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Abstract

Integrated nutrient management in crop rotation conditions (Canola-Soybean-Wheat) is important for farm management.
Four years of field experiments were conducted to assess the effects of organic and inorganic soil fertility amendments on
crop growth and soil physiochemical properties during 2014-2018. The experiments were carried out based on a randomized
complete block design, with the split-plot arrangement of treatments and three replications. Two crop rotations (Canola-
Soybean-Wheat; Canola-Wheat) were randomized to the main plot units and nine fertilization management (F;: urea, F.:
urea + zeolite, F5: composted manure, Fi: composted manure + zeolite, Fs: urea+ composted manure, Fs: urea+ composted
manure + zeolite, F;: urea+azocompost, Fs: urea+ azocompost+ zeolite and Fo: control) were randomized to the sub-
-plots. The maximum dry matter and the growth rate at linear phase were estimated in Fe fertilizer treatment for canola
(665.05g m™ and 6.67g m2d') and wheat (716g m™ and 7.19g m2d™!), respectively. The maximum soil organic carbon
(SOC) was observed in the second year of the experiment by the integrated fertilizing management (Fs=1.26%) while
the lowest SOC was observed in control (Fo=0.65%). Application of zeolite in all of the experimental treatments resulted
in higher soil cation exchange capacity (CEC). The maximum soil K (115.23 ppm), P (113.73 ppm), Zn (10.07 ppm) and
Mn (12.35ppm) were observed in organic treatments incorporated with zeolite (F.). Our study found that application of
organic amendments such as azocompost and manure composts incorporated with chemical fertilizer and zeolite can be
recommended to improve soil fertility and growth properties of wheat and canola crops.

Keywords Azocompost - Cattle manure compost - Growth analysis - Soil physicochemical properties - Zeolite

Introduction

Soil degradation is the results of intensive agriculture activ-
ities without considering environmental cares especially in
the semi-arid area regions of Iran. This also negatively in-
fluenced sustainable productivity of agronomic crops. SOC
is the source of energy for soil microbial activities and pro-
cesses (Reeves 1997; Woomer et al. 1994). Among the soil
management practices, adding organic amendments is im-
portant for enhancing the soil quality (Celik et al. 2010).
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The addition of organic materials such as manure or Azolla
improves soil chemical, physical and biological properties
and hence reduces soil compaction, erosion and degradation
(Bandyopadhyay et al. 2010; Yousefzadeh et al. 2013).
Alternative nutrition management, such as integrated
nutrient fertilizer management leads to increase crop pro-
ductivity and minimizes the environmental devastation
(Conacher and Conacher 1998; Reganold 1995). Com-
posting manure improves soil structure for root growth
and drainage, increases total porosity, soil water retention,
soil nutrients, caution exchange capacity, and greater bi-
ological activity by supplying carbon and energy to soil
organisms (Goladi and Agbenin 1997). Azocompost is the
newly amendment used by the producers for enhancing
phosphorus and potassium of soil and crop production
(Yousefzadeh et al. 2013). Also, the indiscriminate use of
chemical fertilizers and the resulting environmental dam-
ages made it essential to shift to utilizing organic fertilizers
and soil amendments for increasing fertilizer efficiency in
sustainable agriculture (Heidarzadeh et al. 2021).
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Zeolite is a soil enhancer material with high ion-ex-
change capacity. Application of zeolite in the soil, prevents
unnecessary losses of nutrients, besides, they are good car-
riers and regulators of mineral fertilizers. Some of the prop-
erties of zeolite such as high cation exchange capacity, easy
incorporation with soil and water retention make them in
favor to be used in agricultural farms (Ok et al. 2003; Bagh-
bani-Arani et al. 2017). The researchers also showed that
the integration of zeolite in fertilizer management systems
preserved nutrients in the rhizosphere (Akbari et al. 2021).

Crop rotation is an agronomic management tool in eco-
logical science. This could play an important role in main-
taining soil fertility and sustaining crop production by in-
creasing mineral nitrogen in the soil of the root zone. Crop
rotation of legumes-cereals increased the yield and quality
of seeds due to the increase of soil nitrogen by legumes
(Galantini et al. 2000). Crop sequence improves soil prop-
erties such as porosity and structure formation and breaks
cycles related to pathogens and weeds (Franzluebbers et al.
1995).

Fig. 1 Rainfall, minimum and
maximum air temperature, and
A (rainfall—evapotranspiration)
at the experimental site of

the October-July period from

Growth analysis with the physiological parameters is an
important tool to establish the nutritional needs of crops.
Leaf area index (LAI) is a useful parameter that shows
the photosynthetically active radiation rate absorbed by the
canopy (Muchow 1988). LAI affects the total amount of
CO, assimilated; thus, dry matter is a function of the leaf
area. To increase dry matter, a larger and a longer duration
of LAI are required (Muchow 1988). Thus, crop physiol-
ogists with quantifying growth could be understood differ-
ences among treatments.

The objectives of this study were evaluated the impacts
of different nutrition management on soil physicochemical
properties, specify the length of the growth period and quan-
tifying dry matter accumulation and LAI for understanding
the differences among fertilization strategies under canola-
soybean-wheat crop rotation.
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Materials and Methods
Site Description; Climate and Soil

The study was conducted during four consecutive growing
seasons (from 2014 to 2018) at the experimental farm
of Tarbiat Modares University, Tehran, Iran (35°44’ N,
51°19’ E, 1215 ASL) on the poorly drained sandy-loam
soil. This site was characterized by a semi-arid climate hav-
ing relatively hot summers and cold winters with a mean
annual precipitation of 289 mm which mostly occurs dur-
ing the fall and winter seasons. Weather data (minimum
and maximum temperatures, precipitation and evapotran-
spiration) were collected from the nearest meteorological
station (Chitgar—Tehran, Iran) (Fig. 1). Soil samples were
prepared before cultivation from the depth of 0-30cm.
Samples were mixed together, air-dried, crushed and pre-
pared for the determination of physicochemical properties
(Table 1).

Land Preparation and Description of Treatment

Research farm was subjected to shallow plowing in Sep
2014 following disking to be fully prepared for cultivation
practice. Chemical weed was controlled by applying Tri-
fluralin (3.5 lit/ha) and then incorporating it into the soil
using a disk. The dimension of plots was 12m? (4mx 3 m),
and the distance between each plot was considered 1m.
There were 2m distance between the blocks and 1m al-
ley was established between each plot to prevent any in-
terferences. A split-plot experiment was conducted based
on a randomized complete block design with three replica-
tions. Main plots were two crop rotations including CR;:

Table 1 Initial soil chemical and textural properties of the
experimental field

Property Depth
0-30cm
Soil texture (%)
Sand 65
Silt 23
Clay 12
Chemical
pH 7.1
Organic matter (%) 0.86
Electrical Conductivity (dSm™) 0.97
Cation exchange capacity (meq 100" g) 2.7
Available N (mg kg™) 2.01
Available P (mg kg™!) 30.4
Available K (mg kg™) 192.4
Available Fe (mg kg™) 6.9
Available Zn (mg kg™") 1.2
Available Cu (mg kg™ 0.5

Canola-Soybean-Wheat and CR,: Canola-Wheat. The Sub-
plots were different fertilizer treatments including: 140 and
120kg ha™'N as urea (F;); 140 and 120kg ha ' N as urea plus
8 ton ha! zeolite (F,); 140 and 120kg ha' N as composted
manure (Fz); 140 and 120kg ha'N as composted manure
plus 8 ton ha™! zeolite (Fs); 70 and 60kg ha'N as urea
+70 and 60kg ha'N as composted manure (Fs); 70 and
60kg ha'N as urea +70 and 60kg ha'N as composted
manure plus 8 ton ha™! zeolite (F¢); 70 and 60kg ha'N
as urea +70 and 60kg ha'N as azocompost (F7); 70 and
60kg ha'N as urea +70 and 60kg ha'N as azocompost
plus 8 ton ha™! zeolite (Fs) for canola and wheat, respec-
tively, and no organic and chemical fertilization (Fo). Ma-
nure compost and azocompost (Fs, Fs, Fs, Fe, F; and Fs)
were applied in the autumn and incorporated with soil
(depth of 15cm) by hand before planting. Chemical fer-
tilizer was divided into three parts which were applied
at three different stages (Plantation, stem elongation and
flowering initiation). Based on soil chemical properties,
there was no need for phosphorus and potassium fertilizer.
Planted cultivars were Okapy (Brassica napus L.); Pish-
taz (Triticum aestivum L.) and Williams (Glycine max (L.)
Merr.). Planting dates were: Canola: October 12th, 2014
and October 31th, 2016; Wheat: November 5th, 2015 and
November 6th, 2017; Soybean in the first crop rotation was
planted for four years with planting date of June 18th, 24th,
26th and 25th in 2015, 2016, 2017 and 2018 respectively.
Plant density was as followed: Canola: 84 plantsm2; Soy-
bean: 45 plantsm~ and wheat 250 plants m~. Immediately
after sowing the soil was irrigated. Polyethylene pipes and
counter were used to manage irrigation water.

Zeolite, Composting Manure and Azocompost

A known amount of fresh manure was placed in some sepa-
rate rows (12m long, 3m width and 1 m height). In order to
protect the rows from direct sunlight, all of the rows were
covered by herbal straw. Temperature and moisture were
daily controlled under aerobic condition until the end com-
posting procedure (day 90th). At the end of the composting
process one composite sample of each row was collected

Table2 Chemical analysis of cattle manure after composting

Year
Parameters 2014 2015 2016 2017
Moisture (%) 7.2 8.1 7.5 6.9
Nitrogen wasting during com- 33 29 30 34

posting (%)
Total N after composting (%) 0.81 0.89 0.77 0.79

Organic nitrogen (%) 0.63 0.80 0.60 0.68
NH} (%) 0.14 0.11 0.15 0.13
NOj; (%) 0.006  0.009 0.002  0.004
Available nitrogen (%) 0.34 0.41 0.31 0.32
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Table 3 Physicochemical properties of azocompost

Year

Parameters 2014 2015 2016 2017
pH (H20) 8.2 7.9 8.0 7.7
Organic matter (%) 26.7 28.2 30.4 28.8
Organic carbon (%) 15.5 17.1 18.4 17.3
Electrical Conductivity 1.9 2.2 24 1.7
@Sm™)

C:N 12.4 11.0 9.1 10.2
Available N (%) 1.2 1.7 2.1 1.8
Available P (%) 0.53 0.81 0.71 0.59
Available K (%) 0.79 0.90 0.49 0.83
Available Fe (mg kg™") 1177 954 871 923
Available Zn (mg kg™") 28.8 36.7 20.7 31.8
Available Cu (mg kg™ 33.0 234 20.7 21.4
Available Mn (mg kg™!) 360 440 570 410

and analyzed in each year (Table 2). Azocompost were pur-
chased from Salem Saze Mohite Gil Research Production
Company, (Gilan, Iran). The physiochemical analysis of
azocompost is shown in Table 3. Zeolite was prepared from
the Myaneh mines in the northwest of Iran. Chemical prop-
erties of zeolite with X-ray Spectrophotometry are shown
in Table 4. Composted manure and azocompost were ap-
plied on the basis of the assumption that 20 and 15% of the
N in composted manure and azocompost will become avail-
able for crops in the first year after application, respectively
(Yousefzadeh et al. 2013). The amounts of composted ma-
nure, azocompost and zeolite applied for each treatment in
each year are given in Table 5.

Dry Matter Accumulation (DMA) and Leaf Area Index
(LAI)

With considering the marginal effect, five crops from each
plot and each replication were sampled every two weeks
from 30 days after emergence to harvesting for measuring
DMA and LAI Leaf area index was measured with a leaf
area meter (Delta-T area meter; Delta-T Devices Ltd., Cam-
bridge, UK). Averages of the five crops per plot in two years
were used for statistical analysis.

Table4 Zeolite chemical properties

Soil Sampling and Analysis

Three soil samples were collected from 0-30cm depth at
each plot after harvesting crops. Soil samples were com-
posited for each plot and were sealed in plastic bags and
transported to the Soil and Plant Laboratory at the Uni-
versity of Tarbiat Modares for analyzing soil chemical and
physical properties including: soil organic carbon, phospho-
rus, cation exchange capacity, electrical conductivity (EC),
potassium (Manteghi 1986), and nitrogen, manganese and
zinc (Page 1982).

Regression Analysis

In order to describe the trend of dry matter (w) against days
after planting (t) the truncated expolinear function was used
(Goudriaan and Monteith 1990; Yin et al. 2003):

2—21n(1+e””(x"”)) if X <ty+ Wnax/Cm

w =
if X >t + Wna/Cm

wmax

where is Wmay 1S the maximum dry matter accumulation, the
Cm and r,, are maximum growth rate in the linear phase and
maximum relative growth rate (RGR) in the exponential
phase, respectively and t, is the lost time when linear phase
effectively begins.

The beta function was used for describing the trend of
changing in LAI at during the growing season. The beta
function was determined as follows (Yin et al. 2003):

tm-tp
i to—X xX—tp \ Tep
y max te—[m tm—[b

where is in this model, x is days after planting, y is the leaf
area index, ln. 1S the maximum leaf area index, which is
achieved at time ty, t, and t. are times at the beginning and
end of the growth period, respectively.

Statistical Analysis

PROC GLM was used to compare the effects of year,
crop rotation and fertilizer treatments on soil physiochem-
ical properties. The assumptions of variance analysis were
tested by ensuring that the residuals were random, ho-
mogenous, and with a normal distribution about the mean

CaO MgO Na;O ALO3 SiO; P20s TiO2 MnO K20 Fe203
%o
Value 23 0.1 1.1 12 65 0.01 0.03 0.04 3 1.5

Cation exchange capacity =200 meq 100! g
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Table 5 The amount of composted manure, azocompost and zeolite application according to soil nitrogen content

Zeolite application

(tha™)

2014

Azocompost application

(tha™)

2014

Composted manure application

(tha™h)

2014

Urea application

(kg ha™!)
2014
247

247

Available soil nitrogen

(kg ha™!)
2014
26
26
26
26
26
26
26
26
26

2016 2017

2015

2016 2017

2015

2016 2017

2015

2017
210
205

2016
250
244

2015
205
200

2017
23

2016
24
27
41

2015
25

Treatments

Fi

25

27
37
38
38
44
38
44

F2

10
10

13
13
6.7

11

11

18
18

42

F3

44
40
45

42

Fy4

86
80
88
82

109
102
108
103

88
82
88
81

124

39
45

Fs

6.3

124

Fe

1.4
1.3

1.5

1.5

1.5
1.4

39 124

44

40

F7

124

44

Fs

16

Fo

of zero. Bartlett’s tests showed homogeneity of variance
for all traits in all year. Means were compared using the
LSD test at the probability level of p<0.0] and p < 0.05.

Results and Discussion
Total Dry Matter (TDM) and Leaf Area Index (LAI)

Parameter values of the truncated expolinear function fitted
to the dry matter data on the growing seasons are shown
in Figs. 2 and 3 for canola and wheat, respectively. The
maximum dry matter (Wma) and the maximum growth rate
in the linear phase (c.) were estimated in Fe fertilizer treat-
ment in canola (665.05g m= and 6.67 g m2d') and wheat
(716 gm=and 7.19 gm2d™"), respectively (Figs. 2 and 3). In
addition, to was lower in Fs and Fs than the other chemical,
organic and integrated fertilizer treatments in both crops.
The maximum dry matter in the Fy fertilizer treatment was
higher by 13 and 12% compared with the F, fertilizer treat-
ment in canola and wheat, respectively. Application of ze-
olite increased the maximum dry matter (Wmax) by 7% in
Fs and 12% in F,, Fs and Fs (Figs. 2 and 3). The trend of
changes in LAI and parameter estimates for the beta func-
tion fitted to LAI are shown in Figs. 2 and 3 for canola
and wheat, respectively. Using the beta function, the maxi-
mum leaf area index (lmax), was higher in Fs than the other
fertilizer treatments in canola (4.90) and wheat (5.17). The
arriving time to the maximum LAI (t,,) was lower compared
to the other treatments in both crops (Figs. 2 and 3). Leaf
growth under chemical fertilizer treatments ended earlier
compared with the integrated fertilizer treatments. In the
other words, canola and wheat had a greater leaf area du-
ration under organic and chemical fertilizer treatments.

A higher significant value obtained for leaf area and dry
matter in this study for the integrated nutrient management
show that at super-optimal nutrient conditions, these pa-
rameters will be increased. In this research, the applica-
tion of manure compost and azocompost alone or along
with inorganic fertilizer promoted soil nutrient availability
(Table 7). Therefore, crop fertilized with organic amend-
ments grew better than those fertilized with inorganic fer-
tilizer. These results are consistent with previous studies
(Vats et al. 2001). In this study better crop growth observed
under integrated nutrient management enables the crops to
produce more leaves and leaf area. The previous study sug-
gested that increasing of leaf area index led to higher pho-
tosynthetic activities and the more dry matter is produced
(Dreccer et al. 2000). Thus, integrated fertilizer treatments
combined with zeolite (especially Fs and Fs) with increas-
ing nutrient availability and leaf area duration led to higher
photosynthesis and biomass accumulation.
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Fig.2 Parameter estimates,
observed and predicted values
from the truncated expolinear
function and the beta function
for dry matter and leaf area
of canola (Brassica napus L.
c.v ‘Okapy’), respectively
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Soil Organic Carbon (SOC), Cation Exchange Capacity
(CEC) and Electrical Conductivity (EC)

SOC, CEC and EC were significantly influenced by the
main effect of fertilizer treatments and interaction effects
of fertilizer treatments x year (Table 6). The maximum SOC
was observed in the second year by the integrated fertiliz-
ing management (Fs=1.26%) while the lowest SOC was
observed in control (Fo=0.65%). In all organic and inte-
grated treatments, at the second year of experiments ex-
hibited higher SOC compared to the first year. The highest
changes of SOC were observed in Fs (9%) organic treat-
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ment (Table 7). In chemical fertilizers, SOC was reduced
by 20% and 11% in F, and F, respectively. Also, SOC in
the control treatment was reduced by 13% in the second
year of experiments (Table 7). The maximum CEC was ob-
served in the second year by the F; fertilizing management
(11.63 meq 100g™") while the lowest CEC was observed
in control (Fy=0.80 meq 100g"). There was no signifi-
cant difference between integrated fertilizer treatments in
both years (Fs and Fs). Application of zeolite in all of the
experimental treatments resulted in higher soil CEC. The
highest changes in CEC were observed in the Fs (54%)
fertilizer treatment (Table 7). The maximum soil EC was
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observed in the second year by the organic fertilizing treat-  Gholamhoseini et al. 2012). In this study, the accumulation

ments (F;=1.294mmoh c¢cm™) while the lowest EC was rate of SOC content ranged from 0.654% (in Fy treatment)
observed in control (Fo=0.574mmoh cm™). Soil EC was to 1.264% (in Fs treatment), respectively, after four years

increased in the second year of the experiment by the or-  continuous cropping (Table 7). These results showed that
ganic and integrated fertilizers while in chemical fertilizer =~ organic amendments application could accelerate the accu-
without zeolite and control soil EC was reduced (Table 7).  mulation of SOC. These findings consistent with previous

Our results clearly showed that azocompost and ma-  reports. Previous reports showed organic fertilizer alone or

nure fertilizer application had a great positive impact on  in combination with inorganic fertilizer has increased the
SOC and CEC. We also found that the zeolite application  overall SOC (Liang et al. 2012; Xin et al. 2016). The electri-
in chemical, organic and integrated fertilizer management  cal conductivity ranged between 0.574 to 1.298 mmoh cm™!
significantly improved CEC. Similar results have been re- in Fy (control treatment) and F. (organic fertilizer), respec-
ported by other experiments (Bandyopadhyay et al. 2010;  tively (Table 7). A previous study reported that plots re-
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Table 6 Analysis of variance (mean squares) for the effects of different parameters (year, crop rotation and fertilizer treatments) on the measured
traits in canola *

Source of variance DF N K P Mn

Year (Yr) 1 0.00145NS 297.70" 306.16" 3.06366NS
Replicationx Yr 4 0.00041 25.83 32.22 0.97300
Crop rotation (CR) 1 0.00288NS 78.35NS 20.68NS 0.08613NS
Yrx CR 1 0.00040NS 0.0014NS 17.28NS 0.00204NS
Replication (Yrx CR) 4 0.00130 25.94 17.96 1.33324
Fertilizer treatments (FT) 8 0.028917 5187.22" 4927.15™ 59.91807"
CRxFT 8 0.00019NS 32.23NS 57.18NS 0.55538NS
YrxFT 8 0.00036NS 68.26NS 70.45NS 0.56903NS
Yrx CRxFT 8 0.00010NS 9.19NS 3.94NS 0.09637NS
Error 64 0.00021 106.68 35.78 0.54004
CV (%) - 11.42 12.52 7.19 9.03
Source of variance DF Zn socC CEC EC

Year (Yr) 1 1.14330NS 0.00087NS 53.0040"" 0.02285NS
Replicationx Yr 4 1.23743 0.01870 2.51570 0.17286
Crop rotation (CR) 1 0.18517NS 0.09756NS 0.36284NS 0.01412NS
Yrx CR 1 0.00202NS 0.00104NS 0.16803NS 0.00289NS
Replication (Yrx CR) 4 0.49917 0.03171 1.15170 0.16898
Fertilizer treatments (FT) 8 24.0686™" 0.35014"" 151.953* 0.41028""
CRxFT 8 0.20037NS 0.00174NS 0.37616NS 0.00236NS
YrxFT 8 0.31821NS 0.02387" 11.2300™ 0.01229"
Yrx CRxFT 8 0.02069NS 0.00111NS 0.26703NS 0.00040NS
Error 64 0.44953 0.00999 0.37268 0.00548
CV (%) - 8.97 10.04 4.69 8.53

* Significant at the 0.05 probability levels.

** Significant at the 0.01 probability levels

NS not significant at the 0.05 or 0.01 probability levels

Statistical analysis of soil nitrogen (N), soil potassium (K), soil phosphorus (P), soil manganese (Mn), soil zinc (Zn), soil organic carbon (SOC),
soil cation exchange capacity (CEC) and soil electrical conductivity (EC)

Table7 Mean comparison of interaction effects of year x fertilizer treatments

SocC CEC EC

% Meq 100g™! Mmoh cm™!
Fertilizer treatments ? 2015 2017 2015 2017 2015 2017
Fi 0.8763 e® 0.7315cd 1.66d 1.20e 0.702 e 0.654 ¢
| ) 0.9378 de 0.8423 ¢ 6.30 b 872¢c 0.740 de 0.789 ¢
F3 1.0018cd 1.0596 b 3.18¢ 3.04d 1.18 a 1.208 a
F4 1.0453 be 1.1428 ab 6.42b 9.78 b 1.255a 1.294 a
Fs 1.0111cd 1.0498 b 274 ¢ 2.46d 0.834 bc 0.839b
Fe 1.1883 a 1.2641 a 7.57 a 11.63 a 0914 b 0.926 b
F7 0.9976 cd 1.0383 b 2.52¢ 2.51d 0.827 bed 0.831b
Fs 1.1370 ab 1.2048 a 7.28 a 10.97 a 0.869 b 0.893 b
Fo 0.7406 t 0.6540d 0.83 e 0.80e 0.702 de 0.574 ¢

2100% urea (F1), 100% urea with 8 ton ha™! zeolite (F2), 100% composted manure (F3), 100% composted manure with 8 ton ha™! zeolite (Fa),
50% urea +50% composted manure (Fs), 50% urea +50% composted manure with 8 ton ha™! zeolite (Fs), 50% urea +50% azocompost (F7), 50%
urea +50% azocompost with 8 ton ha! zeolite (Fs) and without any fertilizer and zeolite (Fo)

5 Means within each column of each section followed by the same letter are not significantly different (p < 0.05)
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Table 8 Mean comparison of fertilizer treatments main effect

SN SK SP SMn SZn

Fertilizer treatments %o ppm

Fi 0.0912e* 155.898 f 20.71 f 5.0308¢g 5.6713 e
) 0.1112d 176.593 de 40.78d 5.7317 f 7.1155d
F3 0.1222d 181.731cd 89.09 ¢ 9.8892 b 8.7577b
Fa 0.1575b 209.933 a 71.93 a 12.3575 a 10.0747 a
Fs 0.1425 ¢ 174.617 de 36.14 de 7.9483d 7.3161d
Fe 0.1915 a 200.059 b 63.41b 9.0150 ¢ 7.9550 ¢
F7 0.1396 ¢ 168.629 e 3420 8.0033d 7.2485d
Fg 0.1680 b 185.158 ¢ 51.51c¢ 8.6767 ¢ 7.6357 cd
Fo 0.0243 f 141.900 g 6.23g 6.5517 e 54933 e

4 Means within each column of each section followed by the same letter are not significantly different (p <0.05)

ceived manure increased soil EC. Similarly, Eghball (2002)
reported that increasing the manure rate also increased soil
EC compared with chemical treatments. The positive effect
of zeolite application was greater at organic treatments in
cation exchange capacity. Zeolite increased the soil CEC,
which resulted in more available P, K, Mn and Zn in the
soil. Our results showed that zeolite in chemical treatments
enhanced soil CEC (Table 7). Studies have shown that the
nutrient supplying capacity of azocompost and manure ap-
plied singly or in combination with zeolite are higher than
compost alone (Gholamhoseini et al. 2012).

Soil Chemical Prosperities

The main effects of fertilizer treatments were significant on
all soil elements (p<0.01) (Table 6). The maximum soil N
(0.1915%) was observed in the Fs fertilizer treatment. On
an average, the Fe treatment significantly increased soil ni-
trogen content by 72, 22 and 14% compared to F,, Fs and
Fs fertilizer treatments. Integrated fertilizer treatments com-
bined with zeolite (Fs and Fs) had higher soil nitrogen con-
tent than the chemical and organic fertilizer treatments (F,
F,, F; and F,) (Table 8). The maximum soil K (209.93 ppm),
P (71.93ppm), Zn (10.07 ppm) and Mn (12.35ppm) were
observed in organic treatment incorporated with zeolite (F).
Organic and integrated fertilizer treatments (Fs, Fs, Fs, Fe,
F; and F) resulted in an increase in N, P, K, Mn and Zn
content while application of chemical fertilizers (F; and
F>) and control (Fy) led to lowering N, P, K, Mn and Zn
content of the soil. Application of zeolite considerably in-
creased soil nitrogen, phosphorus, potassium, manganese
and zinc in all of the chemicals, organic and integrated fer-
tilizer treatments (F,, F4, F¢ and Fs). Our results revealed
that organic amendments have the potential to increase soil
nutrients. Zeolite application as a mixed form with organic
amendments had a more positive effect on soil elements
than direct consumption. A previous study reported that
organic amendments application can enhance soil available

elements (Hartl et al. 2003). The higher nitrogen contents in
integrated plots combined with zeolite could be due in part
to the nutrient supply with the composts and especially by
the decrease of nutrient leaching by zeolite during growth
season (Evanylo et al. 2008). The application of composted
manure and azocompost with a more phosphorus and potas-
sium content increased the availability of these nutrients to
the crops (Bulluck et al. 2002; Laboski and Lamb 2003). It
has been reported that higher microbial activity in organic
soil compared with chemical soils significantly increased
soil micronutrient contents.

Conclusion

This study revealed that the maximum dry matter and leaf
area index were estimated in integrated nutrient manage-
ment. Zeolite application in fertilizer treatments led to in-
creases in soil CEC and more available cautions such as
P, K, Mn and Zn. The organic treatment showed a signifi-
cantly higher increase in soil macro and micronutrients. The
application of azocompost and manure increased soil EC,
however, inorganic fertilizer decreased the soil decreased
the soil EC as compared to organic and control treatments.
Integrated nutrient management increased the SOC as com-
pared to inorganic fertilizer and control treatments. Our
study found that application of organic amendments such as
azocompost and manure composts incorporated with chem-
ical fertilizer and zeolite can be recommended to improve
soil fertility and growth properties of wheat and canola
crops. Also, based on the results, complete or partial (half)
replacement of chemical N source with composted manure
combined with application of zeolite is recommendable in
the region (sandy soil) to achieve both economic and envi-
ronmental advantages.

@ Springer



2120

H. Akbari et al.

Acknowledgements The authors gratefully acknowledge of the Fac-
ulty of Agriculture, Tarbiat Modares University for its supports and
assistance.

Funding The scientific and technological department of presiden-
tial office (http://en.isti.ir) supported this research (project number:
87042085).

Conflict of interest H. Akbari, S.A.M. Modarres-Sanavy and A. Hei-
darzadeh declare that they have no competing interests.

References

Akbari H, Modarres-Sanavy SAM, Heidarzadeh A (2021) Fertilizer
systems deployment and zeolite application on nutrients status
and nitrogen use efficiency. J of Plant Nutrition 44:196-212.
https://doi.org/10.1080/01904167.2020.1806299

Baghbani-Arani A, Modarres-Sanavy SAM, Mashhadi Akbar Boo-
jar M, Mokhtassi Bidgoli A (2017) Towards improving the
agronomic performance, chlorophyll fluorescence parameters
and pigments in fenugreek using zeolite and vermicompost under
deficit water stress. Ind Crops Prod 109:346-357

Bandyopadhyay KK, Misra AK, Ghosh PK, Hati KM (2010) Effect of
integrated use of farmyard manure and chemical fertilizers on soil
physical properties and productivity of soybean. Soil Tillage Res
110:115-125

Bulluck LR III, Brosius M, Evanylo GK, Ristaino JB (2002) Organic
and synthetic fertility amendments influence soil microbial, phys-
ical and chemical properties on organic and conventional farms.
Appl Soil Ecol 19:147-160

Celik I, Gunal H, Budak M, Akpinar C (2010) Effects of long-term
organic and mineral fertilizers on bulk density and penetration
resistance in semi-arid mediterranean soil conditions. Geoderma
160:236-243

Conacher J, Conacher A (1998) Organic farming and the environment,
with particular reference to Australia: a review. Biol Agric Hortic
16:145-171

Dreccer MF, Schapendonk AHCM, Slafer GA, Rabbinge R (2000)
Comparative response of wheat and oilseed rape to nitrogen sup-
ply: absorption and utilisation efficiency of radiation and nitro-
gen during the reproductive stages determining yield. Plant Soil
220:189-205

Eghball B (2002) Soil properties as influenced by phosphorus-and
nitrogen-based manure and compost applications. Agron J
94:128-135

Evanylo G, Sherony C, Spargo J, Starner D, Brosius M, Haering K
(2008) Soil and water environmental effects of fertilizer-, ma-
nure-, and compost-based fertility practices in an organic veg-
etable cropping system. Agric Ecosyst Environ 127:50-58

Franzluebbers AJ, Hons EM, Saladino VA (1995) Sorghum, wheat
and soybean production as affected by long-term tillage, crop se-
quence and N fertilization. Plant Soil 173:55-65

Galantini JA, Landriscini MR, Iglesias JO, Miglierina AM, Rosell RA
(2000) The effects of crop rotation and fertilization on wheat pro-
ductivity in the Pampean semiarid region of Argentina 2. Nutrient
balance, yield and grain quality. Soil Tillage Res 53:137-144

Gholamhoseini M, AghaAlikhani M, Malakouti MJ, Khodaei Joghan A
(2012) Influence of zeolite application on nitrogen efficiency and
loss in canola production under sandy soils conditions. LCSS
43:1247-1262

Goladi JT, Agbenin JO (1997) The cation exchange properties and mi-
crobial carbon, nitrogen and phosphorus in Savanna alfisol under
continuous cultivation. J Sci Food Agric 75:412-418

@ Springer

Goudriaan J, Monteith JL (1990) A mathematical function for crop
growth based on light interception and leaf area expansion. Ann
Bot 66:695-701

Hartl W, Putz B, Erhart E (2003) Influence of rates and timing of
biowaste compost application on rye yield and soil nitrate levels.
Eur J Soil Biol 39:129-139

Heidarzadeh A, Modarres-Sanavy SAM, Mokhtassi-Bidgoli A (2021)
Changes in yield and essential oil compositions of Draco-
cephalum kotschyi Boiss in response to Azocompost, Vermi-
compost, Nitroxin, and urea under water deficit stress. J Soil
Sci Plant Nutr 22:896-913. https://doi.org/10.1007/s42729-021-
00700-z

Laboski CAM, Lamb JA (2003) Changes in soil test phosphorus con-
centration after application of manure or fertilizer. Soil Sci Soc
AmJ 67(2):544-554

Liang Q, Chen H, Gong Y, Fan M, Yang H, Lal R (2012) Effects of
15 years of manure and inorganic fertilizers on soil organic carbon
fractions in a wheat-maize system in the North China Plain. Nutr
Cycl Agroecosyst 92:21-33

Manteghi N (1986) Descriptions of labratory methods and investiga-
tions on soil and water samples. Soil and Water Research Center,
Karaj

Muchow RC (1988) Effect of nitrogen supply on the comparative pro-
ductivity of maize and sorghum in a semi-arid tropical environ-
ment I. Leaf growth and leaf nitrogen. Field Crop Res 18:1-16

Ok CH, Anderson SH, Ervin EH (2003) Amendments and construc-
tion systems for improving the performance of sand-based putting
greens. Agron J 95:1583-1590

Page AL (1982) Chemical and microbiological properties. Methods of
soil analysis, vol 2. American Society of Agronomy, Soil Science
Society of America, Madison

Reeves DW (1997) The role of soil organic matter in maintaining
soil quality in continuous cropping systems. Soil Tillage Res
43:131-167

Reganold JP (1995) Soil quality & profitability of biodynamic & con-
ventional farming systems: a review. In: Organic Farming & Bio-
dynamic Agriculture Training resource book, pp 64-75

Vats MR, Sehgal OK, Mehta OK (2001) Integrated effect of organic
and inorganic manuring on yield sustainability in long-term fer-
tilizer experiments. Indian J Agric Res 35:19-24

Woomer PL, Martin A, Albrecht A, Resck DVS, Scharpenseel HW
(1994) The biological management of tropical soil fertility. In:
Woomer PL, Swift MJ (eds) The importance and management of
soil organic matter in the tropics. John Wiley & Sons Ltd, Chich-
ester, pp 47-80

Xin X, Zhang J, Zhu A, Zhang C (2016) Effects of long-term (23 years)
mineral fertilizer and compost application on physical properties
of fluvo-aquic soil in the North China Plain. Soil Tillage Res
156:166-172

Yin X, Goudriaan J, Lantinga EA, Vos J, Spiertz HJ (2003) A flexible
sigmoid function of determinate growth. Ann Bot 91:361-371

Yousefzadeh S, Modarres-Sanavy SAM, Sefidkon F, Asgarzadeh A,
Ghalavand A, Sadat-Asilan K (2013) Effects of Azocompost and
urea on the herbage yield and contents and compositions of es-
sential oils from two genotypes of dragonhead (Dracocephalum
moldavica L.) in two regions of Iran. Food Chem 138:1407-1413

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

Seyed Ali Mohammad Modarres-Sanavy is the full professor of Tar-
biat Modares University. His specialized field is the plant physiology.


http://en.isti.ir
https://doi.org/10.1080/01904167.2020.1806299
https://doi.org/10.1007/s42729-021-00700-z
https://doi.org/10.1007/s42729-021-00700-z

	Changes of the Growth Rate of Wheat and Canola with Soil Amendments Application in Crop Rotation
	Abstract
	Introduction
	Materials and Methods
	Site Description; Climate and Soil
	Land Preparation and Description of Treatment
	Zeolite, Composting Manure and Azocompost
	Dry Matter Accumulation (DMA) and Leaf Area Index (LAI)
	Soil Sampling and Analysis
	Regression Analysis
	Statistical Analysis

	Results and Discussion
	Total Dry Matter (TDM) and Leaf Area Index (LAI)
	Soil Organic Carbon (SOC), Cation Exchange Capacity (CEC) and Electrical Conductivity (EC)
	Soil Chemical Prosperities

	Conclusion
	References


