with potassium on rapeseed yield, component yields and concentration of
potassium in soil and rapeseed in two soils with different texture (sandy loam and silty clay loam).

Materials and Methods: This experiment was conducted as a split plot in the form of a completely
"randomized" design in pots conditions for three replicates in the research greenhouse of Sari
Agricultural Sciences and Natural Resources University. In this experiment, the main factors
include two types of soil (silty clay loam and sandy loam) and the secondary factors in twelve
levels include the control (without zeolite and potassium sulphate) (To), 32 mg. kg potassium
sulphate fertilizer (T1), 46 mg. kg™ potassium sulphate fertilizer (T>), 2 g zeolite with 32 mg. kg
potassium sulphate(Ts), 4 g zeolite with 32 mg. kg potassium sulphate(T.), 6 g zeolite with 32 mg.
kg™ potassium sulphate (Ts), 2 g zeolite with 46 mg. kg™ potassium sulphate (Ts), 4 g zeolite with
46 mg. kg potassium sulphate (T7), 6 g zeolite with 46 mg. kg™ potassium sulphate (Ts), 2 ¢
enriched zeolite (To), 4 g enriched zeolite (T1) and 6 g enriched zeolite (T11) were considered.
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Zeolite enrichment was performed by ion saturation method. Rapeseed cultivation was carried out
in the 2021 crop year. At the end of the crop season, each plot was harvested. Grain yield, some
yield components (humber of pods, thousand-seed weight, seed oil), leaf potassium, and seed
potassium were measured. In addition, after harvest, soil sampling was performed from the plots
and soil potassium was measured. Data analysis was performed in Statistic software, and
comparison of means was performed using the LSD test.

Results and discussion: The results showed that the effects of the soil type treatments were
significant on all studied traits except seed potassium. The effects of amendment treatment were
significant (P< 0.01) on all studied and the interaction effect of soil type and amendment treatment
was only significant (P< 0.05) on grain yield. The highest amount of grain yield (6.46 g) was
observed in silty clay loam soil and 4 g zeolite with 46 mg. kg-1 potassium sulphate (T7) with
increasing about 49% compared the lowest amount (4.33 g) was obtained in sandy clay loam soil
and control (T0). The use of 4 g zeolite with 46 mg. kg potassium sulphate (T7) compared with the
control (TO), was increased by 22% of thousand grain weight. Also the highest amount of grain oil
(36.36 %) and grain potassium (2.75 %) was obtained in the treatment of 4 g zeolite with 46mg.kg-
1 potassium sulphate(T7). The results also revealed that the number of pod (85.16 %), leaf
potassium (2.28%) and soil potassium (155.83 mg. kg-1) with increasing about 40%, 19% and 21
% respectively, compared with the control were significantly affected by 6 g zeolite with 46 mg. kg
potassium sulphate (T8). Among the enriched zeolite with potassium treatments, 4 g enriched
zeolite (T11) had the greatest effect on the studied traits.

Conclusions: It can be concluded that, all studied traits except grain potassium in soil with silty
clay loam texture were more than soil with sandy loam texture. The best results were obtained in 4
g zeolite with 46 mg. kg-1 potassium sulphate (T7). Among K-enriched zeolite, application of 4 g
K-enriched zeolite was the most effective treatment on the studied traits. It can be concluded that
the combined use of zeolite and potassium sulphate can be a suitable solution for improving
rapeseed yield.

Keyword: grain oil, K-enriched zeolite, potassium sulphate, soil texture.
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Table (1) Selected physical and chemical characteristics of the studied soil.
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112 10.43 0.09 1.19 7.82 0.82 60 26 14 1.40
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Table (2) Selected chemical characteristics of raw and K-enriched zeolite.

LS LS LS LS LS LS LS i b SN Sl.o « gai
s e e el T (T LS 58 S pH sample
K20 MgO Na,O CaO Fe03  AlOs SiO; CEC EC
%) %) %) %) %) %) %) Cmolc. kg  @dS.m?)
2.12 1.43 0.91 273 0.73 10.27 68.32 135 0.6 7.9 ol o
Raw zeolite
7.5 0.93 0.01 132  0.72 10.26 67.78 105 0.5 7.9 ol g g5
Enriched
zeolite
S35 ol 50 8 Khos (Sl 9 418 & Shos (il 319 4 x5 domid (V) J9o>
Table (3) analysis the variance of the grain yield and component yield in rapeseed.
&ls o8, Coe sluws THES FENET als 3 Shes 3037 a3 Ol s ct.a
Grain oil Pod number Thousand Grain yield df Source of variance
grain weight
0.02 7.51 0.003 0.02 2 kY
Replication
2437 654.01" 0.344™ 3.07" 1 Sy
Soil type
0.094 13.01 0.001 0.105 2 Sl g gl ST et
Error replication* soil type
0.74™ 369.34™ 0.394™ 1.21™ 11 oS ol 5las
Amendment treatment
0.14" 20.19m 0.025"™ 0.07" 11 S ol g 2SS g5
Soil type*amendment treatment
0.09 22.77 0.025 0.03 44 oS POl LSl § gl S5 st
Error replication*soil
type*amendment treatment
3.81 4.71 1.17 5.68 - (S g5 #),59) Sk
C.V (replication*soil type)
5.04 6.23 3.70 3.25 - e L RS I I
(M)))@J..'.S
C.V (replication*soil type*soil
amendment)

Bl e 3 e Dslite pde 5 o y3 g s O el a3 (5513 me Sl o5 4 NS

ErS

** *and ns represent significant effect at P<0.01, P<0.05 and no significant effect, respectively.
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Figure (1) Mean comparisons effect of soil type and amendment treatments on grain yield.

2 ool 355 Sy 4 laadllan s (YY) 201, Ken
Ol 5 sl IS ol 5 Kae Gl 5 5 Shee (s
355 0SS Fr Do pan L M 5las 5t o L5 S
o B ely 3525 (1) aT ez SIS 3 el
—onk 535 0 SR g8 e 5 5 (6 g8 b 5
e 5 S ol s ol 2B 4 a5 LSS
Sl a5 BB oy 5,18 L O sl 2l ¢ ol
el b oi o S 55 il o 3 S1.00)
g e bl i sdalie COOE slay )3 (6 ls axe (oD
‘(Tlo)Mtﬂ.pm&qﬁrf?,w,;awﬂw
VA (To) dals 4 S oS s odalie (OIS 53 302 VA/D)
S s b S8 (B st sls Ol Il A s
5 el b o S G b Sl gl ole B pan
L0 OWl ol el b puomen 5 Ol
Sl 53, 8ee 53 I o ol o st 4 S35
L35 0l (PVF) O 5 e (V) s £ ails 5 Shee
253 53 1S O sl I o 5 )8 S

(9P) ds by Calises gl

2- Amina et al.

O35 st B35 0k (v 1K 5 Sl
S 53 S5 A0 3,8 L (0 5 FVY) puE a5
(8) T s
g5 Nasmn 1 Sl lls 4 s 1M sl
2 oS PNl g 5 Ao gy Jle! o s ST
P ss 1S 6lS 55 (e sl r o ys &S Jloz| o
s> Ol baesls 5 &0ke awlie b (¥ Jsir) (< 0.01
st (54e AV/FP) (oo gy £ 5 S s O sluws
=Y ST 55 (e VI/EY) OT sluws 31 5 i (615 sma
S s e jole do s Sl a5 1.0 Usdx) 5
Sl Il g fb o Sl 5 b (e ) 0
) Jaier) oy sl o s p ) ST s D
oS 7 g 55 (ANF) OB w5 b Cromen
ooty A g 357 0 5 et ¥ ol jana p 5S> 2 55
Ly o (5o 90/0) M sltas o 505" 5 (Te) ¢S AS™ )
530S e Wl (7 Jgdr) 5 (To) dali sles
23 gty Sl 5587 0 8 oo ¥ ol janay 0 S4LS7
3 ol Sl g 387 0 8 s ¥ Jles 5 (To) p SAS
5 Lol GBI sy gl gme sl (To) pf,t,;

1- Aslani et al.



e

ot ply Lods (5 b I 55 S 0L 5 B ST

dglin s (F Jgdr) 5 8 fs gme Ao ps &S5 bz
o8 Sl s Sl ey Sl 5 5l OLES Laesls SSLe
EBaars b oy ohed S5 S o
OLSS Ll o 55 (0 ) 39 st 3550 &S5 gt
—08 G 988 Il Cd b g ey ey b glasST
30en 5 Ljls (1) WS o ol 6ty el sl
bl Caline La S5 plas L3 ST A)1S (V09)
Comed o5 Ayd by ool Coed S ) o3
by Sl S e Soan e sl S
SIS Sl ol oy & ol s ol 5 5 oSaT
(FY) o 2887 OT Jlie o8 8131 L 5 o3 g ol
Sl 53 S5 ulty Hlie o 5t o1 OLES gl pioman
DAl 35 0 8 oo ¥ ol jonas 0 SIS 53 2350579
2 oS ke WOOAY) (Te) S o FLS 55 il
WY 8| c(To)Mu)WQM‘tfu\AT@v\g(r;}l;
RSP el 28 S5 lasles o s ol Olis )5
r:“t%‘ﬂﬁs'b@f)(‘;?)kéﬁdfumﬁl%)‘@
23 el 3 908 Sl o 5 b (7 J puker) s odaline (T1a)
Slgmn g pomliy Lodd (28 g5 A8 ipen 5 ST
L5 poly botd 22 S5 5 eslinal (ST ol
AEL ST ol Cand s 3 g 03 5 S S
Ol o8 () oL 5 oSGl Slid i Gb
Aol BB el ¢ S AS N0 (g5 5 K 5s s S
32080 153 el CBIE (515 immen 5 3505 s
5 0T Wl 2l s poomly S b 5 o 55
o S5 00 335 S by I3 OT Jlise
sig B 5 dge Sb o ST ily 5 A S e
S5 sl ol 3,8 e 53 S b oyl S
S (e 5 (g 52T) ST Il 1) S, s
L3S )l 8 (18) S0, 5 il e (T7) A5k oge
(s > CengraS 5 &S b 4 55 0055

3- Sharma et al.
4- Szatanik et al.
5- Moraetis et al.

&1 429

5 S Cj;\«f:b Ol Waasls il ol & 2 gl
o o 55 @ls gy doys p odiS Dol e il
sl gl a4 5 L0 Jsiko) 3 8l gme o 3 &S5
Jsba Q;L,wdw,rjaw&u)ac\;&é,,w,ua
el DAL ST s ) e I SR Sl e
ST MK ChlB it oy hoys Lsla ST s
—t FpS oo e bS5t gMe ole
YEXT 5 YEINV) &ls (eay doys p 5 he (YY) ASL
255 p 8 ¥ lasles 4 byp o 4 S (Ao
23 ety Sl 58 25 e F7 o jene 2SS
2 el Slgm 38 08 e F7 5 (T7) pSAS
LB (Gols e M wal oS 5y (T2) pSkS
Dy S pole SIS Olsea by Jsr)
g pmdsin JRST 5 o 5T ST 55 pe B
Sl slaadl (F0) 550> sy 4 LOT s 5 (650 s
ooty A 3 587 31 el 55 (YY) o0 5 51,
RIF ey 35 e 1 S IS s 2
5 s Slalllas zb L S (FA) 55 als 89, ey
Glasles Ole o (V) Cails Cbllae (VYY) 2001, Kan
03 als ey s e el b edd B S5
(T10) 5 AS 5 ool Lot 22 55 p 8 F Ll
ld b S5 slaslks sl b oS 5y (Usys YOVY)
SIS S wls oy (8 Jgder) SBI (g l5 gne LoD
52 0T Aoy il 5 cul AlE Glaks, e
by bl Gy Cueal o 5 G50US i
G900 SRIB L 85 e S5 G ol
F3r P WS porly 355 ol oy S 53 ) el
3L &l ey Aoy SRl e
G ol

Ao S s bl 4 sl mls G
cbd 43 S v.:.wl:i cble au\:SC)Lp\ clyles

1- Rad et al
2- Dar et al



Y¥)

VEF O o bt A o (55558 oode aloee) ol owige

s ly Jlle o 5t odd (28 S5 lles o
S 55 (Tho) oty Lok oo S50 5 F Sl 4 by o
Jatr) ol OLES 3 Ao s V (To) el Hled 4 S
G oty 355 ol o a4 S g5 3,8 &5 ST 515
23 Al Jiﬁb)’T opl o S v.:..,ul:i 2 Sl s sl
3 Sl rman 2 sl B @l el (15 e
23153554 4l sly (64053 V0 2131 (Y4 \A) RIFILOw

(U PN SR R S NP L T S|

(YY) 0,8 5 (JFF) sls (Rl 50 4 17 6 1) ey
53 e a I ST s el 5 S5 ) e @
03,5 a3 b S8 0,8 oS s S 0k 5 At e
S ly e 15155 ege B o B ey
(Y Cls Jaale3T Jsb 4o oedaw
413 oy

AS esls (uibly 4 5l Jool mls el
(P <0.01) 58 jlsgme s poulty o iS5l los

r;f Dl &S by OlEs d:f.vL:a s 2o @L:S (F o)
ey S g 5570 8 a7 ol oy 0 5517 50 2 55
23 Lzl &l ks 51y ST o 5 ke « (T7) 857 5o

A 9 18 T mrlly SRS (il o5 4 o0 dom (£) S50
Table (4) analysis of the variance of the concentration of potassium in soil, seed and leaf.

& ey @l lsy Sl ol @57 4z s Sl e
leaf potassium Grain Soil potassium df Source of variance
potassium
0.001 0.016 31.30 2 S
Replication
0.483™ 1.041m™ 55555.6" 1 Sy
Soil type
0.002 0.007 151.9 2 Sl g gl S o
Error replication* soil type
0.105™ 0.208™ 368.6™ 1 oS ol Lo
Amendment treatment
0.007" 0.01" 70.20" u N I W EC R
Soil type*amendment treatment
0.002 0.004 72.00 44 28 Nl HlagneST s )| SS e
Error replication*soil type*amendment
treatment
5.29 3.36 8.68 - (S g5 #,1,88) ekt b
C.V (replication*soil type)
5.40 2.62 5.98 - e S RS - GG J
(M)b)e.&{
C.V (replication*soil type*soil
amendment)

Al 3 gme Dslite pde 5 oy oy s O et o 3 613 ae SOl 5 4 NS
** *and ns represent significant effect at P<0.01, P<0.05 and no significant effect, respectively.
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Table (5) Mean comparison effect of soil type on component yield and concentration of potassium in soil and leaf.

o ey £S5 ) S sy (Ao ) 4ls 525, CoNE sl (0,5 41> 32 055 Sy
(s 5) (¢ SAS 5 Grain oil (%) Pod number Thousand grain Soil type
Leaf potassium (%) Soil potassium weight (g)
(mg. kg™)
2.10° 114.22° 35.40° 73.63° 3.25° e
Sandy loam
2.278 169.782 36.572 82.662 3.382 S i £

Silty clay loam

I L3 0 ez b LSD 05031 b sulsime Soslis wlie O3 K Bl (6115 (sla o le €0 st a3
In each column, means with at least one similar letter have no significant difference at o7. level based on LSD test.
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Table (6) Mean comparisons effect of amendment treatments on component yield and concentration
of potassium in soil, grain and leaf.

(A ys) 5, el (40 )3) s oy 2o Sk S ey (Aop) als ks, Ve sl Gls,58 O3 oS Mol e
(/) Leaf potassium Grain potassium (p S kS Grain oil (%) Pod G ) Amendment
) Soil potassium (mg number Thousand grain treatment
kg™ (g) weight
1.91¢ 2.22h 128.33¢ 35.43¢ 60.50° 2.99f To
2.22¢ 2.64cde 142.00bc 36.362 77.16° 3.28¢ T,
2.28be 2.619ef 146.33° 36.33% 83.83% 3.5b T2
2.23¢ 2.55f 143.33bc 36.072be 78.83bc 3.35¢ T3
2.21°¢ 2.60¢%f 142.50b¢ 35.92¢d 80.162b° 3.34¢ T4
2.265¢ 2.58¢f 145.00° 36.02bcd 82.6630° 3.2600 T5
2.30% 2.70% 148.502 36.32@ 81.57abe 3.50° T6
2.33¢ 2.752 147.17% 36.372 82.50abc 3.662 T7
2.282 2.67¢d 155.832 36.153c 85.162 3.56% T8
2.064 2.33¢9 134.50cd 35.41¢ 68.164 3.15% T9
2.054 2.379 134.00cd 35.71% 71.509 3.17% T10
2.14 2.359 135.50%d 35.70% 67.66¢ 3.12¢ T11

I A 530 Jlaz| el LSD 05037 b sulsime oslis wlie O3 K Bl (61,15 (5la ks (0 g 253
In each column, means with at least one similar letter have no significant difference at &7. level based on LSD
test.
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Table (7) Economic analysis of rapeseed yield.

oy bodd 28 Sl 5 M 5 S (olin 503 ) Gl ) 50
S Ugen ol b A3 B SIS immer 3se0 e
S5 > S Sy Wi S b oS L
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4 55 a5k o sl 3385 Shes (13 o ST
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s allan 3550 i (5 S Ste S ey b ok 22
S5 e o Sl OT S0l 253 ol b pgme >
ol gland 357 S 4 itas S 3ol S Ul
Capde conly (onlp S T owle Sl Wiy o
a5 LB Shee g sy 015l sled 387 5 e

(JL) b & s AoT s sl 4T )s S90S aue 55 dby) «ls weT s gl s Slhee oS Mol s Slbgs
Income relati\{e to of (B[] Ly O (S 55 0 5 kS Amendment Soil type
control (Rial) Net income Fertilizer and Grain income Grain yield (Kg ha™) treatment
(Rial) zeolite cost (Rial) (Rial ha'l)
0 574,500,000 0 574,500,000 1915 To
206,500,000 781,000,000 14,000,000 795,000,000 2650 T1
200,375,000 819,875,000 20,125,000 840,500,000 2800 T2
245,375,000 714,000,000 84,000,000 798,000,000 2660 Ts
33,500,000 608,000,000 154,000,000 834,000,000 2780 T4 S1
56,000,000 630,500,000 214,000,000 844,500,000 2815 Ts
233,875,000 808,375,000 90,125,000 898,500,000 2995 Te
186,375,000 760,875,000 160,125,000 921,001,000 3070 Tz
105,875,000 680,375,000 230,125,000 910,500,000 3035 Ts
111,500,000 686,000,000 70,000,000 756,000,000 2520 To
65,500,000 640,000,000 140,000,000 780,000,000 2600 Tiwo
25,500,000 600,000,000 210,000,000 810,000,000 2700 Tu
0 615,000,000 0 615,000,000 2050 To
251,500,000 866,500,000 14,000,000 880,500,000 2835 T1
260,375,000 875,375,000 20,125,000 895,500,000 2990 T2
195,000,000 810,000,000 84,000,000 894,000,000 2980 Ts
123,500,000 738,500,000 154,000,000 892,500,000 2975 Ta S2
45,500,000 660,500,000 214,000,000 874,500,000 2915 Ts
205,875,000 854,875,000 90,125,000 945,000,000 3150 Te
193,375,000 808,875,000 160,125,000 969,000,000 3230 Tz
81,875,000 696,875,000 230,125,000 927,000,000 3090 Ts
147,500,000 762,500,000 70,000,000 832,500,000 2775 To
91,500,000 706,500,000 140,000,000 846,500,000 2825 Tio
24,000,000 639,000,000 210,000,000 849,000,000 2830 Tu
VIO Sl e i ) 3 g il Bl p S S 5
ol 03 IS4 S 55 U5 i3 8 55 53 el (53 oL ST Jlas blie s 4l 5 Mo 5
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