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Background and Objectives:In order to study the effects of
zeolite and biofertilizers on nutrient dynamics under two corn
cultivars (cv. 6010 and ns71) in Neka county, a field experiment
was carried out followed a split-plot scheme in a randomized
complete block design, comprising three blocks in Mazandaran
province, Neka in 2017 and 2018.

Materials and methods: The corn cultivars at two levels of
cv. 6010 and ns71 as main plots and applications of zeolite and
biofertilizers at 6 levels including the zeolite application, bacteria
application, fungus application, applications of zeolite+bacteria,
applications  of  zeolitet+fungus and  applications  of
zeolite+bacteria+fungus were considered as sub-plots. At the end
of the season, the soil’s physical and chemical characteristics were
meticulously analyzed.

Results: The highest nitrogen and zinc content in soil was
obtained by combined application of zeolite and biofertilizers,
while the maximum phosphorus and iron content in the soil was
obtained by separate application of zeolite. The highest reduction
of soil phosphorus in both crop years related to the treatment of
zeolite+bacteria+fungus and the separate use of bacteria was
obtained with an average of 9.04 and 9.13 mg/kg, respectively.
Also, the maximum reduction of soil iron was achieved with the

simultaneous application of zeolite+bacteria+fungus with about
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25% reduction compared to zeolite treatment in the first year in
ns71 variety. The maximum soil potassium content was obtained
with an average of 383.8 mg/kg in the conditions of individual
application of bacteria for cultivar 6010 during both cropping
years, and the lowest soil potassium content with a decrease of
about 47.3 and 45.8 percent respectively for The cultivars 6010 and
ns71 were obtained under conditions of combined use of
zeolite+bacteria+fungus. The minimum content of zinc in the soil
was observed in the conditions of separate use of bacteria and fungi
in both years of the study. The minimum soil magnesium content
with decrease of about 20.2% was obtained for ns71 variety in the
first year of the experiment. The obtained results showed that the
simultaneous application of zeolite+bacteria+fungus caused the

maximum reduction of pH in the soil.
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Table 1. Physical and chemical characteristics of soil (0-30 cm depth), average of 100 soil samples in Neka

County
S k) S 205k oAl oo et o A LRI 2! o
s s (S5 nefh) (S apsdk)  Total o S o Sk
Zine (mgkg) Iron (mg/ka) Available Available nitrogen EC H Soil texture
o g% potassium phosphorus (%) @sm) P
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(mg/kg) (mg/kg)

1.93 24.17 300 21.2 0.26 0.63 7.87  Silty loam

S Ol gl 53 S br’ﬂ wyp S Sl Yot Ges gl 5 (S5 Olo gas oY Jgur
Table 2. Physical and chemical characteristics of soil (0-30 cm depth) at the experimental field in Neka County

oo ol B sy Sl BB i
e ¢S k) (. s *JJ :‘” ) (.m;JJ fM) F a7 S Sl il
(EAsS "‘/ ; PSS 2t e A £.5 Total S S s . _ sl
Zine (5As Available Available nitrogen EC (dS/m) Soil texture
(mg/kg) Iron potassium phosphorus (%) pH
(mglkg) (mg/kg) (mg/kg)
1.77 23.29 312 20.9 0.24 0.65 7.89 Silty loam

6010 o ,3 rs,,;uswdajsdu,ugjrs,,;‘u@,asuauﬁﬂu@f’u S o peibly a s Y J g
ns7l

Table 3. Combined analysis of variance for soil nutrient content as affected by cultivar and fertilizer treatments
under two corn cultivars (cv. 6010 and ns71)

Olas o Sl
Mean Square

Sl ks e R ERESY SRR S = ol s Zu Z:
S S S
. . . Sk Sk Soil Soil
S0V f Soil Soil Soil Soil iron Soil zinc  manganese magnesium
nitrogen phosphorus potassium 9 9
L ok wox ok ek wox * >
J 1 0.005 1521.03 1492.9 2165.03 7.566 0.490 122320
Year
<
o2 4 0.005 0.514 60.978 3.676 0.164 0.676 19.111
Replication*Year
. ns *x
o 1 0.003™ 1.194" 6756.2" 10.780" 1,080 0.002 284.6
Cultivar
02 02 I 1 0.000™ 0.011™ 2110.9" 0.172" 0.076™ 0.000" 150.1"
Year*Cultivar
Al 4 0.000 0.473 37.397 0.796 0.184 0.038 6.726
Error a
ns il
> 5 0002  33731" 260818 8433  3s33m;~ 0166 151.6
Fertilizer
™ x . x x ns *"
>0 S 0.002 1.673™ 488.9 3.484 0.425 0.218 1573
Year*Fertilizer
250 e 5 0.001" 0.584" 34257 5.194" 0.655" 0.318" 23.212

Cultivar*
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Fertilizer

555 55 8y oo dls ) . i
Year*cultivar*Fert > 0.000™ 0.187™ 365.3" 2.955 0.102"™ 0.310 8.394
ilizer
b s
¢ 40 0.000 1.185 1252 0.905 0.044 0.310 8.393
Error b
Sl e S
; 9.34 6.95 3.94 5.01 5.88 3.62 220
CV(%)

#*

Y 50 el a5l s b e ps e T 5 T NS
ns, “and " non-significant, significant at 5% and significant at 1% probability level

NS71 5 6010 =)5 o5, 53 S o S pH 555 ol ol 5 oSl s lis —FJ g

Table 4. Mean comparison of the main effects of fertilizer on soil pH under two corn cultivars (cv. 6010 and

ns71)
35S pH
Fertilizer
w s .
53] 748
Zeolite
SL
2 7.54
Bacteria
&
& 7.60
Fungus
ASL+ oI 743
Zeolite+Bacteria
Cjb + s 744
Zeolite+ Fungus
[SARNCI-TR RSN 737

Zeolite+Bacteria+Fungus

Al g5l pae M LSD Ol bl 5 70 Jla| Cho.ﬂ 5o alie oy = sls sl Sl Ot o o
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

NS71 5 6010 )3 o8, 55 CulS Codd S 035 45 slgome 2 od) ol S 3] Sl s las —0J gd>

Table 5. Mean comparison of the main effects of cultivar on soil nitrogen content under two corn cultivars (cv.
6010 and ns71)

e 358 Sl S 055 20 g
Traits under investigation Soil nitrogen content (%)
=8
Cultivar
6010 0.2273
ns71 0.2397
LSDg 05 0.022
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Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

}.sg.:Sg.:ngL"- ﬁk}ﬁ}d}) ‘03};.33 LS‘J:’“ﬁ(SbJS 6\.&)\.&.;).5 dlm ‘_,,':;.i‘..nﬁ cﬁgﬂywl}w—i d}-’-’:
ns7l 4 6010 &3 (";J

Table 6. Interaction between year x fertilizer treatments on nitrogen, zinc and magnesium contents of the soil
under two corn cultivars (cv. 6010 and ns71)

Jdl $35S5 sl S O3 Sl S s Sl S e gl
Year Fertilizer treatments Soil nitrogen content Soil zinc content Soil magnesium content
(mg/kg) (mg/kg) (mg/kg)
7 0.2175 4.650 119.9
Zeolite
S|,
655 " 0.2265 1.470 116.8
Bacteria
1396 6
€ 0.2365 1.345 118.2
Fungus
2017 Ut el
(2017) Skt 2 0.2430 5.295 118.8
Zeolite+Bacteria
LRy
@B e 0.2425 5.255 118.7

Zeolite+Fungus
Tl S+ S

- ) 0.2860 5.225 118.2
Zeolite+Bacteria+Fungus
R
S 0.2350 4.195 152.4
Zeolite
SL,
sk 0.2200 1.090 151.8
Bacteria
1397 6
& 0.2300 1.110 148.2
Fungus
2018 SUL+ s
(2018) Lsffs asiad 0.2100 4525 139.3
Zeolite+Bacteria
B+ s
CASS 0.2200 4.485 138.3
Zeolite+ Fungus
o SL+ e g3
e e 0.2350 3.945 136.9

Zeolite+Bacteria+Fungus

LSDg 05 0.016 0.34 4.78

A g5l gme DI LSD RISt ol 70 Jla| Ck,.u 53 alie G glls o Sl Ogi 2 53
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

ns71 4 6010 & ,3 g,,awmsuyﬁjﬁ.ﬁ@wﬁdu PO I I [ < PO TP O PR

Table 7. Mean comparison of the main effects of year on phosphorus and manganese content of the soil under
two corn cultivars (cv. 6010 and ns71)

Traits under investigation Soil phosphorus content (mg/kg) Soil manganese content
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(mg/kg)

Jl

Year
1396 (2017) 20.25 15.44
1397 (2018) 11.06 15.28
LSDg.05 1.55 0.44

Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

NS71 5 6010 )5 o3, 55 S o S Jad (gl gome 5 (5355 slasked ol 5 ool dslis A J g

Table 8. Mean comparison of the main effects of fertilizer treatments on soil phosphorus content under two corn
cultivars (cv. 6010 and ns71)

Traits under investigation Soil phosphorus content (mg/kg)
s> slasled
Fertilizer treatments
w s,
0 17.57
Zeolite
SL
2 13.60
Bacteria
B
& 16.34
Fungus
Zeolite+Bacteria
gl 17.15
Zeolite+ Fungus
Zeolite+Bacteria+Fungus
LSDg. 05 1.79

I (g5l pae M LSD Q),aj ool 2 70 Jla| ckw s alie Uy > clyls L;Lawfdl?a O B 53
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

36010 =5 155 35 S S S el (glgme 355 55 005 3 Sl iiSen Sl aeglie -4 J g

ns71
Table 9. Interaction between year x cultivar x fertilizer on soil potassium content under two corn cultivars (cv.
6010 and ns71)

o
J 1396 (2017) 1397 (2018)
Year
$o55 Sl 6010 ns71 6010 ns71
Fertilizer treatments
ONRS 300.7 282.8 311.0 282.8
Zeolite
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S5 383.8 323.2 383.8 299.0

Bacteria
B 282.8 283.8 282.8 283.8
Fungus
SSL+ e, 262.6 303.0 262.6 253.5
Zeolite+Bacteria
B+ cg; 323.2 303.0 323.2 257.1
Zeolite+Fungus
@B+ 6L+ cudg; 202.0 208.0 202.0 208.0

Zeolite+Bacteria+Fungus

Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
LSDqs: 18.47

‘96010 Q)SHJJDC—J"SMSSG-y]d‘&:’hﬂﬁJﬁ)éﬁ)))db‘ﬁmxﬁpwuﬂ—\' d}-\?:

ns71
Table 10. Interaction between year x cultivar x fertilizer on soil iron content under two corn cultivars (cv. 6010
and ns71)
L
J 1396 (2017) 1397 (2018)
Year
b Lo
$955 Sasles 6010 ns71 6010 ns71
Fertilizer treatments
=l 25.45 26.34 14.10 13.68
Zeolite
st 24.60 24.40 14.11 13.42
Bacteria
s
& 25.27 25.65 14.10 13.60
Fungus
S5k el 24.00 22.75 14.00 12.97
Zeolite+Bacteria
e e 24,61 2575 13.70 12.63
Zeolite+Fungus
ot SU o+ cadess
S e 24.90 19.88 13.60 12.08

Zeolite+Bacteria+Fungus

Al g5l g BWSILSD yge;l bl 1 70 Jlaizl mhaws jo ailie By > gyl sl Sibeo (5t 12 50
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
LSDgs5: 1.57

S5 By 93 SuiS Lo S e 5 65y Gl g 5355 SWsles 5 oy pRSen o Rils alie VY g
ns7l 4 6010

Table 11. Interaction between cultivar x fertilizer treatments on zinc and magnesium content of the soil under
two corn cultivars (cv. 6010 and ns71)

o 355 slojless S sy Slyoe Sb e sl s
Cultivar Fertilizer treatments Soil zinc content Soil magnesium content
(mg/kg) (mg/kg)
1
g 4.440 139.3
Zeolite
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s

) 1.165 138.3
Bacteria
6010 G
o 1.290 133.3
Fungus
P L| k;Mj €.
SR IS 5.025 131.0
Zeolite+Bacteria
B+ o)
@ 4.455 129.7
Zeolite+Fungus
G SL+ 8
e e 4.185 129.0
Zeolite+Bacteria+Fungus
cd e
i 4.405 133.0
Zeolite
e
S 1.395 130.3
Bacteria
ns71 G
& 1.165 133.0
Fungus
P L’ CA-J s .
SSLT 4.795 127.1
Zeolite+Bacteria
B+ oy
CAS 5,285 127.3
Zeolite+Fungus
N e 4.985 126.0

Zeolite+Bacteria+Fungus

LSDo.0s 0.34 4.78

A b5 ae DI LSD O ol 2 70 Jla| Chc.ﬂ 53 alie G glls e Kl 052w 2 53
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

ns7l , 6010 <3 ‘..SJ 95 CiS Cow S (e $lge ‘.BJ »dl s, u,_i.l..a dslo =\ Y J g0
Table 12. Interaction between year x cultivar on soil magnesium content under two corn cultivars (cv. 6010 and

ns71)
Year Cultivar Soil magnesium content (mg/kg)
6010 119.0
1396 (2017) Ns71 117.9
6010 147.9
1397 (2018) Ns71 141.1
LSDg 05 5.87

A (gl pae DI LSD O3l bl 70 Dl CEM o3 alie Gy > lyls gla Sl O gz o o
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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