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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Introduction

Hyssop (Hyssopus officinalis) is a plant belonging to the genus Mint. The origin of this plant is reported to be
Asia Minor, and it goes from the Caspian Sea to the Black Sea ndin the sandy areas of the Mediterranean. Usable
parts of hyssop are flowering branches, leaves, and seeds. Nowadays, the simulation models of growth and
development have been used as suitable tools for acknowledging and analyzing the effect of plant, soil, and
atmosphere parameters on plant's growth and development. Over the last two decades, FAO (Food and
Agriculture Organization) has developed and successfully applied the agroecological zones (AEZ) methodology
and supporting software packages to analysis solutions to various problems of land resources for planning and
management for sustainable agricultural development at regional, national and sub-national levels. The issues
addressed include linking land-use outputs with other development goals in such areas as food production, food
self-sufficiency, cash crop requirements, issues of soil fertility constraints, soil erosion risks, and land
degradation. This procedure can calculate and present the potential biomass production of any crops under
specific climatic conditions using climatology parameters. FAO has presented the procedure manual of the AEZ
Package as a guideline to analyze land suitability for any crops. So, the current research is done to investigate the
optimum planting date and forecast the biomass production of Hyssop using the AEZ model.

Materials and Methods

The experiment was conducted as a splitplot in a completely randomized block design with six planting
dates and three replications in 2017-2018. The main factor was different levels of nitrogen fertilizer: 0, 50, 100,
and 150 kg.ha?, and the sub-factor was planting dates between 30-day periods from 17 October to 25 March.
The data from this experiment were used to calibrate the model of AEZ, and the data from two years of planting
date experiments in the period 2016-2017 were used to evaluate the model so that the data collected in the first
year were used for calibration and the data of the second year were used for evaluation. The index of
Physiological Days (PDays) was used for analyzing the photoperiod response of hyssop during different planting
dates. The procedure of Soltane et al. (2006) was used to calculate the PDays index.
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Results and Discussion

The AEZ model evaluation results showed that the RMSEn value of the predicted biomass was 10.81%, and
the efficiency index (E), the Hyssop adaptation index (D) value, the coefficient of residual mass (CRM) value in
the first year for the predicted value was 0.999, 0.98 and 0.06, respectively. The coefficient of determination
(R2) was obtained by linear regression analysis of functions between the actual and simulated values in the first
year (R2=0.98). The RMSEn, (E), (D), and (CRM) values for the predicted biomass in the second year were
5.96, 0.999, 0.0454, and 0.98%, respectively. These results indicate that the simulated and actual values are in
good agreement. Consequently, the model simulated the biomass with high accuracy. The results of biomass and
yield analyzing using the AEZ model indicated a limited growth period within a period in Jiroft station can be
occurred from May to 21 September, at this period, the plant stops growing, and the yield decreases. Based on
model estimation values for other related climatology stations: the highest biomass yield for Bam climatology
station (2321.9 kg.ha? and 23550.2 kg.ha?, respectively) can be September to early October, the cold stress
limitation can be occurred at the planting date from 1 December to 3 February 3", and the heat stress can occur
on July planting date. In Kahnuj station, a limited growth period with high temperature can be occurred from
Early May to 11 September, and the highest biomass performance can (19413.9 kg.ha* and 19764.3 kg.ha-%,
respectively) be obtained at the planting date from October to early November.

Conclusion
Given the ability of the AEZ model to analyze the hyssop plant production system, which can simulate the
effect of different climatic, soil, managerial, and plant variables on plant growth and yield; this model can be
widely used in different regions as it is used as an important decision-making and management tool in research
and executive dimensions.

Keywords: AEZ mode, Hyssopus officinalis planting date, net ecological production
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2- Index of agreement
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4- Coefficient of residual mass
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Table 1- Results of evaluation and efficiency of calibrated model for performance and phenological stages of hyssop in the
first and second year under subtropical climatic conditions in Jiroft, Iran
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Fig. 2- 1: 1 Line diagram (one by one) between simulated and

actual values of hyssop biomass in the second year under
subtropical climatic condition in Jiroft, Iran
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Fig. 1- 1: 1 Line diagram (one by one) between simulated

and actual values of hyssop biomass in the first year under
subtropical climatic condition in Jiroft, Iran
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Table 2- Estimation of biomass yield of hyssop plant (biomass) at different planting dates for Jiroft station

Cwils gu U Cild g e, b Ay 090 Job 8395 s 3 ,Shos
Planting date Harvesting date Growth period (days) Biomass yield (kg.hal)
23 September 23 April 213 20835.3

23 October 21 May 211 20467.8
22 November 8 June 199 20656.0
22 December 19 June 180 19521.6

21 January 27 June 158 17332.8

20 February 6 July 137 12386.2

21 March 18 July 120 5613.7
21 April 5 August 107 985

o | (g g BliSes CuilS g )l )0 Bg 8L 8345 Cany 3 3 ySdos noSai-Y Jou>
Table 3- Estimation of biomass yield of hyssop plant (biomass) at different planting dates for Bam station

CuilS & ,b Coild p &G Sy 0y9d Job 8345 Camn § 3 o
Planting date Harvesting date Growth period (days) Biomass yield (kg.ha?)
23 September 11 May 231 23219.9

23 October 4 June 225 23550.2
22 November 20 June 211 22557.4
22 December 30 June 191 21893.3

21 January 5 July 166 18646.6

20 February 13 July 144 15611.6

21 March 25 July 127 9222.2
21 April 12 August 114 5081.4

TS blun] (gl AliSen CullS oy, U 43 By oLS 0097 Comny § 3,Sdos (pmodd — £ Jou>
Table 4- Estimation of biomass yield of hyssop plant (biomass) at different planting dates for Kahnooj station

CuilS & ,b Coild 1 g U iy 0,90 Job 8395 Comn § 3,Sdos
Planting date Harvesting date Growth period (days) Biomass yield (kg.ha®)
23 September 4 April 194 18437

23 October 6 May 196 19413.9
22 November 26 May 186 19764.3
22 December 8 June 169 17529.5

21 January 17 June 148 15098.1

20 February 27 June 128 11629

21 March 10 July 112 4792.4
21 April 30 July 101 1283.4
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Fig. 3- Simulated biomass yield of hyssop plant in different planting dates using AEZ model respectively for
meteorological stations of Jiroft (a), Bam (b) and Kahnouj (c), (these stations being in southern of Kerman, Iran)
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The horizontal axis from the above curves indicates the planting date (days) after the first planting date (1 October).
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Table 5- Phenological stages based on field experiment observations for the P-Days method in the Jiroft region

Sy el S @B ol ool )Mo s
Phenological stages  Planting date  Start time End time C_;rowth P-Days o9,
period (days)  Growth Degree Day (GDD)
2017.10.17 2017.10.17 2017.10.29 12 0.75
2017.11.16 2017.11.16 2017.11.30 14 3.41
08 o U 38 2017.12.16  2017.12.16  2017.12.31 15 4.69
E;L?::él%ég 20180115  2018.01.15  2018.01.30 15 0.18
2018.02.14 2018.02.14 2018.02.25 11 0.8
2018.03.16 2018.03.16 2018.03.23 8 2
2017.10.17 2017.10.29 2018.04.05 158 35.07
2017.11.16 2017.11.30 2018.04.06 127 32.4
w235 2017.12.16 2017.12.31 2018.04.19 109 36.4
Flowering 2018.01.15 2018.01.30 2018.05.29 119 26.3
2018.02.14 2018.02.25 2018.07.04 129 21.9
2018.03.16 2018.03.23 2018.07.21 120 39.1
2017.10.17 2018.04.05 2018.05.05 30 54.38
2017.11.16 2018.04.06 2018.05.12 36 53.39
by y 2017.12.16 2018.04.19 2018.06.11 53 52.88
Harvest 2018.01.15 2018.05.29 2018.07.29 61 26.38
2018.02.14 2018.07.04 2018.08.18 45 21.99
2018.03.16 2018.07.21 2018.09.03 44 39.29
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Introduction

In recent years, due to the excessive consumption of agricultural inputs, especially chemical fertilizers and
common methods of crop production, problems have arisen that have led to more attention to sustainable
agriculture. Zeolite is a natural mineral with nutritional value and can be considered a step toward achieving
sustainable agriculture.

Materials and Methods

In order to investigate the effect of type and amount of zeolite on the yield of common millet, an experiment
was conducted in the crop year of 2017-17 at the research farm of the Faculty of Agriculture of Birjand
University. This factorial experiment was performed using a randomized complete block design with three
replications. Experimental treatments included two types of calcium and potash zeolites in two forms of powder
and granules, which were considered at two levels (5 and 10 tons per hectare) with a control treatment without
zeolite. In this study, common millet (Pursu) was used for cultivation.

Results and Discussion

The number of clusters per plant: Analysis of variance of data showed that the effect of treatment on this trait
was not statistically significant at the level of 5% probability. However, the control treatment had fewer clusters
than the potassium powder and granular treatments of 10 tons per hectare and the calcic powder and granule
treatments of 10 tons per hectare. Also, the control treatment had more clusters than the calcium granular and
powder treatments of 5 tons per hectare and the potassium granular and powder treatments of 5 tons per hectare.
A comparison of the average effect of zeolite content on the number of clusters per plant showed that increasing
the application of zeolite from 5 tons per hectare to 10 tons per hectare caused a significant increase in the
number of clusters per millet plant at a probability level of 5%.

Thousand-grain weight: Analysis of variance of 1000-grain weight data as a treatment, to compare with the
zeolite control treatment, showed that the effect of zeolite treatment on millet 1000-grain weight was significant
at 5% probability level. The factorial variance analysis results showed that the simple effect of zeolite type on
1000-grain weight was significant at 5% probability level. But the simple effect of zeolite content as well as the
interaction effect of type and amount of zeolite on this trait was not significant.

Grain yield: The results of analysis of variance of grain yield data to compare treatments containing zeolite
with control treatment without zeolite showed that the effect of zeolite treatment on grain yield was significant at
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the level of 1% probability. The factorial analysis of variance showed that the simple effect of zeolite content at
1% probability level and the effect of type and amount of zeolite at 5% probability level on grain yield were
significant. Nevertheless, the simple effect of zeolite type had no significant effect on this factor. Comparing the
average amount of zeolite on grain yield showed that increasing the amount of zeolite increased millet grain
yield at a probability level of 5%.

Water use efficiency: The results showed a significant effect of zeolite treatment on water use efficiency at a
probability level of 1%. The results of variance for water use efficiency showed that this trait was significantly
affected by the simple effect of zeolite content and the interaction between type and amount of zeolite at 5%
level, but the effect of zeolite type on it was not significant. Comparing the average amount of zeolite on water
use efficiency showed a statistically significant difference between the application of 5 and 10 tons per hectare of
zeolite at the level of one percent.

Conclusion

The results showed that the application of different types of zeolite caused a significant increase in 1000-
grain weight and number of grains per panicle at a probability level of 5% and grain yield, water use efficiency
at a probability level of one percent compared to control treatment (no application of zeolite). Increasing the
application of zeolite from 5 to 10 tons per hectare significantly increased the number of spikes per plant,
number of seeds per spike, 1000-seed weight, biological yield, grain yield, and water use efficiency. Therefore,
with the optimal use of this fertilizer, the effects of drought stress on plants are somewhat reduced, and it is
recommended for using in dry areas.

Keywords: Cereals, Sustainable agriculture, Zeolite size
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Fig. 2- Effect of zeolite treatment on the number of spikes per millet plant (comparison with control)
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Fig. 3- Effect of zeolite treatment on the number of grain per millet spikes (comparison with control).
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Table 2- Analysis of variance of the number of tiller per plant, number of spikes per plant, number of grains per panicle,

1000-grain weight, grain weight, and water use efficiency in common millet under the influence of type and amount of
zeolite (As a factorial)

©lapo (ke
Mean of squares
i olis “-‘?ﬁ— dy dlasi adgd ol Al Wil a5 Syan 21,8
sov Sl g Gy A Weightof iy s Shee <!
df Number of Number of ~ Number one Grain yield Water
tillersper  spikesper  of grains thousand consumption
plant plant per spike seeds efficiency
S5k 2 191.79 " 0.60 " 0.046 ™ 0.0059 " 11969.54 0.0004 s
Block
Acdg; &5 . 3 153.99 ™ 0.26™ 0.077 0.21" 26237.7"™ 0.0009 ™
Type of zeolite
Bedg jlie - wx . - - -
. 1 1221.35 5.81 0.1066 0.36 134550.37 0.0047
Amount of zeolite
AB o gy 3 43.48 ™ 1.18" 0.0311 ™ 0.021 ™ 60430.37" 0.0021"
Type and amount
s 14 124.82 0.79 0.0529 0.059 12017.44 0.0004
Error
u"“g\;’u)w - 18.01 9.28 15.57 5.89 14.91 491

*and **: Significant at the 5% and 1% probability levels, respectively, ns: non- significant.
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Introduction

Today, increasing sustainability in agriculture is essential to meet future food needs. In this regard, the
intercropping culture has been considered as a viable and environmentally friendly approach to sustainable
agriculture. Further, the investigation of complementary species relationships in annual cropping systems could
be addressed to achieve sustainability and development. In order to fully understand the inter-specific
interactions between crops, it is crucial to know how to react to neighboring species. The selection of species
with different spatial structures in the intercropping culture pattern can be helpful in this regard. The differences
in crop canopy in intercropping cultivation increase the efficiency of using water, light, and nutrients, as well as
facilitating inter-species competition. Therefore, this study investigated the competition between soybean and
Niger seed on yield and yield components, radiation efficiency, and yield advantage in the intercropping
cultivation system.

Material and Methods

A field experiment was conducted for two years (2018-19) at the Research Farm of Sari Agricultural Science
and Natural Resources University, Iran (33°, 36’ N, 53°, 03’ E with 43 m altitude). The experiment was done
based on a randomized complete block with four replications. The experimental treatment was 75% soybean +
25% Niger, 50% soybean + 50% Niger, 25% soybean+75% Niger based on the replacement method and soybean
monoculture (100:0) and Niger monoculture (0:100). For example, a 25:75 combination included around three
rows consisting of sowing a soybean and one row of Niger, along with vice versa in the 75:25 combinations. The
50:50 combinations also included planting two rows of each studied crop. The seed was sown directly on the 5™
of May with a density of 28 plants per square meter. This study was investigated agronomic traits, radiation use
efficiency, and the impact of competition on intercropping using Hill and Shimumoto models.

Results and Discussion

Based on the results, different planting ratios significantly affected plant height, dry weight, radiation use
efficiency, yield, and yield components of both crops. The highest shoot heights of soybean and Niger, with an
average of 76.3 and 189.7 cm, were related to a planting ratio of 75:25, respectively. Also, the number of pods
per soybean plant and the number of capitule per plant of Niger in intercropping cultivation increased compared
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to monoculture. The reduction in the share of soybean and Niger sowing rows in different intercropping ratios
increased the crop yield components. Also, both crops' shoot’ dry weight increased in different planting ratios
compared to the expected values. The highest percentage of dry shoot weight in soybean and Niger was related
to 25:75 and 75:25 planting ratios, respectively. Besides, during different stages of growth, the radiation use
efficiency of Niger in planting ratio was 50:50 and 25:75 higher than soybean. Also, the radiation use efficiency
in intercropping cultivation was more elevated than in monoculture. Due to the growing trend in its amount
compared to the expected values, the effect of competition on radiation use efficiency during different growth
stages was the type of mutual cooperation. According to the results, soybean (100:0) and Niger monoculture
(0:100) had the highest and lowest grain yield, with an average of 4965.7 and 462.4 kg. ha, respectively.
Among the different intercropping, the combination 75:25 with an average of 4173.73 kg. ha™* had the highest
grain yield. Finally, the average land equivalent ratio in all different intercropping ratios was more than one, and
the planting ratio 50:50 had the highest average yield (LER = 1.28).

Conclusion

Increasing resource utilization efficiency and establishing a mutual co-operation relationship is essential in
improving the usefulness of Soybean and Niger intercropping cultivation compared to monoculture.
Furthermore, the selection of Niger in intercropping systems can be beneficial due to their morphological
features and facilitation of competition.

Keywords: Agronomic traits, LER, Mutual co-operation, Radiation use efficiency
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Fig. 3- The average final shoot dry weight in different planting ratios of intercrop (niger-soybean respectively) and the
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and the studied years
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® Actual radiation use efficiency of niger in intercropping,0 Actual radiation use efficiency of soybean in intercropping, W¥rotal
actual yields of niger and Soybean in intercropping,A Expected of radiation use efficiency in niger, BExpected of radiation use
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Table 7- Effect of planting ratios on intercropping efficiency of soybean-niger
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Introduction

One factor affecting crops growth and development is the cultivation pattern, which affects the distribution of
plants in the field, distances between plants, the use of growth sources such as light, water, and soil nutrients,
and competition between plants. These factors affect the growth and yield of crops. Also, using compost
fertilizer has beneficial effects on the soil's physical, chemical, and biological conditions and has positive effects
on crop plants' grain yield and yield components. This study was designed and carried out to study the effect of
planting method and sugarcane residue compost fertilizer on yield and yield components of corn and some soil
properties in Ahwaz weather conditions at Agricultural Sciences and the Natural Resources University of
Khuzestan.

Materials and Methods

In order to investigate the effect of planting method and sugarcane residue compost fertilizer on yield and
yield components of corn (hybrid of single cross 703) and some soil properties, a field experiment using a split-
plot arrangement accomplished based on the randomized complete block design with four replications in Mian-
Ab region of Shooshtar on 2018. Experimental factors included four planting methods (single row on ridges, on
watermark, in furrows, and on flat ground) as a main factor in main plots and four amounts of sugarcane residues
compost (0, 10, 20, and 30 t ha'') as a subfactor in sub-plots. Each sub-plot had six planting rows with a length
of 3 meters and a width of 4.5 meters (with an area of 13.5 square meters). The seeds were planted manually at a
depth of 3 cm on 2nd August 2017 with a density of 66000 per ha (the distance between ridges and furrows was
75 cm, and the distance between the plants was 18 cm). In this experiment, row number per ear, grains per row,
thousand-grain weight, grain yield, biological yield, harvest index, soil nitrogen percent and soil organic matter
percent were measured.

Results and Discussion

The analysis of variance showed that the effect of plant method, sugarcane residue compost, and their
interaction was significant on the traits of row number per ear, grain number per row, thousand-grain weight,
grain yield, biological yield, harvest index, soil nitrogen percent and soil organic matter percent. The comparison
of mean showed that the maximum amount of corn traits were obtained in furrow planting and using 30 t ha* of
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Production and Genetic Engineering, College of Agriculture, Agricultural Sciences and Natural Resources University of
Khuzestan, Mollasani, Iran.

(*- Corresponding author's Email: Mgharineh@asnrukh.ac.ir)



https://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about?lang=en
https://agry.um.ac.ir/journal/about?lang=en
https://orcid.org/0009-0006-2715-9726
https://orcid.org/0000-0003-0043-7387
https://orcid.org/0000-0001-9284-3563
http://orcid.org/0000-0002-6074-7611
https://doi.org/10.22067/agry.2021.72138.1064

VFoY bl Yo loid IO alr «(g5)sbins’ owbcls pgs 4 pits  YAY

sugarcane residue compost, and the lowest amounts was observed in ridge planting and non-use of sugarcane
residue compost. So, the mean comparison of grain yield under the interaction of planting method and sugarcane
residue compost showed that the highest grain yield (6497 kg ha') was in furrow planting and 30 t ha- of
sugarcane residue compost and the lowest grain yield (3870 kg ha) was in ridge planting and non-use of
sugarcane residue compost. Examination of correlation coefficients between the measured traits showed that
grain yield had a more positive and significant correlation with biological yield, harvest index, and 1000-grain
weight. Also, the biological yield had a more positive and significant correlation with grain yield, 1000-seed
weight, and number of rows per ear.

Conclusion

In general, the findings of this experiment demonstrated that the furrow cultivation method resulted in the
highest values for the measured traits (excluding soil nitrogen and soil organic matter percentage). Moreover,
across all cultivation methods, an increase in the application of sugarcane residues compost fertilizer, and the
availability of water and nutrients for the plants, led to an increase in the magnitude of these traits. The
maximum values were achieved at a compost fertilizer rate of 30 t ha-1. Based on the results of this experiment,
it can be concluded that cultivating corn using the furrow method and applying 20 to 30 t ha-1 of sugarcane
residue compost can significantly enhance corn grain yield in the Shooshtar region.

Keywords: Biological yield, Khuzestan, Organic fertilizer, Planting pattern, Soil organic matter percent
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Table 1- Physical and chemical properties of soil and sugarcane residue compost
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0395
N (%) 0.03 0.3
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P (mg.kg™) 35 76
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K (mg.kg™?) 590 5000
e o 12 _
Bulk density (g.cm®) '
<l s ) ~
Texture Silty clay
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Table 2- Analysis of variance of yield and yield components traits of corn and some soil properties under planting method
and sugarcane residues compost
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umber  of grain grain Biologic yield 0!
of spike  per row weight index pitrogen matter
per ear percent percent
’I’SU 3 11 15.1 124.7 1204382.2 454135.5 66.1 0.00011 0.013
Replication
S )
i:zft‘;g‘(? 3 17.1%% 42,6  3307.5%*  6342705.8** 13232782.0** 71.4**  0.00413**  0.274**
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PM x C
u";‘bﬂ” 36 0.9 7.9 505.2 188387.4 366256.7 133 0.00008 0.014
ol 6.8 10.0 8.6 8.6 4.9 8.9 10.5 10.8
CV (%)

Mo pd S5 g g Jleinl o )3 55 gime g ) Gxe yuE iy sk g % NS
ns, * and **: non-significant, significant at 5% and 1% probability levels, respectively
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Table 3- Mean comparison of the number of rows per ear and thousand-grain weight of corn under the effect of planting
method and sugarcane residues compost
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Planting method
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-l 135 254.3
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Furrow
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LSD (%5)
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Sugarcane residue compost (t.ha?)
0 14.0 249.4
10 13.9 246.3
20 14.3 259.0
30 14.9 286.7
(Aoy3 Q) Jb dizo gles JBlas 0.68 16.1
LSD (%5)
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Table 4- Mean comparison of yield and yield components traits of corn and some soil properties under the interaction
effect of planting method and sugarcane residues compost
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compost (t.ha) grain per row ) yield (t.hal)  index (%) (%)
0 234 3870 10639 36.4 0.104 0.983
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- 1 2 3 4 5 6 7
Trait
1 JM’ » UU')) slass 1.00
Number of spike per ear
2 Gy, Al ol 0.18ns
Number of grain per row
3 wb Sl o 0.47%  0.30%
Thousand grain weight
4 b e 0.45%%  0.32%%  0.56%*
Grain yield
5 i 2,8oe 0.51%*%  0.42%% 052  0.62%*
Biologic yield
6 by "”L” 0.22ns  0.14ns  0.35**  0.82** 0.09ns
Harvest index
7 SE g a0 -0.34%  0.30% -0.10ns -0.41**  -0.46**  -0.21ns
Soil N percent
SE Sl 2o lans  -0.06ns 0.20ns  0.02ns  -0.07ns**  017ns  0.46**

Soil organic matter percent

Lo ) S5 g iy sl Jloisl mdaw )3 > gixe g > gime puE oy s g % NS
ns, * and **: non significant and significant at 5% and 1% probability levels, respectively
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Introduction

Ecosystem services are usually divided into four categories: (a) provision services, (b) regulating services,
(C) cultural services and (d) supporting services. Ecosystem services are managed in agroecosystems primarily
for food production. But, agricultural ecosystems provide provision, regulating, and cultural services for human
society. These services respond strongly to human socio-economic needs. Quantifying the various services and
functions of agroecosystems is one of the most important effective strategies in order to increase attention pay to
these services. Therefore, the purpose of this study was evaluation and quantification of ecosystem services in
wheat (Triticum aestivum L.) agroecosystems of Dasht-e-Naz, Sari.

Materials and Methods

This experiment was performed as an unbalanced completely design in wheat agroecosystems of Dasht-e-
Naz, Sari (Mazandaran province), during 2019-2020. In this study, 9 wheat plots with 4 cultivars including
Tirgan, Ehsan, Collector and N-92-9 were surveyed and monitored. In this study, some ecosystem services such
as insect and weed biodiversity (using Shannon-Weiner, Simpson, Margalf, Uniformity, and Menhinick indices),
soil microbial respiration, carbon sequestration, organic matter, the abundance of earthworms, grain yield,
protein content oxygen production, and soil protection (by the stability of aggregates) were evaluated and
quantified. Soil samples were taken from a depth of 0-30 cm before wheat planting in November 2019 and after
harvest in June 2020 for assessment of the rate of microbial respiration, organic matter, and carbon sequestration.
Also, oxygen production was estimated based on net primary production. The yield and plant biodiversity
sampling was harvested based on the W pattern and with quadrate 0.5 x 0.5 m?. All samples were moved to the
crop research laboratory of Gorgan University of Agricultural Sciences and Natural Resources, and the plant
flora was determined by genus and species names.

Results and Discussion
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The results showed that crop management and performance of an intensive agricultural system effectively
provided many ecosystem services in wheat fields of Dasht-e-Naz, Sari. These services are influenced by several
factors such as cultivar type, crop rotation, tillage, etc. The results showed that the effect of different cultivars
was significant on grain yield and protein percentage. The highest percentage of grain protein as a provision
service was obtained from Ehsan cultivar (12.15%) and the lowest content was obtained about 11.42% from N-
92-9 cultivar. The highest wheat grain yield and oxygen production were calculated from plots under Collector
cultivar. In additional, the highest amount of carbon sequestration (2.33 ton/ha) and microbial respiration rate in
before planting and after harvest (76.46 and 38.52 mg CO- per kg of soil per day, respectively) belonged to plot
15. Also, it was determined that plot 15 was better than other plots from soil protection service view based on the
diameter mean weight index (MWD) and the geometric mean diameter index (GMD). In this research, three
beneficial insects (biodiversity assessment) were observed such as Coccinella septempunctata Linnaeus and
Aphidius matricariae, and Chrysoperla carnea. The highest values of Shannon-Weiner and uniformity indices of
weeds were as 2.63 and 0.82 in plots 23 and 15, respectively. Furthermore, Shannon-Weiner and uniformity
indices of insect communities were obtained as 2.07 and 0.94 from plot 22, respectively.

Conclusion

Generally, carbon sequestration, organic matter, microbial respiration, earthworm abundance, aggregate
stability index, average weight diameter (MWD), and geometric mean diameter index (GMD) were better in
plots 14 and 15 under wheat cultivation than in other plots. This study showed that crop management and
intensive agricultural system implementation effectively provided many ecosystem services in wheat fields in
Dasht-e Naz region of Sari. So, these services were affected by several factors such as cultivar, crop rotation, and
tillage methods.
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Table 1- Details of plots under wheat cultivation in Dasht-e-Naz Sari (Mazandaran province)
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Table 2- Results of analysis of variance (mean of squares) of provision services in plots of wheat under
the influence of cultivar in Dasht-e Naz, Sari (Mazandaran province)
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**: significant difference at 1% of probability level
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Table 3- Mean comparison of provision services in plots of wheat under the influence of
cultivar in Dasht-e Naz, Sari (Mazandaran province)
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* In each column, means followed by similar letters are not significantly different based on
Duncan at the %5 probability level.
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Table 7- Insect biodiversity indices in wheat plots of Dasht-e Naz, Sari (Mazandaran province)

aba5 o )lows Aol ppmenw (GBI WL Sk
Number of plot  Shannon- Weiner  Simpson  Uniformity Margalef Menhinick

6 2.04 0.142 0.93 2.49 1.80
14 1.99 0.142 0.90 2.35 1.64
15 1.95 0.167 0.89 2.25 1.52
16 1.98 0.142 0.95 2.00 1.46
19 2.01 0.148 0.91 2.35 1.64
20 1.96 0.153 0.89 2.38 1.67
21 1.94 0.161 0.88 2.02 1.24
22 2.07 0.135 0.94 2.17 1.42
23 2.00 0.150 0.91 2.33 1.61

oSk 1.99 0.149 0.91 2.26 1.55
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Table 8- Values of weed biodiversity indices in wheat plots of Dasht-e Naz, Sari

(Mazandaran province)

axhab o jlowsd Aly—oPls pgmen (Bl WL Sekke
Number of plot Shannon-Weiner  Simpson  Uniformity Margalef Menhinick

6 2.42 0.052 0.77 4.67 2.17
14 2.46 0.070 0.76 5.17 2.45
15 2.61 0.053 0.82 4.97 2.37
16 2.53 0.042 0.79 5.09 2.26
19 2.39 0.035 0.74 5.08 2.35
20 2.27 0.052 0.72 4.70 2.21
21 2.05 0.053 0.64 4.98 2.39
22 2.08 0.049 0.67 452 2.15
23 2.63 0.045 0.82 5.24 2.42

ol 2.38 0.050 0.74 4.93 2.30
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Introduction

The occurrence of drought and reduced rainfall in the future will limit the cultivation of irrigated crops.
Thus, it is probable that a part of the present irrigated lands and orchards of Iran may be unavailable for the
cultivation of irrigated crops, but it is possible to cultivate rainfed crops in these lands. However, the available
potential for cultivation of rainfed crops with respect to the soil type, climate and other factors is not known.
Limited water resources, on the one hand, and the growing population along with increasing the need to produce
food, on the other, make it necessary to have a comprehensive, practical and accurate program. Therefore,
research on this issue is essential. In this study, production potential of rainfed wheat (Triticum aestivum), barley
(Hordeum vulgare L.), chickpea (Cicer arietinum L.), lentil (Lens culinaris Medik) and canola (Brassica napus)
in irrigated lands (fields and orchards) was modeled.

Materials and Methods

Weather stations (position and distribution), long-term weather data (15 to 30 years), HC27 soil map, and
crop management data plant parameters were used to determine the yield in this study using the SSM-iCrop2
model. In each zone, the yield was determined and compared with the actual data. In other words, the model
output was compared with the actual current rainfed yields of each province, and then it was determined that
whether the model precision was sufficient for this study. Other calculations (determining the average yield of
provinces) and generation of maps were done using ArcGIS V.10.2. The yield obtained by farmers in these lands
was considered 50 and 70 percent of yield potential. Also, the yields were categorized into four classes of
excellent, good, medium, and non-suitable. This classification is based on economics- the agronomic profit of
crop harvest.

Results and Discussion
This study showed that the conditions of rainfed production in each province of the country is
suitable/appropriate for some crops and unsuitable/inappropriate for other. In case the yield of farmers reached
70 percent of yield potential by optimum management, all provinces will be classified into the upper average
group (3, 18 and 10 provinces in excellent, good and medium groups) for wheat. For barley 30 (3, 10 and 17
provinces in excellent, good and medium groups), for chickpea 30 (3, 6 and 21 provinces in excellent, good and
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medium groups), for lentil 31 (13 and 18 and 10 provinces in good and medium groups) and for canola 30 (4, 5
and 21 provinces in excellent, good and medium groups) provinces will be placed in the upper average group.
Based on 70 percent of yield potential of canola, barley and chickpea, only on province is placed in non-suitable
group. On the other hand, in case the yield of farmers reaches 50 percent of yield potential due to improper
management, for wheat 30 (2, 2 and 26 provinces in excellent, good and medium groups), for barley 28 (4 and
24 provinces in good and medium groups), for chickpea 18 (4 and 14 provinces in good and medium groups), for
lentil 28 (3 and 10 provinces in good and medium groups) and for canola 25 (5 and 20 provinces in good and
medium groups) will be classified into the upper average group. Based on 50 percent of yield potential of rainfed
wheat, barley, canola, chickpea and lentil, 1, 3, 6, 13 and 3 provinces were placed in non-suitable group,
respectively.

Conclusion
According to the results of this study, a major part of the provinces will be placed in medium and non-
suitable groups in case of improper management, and agricultural production will not satisfy the country's needs.
Therefore, it is necessary to pay special attention to the agronomic management of rainfed crops, as the country's
agricultural production will not be accepted unless 70 percent of yield potential is achieved.

Keywords: Attainable yield, Cereals, GYGA protocol, Modeling, Pulses
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Fig. 1- Distribution of the irrigated lands and orchards of Iran (Area per pixel is 8600 hectares)
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Table 1 _Qualitative classification of wheat, barley, chickpea, lentil, and canola crops (ton.ha)

B ol bawgie o S
Crop Unsuitable Medium Good High
o g pliS <1 112 213 >3
Wheat and barley
oA 5 3555 <0.5 0.56_1 11.2 >2
Chickpea and lentil
Il <0.75 0.76_15 1.6 2.25 >2.25
Canola
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Fig. 6- Potential yield map of different crops as a histogram for comparison of wheat, barley, chickpea, lentil, and
canola (rainfed)
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Table 2- Attainable yield (based on 50 and 70 percent of potential yield) of the studied crops (ton.ha!)

oS P 2959 s '}ls
. \'2 Ve X \'Z X Ve O« Ve O«
Ow, M)) O«
Province KW KW KW Aoy o yd Aoy KWt KWt o yd
3 ,Sdos
3 Slos . 3 Slas  3,Sles 3 Slas 2,Sles EFCPVOR JUUONS 30as 2,Sles
Wheat Barley Cheakpea Lentil Canola
Y70% Y509 Y70% Y'509% Y70% Ys0% Y70% Y509 Y70% Y50%
5 3 2.1 25 1.8 0.7 0.51 11 0.75 1.7 1.2
Alborz
Jwd)
. 2.9 2 3.3 2.4 14 0.98 1.6 1.12 2.3 1.7
Ardabil
Ao 1.6 1.1 1.2 0.8 0.9 0.66 0.8 0.58 0.9 0.6
Boushehr
PRILOSES
)l
Chaharmahal 14 1 14 1 1.3 0.95 1.2 0.83 0.9 0.7
and
Bakhtiari
Sy bl
East 2.7 2 2.3 1.7 0.8 0.54 11 0.79 1.6 1.2
Azarbaijan
o 2.3 1.7 2.1 1.5 11 0.8 1 0.71 1.3 0.9
Fars
oS
. 4.3 3.1 3 2.2 1.6 1.13 11 0.77 25 1.8
Guilan
oS 4.4 3.1 3.8 2.7 1.6 1.12 15 1.09 2.4 1.7
Golestan
oo 2 14 2.1 1.5 0.6 0.44 1 0.7 1.3 1
Hamedan
e 1.9 14 1.6 1.2 0.8 0.57 0.8 0.6 1.2 0.86
Hormozga
P! 2.3 1.6 1.8 1.3 15 1.08 1.2 0.86 1.2 0.83
llam
e 2.2 1.6 1.6 1.1 1 0.72 1 0.74 1.2 0.83
Esfahan
ol
2 15 1.5 1.1 0.9 0.67 0.9 0.65 1.2 0.83
Kerman
olisle)s 15 11 1.7 1.2 0.5 0.32 0.5 0.37 1 0.68
Kermanshah
Obig 22 16 17 12 13 0.92 1 0.69 12 0.85

Khoozestan
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259 2sSeS

s> 2.7 1.9 2.4 17
Kohkilooye-
Boyerahmad

oS 25 18 23 17
Kordestan

o) 2.4 1.7 2 1.4
Lorestan

SFr 2.1 15 1.7 1.2
Markazi
ohsjle
Mazandaran
Fed glul>

North 2.4 1.7 2.1 1.5
Khorasan

3.9 2.8 3.9 2.8

o9 2.2 15 2 14
Ghazvin

~ 2.1 15 17 12
Ghom
S32) Ol
Razavi 2.3 1.7 1.9 1.4
Khorasan
Oliows
Semnan
9 Ol

2.6 1.9 2.1 15

sk 11 0.8 0.9 06
Sistan and
Baluchestan
@5 ol
South 1.8 1.3 14 1
Khorasan

o 22 16 17 12
Tehran

@ byl
West 1.8 1.3 1.9 1.4
Azarbaijan
> 1.7 1.2 1.1 0.8
Yazd
obs;
Zanjan

2.5 1.8 2.3 1.7

13 0.91 1 0.72 15 11
0.6 0.44 1.1 0.76 1.7 1.2
0.6 0.41 0.8 0.56 1.2 0.9
0.6 0.40 0.8 0.56 1 0.7
16 11 1.4 1.03 2.5 1.8
0.7 0.49 0.9 0.67 1.4 1
0.7 0.49 0.9 0.66 1.3 1
1 0.7 1.1 0.78 1.2 0.8
0.6 0.45 0.9 0.65 15 11
0.6 0.43 1.1 0.76 1.6 11
0.6 0.44 0.6 0.44 0.6 0.42
0.4 0.29 0.7 0.49 11 0.77
0.9 0.67 1.1 0.76 1.3 0.9
0.5 0.35 08 0.57 1.2 0.83
0.8 0.6 0.9 0.68 0.8 0.55
0.6 0.44 1.1 0.76 1.7 1.2
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Table 3- Grouping of the attainable yield (based on 70 percent of potential yield) of the studied crops

S # 295 ovse I35
.\m,bV‘ .\m,bV‘ .\m,bV' M).BV' .\m,bV'
Ol 3 Slos 3 Slos 3 Slos 3 Slos 3 Slos
Province iUy Jamliy Jumliy Jamliy Jamily
Wheat Barley Cheakpea Lentil Canola
Y70% Y70% Y70% Y70% Y70%
A g o bwgis o5 o
Alborz Good Good Medium Good Good
Jd)| o S o o5 S
Ardabil Good High Good Good High
Ry bwogio bogio bogio bogie buge
Boushehr Medium Medium Medium Medium Medium
SHlse g Jbeeylox bwgio bwgio oo oo bwgio
Chaharmahal Bakhtiari Medium Medium Good Good Medium
S bl g o buwgie o o
East Azarbaijan Good Good Medium Good Good
)b oo o o bugie bugia
Fars Good Good Good Medium Medium
oS e e e e e
Guilan High Good High Good High
oluls Je Je e e e
Golestan High High High Good High
Olen bwgie o5 bwgis bwgie bugia
Hamedan Medium Good Medium Medium Medium
OB e bgio bgie bgie bwgio bwgie
Hormozga Medium Medium Medium Medium Medium
P oo bgie oo oo bwgie
llam Good Medium Good Good Medium
ol P bogio bogio bawogo bugie
Esfahan Good Medium Medium Medium Medium
olesS bogio bogio bogio bogie bugie
Kerman Medium Medium Medium Medium Medium
olisle,S buwgio buwgio buwgio buwgio buwgio
Kermanshah Medium Medium Medium Medium Medium
Ol o> e bwgie o9 buwgie bugia
Khoozestan Good Medium Good Medium Medium
donl gy g 4slSeS s oS oy Lougie bsgie
Kohkilooye-Boyerahmad Good Good Good Medium Medium
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ohlen g 009 3l

Oliws,S o o buwgie o o
Kordestan Good Good Medium Good Good
o) o bogie bsgte buogie e
Lorestan Good Medium Medium Medium Medium
SEr oo Lo bugie bugie bugia
Markazi Good Medium Medium Medium Medium
ohile S e e o5 S
Mazandaran High High High Good High
Sled glulS o5 o5 bwgis bugie bugia
North Khorasan Good Good Medium Medium Medium
BT3C oo bugio bugio bugio buwgia
Ghazvin Good Medium Medium Medium Medium
o gt bugio bugio oo bwgio
Ghom Good Medium Medium Good Medium
S92y el s bogio bogio bawgo buge
Razavi Khorasan Good Medium Medium Medium Medium
Oliows o o bwgie o o
Semnan Good Good Medium Good Good
Ol gh g (i bwgio il bgio bugio il
Sistan and Baluchestan Medium Unsuitable Medium Medium Unsuitable
@5 ool buwgie bwgie liols bwgie buwgia
South Khorasan Medium Medium Unsuitable Medium Medium
ol oo bwgio bgio oo bwgio
Tehran Good Medium Medium Good Medium
s ol g g by bawgie b gie
West Azarbaijan Medium Medium Medium Medium Medium
Yazd Medium Medium Medium Medium Medium
obs; o > kg oy G
Zanjan Good Good Medium Good Good

ol o o b 39y 9 0lge iSu 3 cde SO L LA candids s 0g5u T

The method used to determine the qualitative classification is stated in the materials and methods section by mentioning the

cause
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Table 4- Grouping of the attainable yield (based on 50 percent of potential yield) of the studied crops

PV Py 2453 s 1518
..\»0).500 ..\»0).500 ..\»0)300 M):OO M).}OO
Gl 5,Sdas 5,Sdas 5,Sdas 5,5dos 5,5das
Province Jamndliy oy oty iy Janndliy
Wheat Barley Cheakpea Lentil Canola
Y50% Y 50% Y50% Y500 Ys50%
3 o bugio bugio bugio buwgia
Alborz Good Medium Medium Medium Medium
)| bugie o bogio o o
Ardabil Medium Good Medium Good Good
sy bwgio Cwliol bwgio buwgie Cuwliol
Boushehr Medium Unsuitable Medium Medium Unsuitable
sl g Jlw)e bwgio bgio buwgia bgio il
Chaharmahal Bakhtiari Medium Medium Medium Medium Unsuitable
B olml)l basgie basgie Lesgie Lo bawgte
East Azarbaijan Medium Medium Medium Medium Medium
ol bwgio bwgio bgio bugie buwgia
Fars Medium Medium Medium Medium Medium
oS S o o bawogo o
Guilan High Good Good Medium Good
olds S o o o o
Golestan High Good Good Good Good
Ollen lawgin lawgin cawliol bwgin bwgie
Hamedan Medium Medium Unsuitable Medium Medium
OB ey bwgio bwgio bgio bugio bwgio
Hormozga Medium Medium Medium Medium Medium
L bgio bwgio o9 bwgio buwgia
llam Medium Medium Good Medium Medium
Ol bogio bogio bogio bogie bugie
Esfahan Medium Medium Medium Medium Medium
oleys bogio bogio bogio bogie bagie
Kerman Medium Medium Medium Medium Medium
oliile)s Lowgie Lowgie casliol Cusliol caslial
Kermanshah Medium Medium Unsuitable Unsuitable Unsuitable
Oliwjg> bgio bgie bwgie bugie buwgia
Khoozestan Medium Medium Medium Medium Medium
donl g 9 4ghSeS buwgie Lo Lo Lo Lo
Kohkilooye-Boyerahmad Medium Medium Medium Medium Medium
OliwwdyS bwgis bwgin Cowliels bwgio Lwgio
Kordestan Medium Medium Unsuitable Medium Medium
Ol y) bwgio bwgio Cawliol Lugie bwgio
Lorestan Medium Medium Unsuitable Medium Medium
N3 3% bugie s canliol Lwgie Gunliol
Markazi Medium Good Unsuitable Medium Unsuitable
olle s bugie s cP o
Mazandaran Good Medium Good Good Good
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Sled ool buwgio Lwgio clial buwgio lawgio
North Khorasan Medium Medium Unsuitable Medium Medium
93 bugio bugio il bugio buwgia
Ghazvin Medium Medium Unsuitable Medium Medium
& Lo Lo Lo bwgio bwgie
Ghom Medium Medium Medium Medium Medium
Syoy ool Lo Lo il bwgio bugia
Razavi Khorasan Medium Medium Unsuitable Medium Medium
Oliows bwgio bwgio Coliels Luwgio bwgio
Semnan Medium Medium Unsuitable Medium Medium
Ol sl o s bl bl bl el bl
Sistan and Baluchestan Unsuitable Unsuitable Unsuitable Unsuitable Unsuitable
@ ol bwgie bwgie unliols uliols bwgie
South Khorasan Medium Medium Unsuitable Unsuitable Medium
ol bwogio bogio bogio bogie buge
Tehran Medium Medium Medium Medium Medium
s obmldl g g Gulials s b gie
West Azarbaijan Medium Medium Unsuitable Medium Medium
Y lawgin Cuoliols lawgis bwgin Cuoliols
Yazd Medium Unsuitable Medium Medium Unsuitable
obs; buwgie buwgio il bogie Good
Zanjan Medium Medium Unsuitable Medium

+The method used to determine the qualitative classification is stated in the materials and methods section by mentioning the
cause.
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Introduction

Sustainability in agriculture at the regional scale is about balancing food security with maintaining
environmental health. Therefore, agricultural operations are sustainable when they maintain the environment's
health, the interaction between plant and animal production, social acceptance, and economic benefits
(Kumaraswamy, 2012). Excessive use of environmental resources and excessive consumption of chemicals in
agriculture have caused environmental problems and reduced sustainability (Quintero-Angel & Gonzales-
Acevedo, 2018). Therefore, it is necessary to study the patterns of energy consumption and efficient use of energy
in agriculture, which is one of the basic principles of sustainable agriculture. As a suitable tool for this purpose,
Emergy analysis is used in various ecosystems (Odum, 2000; Brown & Ulgiati, 2004). Emergy analysis can
determine the degree of sustainability of connected ecological and economic systems. Emergy indices are effective
tools for integrating ecological-economic systems and make it possible to measure and compare all aspects of these
ecosystems (Patterson et al., 2017). This study aimed to evaluate sustainability indices for rapeseed (Brassica
napus L.) production systems using emergy indices and provide suggestions for sustainable crop production in
Kalaleh County.

Materials and Methods

In this study, production systems of rapeseed were evaluated using emergy sustainability indices in Kalaleh
County (Golestan province) between 2018 and 2019. For this purpose, 50 rapeseed fields were selected as Cochran
equation. First, the spatial and temporal boundaries of the system were defined (Odum, 1996; Odum, 2000), and
resources were divided into four categories: renewable environmental resources, non-renewable environmental
resources, purchased renewable resources, and purchased non-renewable resources (Amiri et al., 2019). Emergy
flow for each input was multiplied by their transformities in joules and grams (Odum, 2000). Finally, emergy
indices such as renewability, emergy yield ratio, emergy self-support ratio, environmental loading ratio and
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emergy sustainability index were calculated and evaluated in rapeseed production systems.

Results and Discussion

Total emergy input for the rapeseed production was estimated as 1.64E+16 sej ha* year?. In rapeseed
production, dependence on environmental and non-renewable inputs was higher than on purchased and renewable
inputs. Soil erosion emergy was the largest emergy input of the total rapeseed production system, with a share of
47.31%. Also, fossil fuel emergy was the largest emergy input of the purchase, with a share of 38.41%. In this
research, we calculated the transformity equal to 2.59E+05 sej j*, specific emergy equal to 7.33E+09 sej g,
emergy renewability equal to 8.16%, emergy yield ratio equal to 2.17 and emergy investment ratio equal to 0.85.
Also, emergy self-support ratio, standard environmental loading ratio, modified environmental loading ratio,
standard emergy sustainability index, and modified emergy sustainability index were estimated at 0.54, 13.81,
11.27, 0.16, and 0.19, respectively. Despite the higher contribution of environmental resources in the rapeseed
production system, the high share of soil erosion as a non-renewable input and the unreasonable consumption of
some non-renewable purchased inputs, such as fossil fuels, led to a decrease in renewability and an increase in
environmental load. Based on evaluation of emergy indices, rapeseed ecosystem had the high production efficiency
and resource consumption efficiency and it had the great potential to increase economic productivity. However,
rapeseed production in Kalaleh county had low environmental and economic sustainability. The implementation
of conservation tillage methods and the modernization of machinery can contribute to a reduction in the
consumption of non-renewable and economic inputs in rapeseed production ecosystems. This reduction in input
consumption not only alleviates environmental pressure but also enhances sustainability. By prioritizing the use
of renewable environmental inputs and minimizing the utilization of non-renewable and economic inputs, the
emergy sustainability index can be improved.

Conclusion

The rapeseed ecosystems exhibited high production and resource consumption efficiency, along with the
significant potential for increasing economic productivity. However, despite the substantial contribution of
environmental resources in these systems, the prevalence of soil erosion as a significant portion of the total emergy
input resulted in a decline in renewability, an escalation in environmental burden, and ultimately a decrease in
sustainability. Enhancing management methods to minimize the consumption of non-renewable and economic
resources would be effective in bolstering the environmental and economic sustainability of rapeseed farming
ecosystems in Kalaleh County.

Keywords: Emergy indices, Environmental load, Fossil fuel, Renewability, Soil erosion
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Fig. 1- Emergy flow diagram of rapeseed farming ecosystem in Kalaleh county
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Table 1- Average climatic and edaphic variables in Kalaleh county

JUETR sl WYl Sl
Variable Unit Annual average
Sedigh gl e Jss 1.73x10°
Solar radiation j.m?2
; 5,0 Yoo 980
Rainfall mm
Wind speed m.s?t
S ile b olie S )3 5ok
. . 2430
Soil erosion kg.ha't
Sk JToske o yd 15
Soil organic matter % '

Solar energy= (10000 m?.ha*)x(radiation)x(1-albedo)
(Amiri et al., g </YY L <l o)l glise o 3 o

2019)
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Rain energy= (10000 m2.ha?) x (rainfall) x (density)
x (gibbs free energy)
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Energy of soil erosion= (soil loss) x (%organic matter)
x (organic matter energy) x (conversion)
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Table 2- Specifications and formula of emergy-based indices for evaluation of rapeseed farming ecosystem

AT a3 Olpo g &
Index Formula Specifications Reference
)J.\J.».\:;Ium slocsag)g I R Oy (e lia Sl pdno0 gl > Asgharipour
Renewa (ien%rllj\gronmenta Renewable flows from free local resources etal., 2019
Ygieds &5 K] e mlie 5l piiss 0gdlly sl b
iliagiog s (slacs3sss Ol 8 O e el St ol Bkr ol &
Non-renewable environmental NO Higdign 43)5 )i )3 iz laherrere,
inputs Local potentially renewable flows from free local 1998
resources that is being used in a nonrenewable
):A)AJAz) 04 d)lAg.)& dLm‘p,), Fr X d)l.).g.).& é.gl.l.o )'l );J.JJ.:J&U dlﬁ’[)lf.)? Asgharipour
Renewable purchased inputs Renewable flows from purchased resources etal., 2019
23baao0 o0d le)be.)& d:a@a)s . 0B 6yl mlio jl pibyass clapl s Asgharipour
) N :
Non reneviv:é)uizspurc ased Non-renewable flows from purchased resources €t al., 2019
W5 ol I coles gl 5l 5y90 (850l ulie JS .
e Iy pllas 5l Coles (sl 5l 3550 5500l & Asaharipour
S il 53929 U=R+NO+Fr+Fn Total emergy resources required to support the ghaib
Total emergy input ; etal., 2019
gy Inp production system
&S il 2 Y= RENO+Fr+Fn el wladgs JS (o5, Asgharipour
Total emergy output Total emergy of system products etal., 2019
ol g5 s 2 (295 3515 S g sl (55l Hlade
s s U Gl Jguame odlazul B 5551 AE Brown &
- fermi Tr=—— Amount of emergy required to produce an output Ulgiati,
Transformit AE I gy req P P
y unit in joules. AE is the accessible energy of the 2004
product
W cwl 53 s sty SO Mg gl 5ol ylade
o U PR e p (2o ol S Mg gl (655el Brown &
oy S5y SpE = — Ll Jgaa p > Ulgiati,
Specific emergy w Amount of emergy required to produce an output 2004
unit in grames. W is the mass of the product
. Ly oy o odlaiwl pioludss (g5 el Joyd
I Bbdsg FR 4 9 RRRATO (S e )
07 SRR %R = x 100 Percentage of the renewable energy used by the ~ Odum, 2000
Emergy renewability system
dJLa..é‘ é»L.n PN d)‘ﬁmln)w l.: u.la.}u é.JL.A )l oolazwl u»l.\.a.n
&5l 2 )Sas s EYR Y Ability of a process to use renewable and Odum, 2000
Emergy yield ratio FR + FN nonrenewable environmental resources with
economic resources as a capital
share @l 35 5 o3kl 5l lop b ulide
S5l @IS alo po o EIR = FR+FN Indicates the intensity of economic investment ~ Asgharipour
Emergy investment ratio R+ NO and its matching to the free renewable and etal, 2019
nonrenewable resources of the environment
S5l lemagd s R+ NO e 4 358 plas Sy oliie Zhaietal.,
. ESR = Measure of production system dependence on the 2017
Emergy self-support ratio U environment
2l laee )3, S |. pig < NO+FR+FN Pl Sy Ly o sloy] o Lt Luetal.,
Standard environmenta - R Environmental pressure produced by a process 2014
loading ratio
“;\'“"fé‘_‘;‘ J‘*’“’d e RSk - ' cipe - NOHEN ol S, g 015 syl lagome Lt Luetal.,
odified environmenta = . 2014
loading ratio R+ FR Environmental pressure produced by a process
S itiel g5yl gl g ls oo - EYR Al (gl 5] e Luetal.,
Standard em?rr]g)é; ustainability " ELR Measure of the sustainability of the system 2014
ok ol _L;_j)ﬁl Sl pasls I EYR ol b ) ok Luetal.
Modified emergy " ELR* Measure of the sustainability of the system 2014

sustainability index
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Table 3- Natural and economic flow, renewability, transformity and solar emergy for rapeseed

. KW 5 5yl 5yl ..
ol b i g o Sy piba
Joesa Bl sl Al Syl ds"ﬂ'r’)? d;'&*l")?" dgﬁ"r)? oo
Variable Unit ili olar olar olar
Raw Renewability transformity emergy emergy References_for
annual flow factor (sej.unit?) (sej.hatyry) (%) transformity
rdgaed daseo (56399
Renewable environmental inputs
A J% 133E413 1 1 1.33E+13 0 Odum (1996)
Sunshine J
oht J5 4 8aE+10 1 2.30E+04 1.11E+15 6.76 Odum (1996)
Rainfall J
ot J5 o 117E+10 1 1.86E+03 2.18E+13 0 Odum (1996)
Wind J
& 1.11E+15 6.76
Subtotal
rdbased Jasw 55399
Non-renewable environmental inputs
SE il o J5 g 24E+10 0 9.42E+04 7.76E+15 4731 Chaleyetal.
Soil erosion J (2018)
e 7.76E+15 4731
Subtotal
Solik 39,9
Purchased inputs
0395 355 5 B49E+04 0 484E+09  411E+14 250 ~ Chisellini etal.
N fertilizer g (2014)
b 355 5 421E+04 0 4.97E+09 2.09E+14 107  Ghisellini etal.
P fertilizer g (2014)
255 3 PF 44E+04 0 6.94E+07 1.69E+12 0.01 Martin et al.
S fertilizer g (2006)
oS e P5 1.30E+03 0 1.13E+10 1.47E+13 0.08 Bastianoni et
Herbicide g ' ' ' ' al. (2001)
S0y Py Bastianoni et
1.20E+03 0 1.13E+10 1.36E+13 0.08
Insecticide g al. (2001)
Sk P5 1.25E+03 0 1.13E+10 141E+13 0.08 Bastianoni et
Fungicide g ' ' ' ' al. (2001)
<Ylopdle PX 2.92E+03 0 1.01E+10 2.95E+13 047  Campbell etal.
Machinery g (2005)
By Ju, Amiri et al.
2.06E+06 0.43 2.50E+08 5.15E+14 3.14
Seed Rial (2019)
O9) § (shomd 9w Jss Brandt-
Fossil fuel and J’) 7.32E+10 0 8.60E+04 6.30E+15 38.41 Wiliams
lubricant (2002)
SN oy J9 5 0aE+07 0.10 2.22E+06 6.53E+13 0.39 Lu et al. (2009)
Human labor J
e 7.57E+15 45.93
Subtotal
e 1.64E+16 100.00
Total
b 3,5des J5i 6.34E+10 2.59E+05 1.64E+16 b dlone
Grain yield J Calculated
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Fig. 1- Share of environmental and purchased renewable and non-renewable inputs in the rapeseed farming ecosystem
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Table 4- The values of emergy indices in rapeseed production system
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Index Unit Rapeseed ecosystem
s ca o Jos » d—‘fi_)? Jo3el 2 59E+05
Transformity sej.j?t
o3 535! £ 5 sbss Jgsel 7 33E+09
Specific emergy sej.g? :
Sirl Grdpnes Loyd 8.16
Renewability %
Sipel o Sdes s ) 517
Emergy yield ratio
S350l (S8 Lo pus Capna ) 0.85
Emergy investment ratio
Sl (hleodgh S i 0.54
Emergy self-support ratio
3yl Jasre (6)l8 L s ) 13.81
Standard environmental loading ratio
oxb Mol o (6 5L s _ 11.27
Modified environmental loading ratio
5 skl Lﬁ))"" d)“‘\‘ll‘ U”L“’ _ 0.16
Standard emergy sustainability index
ol CM‘DI A_S))""l LS)L\?.‘?, L)”L“' _ 0.19
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Introduction

Intercropping cultivation is an excellent method to increase agricultural productivity per unit area based on
environmental mechanisms. In this planting system, it is necessary to select crops with different capabilities in
uptake resources and establish a complementary relationship. However, legumes in intercropping cultivation can
be used as an alternative and sustainable way to increase efficiency. Besides, studying the interactions in the
above and belowground parts is necessary to achieve the mentioned goals. Therefore, this study aimed to
investigate inter-specific interactions in millet and soybean intercropping cultures.

Material and Methods

A field experiment was conducted for two years (2018-19) at the research farm of Sari agricultural science
and natural resources university, Iran (33°, 36’ N, 53°, 03’ E with 43 m altitude). The experimental design was a
randomized complete block with four replications. The experimental treatment was 75% Soybean + 25% Niger,
50% Soybean + 50% Niger, and 25% Soybean+75%Niger based on the replacement method and monoculture.
This study investigated the agronomic traits, LAI, TDW, nitrogen derived from the atmosphere, and total
microbial activity in the soil in different planting ratios.

Result and Discussion

The results showed that soybean monoculture had the highest plant height during different stages of growth.
Furthermore, with the increase in the share of planting soybean in intercropping cultivation, the shoot height of the
millet also increased. Also, unlike the millet, the soybean succeeded in producing more leaf area indexes among
different mixed cultivation ratios than monoculture. The leaf area index of millet showed a significant decrease as
the proportion of soybean plantings increased. However, despite this decrease, the total dry matter of soybean
exhibited a higher percentage increase at various growth stages compared to the decrease in millet yield. As a result,
after 60 days of planting, millet and soybean intercropping cultivation demonstrated positive complementarity
regarding competition impact. Additionally, intercropping cultivation showed a higher percentage of nitrogen
derived from the atmosphere compared to soybean monoculture. During the study period, the planting ratio of 75%
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millet and 25% soybean exhibited the highest increase in nitrogen fixation (Ndfa), with average values of 93.84%
and 83.85% at 90 days after planting, respectively. Increasing the number of millet sowing rows in the intercropping
patterns played a crucial role in intensifying competition with soybeans during the early growth stages and had an
impact on the biological activity of soybeans. Moreover, the microbial activity in the soil (at a depth of 0-30 cm)
was higher in the different intercropping ratios compared to monocultures of soybean and millet. In addition,
soybean and millet monoculture had the highest and lowest grain yields. Among the different intercropping ratios,
the 75:25 in 1398 with an average of 4639.77 kg. ha® had the highest grain yield. Besides, the planting ratio of
25:75 and 50:50, with an average of 1.23 and 1.02, respectively, had an LER higher than one. With increasing the
share of soybean planting in intercropping, the competitiveness of the plant increases, and the competition ratio of
millet was higher than the unit only in the planting ratio of 25:75 (millet-soybean). Therefore, the competitiveness of
millet in mixed cultivation is significantly reduced by reducing the share of planting row. Finally, increasing
productivity in the 25:75 combinations reduced soybean's competitive dominance, increasing millet grain yield in
comparison to expected values and improving total microbial activity.

Conclusion

Due to the limited growth period, millet competition played an essential role in increasing total microbial
activity and the percentage of nitrogen derived from the atmosphere at a 25:75 planting ratio before the initial
reproductive growth. In addition, 25:75 and 50:50 planting ratios reduce soybeans' competitive dominance,
resulting in enhanced productivity. Finally, selecting complementary plants based on physiological, and
morphological characteristics, and competitiveness in intercropping cultivation can be effective in the above and
belowground interactions.

Keywords: Biological nitrogen fixation, Competition, LAI, Total soil microbial activity
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Fig. 1- The effect of millet and soybean crop competition on total dry weight in different planting ratios (soybean-millet) and
the studied years
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(® Actual total dry weight of millet,O Actual total dry weight of soybean, ¥ Total actual yields of millet and soybean in

intercropping,A Expected total dry weight in millet, BExpected total dry weight in soybean, and the numbers inside the circle in the
pictures are related to the day after planting.
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Vertical bars on the points and the letters A, and B represent the standard error (SE) and studied years 2018-2019
ns)* and, **: are not significant, Significant at 5% and 1% probability levels, respectively.
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Table 6- Mean of squares comparison of total microbial activity in different planting ratios

(Lo —33,1) A Glocams CedlS 3 o 39, 10 Cedls 2 al 5o
Planting ratios 60 days after planting Harvest stage
(soybean-millet) 2018 2019 2018 2019
0:100 30.50 £1.3 3438 £1.6 26.43 £0.6 26.66 £0.3
25:75 3744114 44,08 £1.2 38.88 £1.8 239014
50 :50 344304 45,79 £0.9 3295+1.1 22.39£0.8
75:25 34.84 £1.3 42.21+2.8 3482 £1.6 213214
100:0 29.78 £1.4 29.84 +0.6 31.32 £0.7 25.32 0.4
Psine S| Jolo 234" 161"
LSD (0.05)
Sl 3.88
CV (%)

**x *x NS
¢

] 35kl Bl ool o i (1Slee 51 e Sliel g o> S g iy Jloin] zalaw )3 413 gxe g Jl Gxe pE Cud A T
ns, *and **: are not significant and significant at 5% and 1% probability levels, respectively and values
are meanszstandard deviation (X£SD).
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Table 7- Mean comparisons of seed yield in different planting ratios

J{ LI Oyl 418 3 Sos Lgw &y 3 ,Slos 415 5 Shos £g05%
cuils Millet seed yield (kg.hat) Soybean seed yield (kg.hat) Total seed yield (kg.ha)
~03)))

(Lo

Planting 2018 2019 &y 2018 2019 &y 2018 2019
ratios Total Total

(soybean-
millet)

0:100 1379.1£78.3  1168.1+77.7 1273.6+133.9 - - - 1379.1£78.3 1168.1+77.8
25:75 1067.2+110.3 834.7+141.5 950.9+170.9  2088.2+72.6  2411.4+109.9 2249.8+107.9 3155.4+81.8  3246.1+79.1
50:50 332.0+104.2  289.7485.3 310.8+91.1 3504.9£370.9 3732.6+271.3 3618.8+2159 3836.9+236.1 4022.7+193.8
75:25 45.2+28.9 91.9 £16.2 68.5+33.1 3761.5£549.1 4639.8+181.4 4200.6+323.9 3806.7+411.7 4731.7£392.8
100:0 - - - 4394.44456.3 4963.9+103.6 4679.2+431.9 4394.4+456.3 4963.9+103.6

Jols

N

s s 141.55 * 100.09 ** 618.32 ** 294,17 ** 321.75 ** 467.87 *

Pl € et

LSD

(0.05)

oy

ol i 14.63 14.63 11.24 4.56 8.31 9.23
CV (%)

ol 3,5kl Bl enimd yLis (5 Slee 1 s Shiel 5 doyd K g gy Jlein] zolaw 3 5 e g b e p b ga KK 4T NS
ns, * and **: are not significant and significant at 5% and 1% probability levels, respectively, and values are means+standard deviation

(X£SD).
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Table 8- Intercropping index of millet and soybean in the studied years

(= 05) S Soon

b ol CuiS AL 1,5 oL
In'i-:roppin:‘i:dex u-cc)r)op“ Planting ratios (soybean-millet)
25 : 75 50 : 50 75 : 25
o) 0.75+0.12 0.25+0.06 0.05+0.01
Millet
) Sxln 0SS b 0.48+0.02 0.77+0.04 0.90+0.07
Land equivalent ratio Soybean
Eyexe 1.23+0.14 1.02+0.10 0.95+0.06
Total
) o3 1.5620.21 0.310.07 0.18+0.06
s, Cons Millet
Competitve ratio b 1.96+0.28 3.34+0.86 5.93+2.15
Soybean
‘ o) -0.23+0.03 -0.26+0.02 - 0.24+0.03
colle Millet
Aggresivety b 0.23+0.03 0.26+0.02 0.24+0.03
Soybean

sl 3 Ikl Byl oaims ylis (ke 51 ey dlasl

The values are means+standard deviation (X£SD).
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Fig. 3- The average seed yield of millet and soybean in different planting ratios
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Introduction

Hamedan province, characterized by an average annual rainfall of less than 340 mm, faces significant limitations
in potato production(Solanum tuberosum)primarily due to the scarcity of irrigation water and drought stress during
critical growth stages. In order to address these challenges, the utilization of aqueous superabsorbent materials and
the inoculation of mycorrhizal fungi have emerged as highly suitable approaches. These methods aim to optimize
the utilization of water and soil resources (Khadem et al., 2011). Previous studies have indicated that the inoculation
of arbuscular mycorrhizal fungi in various plant species, apart from potatoes, can reduce the impact of drought stress
and enhance nutrient uptake (Bolannazar et al., 2007; Subramanian et al., 2008). However, limited research has been
conducted on the effects of superabsorbents and mycorrhizae, particularly under moisture stress conditions and
deficit irrigation in potato crops. Consequently, this experiment investigates the effects of applying these methods
under stress conditions.

Materials and Methods

The experiment was arranged in strip factorial based on a randomized complete block design with three
replications. Three irrigation levels containing optimal irrigation (100, 75 and 50% of water requirement based
on evapotranspiration from Pan Class A) in horizontal plots and factor 2 using Trawat200A superabsorbent (0
and 80 kg.ha-1) and four mycorrhiza and superabsorbent levels including no application of these materials
(control), superabsorbent, mycorrhiza as a bio-fertilizer and their combination were considered as subplots. The
Agria potato cultivar was selected. Superabsorbent material was applied adjacent to the tubers at planting time.
Mycorrhizal inoculum containing the active propagules (CFU 120.g) was inoculated to the tubers. The
concentration of nutrients in the shoot and the tubers was determined by using Kjeldahl apparatus for Nitrogen
(Waling et al., 1989), spectrophotometer for phosphorus (Jones, 2001), flame photometry for Potassium and
atomic absorption spectroscopy for Iron, Zinc, and Manganese (Ryan et al., 2001). the produced tubers were
divided, weighed, and counted based on their size in three groups (small, medium, and large). Water use
efficiency was determined as the amount of dry matter produced per cubic meter of water consumption in
different treatments.
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Results and Discussion

The results of combined analysis of variance showed that the main effects of irrigation rate, application of
mycorrhiza and superabsorbent on tuber yield and percentage of dry matter, and nutrient uptake in stem, leaf,
and tuber were significant. A comparison of means showed that with the application of low irrigation and
increasing the intensity of water deficiency (reducing the amount of irrigation water), total yield decreased.
However, this decrease was significantly slighter in inoculation conditions with mycorrhiza and the use of the
superabsorbent polymer. Mycorrhiza and superabsorbent increased the absorption of nutrients, especially under
severe water deficiency. In this study, there was a significant difference in the uptake of phosphorus and other
low-consumption and high-consumption nutrients at normal irrigation levels and stress in mycorrhizal plants so
that their uptake increased in proportion to the increase in stress intensity and in mycorrhizal inoculation
conditions. It seems that by creating stress conditions, the ability and efficiency of mycorrhiza in nutrient uptake
is increased, and thus ,the conditions of lack of moisture with the coexistence mechanism in the relationship of
the plant more effectively helps the survival and durability of the plant. Mycorrhizal fungi can increase
phosphorus uptake from the soil by increasing the relative water content and ultimately play an effective role in
increasing plant growth (Krishna et al., 2005). In this study, it was found that using superabsorbent in potatoes
helps to increase the absorption of nutrients. The reason for this can be increasing the storage capacity of water
and nutrients for a long time in the soil, reducing nutrient leaching, and rapid and optimal root growth with better
nutrient storage and aeration of the soil.

Conclusion

In this study, it was found that the application of superabsorbent and mycorrhiza in potato helps increase
nutrient uptake and tuber vyield. The positive effects of the combined application of mycorrhiza and
superabsorbent on nutrient uptake and yield were more evident, especially in conditions of severe water
deficiency.
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Table 1- Physicochemical properties of soil before planting (two years of experiment)
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Year Soil texture EC (dS.m™?) PH Available P Available K N (%) Organic

' (mgkg!)  (mgkg?!) > C (%)
T w2 79 1.6 7.8 356.4 0.38 0.50
2018  Clay loam
" w2 79 1.8 7.6 338.6 0.35 0.70

2019  Clay loam
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Introduction

Rice (Oryza sativa L.) is one of the most important food resources for more than half of the world's
population. Rice, as the second most strategic crop, is the most important cereal after wheat. Excessive use of
renewable and non-renewable resources in the agricultural sector, chemical control of rice diseases, and
irreparable environmental damage of these systems potentially have a variety of environmental impacts on
agricultural systems; such effects can be assessed by the life cycle assessment (LCA) approach. The purpose of
the present research is to assess knowing and comparing the trend of environmental pressure of the second and
ratoon cropping systems of rice production in the paddy fields.

Materials and Methods

This research was conducted in 2020 in the paddy fields of Amol City with a focus on recognizing and
comparing the trend of environmental pressure in rice production in the second and ratoon cropping systems.
Accordingly, all data related to the second and ratoon rice cropping systems in different stages of rice
production, from planting to harvesting phases, was collected in the Amol region. This study addresses the
environmental effects of rice production in two cropping systems using the LCA method to classify and quantify.
Furthermore, the environmental impacts of these systems, such as global warming potential, eutrophication, and
acidification of water and soil, were also calculated. In this study, the functional unit of rice production systems
was considered equivalent to one ton of paddy. Therefore, to evaluate the emission of greenhouse gases and
energy in paddy fields, paddy farmers collected and interviewed the required information.
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Results and Discussion

The findings of this study indicated that the highest global warming potential of rice was related to the rice
second cropping system, about 1896.92 kg carbon dioxide per ton of produced rice. Evaluation of the LCA in the
rice production process showed that in the environmental impact group of global warming, about 1673.99 kg
equivalent of carbon dioxide to the atmosphere had been released per ton of rice in the ratoon cropping system.
Direct emissions from on-farm activities in all two studied systems have played a major role in increasing global
warming. The source of these pollutants is the combustion of diesel used in agricultural implements and
machinery, accompanied by the emission of nitrogen dioxide, nitrogen oxides, and other nitrogenous compounds
resulting from using nitrogen fertilizers. Also, rice second cropping systems had a greater impact on human
health damage, ecosystem quality, and climate change than ratoon cropping systems. Moreover, the values of
damages on the quality of the ecosystem in these systems were about 10089.08 and 7146.58 PDF*m2 * yr in the
second and ratoon cropping systems, respectively. In addition, both rice production systems have shown the
greatest impact on ecosystem quality and then on human health. Direct emissions from on-farm activities in the
two studied systems have significantly increased global warming. The source of these pollutants is the
combustion of diesel used in agricultural implements and machinery, as well as the emission of nitrogen dioxide,
nitrogen oxides, and other nitrogenous compounds resulting from using nitrogen fertilizer.

Conclusion

The results revealed that the rice second cropping system had a higher amount of total emissions than the
ratoon cropping system. Therefore, the rice ratoon production system is more environmentally friendly than the
rice second cropping systems.
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Fig. 1- The defined system boundary for assessing the life cycle of a ton of paddy rice production in Amol city,
Mazandaran province, Iran.
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Table 1- Emission factors of nitrogen and phosphorus compounds of chemical fertilizers and FYM (IPCC, 2006)
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Emissions Unit Emlts(,)smn Equation
sbeagS gaeome il ol wljlil jlade m
52 3 ol kg N20.kg™ N b N,O =[0.01x kg Ngpemicar et x| =
Emissions from fertilizers and gD Air 0=l 9 Nenariar e & 28
FYM
S pruadl 4355 51 iU ol Ll lade
s slo3sS 3| Juols | 44
Indirect N2O from atmospheric kg N2O.kg™ N A?r N,O =[0.01x0.1xKg N cpemicat tertitizers ] % (%
deposition of chemical
fertilizers
S pruadl 4355 51 iU ol Ll lade
o 5o 5 S kg N:0.kg* N > N,O =[0.01x0.2xkg N, ]x| 24
Indirect N2O from atmospheric Ea Air 0=l 9 New ] 28
deposition of FYM
S5l 2l NOX it L)
LT kNodeRno NOX =[kg N,O x| 2
from fertilizers ] X = " - x| —
Direct NOx emissions from and soil Air g 2 ~Chemical fertilizers & Soil 100
fertilizers and soil
ol 355 31 o> Ll 1 S NH. =0.2xka N 1x 17
Emissions from FYM kg NHskg™ N Air 2 =[0 9 New ] 14
o 298 5l ool Ll I 17
Emissions from chemical kg NHz.kg™ N Ai NH; = [0.1xkg N chemical fertilizers] x| —
1e ir 44
fertilizers
&P 5 lbord Gladgs I ol o jlil U - 62
Emissions from chemical kg NOs.kg™ N Water NO, =[0.3xKkg Ncnemicat fertiizers & Fvm 1% 7
fertilizers and FYM
9 ol sladgs I ol Ll Ui 62
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Table 2- Explanation of midpoints and their relationship with endpoints in IMPACT 2002+ method of LCA

Midpoints Unit Impact indicator Damage category
Carcinogens Cancer, respiratory diseases Human health
el poo e ol 35 b g ylon (b sl oMo
S0y S kg C2HsCl eq. e SRS T <
Non-carcinogens Cancer, respiratory diseases Human health
o Isa )5 leo I35 o3l iul38l .
s g3 sl oMo
.“;”‘L o kg PM2.5 eq. Increase in different sized particles suspended ©
Respiratory inorganics in air (PM10, PM2.5, PM0.1) Human health
: s (obow (ol o oM 20lS) @iwts &l )
sisS 5iies Claiad sl oMo
Ionizirfﬁadiation Bg C-14 eq. Effects of the radiation (health decline, Huuman health
g cancer, illnesses, etc.)
o 4 s Cangy by (6ylom 5 iy lygle Oladnds il iasS| ST sl oMl
Ozone la "er de letion kg CFC-11 eq. Increase of ultraviolet UV-B radiation and the  Human health/ Ecosystem
Y P number of cases of skin illnesses ualit
quality
; : | ST sl oMo
T (g5 ol 395 4o iyl eS| b5l
o e kg C2Ha eq. P o Human health/ Ecosystem
Respiratory organics Increase in the summer smog quality
T kg TEG water A i ) st S
Aquatic ecotoxicity Biodiversity loss and/or extinction of species Ecosystem quality
S o ka TEG soil loisS (ol 5 (s 95 ilS esS] kS
j - g S0i s i . .
Terrestrial ecotoxicity Biodiversity loss and/or extinction of species Ecosystem quality
PSP S . | eas
S e kg SOz eq. Increase of the acidity in soil systems #os8] o

Terrestrial acid/nutria

oo Jld
Land occupation

o b
Aquatic acidification

Oy gl
Aquatic eutrophication

Sl plleS Jeusly
Global warming

2o 5,
Non-renewable energy

(Sxe lge a5
Mineral extraction

mzorg.arable

kg SOz eq.

kg phosphate P-lim

kg CO2 eq.

MJ primary

MJ surplus

SB I olge g SB cunS il dadisS olaid
Species loss, soil loss, amount of organic dry
matter content, etc.

Ol 3 sl Sl il38l
Increase of the acidity in water

(Sil) 0355 w5 s g 905 ol o8l
Increase of nitrogen and phosphorus
concentrations formation of biomass (e.g.,
algae)

welBl e 02y 9 )l 420 S
Disturbances in global temperature and
climatic phenomenon

zle Lials
Decrease of resources

zle Lials’
Decrease of resources

Ecosystem quality

S| CodS
Ecosystem quality

S| CodS
Ecosystem quality

hegsS| CuS
Ecosystem quality

waldl s
Climate change
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Resources
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Table 3- Input usage and Yield mean of two different paddy systems

S ailols ¥ Ol oo hed ] pgow by U0
Rice systems Seed Nylon N P K Pesticide ~ Oil  Diesel Y’ eld
(kg) (kg) (kg N) (kg P20s) (kg K20) (k9) (kg) (kg)
s 77.26 893 29307 11579  110.89 2310 124 16161 4200
Rice second cropping
o5 - - 165.88 ; ; 1356 060 102.86 2609

Ratoon cropping

U (09 9 daom0 CulS) iy g7 Saplliipg ;o Wl (gad 1o (b5l (sl —€ Jgaa
IMPACT 2002 + 5,543,

Table 4- Impact categories of life cycle assessment in the rice second and ratoon
cropping systems based upon IMPACT 2002+

(51 5Wo3,) (o Ll s Sacre i o9
Midpoints Unit Second cropping Ratoon cropping
ooy Sl
e kg C2HsCl eq. 15.13798 16.85573

Carcinogens

e ol
ooyt Jye kg C2HsCl eq. 353.7397 126.2992
Non-carcinogens

i i o
ot eSSy kg PM2.5 eq. 2.844396 3.668581
Respiratory inorganics

s 0559 Oladads

. L Bq C-14 eq. 9467.609 12438.35
lonizing radiation
il &Y alss
S . kg CFC-11 eq. 0.000201 0.000195
Ozone layer depletion
[ i S
o il kg C2Hs eq. 0.564458 0.274459
Respiratory organics
Tw
ot kg TEG water 6304765 6183495
Aquatic ecotoxicity
B Coows .
“.5 y .. kg TEG soil 1195652 819852.9
Terrestrial ecotoxicity
S8 Gl
kg SOz eq. 110.2985 140.3193
Terrestrial acid/nutria g=bzeq
o3 Jud! . mzorg.arable 183.7228 188.2601
Land occupation
o il
. kg SO: eq. 16.27214 20.61563
Aquatic acidification g 5b2€q
slSy 3] -
OpeSRY kg phosphate P 1.237713 0.467854
Aquatic eutrophication lim
s ile)S Jasl
e ole? Sl kg CO: eq. 1896.923 1673.995
Global warming
RS S5 MJ primary 10740.49 13422.03
Non-renewable energy
Same Slge 455
e 250 % MJ surplus 87.66822 154.1945

Mineral extraction
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Table 5- Results of damage categories in two paddy systems based on per ton of paddy

Oyl dtwd sy Sa5%0 kS o,
Damage categories Unit Second cropping Ratoon cropping
oludl il DALY 0.003027 0.002972
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eS| CoiS
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Ecosystem quality
waldl s
kg CO 1896.923 1673.995
Climate change gtheen
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Fig. 4- Proportion of each input and emissions in damage categories of the rice second cropping system
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Fig. 5- Proportion of each input and emissions in damage categories of the rice ratoon cropping system
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Fig. 6- Proportion of weighting emissions in damage categories of the rice second cropping system
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Introduction

Todays, efforts to increase crop yields have led to the indiscriminate use of chemical fertilizers, especially
nitrogen (N) and phosphorus (P) fertilizers. It has caused soil and groundwater pollution and the destruction of
soil microbial communities. Therefore, researchers should look for ways to replace N fertilizers and reduce their
side effects. Intercropping of cereals and legumes due to differences in the distribution and depth of roots in the
soil profile can reduce competition for water and the survival of these plants in water shortage conditions.
Among the methods that may reduce the use of N and P fertilizers and thus reduce sensitivity to water stress is
the intercropping of cereals and legumes. Using growth-promoting N-fixing bacteria such as Azospirillum
brasilense and phosphorus solvents such as Pseudomonas fluorescens as biofertilizers can be another way to
reduce the use of N and P fertilizers and the adverse effects of water stress. Therefore, this study aimed to
investigate the effects of different fertilizer systems [chemical, integrated, and biological] on yield and
competitive indices in triticale (x Triticosecale Wittmack) - chickpea (Cicer arietinum L.) intercropping under
water stress conditions in Southern Iran (Fars province).

Materials and Methods

This experiment was performed as a split factorial on a randomized complete block design with three
replications in the research farm of the Darab Faculty of Agriculture and Natural Resources-Shiraz University in
the 2019-2020 growing season. Experimental treatments included two levels of irrigation (Ir) [Normal: irrigation
based on plant water requirement (IRn) and water stress: irrigation based on plant water requirement up to the
milking stage (WS)] as the main factors. The Sub-factors included three sources of fertilizer (F) [Chemical: 50
kg P.ha! +150 kg N.ha!, Bio-organic: 40 tons of manure sheep ha™ + inoculation with Pseudomonas fluorescens
and Azospirillum brasillens, Integrated: 25 kg P ha™ + 75 kg N.ha* + 20 tons of manure sheep ha™ + inoculation
with Pseudomonas fluorescens and Azospirillum brasilens] and three types of cropping systems (Cp)
[Monoculture of triticale, monoculture of chickpea, and intercropping of triticale-chickpea (1:1)]. The crops
Grain yield were measured, of the crops was measured and competitive indices including land equivalent ratio
(LER), aggressivity (A), competitive ratio (CR), and system productivity index (SPI) were computed. The SAS
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9.1 software was used to analyze the data, and the means were separated using the least significant difference
(LSD) test at a 5% probability level.

Results and Discussion

The results showed that the cessation of irrigation after the milking stage put severe stress on the triticale and
chickpea during the grain-filling period and reduced the grain yield of both plants. The Ir x F interaction for
triticale and chickpea grain yield showed that the lowest reduction of their grain yield (31% and 27%,
respectively) was obtained in Bio treatment due to water stress as compared to IRn. Furthermore, The Ir x Cp
interaction for triticale and chickpea grain yield showed that the water stress reduced their grain yield. However,
the reductions were lower in the intercropping system of triticale (38%) and chickpea (24%) as compared with
their sole cropping. Late season water stress increased triticale, chickpea, and total LER as compared with IRy
conditions by 40, 65 and 51%, respectively. Furthermore, the Ir x F interaction showed that the highest and the
lowest reductions (55% and 17%, respectively) of SPI were achieved in chemical and Bio treatments due to
water stress conditions.

Conclusions

Based on the results obtained from this study, it can be concluded that the intercropping system of triticale
and chickpea is superior to their monocropping under late season water stress conditions. Also, the lowest
reduction of chickpea and triticale grain yields as a consequence of water stress was obtained by applying Bio
and integrated fertilizers. Therefore, the use of Azospirillum brasiliens and Pseudomonas fluorescens with sheep
manure fertilizer not only mitigates the negative effects of water stress but also reduces the excessive use of N-P
chemical fertilizers and their harmful environmental effects, and it can be an effective step for the sustainability
of agricultural systems.

Keywords: Azospirillum, Cereal and legume, Pseudomonas, System productivity
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Table 1-Climatic data of Darab during 2019-2020 growing season

ole
Month

2o ob! S >

Ot Wl (3598 Cudgd)l 38
October November December January February March April

Maje e e

May  June July August September

o> Jlas
Minimum
temperature
(°C)

Lod Lawgio
Average
temperature
(°C)

Lo Sl
Maximum
temperature
(°C)
S8k
Rainfall
(mm)

184 10.8 6.3 3.9

26.9 185 13.0 10.7

354 26.2 19.8 17.6

0.2 26.1 117.3 122.8

3.8

11.0

18.3

24.6

7.9 10.8 15.8 213 254 26.7 234

155 172 239 309 334 346 30.6

231 236 31.9 405 415 425 37.8

94 1587 0.0 26 13 0.0 0.4




VEo¥ Lol o Yoylod A0 o «(550las ol pogr a4 pii ¥ oA

oSl Yo Ue Bos 5 S abond 9 (K508 GBSy (ST Jo
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Table 3- Physical and chemical characteristics of the sheep manure
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Table 4- Competition indices in intercropping

T Wsleo dales Sl
index Equation Explain Equation
O Sl S byl cuiS )3 (@) S 5 3)Skes
Land equivalent ratio (LER) = (Yan/ Yaa)+(Yba/ Ybb) Yab: Yield of triticale (a) in intercropping
A 5 (B s bbse cuiS 5 (B) 3956 3,Sles
Competitive ratio (a) (CRa) = (LERa/ LERb)*(Zba / Zab) Yoa: Yield of chickpea (b) in intercropping
3555 (28 S Al S ) (@) Al 5 3)Sles
Competitive ratio (b) (CRo) = (LERb / LERa)*(Zab / Za) Yaa: Yield of triticale (a) in sole cropping
A5 e oals cuts 3 (B) 355 5 Slae
Aggressivity (a) (Aa) = (Yab/ Yaa X Zan) — (Yva /Ybb X Zba)  Ypp: Yield of chickpea (b) in sole cropping
3955 Clle bl cuis’ 3 (@) Ay Cos
Aggressivity (b) (Ab) = (Yoa ! Yoo X Zba) — (Yo / Yaa X Zab)  Zap: Rate of triticale (a) in intercropping
R 4_5)5")%3.. U”Lw (SP|) = (Ybb/Yaa) Yba +Yab ]991_7‘@ WS » (b) J9’U S .
System productivity index Za: Rate of chickpea (b) in intercropping
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Fig. 1- Interaction effect of irrigation regime and cropping pattern on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. IRn: normal irrigation and WS: water stress
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Table 5- Analysis of variance for the effect of irrigation regime, cropping pattern and fertilizer
system on grain yield of triticale and chickpea

Ol o (Nibo
Ol gty 2slio «dl3l anyd Mean of squares
S.0.v d.f A 5 il 3, Sos 3554 aild 3,5dos
Grain yield of triticale Grain yield of chickpea
"’Sv . 2 23001" 16774
Replication
e 1 82716296™ 1505520"
Irrigation regime (Ir)
() sl 2 252273 247458"
Error (a)
Cuds ] o -
<2 o558 1 15000516 1764912
Cropping pattern (CP)
s e 2 5751212 5315787"
Fertilizer system (Fs)
Irx CP 1 1029108" 2404050™
Ir x Fs 2 5141185™ 758100™
CP x Fs 2 247121 1044909™
Ir x CP x Fs 2 116314" 14493
(<) s 20 139990.1 29690.07
Error (b)
Ol yas o 7.40 6.67
CVE¢ (%)

Olyds oy € e(5 0y NS o )> S g o> iy Sl s 1 ()l ste o ty 7

*

*and **: significant at the 5% and 1% probability levels respectively, ns: Non significant; €: Coefficient
of variation
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Fig. 2- Interaction effect of irrigation regime and cropping pattern on grain yield of triticale
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. IRn: normal irrigation and WS: water stress

2956 &l 5,Slee (6365 slaaillis X (5Ll 023y SES a0

3y 93 32 52 (B Jgi) 391 Jogime hops S Jleis] a3
355 Hles j0 0950 ash 5y Sles ity cogllas bl bty
Sglds 48 sl cwnas (6K, p,SokS YOFY) lieds sl
o Bt gl 3 (¥ US) el = Lt slo b ol sine
2 eSS VEVY) = slos 53 2950 @l 3, SMae 5ty
B s il s b gyl sime ciglds 4 ol Canndey (5l
So VY g Yo /A SYIA galS as y e ol i (Y JS)
) g il (bt oyl ) a4 3959 3 Sles
s 5y Slas o (6345 sladlobs x ()l @) JESeay

20 Jgiz) 39 o bopy S Sl a5 S 5
I 5 asly b)_ﬂa.c u,a)_:af 5 O pidias cogllas d)L,..J ]a.’l).w
lord 9 (LS )3 pT5hS VFB) (8l 355" Jloi 3 s iy
P [+ P O S A DU OWR YV (- PSP N S S\ 2
395 Jlass 3 e Al 5 Al 3 Slas (pieS g o it
PSS YEPY) I i 5 (SSa 5 p Sl PIA-) il
Cbaie 3l LS em s ol (e (B USS) el ey (1S )
YoV g XYY 5o ¥ ialS s e ol i a8 ol ol Koo

sy 3, Shoe T s Jlasl il bl gols ool
A Cows alls i o Gials pl bl o el ) Ao 5
(Y JS5) 593 (Mo yd YAIY 4 OO/Y (s )y o boglsee cuis
A (ol DR Bl ) 4 e g LS pages psbay 4
S Cadgiine Sy p 480 53 ol g ljEN W
peoly 3 1y s 5 Slos (1als sllas byl 4y S (] 25105)
lad iy 3555 5 4l 3 byl ciS )3 e Ll .cushy
J=Boy Ges 13 3556 slaady) g 0392 (edaw g (il S 5
o Sslite Bas 93 5 ol in Jody Mas (g, 0 58 S
Ol L1l cpl g L salgs (pals jalls CulS 4 Cans i)
3 o i dawlg A 5wl 5 Slas 68 ialS o ulB,
e 5 (T sl 03 (Al S &) o bglss S
(Medicago 4ssss (59, » g} 53 50 (Barati et al., 2020)
ol (Bromus tomentellus Boiss)  Seouiy cale 4 sativa L.)
2990 Cugly 51 Ll sladiiyy cpudly Jdody  Seuiy cale ol
iy e bl Jdads dsugy Bl S o ool SB pdaw jo
S o odlaiwl SB 5 Y 13 dgnge gl 5l Lo
2 Gl Jdsa, S coyghy 5l oalawl ;5 4565 90 oyl plo
S G ol 5 08 Joo JaSo 9oty by (5555uS
g o ol Wi cov bglse cuiS )3 Ol G s



AVl 5 balsn oS’ 0 ;S 5 (06 sboasly (b)) oy 5ed 3 591 Gondsy

O (ol G5 g Cgdlae (o)Ll Lulyd > & 18 S aoes o lales ) o an aln 5 asl 5 Sles (gho)
5 pobsonl & 7S L i) (il 555 Mo 50 g2 3,Skae (F ) 15 gy ogllao bl & s (I =t g (el
S odnl e (59— 39S LS 3 0,59 LS B 2L S 3= (Niazi Ardakani et al., 2019) -, San 5 SLS5)l g5l
= a
% 4000 - a
X
= 3500 -
g
2 3000 -
5 2500 1
2 2000 -
s
o 1500 - d
1000 +
500 IB88S

5959 il 3 o 1 (6355 wilobw g (bl pajy LS 2 W1 =Y UKW
Fig. 3- Interaction effect of irrigation regime and fertilizer system on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple
range test. Chemical: 150 kg N .ha'* + 50 kg P .ha%, Integrated: 75 kg N .ha™* + 25 kg P .ha* + 20 ton.ha* of sheep manure + seed

inoculation with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha™ of sheep manure + Seed inoculation
with Pseudomonas fluorescens and Azospirillum brasilense, IRn: normal irrigation and WS: water stress
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Fig. 4- Interaction effect of irrigation regime and fertilizer system on grain yield of triticale
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha* + 50 kg P.hal, Integrated: 75 kg N.ha + 25 kg P.ha* + 20 ton.ha™! of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, IRn: normal irrigation and WS: water stress
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Fig. 5- Interaction effect of cropping pattern and fertilizer system on grain yield of chickpea
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha® + 50 kg P.ha'%, Integrated: 75 kg N.ha™* + 25 kg P.ha'* + 20 ton.ha! of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, in solecropping and intercropping
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Table 6- Analysis of variance for effect of deficit irrigation regime and fertilizer system on the land equivalent

ratio (LER), competitive ratio (CR), aggressivity (A), and system productivity index (SPI) of triticale and
chickpea intercropping
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o Mean of squares
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Triticale  Chickpea Total Triticale  Chickpea  Triticale  Chickpea
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kel w235
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regime
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Error (a)
635§ aloluw
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Error (b)
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CV¢ (%)
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*and **: significant at the 5% and 1% probability levels, respectively; ns: non significant; €: Coefficient of variation
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Table 7- Effects of irrigation regime and fertilizer system on the land equivalent ratio (LER), aggressivity (A), and competitive ratio
(CR) of triticale and chickpea

(05 Sl G Collé M) S
Slowi LER A CR
Treatment A 5 2450 Js A 5 3459 AW 5 2450
Triticale Chickpea Total Triticale Chickpea Triticale Chickpea
&bl @)
Irrigation regime (Ir)
oglls 0.58" 0.49° 1.07° 0.08? -0.08° 1.232 1.022
Normal
ol O 0.812 0.812 1.622 0.00? 0.00? 1.018 0.852
Water stress
5395 abolw
Fertilizer system (Fs)
« £
ol 0.722 0.56° 1.282 0.322 -0.32b 1.372 0.77°
Chemical
B 0.7082 0.718 1412 -0.03° 0.032 0.99° 1.012
Integrated
. ¥
“;] ) 0.672 0.682 1.352 -0.02° 0.022 1.00P 1.022
Bio-organic
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5 omiaypl olipogdpus (Socs 7S b gl suibungS 38 S o (5 F+) = s 065 ¥ (bl ol spmin T g piaojsl oligosdpus slois yS b gl + lSe
(cribeslys ool sl
* Means in each column followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple
range test. £: Chemical (50 kg P.ha* and 150 kg N.ha%), ££: Integrated (25 kg P.ha%, 75 kg N.ha* and 20 ton.ha* of sheep manure +

inoculation with Pseudomonas fluorescens and Azospirillum brasilense), ¥: Bio-organic (40 ton.ha™* of sheep manure + inoculated with
Pseudomonas fluorescens and Azospirillum brasilense)
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Fig. 6- The relationship between the competitive ratio of triticale and chickpea under regular irrigation and water
stress conditions
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Figure 6- System productivity index of triticale and chickpea intercropping
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The means followed by the same letters are not significantly different at 5% probability level using the Duncan’s new multiple range
test. Chemical: 150 kg N.ha! + 50 kg P.ha?, Integrated: 75 kg N.ha + 25 kg P.ha + 20 ton.ha' of sheep manure + seed inoculation

with Azospirillum brasilense and Pseudomonas fluorescens, Bio-organic: 40 ton.ha! of sheep manure + seed inoculation with
Pseudomonas fluorescens and Azospirillum brasilense, IRn: regular irrigation and WS: water stress
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