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

Materials and methods: The corn cultivars at two levels of cv. 6010
and ns71 as main plots and applications of zeolite and biofertilizers at
six levels including the zeolite application, bacteria application, fungus
application, applications of zeolite+bacteria, applications of
zeolite+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 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 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
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that the simultaneous application of zeolite+bacteria+fungus caused the
maximum reduction of pH in the soil.

Conclusion: This indicates that by selecting the most suitable
combination of plant and biofertilizers along with enriched zeolite, this
symbiosis can be effectively used to enhance soil nutrient efficiency.
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Table 2. Physical and chemical characteristics of soil (0-30 cm depth) at the experimental field in Neka County
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Table 2. Combined analysis of variance for soil nutrient content as affected by cultivar and fertilizer
treatments under two corn cultivars (cv. 6010 and ns71)

O:‘ o P <
T e e e PH
S Seoosk Sk s ¥ Sk Sk
5.0V 2 Soil Soil . . Soil . .
df nitroge  phosphor Soil Soil manganes Soil Soil PH
potassmm zZinc magnesium
n us e
1 0.005 1521.03 1492.9 7.566 0.490 12232.0 0.0042
Year
IR
Jue 2 0L 4 0.005 0.514 60.978 0.164 0.676 19.111 0.0065
Replication*Year
> 1 0.003™  1.194"™ 6756.2"°  1.080™  0.002™ 284.6™ 0.0008"
Cultivar
5, L o -
e 1 0.000™  0.011™ 2110.9 0.076™  0.000™ 150.1 0.0001"
Year*Cultivar
a gl ns
4 0.000 0.473 37.397 0.184 0.038 6.726 0.0020
Error a
355 5 0002" 33731" 260818 0331 0.166™ 151.6™ 0.0842"
Fertilizer
25 5 5 0.002 1.673"™ 488.9 0.425 0.218™ 157.3 0.0100"
Year*Fertilizer
35503 ¢ - - )
Cultivar* 0.001™  0.584™ 3425.7 0.655 0.318™ 23.212 0.026™
Fertilizer
J)S DL v_;‘) DL JL\.N
Year*cultivar*Fer 5 0.000™  0.187" 365.3 0.102™  0.310™ 8.394" 0.0067"
tilizer
b clax
< 40 0.000 1.185 125.2 0.044 0.310 8.393 0.0035
Error b
o .
I - 9.34 6.95 3.94 5.88 3.62 2.20 A
CV(%)
REVZ R \ 9 0 JLA-:>\ Cla..« BLl )‘bd'du g‘)lbd'.:u (:.,LF« v:jjsﬂu Z%w‘e 9 * ANns

ns, “and " non-significant, significant at 5% and significant at 1% probability level
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Table 3. Mean comparison of the main effects of fertilizer on soil pH under two corn cultivars (cv. 6010

and ns71)
35S oH
Fertilizer
e 7.48
Zeolite
st 7.54
Bacteria
et 7.60
Fungus
S+ o a3
Zeolite+Bacteria
2B+ s "
Zeolite+ Fungus
BRRNCI LR S 737
Zeolite+Bacteria+Fungus
LSDo.os 0.10

IS (6,8 pme Dl LSD Qj.aﬂ ool 70 Jlaz| da.d s alie Gy > glyls L;u;ﬁfgg O A 53
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.

PSS W . 5P W) GO R B
S gien ‘uiﬁl—‘)’] £ s sty
A C.Jli J:.MS o3 Y0 590> Sk Qj}ﬁ:
—S 5 :J.g)lSLgui.iLaﬂJLN}:Jm):e\Sbl: oL
O35, Slo—ome (p i (ol ST S5

A edalie S

(0 Jsz) (3, Lol Sl 5 80le alis s

NSTL (5,5 55 St 055 55 (8 piomn 45 5l OLES
Ll 63556010 o Bt anA WV SR JA RPN E
355 03 Jlw (S 1 Silos aglie (e
O3, Slyome SRS op S 3l 0L (V )
3508 53 (eSS oS (e 1 /TATY) SL
sl dlw 5ozl + s+ e d 55 Olsjan
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Table 4. Mean comparison of the main effects of cultivar on soil nitrogen content under two corn
cultivars (cv. 6010 and ns71)

Or )80 Sles
Traits under investigation

Soil nitrogen content (%)

-
Cultivar
6010 0.2273
ns71 0.2397
LSDg g5 0.022

5l (5l pme LMl LSD Osa3 bl 70 Jlaz! cb.« oo alie Gy = clyls la Kl 02 o
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 5. Interaction between year x fertilizer treatments on nitrogen, zinc and magnesium contents of the
soil under two corn cultivars (cv. 6010 and ns71)

S o Glge

S 03555 Sl

S o e (Sl goes

L sl _ _ - fﬁdkﬁﬁ) - P
J S35 b ¢S5k 1 5 ko) ’ (¢S5 1 5 ko)
Year Fertilizer treatments Soil nitrogen content ¢ 55) Soil magnesium content

(mg/kg) Soil zinc content (mg/kg)
(mg/kg)
S 0.2175 4.650 119.9
Zeolite
s~ 0.2265 1.470 116.8
Bacteria
1396 i 0.2365 1.345 118.2
Fungus
(2017) O At 0.2430 5.295 1188
Zeolite+Bacteria
gt s 0.2425 5.255 1187
Zeolite+Fungus
R e 0.2860 5.225 1182
Zeolite+Bacteria+Fungus
S 0.2350 4.195 152.4
Zeolite
s~ 0.2200 1.090 151.8
Bacteria
1397 i 0.2300 1.110 148.2
Fungus
(2018) S AL+ 0.2100 4525 139.3
Zeolite+Bacteria
bt s 0.2200 4.485 1383
Zeolite+ Fungus
R e 0.2350 3.945 1369
Zeolite+Bacteria+Fungus
LSDg 05 0.016 0.34 4,78

IS (g5l pme Y| LSD Q}A)'T bl sy 0 Jlasd ck..ﬂ): wlie G s gl Sls 02 2 3
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 6. Mean comparison of the main effects of year on phosphorus and manganese content of the soil

under two corn cultivars (cv. 6010 and ns71)

Sl i 5l i
(555 2 p Sk

Soil phosphorus content (mg/kg)

o s Dlis
Traits under investigation

Sk 58 (gl yime
eSS 2 e S )

Soil manganese content (mg/kg)

Ju

Year
1396 (2017) 20.25 15.44
1397 (2018) 11.06 15.28
LSDq s 1.55 0.44

I (gl pme S| LSD Q}.aﬂ ool s s 0 Jlax| cla..d): alie Gy, glyls ‘_;Lh&:i.vl:ﬁ Ot ;2 )3
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 7. Mean comparison of the main effects of fertilizer treatments on soil phosphorus content under

two corn cultivars (cv. 6010 and ns71)

s3] Y Slew
Traits under investigation

(¢SS 2 S k) S ind sl
Soil phosphorus content (mg/kg)

s sbobes
Fertilizer treatments
= 17.57
Zeolite
s~k 13.60
Bacteria
&t 16.34
Fungus
AL+ IS 15.45
Zeolite+Bacteria
@ s 17.15
Zeolite+ Fungus
B+ S+ s 13.81
Zeolite+Bacteria+Fungus
LSDo.0s 1.79

LI (6,8 pme BVl LSD Osa3 bl ds 3 0 Jlazs| cla..d): wlie Gy ghls Gl Sle Ogiw o 3
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 8. Interaction between year x cultivar x fertilizer on soil potassium content under two corn cultivars

(cv. 6010 and ns71)

(W
J 1396 (2017) 1397 (2018)
Year
5 a,les
$2 stk 6010 ns71 6010 ns71
Fertilizer treatments
<5
i 300.7 282.8 311.0 282.8
Zeolite
=SU
s : 383.8 323.2 383.8 299.0
Bacteria
]
& 282.8 283.8 282.8 283.8
Fungus
SL+ s
‘5’_5'+ e 262.6 303.0 262.6 253.5
Zeolite+Bacteria
B+ el
T s 323.2 303.0 323.2 257.1
Zeolite+Fungus
B+ o SL+ s
A e 202.0 208.0 202.0 208.0

Zeolite+Bacteria+Fungus

LI (6,8 pme BVl LSD Osa3 bl ds 3 0 Jlazs| cla..d): wlie Gy ghls Gl Sle Ogiw 5o 3
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 9. Interaction between cultivar x fertilizer treatments on zinc and magnesium content of the soil

under two corn cultivars (cv. 6010 and ns71)

S g4, g

S s lgme

= ©355 slales ¢ c (¢ S5hS 2 S k)
Cultivar Fertilizer treatments _ <<’_’5’L§”' £ k) Soil magnesium content
Soil zinc content (mg/kg) (ma/kg)
.
g 4.440 139.3
Zeolite
sL
S~ 1.165 1383
Bacteria
G
6010 & 1.290 1333
Fungus
SALT =S 5.025 131.0
Zeolite+Bacteria
G+ o
@O e 4.455 129.7
Zeolite+Fungus
S i 4.185 129.0
Zeolite+Bacteria+Fungus
&:»«J £ .
7 4.405 133.0
Zeolite
st
S 1.395 1303
Bacteria
E
ns71 & 1.165 133.0
Fungus
= L| \:;-J s
el 4795 127.1
Zeolite+Bacteria
G+ o
C 5.285 127.3
Zeolite+Fungus
S e 4.985 126.0
Zeolite+Bacteria+Fungus
LSDg 5 0.34 4.78

A g5l pxe M LSD ;)j.aﬂ oolol o 0 Jlaz Clg_... o alie Gy > lyls LSL‘”Q:-QL:“ O A 5D
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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Table 10. Interaction between year x cultivar on soil magnesium content under two corn cultivars (cv.
6010 and ns71)

JL o5 (oSS 5 S o) S s (5l i
Year Cultivar Soil magnesium content (mg/kg)
6010 119.0
1396 (2017) Ns71 117.9
6010 147.9
1397 (2018) Ns71 141.1
LSDgs 5.87

A (g5l pae Y| LSD Q}Aﬂ ool 70 Jlaz| C_E.N); wline Gy, (glyls k;bszlkfe O B 5D
Means with similar letters in each column are not significantly different based on LSD test at P<0.05.
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