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ABSTRACT

The study was conducted to investigate the sustainability indices of maize, barley and wheat using a
simulation model at Neyshabur environmental condition. All production information of these crops
gathered and recorded during 2012 and 2013 growing seasons. Nitrogen losses simulated using
SUNDIAL model. Sustainability indices use efficiency and environmental impacts of each crop estimated
using N-Loss model. Results showed that the highest nitrogen loss during crop production belonged to
NH3volatilization and 73, 64 and 63 percent of nitrogen loss belonged to NH3 volatilization in maize,
barley and wheat respectively. The second nitrogen loss factor was leaching in maize (19%) and
denitrification in barley (25%) and wheat (26%). Total nitrogen loss in maize, barley and wheat was 48,
31 and 26 kg nitrogen per hectare, which showed the importance of better fertilization management in
order to enhance nitrogen use efficiency. Nitrogen loss to air and soil in maize production was lower than
barley and wheat. Results showed that barley and wheat had low nitrogen use efficiency and high
environmental impacts despite are sustainable in respect of soil nitrogen content.

Keywords: Environmental Impacts, Nitrogen Loss, Leaching, Denitrification, Sustainability Indices,
Sundial

INTRODUCTION

Food supply for enhancing world population is the most important challenge of humanity. The challenge
is more vital in unsuitable environmental conditions for crop production such as Iran drought and semi
drought regions. Population growth during last decades resulted in overconsumption of natural resources
especially in developing countries. Although this overconsumption resulted in more food production in
short term, but had vast environmental impacts. Add to these reduced harvested areas around the world
results in more industrial and intensive farming which has negative impacts on environment. Production
stability in drought environments is depended on preserving resources such as soil and water. Thus
enhancing agricultural and food production systems efficiency is necessary. Modern agro-ecosystems
most manage to produce high yield in short term and show sustainability in long term.

Currently in agro-ecosystems high yield usually gains by higher input consumption. Nitrogen is one of
the most important inputs in agriculture. Just a few more than 50% of total consumed nitrogen fertilizers
uses effectively in agricultural production and the rest scatters in environment and results in
environmental pollution (Galloway et al., 2008). Different shapes of nitrogen results in different
environmental negative impacts such as groundwater and soil acidification and eutrophication. Nitrogen
compounds involve in ozone, oxidants and smog formation and are potentially harmful for human health
(Bazrgar et al., 2012).

For understanding the agro-ecosystems it is necessary to simplifying them. A useful way is quantifying
system procedures in order to evaluate the system effectiveness. Thus it is necessary to quantify many
qualitative aspects of agro-ecosystem while sustainability is a concept and is not measurable. Selecting
proper indices is needed to evaluate the system sustainability. In fact each sustainability index is a
numerical value gained by gathering different sustainability scales. Using sustainability indices is the first
step in scheming a stable ecosystem. Such agro-ecosystems have low environmental impacts and stable
social and economic efficiency while producing a proper crop yield (Mahdavi et al., 2005). Various
indices proposed for evaluating agro-ecosystem sustainability, but just a few of them are enough fast and
simple in monitoring system. Researches show that proper sustainability indices are suitable for
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evaluating system interferences with environment (Agol et al., 2014). Nitrogen loss is a proper
sustainability index.

Fertilizer managers, biologists, ecologists and environment scientist interest in evaluating nitrogen
management and its environmental impacts (Delgado et al., 2008).

Measuring nitrogen loss is difficult thus many simulating models developed to evaluate it (Van et al.,
2014).

SUNDIAL simulation model had used in many researches and its accuracy had approved (Bradbury et al.,
1993; Gabrielle et al., 2002; Smith et al., 2003; Gibbons et al., 2005).

SUNDIAL had used by 250 researchers around the world (RRES, 2011). Tzilivakis et al., (2005) applied
the SUNDIAL to simulate nitrogen loss ad its environmental impacts at sugar beet fields.

Bazrgar et al., (2012) used the model to evaluate nitrogen loss in sugar beet areas of Khorasan-Razavi-
Iran.

Gibbons et al., (2005) applied the model to improve fertilizer management and decrease nitrate loss
among the fields. Fallon et al., (1999) used the SUNDIAL model to simulate nitrogen cycle among the
traditional faming systems.

The present study compared production sustainability of maize, barley and wheat base on nitrogen
dynamics using SUNDIAL simulating model and provide proper ways for stable production.

MATERIALS AND METHODS

Neyshabur is located at 110 km of Mashhad south-west with a latitude between 35° 40’ and 36° 50 ' E and
a longitude between 58° 15 "and 59° 15 N " and 1230 m altitude.

The average temperature of Neyshabur is 15.5 °C with 253 mm yearly precipitation. A survey research
performed during 2012-2013 growing season at rural regions around Neyshabur.

For maize, barley and wheat, 9, 15 and 13 fields chose randomly. All agronomic information of the fields
inquired from famers and field managers by face to face interviews.

The field information presents at table 1. Collected data arranged using Excel software. SUNDIAL
software applied to simulate nitrogen loss (Smith et al., 1996).

Environmental impacts and nitrogen balance evaluate using N-loss model (Bazrgar et al., 2012). Analysis
of variance calculated using SAS. Comparison between means performed using LSD test if F-test was
significant. Production sustainability of maize, barley and wheat evaluated using sustainability index,
impact index and efficiency index (Scholefield and Smith, 1996; Fallon et al., 1999; Smith et al., 1998):

Sustainability Index (S.1.) = Total N input / (N removed in product + other losses)
Efficiency Index (ELI.) = N in product / N input as fertilizer Environmental

Impact Index (Env.l.) = Total N losses / N in product
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Table 1: Maize, barley and wheat filed management information in Neyshabur

Management Barley Wheat Maize
vy} Py [72) [®) [@) U L L 53

- - > ="' — — — L

planted varieties § =) & ) 5 = > (cgb e B 2 = 2
>
. Oct Oct Nov Dec Dec Oct Nov  Nov

Planting date 1h ogh  oyh g ot oo Oct 23" Oct 30" ogh  1gh  APr 27" Jun 10"
Harvesting date ilé)?h ilg?h igrtl \;Lt#n il;rtl iltjhl Jun 22" Jun 23" ‘iléﬁ ‘;lértl Sep 16™  Oct 20"
Manure (ton/ha) 0 1.5 Max 11
Ammonium phosphate (kg 25 47 97 5 5
N/ha)
Urea (kg N/ha) 24.53 32.87 46
Time and rate of min One time- 70.95 One time- 69 Three times- 69
split application of
nitrogen (kg N/ha)  max Three times- 33.07 Three times- 33.66 Twelve times-15.34

Foliar fertilization kg N/ha

Total N application (kg N/ha)

Total water input (m% ha)

Soil texture

2.65
112.86

500.2

Loam sandy

0.76

128.47

651.8

Loam

2.01

171.28

1074.7

Loam, loam sandy,

loam clay (with
adequate amounts)
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RESULTS AND DISCUSSION
Nitrogen Loss per Unit of Harvested Area of Maize, Barley and Wheat

Analysis of variance of nitrogen dynamic simulation showed at table 2. The amount of nitrogen
absorption by maize, barley and wheat was 181.2, 79.1 and 92.2 kg N/ha respectively.

Hu et al., (2008) reported that maize could absorb 290 to 295 kg N/ ha and thus is proper nitrogen
storage.

There was a significant difference between maize, barley and wheat in respect of total nitrogen loss
(p<0.01) (table 2). The highest and lowest nitrogen loss belonged to maize (48.1 kg N/ha) and wheat
(23.3 kg N/ha) respectively (figure 1).

Gaseous nitrogen loss was significantly different between studied crops (p<0.01) (table 2). Most of
gaseous loss occurred through NH3 volatilization.

There was significant difference between crops in respect of volatilization rate (table 2). The highest
volatilization amount belonged to maize (35.4 kg N/ha) (figure 1).

It seems that higher rate of fertilizer application in maize production resulted in higher nitrogen loss and
volatilization rate per unit of harvested area in maize compare with barley and wheat. Denitrification rate
was less in maize (3.3 kg N/ha) compare with barley (6.8 kg N/ha) and wheat (7.7 kg N/ha) but the
difference was not significant (table 3).

The rate of denitrification was less than NH3 volatilization in the studied crops (figure 1). Soltani et al.,
(2013) reported 0.09 to 1.44 kg N/ha gaseous loss of nitrogen in different studies.

Linear relation between nitrogen rate and NH3 vitalization presents at figure 2. There was significant
correlation between nitrogen rate and NH3 volatilization (R2=0.79). Higher nitrogen fertilization
application was more correlated with NH3 volatilization rather than denitrification.

Jones and Jacobsen (2005), Brentrup et al., (2001) and Bazrgar et al., (2012) reported that applying
nitrogen fertilizers especially urea results in higher NH3 volatilization due to enhancing pH of soil.
Mixing N-fertilizers with soil, splitting application of N-fertilizers in calm weather and enhancing top
dressing times resulted in lower gaseous loss of nitrogen particularly NH3 volatilization (Soltani et al.,
2010; Bazrgar et al., 2012).

Amount of nitrogen loss through leaching was 9.3, 4.1 and 2.3 kg N for maize, barley and wheat
respectively (table 3).

This may be the result of filed management, amount of top dressed urea, irrigation method and amount
and planting date. In barley and wheat long growing season resulted in higher nitrogen leaching. Gibbons
et al., (2005) reported that nitrogen leaching affected by planting date and planting method.

Applying lower amount of nitrogen fertilizer in irrigation water, foliar fertilization, and mechanized
irrigation methods resulted in lower nitrogen leaching in wheat production while higher amount of top
dressing urea, high amount of irrigation water, and applying higher amount of nitrogen in irrigation water
resulted in higher leaching rate in maize production.
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Table 2: Source of variation, degree of freedom and mean of squares for measured traits

Gaseou

Leachi

Sou NOy N.O Gaseo
rce [l)r?ag N S(gleﬁﬁ NH3 loss/ loss/ Io?s% us loss/ ;22;7'100'\'0
of absorp . .. Total Leachi Denitrif volati NOyx NO:los 1000 1000 1000
. of . ificatio o o 1000 kg of
vari tion by N loss ng ication lizati loss s kg of kg of kg of -
: free n and kg of productio
atio d plant - on produc produc produc
n dom volatili tion tion produc tion n
zation) tion
Trea EZ3 E3 EZ3 EX3 EE3 o EE3
tme 2 32032 66285 14019 13679 56.434 1053. 0.101° 2.281 028" 2207 105.36 136.393"
0.0136
nt 2 4 0 7 46 1
E”‘; 34 18843 224'4§ 331.91 29521 151.724 102'8 0.0299  0.674 O'OOOS 02232 1811 18499  27.505
TOU’; 36 - - - - - - - - - - - ] ]
* and ** significant at 5 and 1 probability levels respectively
Table 3: Comparison between means of measured traits
Gaseo
us N NO, N,O Leachin Gaseous Total N
absor Iqss Denitri NH3 loss/ loss/ g loss/ loss/ loss/ 1000
Treat . (denitr  Total Leach C . NOy 1000 kg 1000 kg 1000 kg 1000 kg
ption .~ . ! ficatio volatili NO, loss kg of
ment ificatio N loss ing . loss of of of of -
by n zation productio
n and product product product product
plant - . . ) . n
volatili ion ion ion ion
zation)
Ma'z 1812'2 38'772 48'112 9.333a  3.33a 35'442 0.479a  2.275a 0.0075b  0.038b 0.1588a  0.696  0.855b
Barl; 79'(7)2 27.2ab 31'26; 4.066b  7.733a 1946; 0.302b 1.44b 0.0719a 0.137a  1.0436a 6.577a 7.62a
Whea{ 92?3 /3032 25'612 2.307b  6.769a 16'53§ 0.3116b 1.478b  0.0696a 0.333a 0.674a 5.756a 6.4309a
There was no significant difference between means with the same letters in each column
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Figure 1: Comparison between maize, barley and wheat in respect of nitrogen loss per production
area
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Figure 2: Relation between nitrogen application rate and NH3 volatilization in maize, barley and
wheat

Nitrogen Loss per Production Unit of Maize, Barley and Wheat

Results showed that there was significant difference between production of 1000 kg of maize, barley and
wheat in respect of gaseous loss. There was no significant difference between per production unit of
studied crops in respect of leaching amount (table 2). Mean nitrogen loss through maize production was
significantly less than barley and wheat. Nitrogen loss per 1000 kg production of maize, barley and wheat
were 0.85, 7.6 and 6.4 kg respectively.

Nitrogen loss to air and water was 0.69 and 0.16 kg per 1000 kg of maize production. There was no
significant difference between barley and wheat in respect of nitrogen loss to air and water (table 3). The
amount of nitrogen loss to air was higher than those of water. Nitrogen loss per unit of area was higher in
maize compare with barley and wheat.
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But applying yield weight as scale showed that nitrogen loss was lower during 1000 kg production of
maize rather than barley and wheat (figure 3). Thus all shapes of nitrogen loss were less during maize
production compare with barley and wheat, in respect of yield production.
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S
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4
~— 4 4
2
— 3 B
zZ
2 -
b
1 .
0 - —
Leaching loss Gaseous loss Total N loss

Figure 3: Comparison between maize, barley and wheat in respect of nitrogen loss per production
unit

Nitrogen Greenhouse Gas Emission of Maize, Barley and Wheat

There was significant difference between maize, barley and wheat in respect of NO, and NO, emission
per harvested area (p<0.05) and per production unit (p<0.01) (table 2). 0.48, 0.3 and 0.32 kg N/ha
nitrogen lost through NO, formaize, barley and wheat respectively. 2.75, 1.4 and 1.48 kg N/ha lost as NO,
for maize, barley and wheat respectively (table 3). 0.04, 0.31 and 0.33 kg nitrogen lost through NO,
through production of each unit of maize, barley and wheat respectively. 0.007, 0.07 and 0.04 kg nitrogen
lost as NO, for each unit of maize, barley and wheat production respectively. NOx and NO2 loss was less
in maize production compere with barley and wheat (figure 4).

The impact of NOx and NO2 emission of global warming is 310 folds more than CO2. Nemecek and
Kagi (2007) reported that nitrogen loss through NO2 is related to agricultural nitrogen cycle and intensive
agro-ecosystems results in higher NO2 emission.

Studied maize production systems in Neyshabur were intensive and resulted in high NO2 emission (figure
4).
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Figure 4: Nitrogen greenhouse gass emission during maize, barley and wheat production
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Environmental Indices of Maize, Barley and Wheat

There was significant between maize, barley and wheat in respect of sustainability index and efficiency
index. But there was no significant difference between them in respect of impact index (table 4).
Sustainability index for maize (0.88) was significantly lower than barley (1.23) and wheat (1.21). but
therewas no significant difference between barley and wheat in respect of sustainability index. Total
nitrogen input was higher in maize production and nitrogen absorption and loss was higher in maize
production too.

Table 4: Mean comparision of sustainability index, efficiency index and impact index in maize,
barley and wheat

Treatment Sustainability index Efficiency index Impact index
Maize 0.8865b 1.1153a 0.2693a
Barley 1.2306a 0.7748b 0.4233a
Wheat 1.21083a 0.8726ab 0.3416a

There was no significant difference between means with the same letters in each column

Table 5: Source of variation, degree of freedom and mean of squares for measured traits

Source of Degree of Sustainability Efficiency index Impact index
variation freedom index

Treatment 2 0.38110 0.32989" 0.06911"™
Error 34 0.11072 0.09332 0.08005

Total 36 - - -

* and ** significant at 5 and 1 probability levels respectively

1.4 -
- . a a
19 maize
Bbarley wam
1 B wheat b
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a
a
0.4 - a
0.2
; Tkl ’
Env.l. Ef.I. S.I.

Figure 6: Sustainability, efficiency and impact indices in maize, balrey and wheat

Sustainability index lower than one shows unsustainability of agro-ecosystem. Base on the results maize
production was an unsustainable agro-ecosystem in Neyshabur while barley and wheat productoin was
stable. There was significant difference between maize and barley in respect of efficiency index.
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Efficiency index of wheat was not significantly different whit maize and barley. Higher percent of total
applied nitrogen abrobed by maize rather than barley and wheat, thus the efficieny indexwas higher for
maize rather than two other crops. Thus maize production in Neyshabur had high efficieny in respect of
nitrogen. Nitrogen application in barley and wheat washigher than crop need. There was no significant
diffeence between studied crops in respect of impact index (figure 6). Impact index was 0.27, 0.42 and
0.34 for maize, balrey and wheat respectively. Impact index was higher for barley and wheat which
showed higher destructive potantial of these two agro-ecosystems in Neyshabur. Fallon et al., (1999)
reported that low input agro-ecosystems of maize with application of organic and inorganic fertilizers
show high sustainability and low environment impact in Nepal.

Conclusion

Comparing the results of SUNDIAL simulating model with the results of other researches showed that
SUNDIAL was approprite in simulating nitrogen loss through crop production in Neyshabur. The highest
nitrogen loss in maize (73%), barley (64%) and wheat (62%) occurred through NH3 volatilization. The
second nitrogen loss factor was leaching in maize (19%) and denitrification in barley (25%) and wheat
(26%). The third nitrogen loss factor in barley and wheat was leaching with 13 and 9% of total nitrogen
loss respectively. Thus it is important to manage nitrogen application in maize, barley and wheat.
Applying fertilizers with lower gaseous emission potential, applying accurate top dressing methods (blend
the fertilizer with soil), select the proper time and environmental conditions for applying N-fertilizer (low
temperature and calm weather) are some managing instructions for better nitrogen application. Results
showed that 2.75 and 0.48 kg N/ha of NOx and NO2 produced per 1000 kg of maize production. Each
unit of maize production released 0.03 and 0.0007 kg N as greenhouse gas to the air. There was
significant difference between maize, barley and wheat in respect of total nitrogen loss and nitrogen loss
to air. But there was no significant difference between studied crops in respect of nitrogen loss to water.
Total nitrogen loss and nitrogen loss to air was lower than barley and with due to higher yield of maize
compare with barley and wheat. Investigating environmental impact indices showed that barley and wheat
production is sustainable in respect of soil nitrogen, but these agro-ecosystems showed low efficiency and
high environment impact.

Suggestions

Nitrogen loss is not limited to field production. A high amount of nitrogen loss occurs after harvest and
during production procedure. Evaluating after harvest nitrogen loss is recommended for future studies. No
environmental standards suggested for Iran agro-ecosystems. Thus it is necessary to investigate managing
methods for all crops in each location and preparing environmental standards for each crop.
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