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Abstract

Achieving food security and environmental sustainability is a huge global challenge. Thus, the use of
conservation Agriculture systems seems necessary. We investigated the effects of nitrogen fertilizer and
various densities of faba bean (vicia faba L.) on forage corn (Zea mays L.) production in the no-till
system with faba bean residues preservation on the soil surface. The effect of faba bean densities on
yield and its yield components, as well as soil chemical and physical properties, was studied
Simultaneously. The results showed that various densities of faba bean and nitrogen fertilizer increased
dry biomass production of forage corn by improving N content in plants, which was achieved by the
density of 40 plants per m? of faba bean + application of 200 kg N ha™" of maize. Moreover, N content,
crude protein, and fresh biomass production in forage corn were significantly increased by faba bean
density and nitrogen fertilizer. Faba bean density also affected on yield and yield component of faba
bean, and the highest nitrogen released value of faba bean root residues was obtained from the density
of 40 plants per m2 and application of 200 kg N ha™'. Therefore, the density of 40 plants per m? of faba
bean in a rotation system with mays and application of 200 kg N ha™! be recommended as a fertilizer
control method where it reduces the application of N fertilizer and increases the sustainability of
production in agricultural systems.

Introduction

The most major challenge for global food production is to increase crop productivity with a less negative
impact on the environment[1]. In the other words, the expansion of intensive crop production systems and
the excessive application of chemical fertilizers and pesticides cause many problems, including
environmental contaminations and a reduction in biodiversity. These systems of cultivation and their
negative impact on agro-ecosystems cause increasing concern. Therefore, we are looking for alternative
agricultural systems with improved efficiency and sustainability as well as high productivity[2].
Conservation Agriculture (CA) is a sustainable crop production system that includes a range of farming
practices adapted to crop requirements and local conditions of the region, protecting the soil and
environment from degradation and improving crop production. The no-till system is one of the primary
and important methods in CA[3]. It has been known as an appropriate approach that increases
agricultural sustainability and decreases greenhouse gas emissions and global soil quality and pollution
concernsl[4][5]. Mulching is also one of the other methods of Conservation Agriculture which covers the
soil surface with varied covering materials and decreases moisture losses and increases crops yield[6].
No-till system and mulching are some of the recommended options to reduce soil erosion and increase
maize yield in Nepal[7].

Nitrogen (N) is an essential element and plays a critical role in processes such as growth, leaf area-

expansion, photosynthesis, yield, protein, and dry matter production in plants. Insufficient value of N in

the plant can hinder the growth and development Which ultimately decreases crops yield. In contrast,

excessive N value in the plant (due to high application of N chemical fertilizer) can decrease yield via

decreasing sugar content and increasing diseases and pests. Excessive application of N fertilizer is not
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economically cost-effective and can also pollute groundwater. Nitrogen can also be provided by organic
fertilizers, legumes (e.g., cover crops), and mineralization of soil organic nitrogen.

Plant density plays an important role in capacity exploiting the environment with varying competitive
stresses. High plant density can cause high lodging, low light penetration in the crop canopy, and reduced
photosynthetic efficiency thereby can significantly reduce crop yield; in contrast, low plant density can
result in low yield, more weed density, and poor radiation-use efficiency[8]. The optimal planting density
varies depending on the variety and location, as various locations have different soil fertility[9].

By selecting Conservation Agriculture and using management practices such as no-till system and put
plant residues on the soil surface, soil fertility and production stability can be increased in such
systems[10][11][12][13]. The main hypothesis is that faba bean-maize rotation with residue conservation
on the surface and N fertilizer application increases yield and improves soil fertility compared with maize
monocrop. Therefore, The aims of this study were to (1) find the optimum faba bean density and its
effect on economic yield as well as biological nitrogen fixation, (2) evaluate the effects of varied faba
bean densities on soil physical and chemical properties, (3) and finally, determine the effects of various
faba bean densities and N application on yield and quality of forage corn.

Results

Response of yield and yield components to various densities of faba bean.

General overview of the result showed that various plant densities influenced on yield and yield
component of faba bean, in both years (Table 3). The number of pods and seeds per plant increased

when plant density decreases from 80 plants to 20 plants per m? (Table 3). Yield significantly decreased
in response to decreased plant density (Table 3). At finally, dry matter production was higher in high plant
densities compared to low plant densities (Table 3). Similar results were obtained in both years.

Effects of various fava bean densities and N application on the release value of nitrogen in the soil.

Our results showed that density of 40 plants per m? of fava bean and application of 200 kg N ha™' had
the release value of nitrogen and root decomposition rate more than other treatments, after that, the

density of 80 plants per m? of fava bean and application of 300 kg N ha™ and density of 40 plants per
m? of fava bean and application of 100 kg N ha™ had the highest decomposition rate of the root, in both
years (Figure 1, 2).

Effects of various fava bean densities on soil chemical and physical properties.

Various plant density was not influenced by changes of the organic carbon, organic matter, EC, bulk
density, soil moisture stock, and total porosity of soil. However, varied plant densities significantly
affected on infiltration rate and moisture content of soil. When plant density increases from 20 plants to
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80 plants per m?, infiltration rate and moisture content of soil were increased in the soil (Table 3). All data
were nearly similar in both years.

Effect N-fertilizer application and cover crop rotation systems on N content, Crude Protein, dry and fresh
matter production of forage corn.

The interaction effects of N application and fava bean residues had a significant positive effect on N
content, Crude Protein, dry and fresh matter production of forage corn in both years (Table 4). The least
increase in dry matter production was obtained from the control treatment (monoculture mays without N
application), while the density of 40 plants per m? of fava bean and application of 200 kg N ha™ had the
highest value of dry matter production (Table 4). Also, the highest value of fresh matter production was
observed in the density of 40 plants per m? of fava bean and application of 100 kg N ha™ and
monoculture mays without N application had the least value of fresh matter production (Table 4). Among
the faba bean densities, the density of 40 plants per m? and application of 200 kg N ha™ were caused the
highest increase of N content in forage corn. The lowest N content of forage corn was obtained from the
control treatment (monoculture of mays without N application) (Table 4). Crude protein contents
increased with various densities of faba bean and application of N fertilizer. The highest crude protein
content was obtained from the density of 40 plants per m? of fava bean and application of 200 kg N ha™
and the lowest protein content was obtained from monoculture mays without N application (control
treatment) (Table 4). Similar results were obtained in both years.

Discussions

Seed yield of faba bean is the product of several components include the number of pods and seeds
which have an important role in yield. The high plant densities, decrease the available area to each plant.
This matter has an important role in decreasing yield and yield components. In the other words, high
plant densities could be increased interplant competition during the early vegetative stages. This early
competition increases shading between leaves and respiration rate which leading to insufficient carbon
fixation[14]. In contrast, in low plant densities, plants have more access to light, nutrients, and moisture
which in turn increases the synthesis of metabolites. Tuarira and Moses[15] reported that the highest
number of pods and seeds per plant was obtained in low plant density. Woldesenbet and Mekonnen[16]
also expressed that the number of seeds per pod of common bean had increased with decreasing plant
density. Moreover, Gezahegn[17] expressed the number of pod and seed (per plant) of faba bean was
significantly reduced with increasing plant density. Dry matter was also higher in high plant densities
compared to low plant densities. This may be due to the higher LAl which provided a larger surface for
light interception which led to higher photosynthesis and greater biomass per unit area. Al-Rifaee[18] also
reported a positive effect of increasing plant density on dry biomass production.

Crops residue is decomposed slowly in the soil and improved of soil fertility that allowed the next plants
make use of them gradually and more efficiently. When plant residues are mixed into soil, the

mineralization of plant residue nitrogen contributes to the soil's inorganic nitrogen. It was expected that
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the highest releasing N value of root residues was obtained from the density of 80 plants per m?, but our
results showed that the highest N value of root residues was released from the density of 40 plants per
mZ. It should be noted that in high plant density, these changes can be attributable to microbial activity
and population. The activity of microbial communities depends on the existence of adequate value of
nitrogen in the soil, and the decomposition of plant residues decreases when the N value is not sufficient.
Also, the size of plant residues and their C/N ratio influence the soil microbial activity, exchange of water,
oxygen, and nutrients between soils and straw residues[19][20]. Our finding showed that the highest plant
residues Per unit area will cause N deficiency both for residue decomposition and for the subsequent
crops. Thereby, a major part of N fertilizer uses by microorganisms for decomposed root residues which
might be not enough. Martens[21] showed a correlation between the rate of plant residue decomposition
and their biochemical composition. Our result is in agreement with previous studies[22][23]. Studies
showed that N application accelerates the decomposition rate of plant residues[24][25]. Makoi[26] also
reported high density of cowpea was decrease symbiotic performance.

One of the key soil hydraulic properties is water infiltration and moisture content of the soil. In our study,
water infiltration rate and moisture content increased with increasing plant density. Many of weeds are
known to be water wasters that consume or transpire much water daily and one possible explanation is
that the weeds population (such as common Amaranth and goosefoot) decreases by increasing crop
density. Chavarria[27] and Verzeaux[28] expressed that higher legume biomass improved soil moisture
content. It seems that weeds root distribution is more than faba bean which enables weeds to better
competition as well as more efficient use of water compared with crops. At finally, many soil properties
such as soil organic matter, slowly respond to management changes and treatment effects may not be
measured within a short period.

The results showed that dry and fresh matter production of forage corn was strongly affected by different
levels of N application and N content in the faba bean residues but its effect will gradually decrease when
the N application level increases. Increasing nitrogen in the soil can improved N accumulation in the plant
which caused increasing dry and fresh matter production. Also, imbalanced rates and injudicious
methods of fertilizer application can lead to poor N efficiency, N losses due to leaching and other
chemical and biological processes in the soil[29][30], resulting in a series of environmental hazards and
economic loses. Nyagumbo[31], Uzoh[32] and Franke[33] expressed that corn-soybean rotation caused
increasing corn yield compared with corn-cereal rotation. Also, recent research showed that the corn-
soybean rotation can preserved crop production in high levels after years compared with monoculture
corn[34]. Total N uptake was increased by increasing N fertilizer application and faba bean residues but
its effect will also gradually decrease when the N application level increases. This point shows that
interaction of faba bean residues and medium rates of N application could be enhanced N content of
forage corn. A positive influence by the legume residues was recorded on the cereal yield and N
uptake[35]. Our results showed that crude protein content was increased when N value increased in
plants, this may be due to fact that nitrogen has an important role in the protein synthesis, thereby protein
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content increased with increasing N value in the plant. Islam[36] and Safdarian[37] also expressed that
crude protein increased when N application increased.

Materials And Methods

Study site. A field experiment was conducted in two growing seasons (2018-2019) at the research farm of
Agriculture and Natural Resources Faculty, University of Mohaghegh Ardabili, located in Babolan village,
Ardebil, Iran. Ardebil is located between latitude 38°15N and longitude 48°15E and 1350 m above sea
level. The climate in the study area is semi-arid and cold (very cold winters, and mild summers) according
to the Koppen classification[38]. The climatic conditions of the area during the experiment are indicated
in Table 1. The soil type was loamy with 35, 42, and 23 (%) sand, silt, and clay, respectively. In the last
year, the field was fallow with the dominance of annual broadleaf weeds such as common Amaranth
(Amaranthus retroflexus L.) and goosefoot (Chenopodium album). To determine the initial soil chemical
properties (PH, soil organic matter, Zn?*, K*, P total N, lime, and base saturation), soil samples were taken
at depths of 0-20 cm soil with several replications in the field and are shown in Table 2. Soil pH was
measured in a 0.01mol L™ CaCl2 suspension[39]. The chromic acid digestion method was used to
determine soil organic matter{40]. Available P was determined by spectrophotometer[41] and Zn?*, K*
were extracted with a flame atomic absorption spectrophotometry[42]. Total N was measured by the
Kjeldahl method[43].

Field establishment and treatment application

The experimental design was a factorial based on a randomized complete block design with three
replicates in each growing season. Experimental treatments have consisted of faba bean densities (25,
35, 40, and 80 plants per square meter) and different levels of nitrogen (N) fertilizer in forage corn (0, 100,
200, and 300 kg ha™")[44]. Al-Suhaibani[45] expressed that the optimum plant density of faba bean to
obtain high productivity can range 10 to 100 plant per m? and in order to, agronomic management of
weeds, faba bean density was considered higher in this experiment[46]. The size of each plot was3 m x 4
m which separated with a Tm path between replicates and to avoid mixing effects of fertilizers,a 1 m
path between all plots was considered. Faba bean (Vicia faba L. cv. Shadan/G-Faba-133)
(LineF6/Latt338/08) was used in this experiment. This cultivar was introduced by Seed and Plant
Improvement Institute of Iran in 2016[47]. 1. 5. 5. 6 code is a registry code for this cultivar in Seed and
Plant Certification and Registration Institute[47]. Seeds were sown on 3th March after soaking in water
and inoculated with Rhizobium leguminosarum var viciag48]. To improve nodulation of faba bean plant,
20 kg ha™" of N fertilizer was added to the soil as starter fertilizer[49]. It was also the first time the faba
bean was planted in the area. Weeds controlling were done manually at the emergency to vegetative
stage[50]. The faba bean was harvested manually at the physiological maturity stage. After harvesting,
the entire plant residues were left on the soil surface as mulch[51]. Thereafter, maize seeds were planted
on faba bean residue rows, as the second planting, with the population of 80000 plants ha™" without
plowed of so0il[52][53]. Early maturing maize hybrid KSC 201 (a cross between K1263/17 x S61 inbred
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lines) was sown on 23th and 25th June 2018 and 2019, respectively. This cultivar is developed by Seed
and Plant Improvement Institute of Iran in 2015[54]. 1. 4. 1. 57 code is a registry code for this cultivar in
Seed and Plant Certification and Registration Institute in Iran[54]. The maize seedlings were emerged 7
days after sowing, on average, in each growing season. Due to the soil calcareous conditions and making
iron (Fe) unavailable for plant uptake and to the prevention of severe iron deficiency in the plant, iron
foliar application (Fe-EDTA) was done in three stages and with ten days intervals in the plant[55][56]. N
fertilizer was applied in the form of urea at the V5 stage of maize development by superficial
broadcasting (in three stages)[57]. Due to the cool weather, forage corn was harvested at the kernel milk
stage and 100 days after sowing. The germination test[58] was over 98% for both maize and we have
prepared seeds by official permission with Seed and Plant Improvement Institute (SPII), Karaj, Iran. Seeds
were hand-planted and irrigation was done properly and uniformly to grow successful crops for both
crops. During the growing season of both plants, aphids appeared that were naturally controlled by
ladybirds.

Sampling and Analyses

At the maturity stage of the faba bean, samples were taken from a quadrat of 0.5m X 0.5m for each plot.
Agronomic data were collected such as the number of pods, and seeds (per plant), yield and total dry
biomass (tons ha™"). The seeds and pods were removed from the plants in each plot and were counted.
Seed yield (per hectare) was determined by harvesting seeds of plants from per plot and dried in an oven
at 65°C for 48h and weighted by digital scale (0.01g)[59]. For total dry biomass, all parts of the plant at
maturity from the above-ground were harvested and dried oven 65°C for 48h and weighted by digital
scale (0.01g)[59]. Finally, all data was converted to the hectare.

To calculate the amount of Nitrogen mineralization of faba bean residues was used mesh bag
technique[60]. Mesh bags of polyamide nylon were made with a size of 20 x 10 cm. Mesh bags (each
sample was contained 100gr of Faba bean root) were buried in the 20 cm deep of soil and were out of the
soil after the second week and weekly.

Soil samples were collected of 0—15cm soil depth[61] and from three random spots in each plot before
harvesting of faba bean. The soil composite sample was dried under shade and passed through a 2 mm
sieve for soil physical and chemical analyses[62] (water infiltration rate, organic carbon, organic matter,
EC, bulk density, soil moisture content, soil moisture stock, and total porosity). The soil infiltration rate
was determined by a double ring infiltrometer method, based on measuring the height of water infiltrated
into the soil (three replicate per experimental unit between the two central plants)[63]. The soil organic
carbon was obtained by Walkely and Black procedure[64], Organic matter (OM) was computed from
multiplying organic carbon by 1.724 (“Van Berminelen factor”)[64]. Soil electrical conductivity was
measured in a 1:25 soil/water solution using EC meters (model: Mi 180 Bench Meter)[65]. Bulk density
was determined by the core method[66]. The total porosity (TP%) was calculated by TP = [1-(BD/2.65)] x
100[63]. Soil moisture content was determined by the gravimetric method and with the following formula
(the soil sample was weighted, then dried in the oven 105°C for 72h and weighed again)[67];
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wet soil weight(g) — dry soil weight (g) (1)

Soil moisture content = %X 100
dry soil weight (g)
Soil moisture stock was calculated by the following calculation[68]:
_ _ Soil moisture content (%) _ _ (2)
Soil moisture stock = X soil bulk density X Depth (cm)

100

Three plants of corn were selected randomly and hand-cut above the soil surface in each plot thereafter
were weighed to determine fresh forage yield. All above parts of the plant were dried in an oven at 70°C
for 72h and the weighted and dry matter production of these samples was calculated (data converted to
hectare)[69]. The plant samples were ground with a mill and passed through a 2 mm sieve. Sieved
samples were packed in small paper bags and sent to Central Laboratory of Kharazmi University (Tehran,
Iran) for total nitrogen analysis (by Kjeldahl method)[42] and N accumulation value (kg ha™") was
estimated with the following formula[70]:

(Dry matter weight kg ha™* x % N in plants) (4)
100

N accumulation in plant =

Statistical analysis

Data gotten from this research were analyzed for differences in variance (ANOVA) using the software of
SAS (version 9.4) to determine the main plot and interactions treatment effects. Significant differences
between the treatment means were tested with Least Significant Difference (LSD) value at 5% level of
probability.
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Tables

TABLE 1 | Rainfall, maximum and minimum temperatures, relative humidity and radiation received at
Ardabil, Iran, during the study period.

TABLE 2 | Soil chemical characteristics at two depths in the experimental area before planting.
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Climate

characteristics

Year (2018)

Monthly rain, mm

Mean max. temp.,

oC

Mean min. temp.,

oC

Radiation received,

MJm™2

Relative humidity

Year (2019)

Monthly rain, mm

Mean max. temp.,

°C

Mean min. temp.,

°C

Radiation received,

MJm™2

Relative humidity

Month

March

26.5
12.4

1.5

157.5

73

259
9.5

173.6

71

April

9.3
15.7

2.3

170.9

66

40
13.4

2.6

163

73

May

60.3
18.6

5.9

196.

71

29.5
19.8

5.0

258.

63

June

28.2
23.5

10.0

3 2486

71

13
257

9.5

1 287.7

58

July

3.9
29.2

13.7

344.2

60

0.1
25.7

11.8

336

62

August

0.9
258

14.9

255.6

69

26.7

12.6

3141

61

September

7.3
24.6

10.5

282.1

68

18.8
22.5

10.2

213.2

71

October

9.0
20.1

8.1

193.4

76

53.3
23.0

7.8

240.6

66
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Growing Depth pH SOM 7n2* K+ P total CaO base
season ( ( N saturation
dm_3) kg-1) kg-‘l) kg'1) (/0) (/0)

2018 0-15 7.8 10.3 18 212 8.29 0.06 144 49

1530 7.6 6.88 13 6.5

143

2019 0-15 79 103 19 220 8.9 0.06 145 48

1530 7.7 6.88 15 152 6

TABLE 3 | Effects of various plant densities of faba bean on yield and yield component of faba bean and
soil properties in both years.

Similar letter in each column indicate no significant difference at 5% probability level using LSD multiple
range test.

TABLE 4 | Effects of various densities of faba bean and N fertilizer application on N content, Crude
protein and Dry matter production of forage corn in both years.
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Treatment

Varied densities
of faba bean

Year (2018)

A, (80 plant per
m2)

A, (40 plant per
m?)

A; (35 plant per
m2)

A, (25 plant per
m?2)

As (Monocropped
maize)

F value

CV (%)

Year (2019)

A, (80 plant per
m?)

A, (40 plant per
m2)

A; (35 plant per
m?)

A, (25 plant per
m?)

As (Monocropped
maize)

F value

CV (%)

N. of
pod (per
plantg)

53¢
10.7b
10.7b

14.1 a

<0.05
15.1

594 c
111b
13.07b

171 a

<0.05
10.1

N. of
Grain

(per
plant)

11.1b

21.1Ta

216a

258 a

<0.00
12.1

11.58 ¢

224D

22.97 ab

27.2a

< 0.01
11.1

Yield
(ton

ha™)

3.6a

3.48 a

2.16Db

1.77b

<0.00
13.6

39a

3.81a

2.52Db

21b

< 0.01
14.6

Dry
biomass

(ton ha™)

5.39a

4.59 ab

3.67 bc

3.54c

<0.00
11.1

5.66 a

4.76 ab

3.85b

3.83b

< 0.01
12.3

infiltration rate
of soil (mm

sec™)

110.1 a

123.8 ab

139.6 bc

142.4 bc

152.67 c

<0.05
11.2

113.6 a

118.4 a

140.2 b

140.3 b

148.6 bc

<0.05
11.4

moisture
content of
soil (%)

23.3ab

246 a

19.2 bc

19.4 be

17.7c

<0.05
12.9

269 a

273 a

18.9b

19.5b

18.6 b

<0.05
15.8
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Treatment

Year (2018)

Faba bean density (40 plant per m?)
+ N fertilizer application (200 kg ha

"

Faba bean density (40 plant per m?)

Faba bean density (80 plant per m?)

Monocultured corn without of N
fertilizer application

F value
CV (%)
Year (2019)

Faba bean density (40 plant per m?)

Faba bean density (40 plant per m?)

Faba bean density (80 plant per m?)

Monocultured corn without of N
fertilizer application

F value

CV (%)

+ N fertilizer application (100 kg ha™)

+ N fertilizer application (300 kg ha™)

+ N fertilizer application (200 kg ha™)

+ N fertilizer application (100 kg ha™)

+ N fertilizer application (300 kg ha™)

N
content

(kg ha
"

310.23
a

290.83
ab

277.3
abc

72.57 h

<0.00
19.5

322.23

338.87

[«}}

289.3
ab

77.9h

<0.00
19.7

Crude
protein

(kg ha™)

1938.97 a

1817.73
ab

1733.13
abc

452.63 h
<0.00

19.5

201394 a

211794 a

1808.13
ab

480.63 h

<0.00
19.7

Fresh matter
production (ton

ha™)

59.97 ab

61.43 a

60.6 ab

429h

< 0.01
11.8

65.13 ab

71.77 a

63.17 abc

41.63 h

<0.00
14.1

Dry matter
production (ton

ha™)

15.2a

13.3 ab

13.73 ab

8.43h

<0.00
13.8

15.77 a

14.07 ab

12.83 abc

8.77h

<0.00
13.8

Similar letter in each column indicate no significant difference at 5% probability level using LSD multiple

range test.

Figures
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Figure 1

Nitrogen release trend from decomposing faba bean residues in the first year
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Figure 2

Nitrogen release trend from decomposing faba bean residues in the second year
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