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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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Fig. 2- Changes in Aloe vera dry mater under the effect of biological and chemical fertilizer in days of after planting: A. with
manure and B. without manure
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Table 3- Analysis of variance (mean of squares) for some growth parameters of Aloe Vera due to the use of different
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Fig. 3- The interaction effect of biological, chemical fertilizer and manure on the maximum dry mater in Aloe vera
Means within a bar followed by the same letters are not significantly different at 5% probability level according to DMRT.
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Fig 4. Trend changes of the leaf area index of Aloe vera under the effect of biological and chemical fertilizers in days of after
planting: A. with the use of manure B. the non-use of manure
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Fig. 5- The interaction effect of biological, chemical fertilizer and manure on the maximum leaf area index in Aloe vera
Means within a bar followed by the same letters are not significantly different at 5% probability level according to DMRT.
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Fig. 6- Changes in Aloe vera CGR under the effect of biological and chemical fertilizers in days of after planting: A. with

manure and B. without manure
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Introduction

Food production to meet the demand for the world's growing population will be more difficult in the second
half of the century than the first half. The increase in world population will result to greater pressure on
agricultural lands in order to produce more crops. Therefore, the idea of increasing production per unit of area is
inevitable by the applying chemical fertilizers which consecutively leads to serious environmental consequences.
The same is true for production of cosmetics and pharmaceutical species including Aloe vera gel which is
attracting excessive interest during the recent years. Scientific investigations of A. vera show that when it is
prepared as a gel, it is more effective in treating stomach ailments, gastrointestinal problems, skin diseases,
constipation and radiation injury. In most of the experiments conducted on Aloe vera, only the morphological
characteristics were considered and the physiological aspects as well as the growth indices have been
overlooked. On the other hands there is a limited number of published scientific resources regarding the
application of manure and biological fertilizers on Aloe vera. The aim of this study was to evaluate different
nutritional management methods in production of Aloe vera as a medicinal plant under the climatic conditions of
Bushehr province so as to replace the chemical fertilizers by the manure and biological ones. Introducing such
ecological methods could take a step forward towards the sustainable production of this valuable medicinal
species.

Materials and Methods

The experiment was arranged as split plots based on randomized complete block design with three
replications on a land area of 500 m® The main plot factor included the application of manure (0 and 20 tons per
ha) and the sub plot factor was the application of biological and chemical fertilizers in five levels: 1- Chemical
fertilizer (80 kg triple superphosphate per ha and 200 kg urea per ha), 2- biological fertilizer Mycorrhiza, 3- bio-
fertilizer Nitragin which contained three genus of Azotobacter spp., Pseudomonas spp. and Azospirillum spp. 4-
the combination of two biological fertilizers (Mycorrhiza+Nitragin), and 5- the unfertilized control. Leaf area
index (LAI) and total dry matter (TDM) were measured 150 days after planting in monthly intervals. The
measured values of LAl and TDM were subjected to functional growth analysis and growth indices including
crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR) were
calculated.

Result and Discussion

The results showed that the interaction between manure and either of chemical or biological fertilizers on leaf
area index and maximum dry matter production of Aloe vera was significant. Application of manure improved
nearly all growth indices in comparison with plants did not receive manure. Manure combined with chemical
fertilizer had the greatest impact on the growth of Aloe vera. So that integration of manure with chemical
fertilizer was led to the highest values of LAI (6.1), CGR (0.79 g m? d*) and TDM (111.57 g m™). Finally, the
results showed that chemical fertilizers can be replaced with combination of manure and biological fertilizers for
higher and more quality of Aloe vera yield.
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Conclusion

The results achieved in this study showed that Aloe vera had responded positively to different methods of
nutrient management. Chemical fertilizer had a greater impact on the growth indices of Aloe vera than other
fertilizers, furthermore when it used in combination with manure, growth was more pronounced in comparison
with individual application. Although biological fertilizers used in this experiment were less effective than
chemical fertilizer, all of them were improved Aloe vera properties compared to the control. Likewise, this
improving properties was different in combination of biological treatments with or without manure. When
manure was used, combination of biological treatments wiht manure was better than their separate application.
When manure was not used, separate application was better than their integrated.
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Introduction

Most historians and archaeologist have known Iran as one of the main origins of human settlement and
agriculture. Persians were the first human groups attempted to domesticate wild plants and animals. In this
article we have tried to investigate the development of agriculture from ancient to nowadays with discussed and
examined different historical sources.

Materials and Methods

To investigate the evolutionary history of Iran agriculture, according to historical documents, the era was
divided to separate periods: development of settlements and beginning of agriculture in Iranian plateau, from
Achaemenes to the time of Alexander conquest, Alexander's conquest, Parthian, Sassanid, the presence of Arabs
in Iran, late 9 to 13 AD, Mongols invasion, Safavids, Afsharian and Qajar and agriculture development was
evaluated in each period.

Results and Discussion

Development of agriculture in the Iranian plateau

Susa was the first civilization in the Iranian plateau and at that time collection of seeds was started by human.
Cereals were grown and clothing was made from fiber crops that cultivated. Domestication of wild animals and
plants has been recorded to start 10 thousand years ago in this area.

From Achaemenes to the time of Alexander conquest

Achaemenid kings had great interest in the exploitation of natural resources, water and soil, development of
commerce and agriculture commodities and growing trees and plants (Paradises) around their palaces. At this
time, the Iranians not only excelled in agriculture and animal husbandry, but also in engineering dams and
digging irrigation canals, and Qanat.

Parthian

At the time of the Parthians the number and size of villages increased and the extent of cultivated land with
irrigation systems were improved. Cultivation of industrial plants such as cotton and sesame was practiced, and
trade between the nomads and villagers was common.

Sassanid

At this period construction of roads between Iran and other nations was developed leading to increased trade,
including exports and imports of agricultural products. This exchange led to the introduction and cultivation of
new plants in Iran. New crops such as rice, sugar cane and indigo were imported from India. Irrigation systems
were significantly improved.

Presence of Arabs in Iran

With the Arab conquest, many dams built by Achaemenid and Sassanid were destroyed. During the Abbasid
Caliphate (750 to 1258 AD) cultivation and agricultural production was reconsidered, so farmers began new
agricultural activities.

Late 9 to 13 AD

Irrigation methods such as using river channels, digging Qanat, wells and dams were developed. Production
of citrus was common. During this period by wisdom of some politicians such as Nezamalmolk agriculture was

1 and 2- Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, and Assistant Professor, Department of Horticulture, Faculty of Agriculture and Natural Resources,
University of Hormozgan, Iran, respectively.
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developed significantly.

Mongols invasion

The negative impact of the Mongol invasion of Iran was destruction of irrigation facilities and agricultural
lands, reduction of area under crop cultivation, loss of livestock and farm labors. With emergence of influential
personage such as Ghazan Khan, agriculture was developed. In this course, wheat and barley and fruits trees
were cultivated widely. Irrigation systems were developed. In this era Kabar dam, one of the oldest arc dams was
built near Qom.

Safavids

Among the kings of this dynasty, Shah Abbas made many efforts in order to develop agriculture. In his time,
dams and canals were constructed and farmers' rights and safety were considered..

Afsharian

In this period many farmers were killed due to occurrence of frequent wars and Qanats, dams and irrigation
systems were destroyed and therefore caused recession in agriculture. To transfer the water from Aras River to
Mugan plain channels were constructed.

Qajar era

In this period agriculture was in a primitive state and there was not much knowledge on soil fertility
improvement and crop production. At the time of Amirkabir industrial crops such as sugar cane were
reintroduced. The first attempt in agricultural education was made in Muzaffar al-Din Shah’s period and Falahat
Muzaffari School was established. In the last century with the help of technology available, a significant
achievement has been made in Iranian Agriculture.

Conclusion
The main part of our primogenitor efforts that are available in scientific and historical documents, is buried
under huge weight of soil. It is necessary to discover these historical tremendous achievements of our

primogenitor to the world. With simulation of these achievements we can revival the greatness of our ancient
agriculture.

Keywords: Ancient Iran, Historical Periods of Iran, Iranian Plateau
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Table 1- Soil chemical and physical properties of farm and natural site
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Sample Clay Silt Sand pH EC Nitrogen ()59 (e )59
(%) (%) (%) (dS.m) (%) Absorbable Absorbable
phosphorous potassium
(mg.kg™) (mg.kg™)
N 48.46 31.95 19.59 7.73 2.77 0.092 13.00 230
Farm
e 0.086
Natural 24.00 26.50 50.50 7.62 0.94 15.40 230
site
03wl 350 (5915 395 (2o Olaogas -Y Joua
Table 2- Chemical characteristics of cow manure
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(D)5 oo (pmaty ()b 77 0 s
Total N (%) K (%) P (%) I romeliewd pH
EC (dS.m™)
2.074 2.964 1.419 10.50 7.59
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Table 3- The simple effect of maternal corm weight and cow manure on agromorphological characteristics of Colchicum

kotschyi at the first year of experiment
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aternal Cow dry diameter Stem Stem (2,5) (20 Sin F)_S. (@rgo si0 &y e%
ngirrnt manure  eight per plant dry dry Leaf I;eaf Specific Whole Cormlet nurr;rer
( % (t.ha) per (cm) weight  weight dry area Leaf plant numbezr ‘I)an ¢
g plant per per weight (cm?) Area weight per m P
© plant plant (9) (em’g?)  (g.m?
@) (mm)
40> - 8.231 3360 0469 8715 0902 1450 129.1 1475 0.250 4,083
40< - 17.06 5.050 1123 13430 2,509 317.4 164.9 324.0 4833 5.00
(SSOE) 1.781 0.222 0104 0325 0211 1483 1351 15.00 0.489 0.085
- 0 11.34 4013 0654 1005 1500 198.4 147.80 210.6 2.208 45
- 50 13.96 4398 0.938 1209  1.910 264.1 146.22 260.9 2.875 46
LSD 1781 0222 0104 0325 0211 1483 - 1500 0489

(0.05)
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Table 4- The simple effect of maternal corm weight and cow manure on agromorphological characteristics of Colchicum

kotschyi at the second year of experiment
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Table 5- The effect of nitrogen and phosphorus fertilizer on agromorphological characteristics of Colchicum kotschyi at the

second year of experiment
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Fig. 1- The interaction effect of cow manure and maternal corm weight on leaf area of Colchicum kotschyi at the first and
second years
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Fig. 2- The interaction effect of cow manure and maternal corm weight on stem diameter of Colchicum kotschyi at the first
and second years
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Fig. 3- The interaction effect of cow manure and superphosphate on corm dry weight of Colchicum kotschyi at the second
years
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Introduction

Colchicum kotschyi Boiss is a perennial, herbaceous and medicinal plant, belong to Colchicaceae family
which have corm or rarely creeping stem. Colchicum species have been considered as a medicinal plant due to
having divers active components in different plant parts which have been using as drug and toxin for 2000 years
ago. The most important secondary metabolic compounds in plants are alkaloids. There is much evidence that
the alkaloids influence on plant growth assimilating or regulatory factor. Colchicum active ingredient is
colchicine. Colchicine is an alkaloid which is found in all parts of the plant such as corms, seeds, leaves and
flowers and is concerned because of the pharmacological properties (anti-inflammatory) and applications in
biological studies and plant breeding (induction of polyploidy). Corm weight is an important factor for
producing more active component such as Colchicine. Soil fertility management is another factor that determine
the quality and quantity of plant growth. However bulbous plants compared to the other plants require more
attention in terms of nutritional management, because their roots are shallow and the absorption of sedentary
nutrients in the soil is more difficult. The purpose of this study was to determine the effect of corm weight and
organic and chemical fertilizers on morphological characteristics of Colchicum kotschyi.

Material and Methods

In order to evaluate the effect of corm weight and soil nutrition on morphological characteristics of
Colchicum kotschyi Boiss., a field experiment was conducted as factorial layout based on a randomized complete
block design with three replications at Research Station, Ferdowsi University of Mashhad, Iran, in years 2012-
2013 and 2013-2014. The experimental treatments were all combination of corm weight (more than 40g and less
than 40g), cow manure (0 and 50 t.ha™), urea fertilizer (0 and 50 kg.ha™) and superphosphate fertilizer (0 and 25
kg.ha™). Colchicum corms in the summer which the plant is in the dormancy phase, were collected from the
natural area located in the Binaloud Mountains, Frizi region Razavi Khorasan province. Because of the very
much variation between collected corms in terms of their weight and in order to equalize the effect of corm
weight between treatments, the mother corm was considered as one of the studied factors. Before sowing, land
preparation including plowing and disk operations were conducted. The corms were sown in each plot (1x1 m)
25 cm apart at the depth of 15cm. Irrigation and weed control was done if needed. With the gradual yellowing of
the leaves and when the color of capsules was changed from green to brown (late June), the plants were
harvested. Data analysis and drawing graphs were done by the software SAS Ver.9.1, MS Excel Ver.11and the
comparisons using LSD test was performed at the level of 5%.

Results and Discussion

The results in both years showed that at the end of the growing season, the more weighted maternal corms
produced more weighted daughter corms. Corm diameter, stem diameter, stem dry weight, leaf dry weight, leaf
area, whole plant weight, leaf number and cormlet number were improved in more weighted corms (p<0.05).
Studies have shown that the early growth of the plant and its vital capacity are determined by the amount of food
provided to the growing plant, by the maternal corm. Since the larger corms have more storage materials, the
resulting plants are more grown and have thicker stems and larger leaves (larger aerial parts) and, in general, the
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dry weight of the whole plant was higher. In both years of experiment, all of the morphological characters were
improved in 50 t.ha-1 cow manure treatment compared to control. Organic fertilizers improve soil structure,
improve root development, regulate soil temperature and population of useful microorganisms, provide nutrients
for the plant, and help to improve the absorption of nutrients by the plant. Therefore, the application of manure
with all of the above-mentioned benefits improves vegetative growth and dry weight. In the second year,
superphosphate increased corm diameter, leaf area and whole plant weight (p<0.05). The interaction effects of
cow manure X corm weight on leaf area and stem diameter was significant at both years (p<0.05).
Conclusion

Generally, the results showed that Colchicum kotschyi Boiss. can respond to optimum levels of the fertilizers.
Cow manure in combination with superphosphate can improve morphological characters in the field conditions.

Keywords: Cormlet, Manure, Triple Superphosphate, Urea
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Table 1- Cultivated area, production and yield of wheat in 14 provinces over the country together with contribution of each

province in total country level area and production
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Relative yield is the ratio of province yield to country average yield.
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Table 2- Summary of LCA results for 3 types of wheat production systems calculated in two functional units (Nassiri
Mabhallati & Koocheki, 2017a)

Functional unit (ha) w1, 5 sy

Functional unit (t) g, 58 ey
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Table 3- Yield and percentage distribution of cultivated area and production of low, medium and high input wheat
production systems for 14 studied provinces
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Fig. 1- Mean land use for production of one ton wheat in the studied provinces, calculated based on yield and contribution of
low, medium and high input systems in cultivated area of each province, abbreviation of province names are given in Table 1
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Fig. 2- Global warming potential (GWP
wheat production systems in the studied provinces in two functional units a) kg CO, eg/ha, b) kg CO,eq/t grain, c) kg 1, 4-DB

eg/ha, d) kg 1, 4-DB eq/t grain
Abbreviation of province names are given in Table 1.
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Fig. 3- Comparison of share in global total warming potential (GWP) and total wheat production in the studied provinces
Abbreviation of province names are given in Table 1.
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1- Uncertainty
2- Variability
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Table 4- Coefficient (loadings) of principal components (PC1-PC7) for 7 impact groups in two functional units
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GWP: global warming potential, AP: acidification potential, EUP: eutrophication potential, HT: human ecotoxicity, AT: aquatic
ecotoxicity, TT: terrestrial ecotoxicity and RD: non-renewable resource depletion.
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Fig. 4- Results of principal component analysis for comparison between provinces with ton wheat grain as functional unit a)
score plot of provinces for 7 impact groups, b) biplot showing the vectors of impact groups superimposed into the score plot
of provinces
GWP: global warming potential, AP: acidification potential, EUP: eutrophication potential, HT: human ecotoxicity, AT: aquatic
ecotoxicity, TT: terrestrial ecotoxicity and RD: non-renewable resource depletion.
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Fig. 5- Results of principal component analysis for comparison between provinces with ha as functional unit a) score plot of
provinces for 7 impact groups, b) biplot showing the vectors of impact groups superimposed into the score plot of provinces

GWP: global warming potential, AP: acidification potential, EUP: eutrophication potential, HT: human ecotoxicity, AT: aquatic
ecotoxicity, TT: terrestrial ecotoxicity and RD: non-renewable resource depletion.
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Fig. 7- Relation between normalized environmental index and wheat yield in two functional units a) ton grain and b) hectare
data points shows 14 provinces.
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Introduction

Life cycle assessment (LCA) is a well-known and accurate method for comparison of environmental impacts
of human activities including different agricultural management systems. Since agricultural activities are known
as an important source of environmental pollution and greenhouse gas emission, LCA have been extensively
applied for several tree and crop species around the country. However, these researches are generally conducted
at field or district scales and due to variation in agronomic practices and input levels, the results cannot extended
to regional or national level. In this paper using spatial upscaling method the results of LCA for wheat
production systems with different level of inputs were extended to province and the results were subjected to
statistical classification methods for comparison of impacts between provinces.

Materials and Methods

In this research the results of LCA for low, medium and high input wheat production systems of the country
were upscaled to 14 provinces, details on LCA analysis of these systems is provided. For each province
contribution of three management systems in cultivated area and wheat yield were extracted from official
databases. Using these data the intensity of seven impact groups available from LCA were estimated for each
province by linear upscaling method as described. Standardized values of seven impact categories over 14
provinces were subjected to principal component analysis (PCA) to compare provinces for overall impacts and
separately for each impact category. In addition a normalized environmental index which integrates all impacts
in a single index was calculated for direct comparison between provinces.

Results and Discussion

Results indicated that studied provinces had wide range of land use efficiency. Khozestan province with 18%
of country wheat production had the lowest land use efficiency where 4271 m? land is needed per ton wheat
grain while it was the lowest (2079 m? in Tehran. The highest per hectare global warming potential and
ecotoxicity was obtained for Tehran province where contribution of high input systems in total cultivated area
was at the maximum. However, per ton grain Hamadan and Khozestan provinces had respectively, the lowest
and the highest global warming potential. Classification with principal component analysis (PCA) showed that
difference between provinces in addition to yield, was highly related to the percentage distribution of low,
medium and high input systems in total cultivated area. Comparison of provinces with a normalized
environmental index showing the integrated effects of seven impact groups confirmed the results of PCA. Based
on the results, taking into account all impact categories, production of one ton wheat grain in Hamadan had the
lowest environmental impact between 14 provinces and Khozestan showed the highest impacts for production of
the same amount of grain yield. In wheat production systems in Iran with high input management, increasing
yield level above 4 t ha* may result to severe per hectare environmental impacts which cannot be compensated
for by yield increment.
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Conclusion

It is concluded that at current level of resource use efficiency in wheat production systems of the country,
increasing wheat yield through intensification is not a reliable approach and will be led to strict environmental
consequences.

Keywords: Intensification, Life Cycle Assessment, Normalized Environmental Index, Principal Component
Analysis, Scaling
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Table 1- Analysis of variance (mean of squares) for the effect of humic acid levels and vermicompost extract concentrations
on yield parameters of Satureja khozistanica

a3 laplil SS9
Ol s 2alio Ry S Sis Jﬁ-b)ﬂotﬁ w..ib.f:i a_,SJ.o:- u-*f‘*”‘ KW
S.0V df) Dry weight yield of Leaf dry weight yield Oil yield Oil percent
Shoots
)I)ﬁ ns ns ns ns
Replication 2 32175 2086.93 4.89 0.26
icati
j“ - ”(; 2 5854.43™ 4792.92" 453" 0.18™
umic aci
“\‘/‘:r“jl e p)oL:t;e:(i:;Z: 2 16877.77° 1858.88"™ 6.21" 0.48"
w?“*;@)ﬁ O)LAG'IX'&AAQA.&S M] . . .
Vermicompogt extract* 4 14322.22 4220.14 3.74ns 0.37
Humic acid
s
Error 18 4044.16 1167.72 1.47 0.11
.

bl oy e w9 a0 0 g ) aw jd (gl dme BB i 4 NS g wa
>, **and ns :, significant at 5% , 1% of probability levels and Not-significant, respectively.

942y CewgeeS 0jluas (Bl gyl Sl ooy p 505 (L
5 (Dieffenbachia amoena Bull.) Lab a0 ub) sl s s
4 as ooly L (Aglaonema commutatum Schott.) LglST
8 i) g2 33y slaasla y slsisine 5 3L Jyloro
L) 9 LAl R 53 (s sl 5 SIS (g 8 Bjg s
LN?KT 2 yhwd g Gl lgime (SES i 8 59 oSy ol
il as ol L Liolesl opl p b p ke dulie gl ccuily
ad ) clapasls Gl g s sl (ol Jplone zsbaw
-9 )0 d5>90 ol yolie (Mahboub Khomami, 2005)
u_ch (d_A)JD u_:l )] 9039 uu)a.w.)JJlB provn olﬁf d])‘ wga.of
CamgeaS (5059 O )15 & Sl (s (g 298 (0 0LS 135 ol
I ol yolie maiius 5 @y o el (Bly ()9 ©yg0
alor 5lolS wb)y slaygS Ll b g osds olgn (slaplul &b
(Parker & by aales ywlidlly 5, Slae wolys 0 Sy pdaw
el Lo S i (1lan, 1971) M) s 3.l Abbot, 1981)
ey Sl 0l (1S (Bl jl g Wgb oo ety > s
ile 05y 84S walas Slge gy o 1 Lol o)las 5 bcavgyaS
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s Crygio 4 Cal (o 0LS My Sogud dpuol il 05
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Table 2- Effect of humic acid levels and vermicompost extract concentrations on yield parameters of Satureja khozistanica

s SUS S 1 5 Sos ol 'zm &w; dj; )S’SJ“ z’wt:; ol 3 ,Sdes

I s s &rore 2P o) ~ §
b b

Treatment Leaf((iiﬁ)v:/;i) h':)(s) ) Dry weight yield of shoots  Essential Essen(t?;rglo )iefés() )
a;b; 150 & 336.6° 2.4° 4.6
arb, 190° 386.6°¢ 26°¢ 49%®
a;bs 140%c 333.3 3.33° 4.9%
ah; 174.6*° 403.3%° 2.6°¢ 4.6%
ah, 130" 290¢ 2.8%¢ 3.4
abs 180% 426.6% 2.4°¢ 4.6
ash; 116.6% 303.3% 2.6° 2.1
azh, 130 * 290¢ 27" 3.1
azhs 195.32 460 32 6.3 2
el 86.6° 285¢ 2.4° 2.1°
Control

bl oo CuwgpeS o9 o)las Jo)d Ve 5 Ve B laclale Cuipay ‘bs 5b2 &by 5 Seogd duwl S y> y1d Y/ 9 Y/o N0 solie gy iag g A2 A1
bl o I gixe BN W81 Wit Syidie By gyl &S oo Sl

a; & and ag: 1.5, 2.5 and 3.5 L.ha™ Humic acid, respectively and b;, b, and bs concentration: 5, 10 and 20 percent of vermicompost extract,
respectively.
*Means that have the same letters are not significantly different.

Table 3- Effect of humic acid levels and vermicompost extract concentrations on yield parameters of Satureja khozistanica

o2

ik 5y Sl o s elail Suis 3,5les i ol 3 Shos
Sesd (g0 550 3 05 (&2505% 33 255) ( ) (&yo 5o 2 p5)
Treatment T 2 Dry weight yield of shoots t Essential oil yield
Leaf dry weight (g.m™) m2 Essential m2
(9.m™) - (9.m™)
oil (%)
a 160 352.22% 2.844% 4517
a 161.56° 373.33° 2.67% 4.20°
ag 144? 351.11% 2.85° 4.20°
b, 147.11% 347.78% 2.89° 3.78°
b, 146.67° 322.22° 2.73% 3.87%®
by 171.78 406.67° 3.04° 5.25%
aald 86.67° 285" 243 2.11°
Control

Al o CawgaeS g9 oylac o Ve g Ve B slacdale Dy gDy D7 g Siogd sl i (> 1) Y0 g VD ND polie S 5a 83 g8y @
bl eyl gme OS] A8 Mt S yde gy (glyy 45T ol 1 Sl
a; a;and ag: 1.5, 2.5 and 3.5 L.ha™* Humic acid, respectively and by, b, and b; concentration: 5, 10 and 20 percent
of vermicompost extract, respectively.
*Means that have the same letters are not significantly different.

(Ocimum  Lou, 635 dloe ylire 9 S35l58,90 Sloio Oig 45 a5 Lelsl (Sharifi et al., 2002) )| )LSten 5 2 i
ol ccely il ayg ylews 4 A o0l Lis basilicum L.) 3 Seogedduwl p)5 Jio W0+ 10 (51 gme yobdy ©)d olS Sis

CS ASg B (g 9 0)5 M (g e ol &) s ey (CwgseS ayg 0)luac) Algsyg by (b Jgdone 5 CangeeS
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Table 4- Analysis of variance (mean of squares) for the effect of humic acid levels and vermicompost extract concentrations
on phenol and flavonoid content of Satureja khuzistanica

Ol ki golio oI5l 4z 50 g5 IS adgighs
S.0.vV df Total phenol  Total flavonoid
<3
’_’i‘ ) 2 35.4" 514.9™
Replication
Sen I x o
#0380 S 2 505.3 77207.1
Humic acid
Cw o lac *k *k
232255059 2, 2 356.6 169903.8
Vermicompost extract
sy las s S 4 116.5™ 169903.8™
Vermicompost extract* Humic acid
s
18 22.6 4385.8
Error

Wb oo o pire f g ao)s gy 5 S )0 (5)l8 pe ST 5 54y INS 4 4

*, ** and ns: significant in the levle 5 and 1 percent and non-significant, respectively.
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Table 5- Mean comparisons for the effect of humic acid levels and vermicompost extract concentrations on phenol and
flavonoid content of Satureja khuzistanica

. Mieighd
» Js g3 L Eeel
- (S5 8, 5 oo ;3 dunsl S 0,5'5,500) (S ojbas 0 F ke 2 99, 75,500)
Treatment C Flavonoid (pg routin/mg dry extract)
Total Phenol (ug gallic acid/mg dry extract) Total
a, 12.565" 482.38°
a, 36.713% 572.09°
as 32.639° 680.57°
b, 39.150° 699.29
b, 27.389° 607.28°
bs 29.378" 429.04°
b 12.283° 435.38°
Control

Al o CavgreS soyg t)las o3 Ve g Ve & slacbile (g gDy By 5 Kiogd dpl )i 1> I YD 5 VO VD polie cspa A g8y By
bl oyl re BMB] B1 M S e gy s &7 Sl Sl
a; apand az: 1.5,2.5and 3.5 L.ha™ Humic acid respectively and by, b, and bs; concentrations:
5, 10 and 20 percent of vermicompost extract, respectively.

Hawji 0550 JS arigighi g b (gl5im 1 CumguoS (509 8,)bas g Soged dws! cilliseo Sb jlowi 03T (el dunnyliio 1 Jg>
Table 6- Mean comparisins for the effect of humic acid levels and vermicompost extract concentrations on phenol and
flavonoid content of Satureja khuzistanica

Tre)atment (Suid ojbas 0.5 o 13 dsl S 0,59,500) (St 0,Las 0,5 o 43 (9, 055 9550)
Total Phenolic (ug gallic acid/mg dry extract) Total Flavonoid (ug routin/mg dry extract)

aib; 397" 615.5°
&b, 19% 5265
abs 21.5¢ 306.7¢
aby 46.5% 733.2%
a,b, 32.2° 565.1°
a,bs 31.3% 417.8™
agh; 31.8" 749.1°
asb, 30.8° 7302

aghs 35.20¢ 565.5°
_— 12.2% 435.5°

Control

..\MLL;o A'_'Aw%.os‘_g;s)g o)Lac Loy Y. 9 Ve id dl!bu.lal.c :bg 3b2 <b1 9 &m}.\b .h.w‘ )L:_im )s;gY/a 9‘1/& AV )ijuin ol 4 id3 ¢ Ap Ay

bl I gime OS] U8 (itud Syl gy gy 45T pla Sl
a; a8 and ag: level, 1.5, 2.5 and 3.5 L.ha™* Humic acid, respectively and by, b, and bs, concentration
5, 10 and 20 percent of vermicompost extract, respectively.
*Means that have the same letters are not significantly different.
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Introduction

Vermicompost tea can be extracted under aerated or non-aerated (passive) conditions. This water extractable
compound includes: Active microorganisms, primarily Bacteria, Fungi and some Protozoa, Mineral nutrients,
Organic acids and other microbial by-products. Considerable variability in the efficacy of compost tea to
promote plant growth has been reported in many experiments. The results suggest that the reasons for the
beneficial effects of the compound are complex and depend on many factors, including plant species, compost
quality, extraction method, and growing conditions. They may have direct and indirect effects on plant growth
and development. The indirect effects of humic compounds on soil fertility include: (i) Increase in the soil
microbial population including beneficial microorganisms, (ii) Improved soil structure and (iii) Increase in the
cation exchange capacity and the pH buffering capacity of the soil. Directly, humic acid compounds may have
various biochemical effects either at cell wall and membrane level or in the cytoplasm, including increased
photosynthesis and respiration rates in plants, enhanced protein synthesis and hormone-like activities in plants.

Satureja khuzistanica Jamzad is an endemic species of the genus Satureja in Iran. It is a valuable medicinal plant
because of high concentration of Rosmarinic Acid in the extract. This plant also has other unique growth
properties such as high growth under calcareous and poor soils of arid region.

Materials and Methods

In order to study the effects of different levels of humic acid and vermicompost tea on growth, yield,
morphological and phytochemical characters of Satureja khuzistanica, an experiment with factorial arrangement
based on randomized complete block design with three replications was conducted in 2013. Factors included of
three levels of humic acid (1.5, 2.5 and 3.5 liter per ha.) and vermicompost tea in concentrations of 5% (5:1,
water: vermicompost) 10% and 20% which were sprayed on aerial parts of the plants. Parameters like plant
height, plant crown, leaf length, leaf width, shoot dry weight, leaf dry weight, oil content, essential oil yield,
content of phenolic and flavonoids compounds were studied in this study to evaluate the effects of the treatments
on Satureja Khuzistanica.

Results and Discussion

The results showed that treatments of 3.5 I.ha™ humic acid + 20% vermicompost tea had the maximum dry
weight (460 g.m), leaf dry weight (195.33 g.m™) and essential oil yield (6.38 g.m?). The highest essential oil
percentage (3.44%) was obtained in the treatment of 1.5 L.ha™ humic acid + 20% vermicompost tea. The
maximum content of phenolic and flavonoids compounds were observed in treatments of 2.5 I.ha™ humic acid +
5% vermicompost tea (46.56 ug gallic acid /mg dry extract) and 3.5 l.ha™ humic acid + 5% vermicompost tea
(749.13 pg routin /mg dry extract), respectively. The interactions of the humic acid and vermicompost tea effects

on plant height, plant crown, leaf length and leaf width were not significant in both years.
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Conclusion

Results of this experiment showed that mixed application of humic acid and extract of vermicompost
(vermicompost tea) has more positive effects on growth and yield parameters of this plant rather than sole
application. Results of Azza et al, (2010) showed that the extract of vermicompost can increase yield, oil content
and essential oil yield in Levisticum officinalis. Appropriate amounts of humic acid and vermicompost extract
can increase soil organic matter by improving the soil microbial activity and nutrient availability, and this will
result in increasing the rate of photosynthesis and plant dry matter so this is a way to ultimately improve the
yield, leaf dry weight and the essential oil yield of Satureja khuzistanica. Among the treatments, application of
3.5 l.ha™* humic acid + 20% of vermicompost tea, had the best effects on growth and yield.
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Excel 581,05 5 Laoals Ll 5o s duwlboe il 5,Sles )

o3l SAS' 9.1 (o)Ll 133l s 5l LT (gl 9 a8 < 2010
(LSD") clasye xSile Jihis 3 & auSile duslie 9 23,5

1- Statistical analysis system
2- Least significant diffrence
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Table 7- Maean comparisons for the simple effects of water deficit and integrated nutrition fertilizer on some
quantitative and qualitative characteristics of sunflower.

. . a Judg 5 Slos
F Jo8 ol S kw) : sl
_ _ Z rne - )
B g 055 5 05 o) 2 P5 ) il oI Y s
) (o35 L (o il o8 SRS (a23) () ceits
Treatment % g %) id (036 Protein Harvest index
Total chlorophyll  chlorophyll b ? ield (%)
(mg.g™) (mg.g™) chlorophyll yie
a(mg.gh) (%)
ool ) o o5 Lt 50 2.65% 0.64% 1.92° 849.34° 51.5%
(sl bl 60 1.95° 0.33° 1.62° 797.79° 33°
Water deficit (
based on % field 70 1.08° 0.23° 0.83° 631.04° 24.16°
capacity)
o F 1.73° 0.40° 1.30° 592.50° 33.44°
Al ‘“"*”d Fa 1.84° 0.38° 1.43° 694.14° 34.44°
'mﬁ%ﬁ; Fs 1.94° 0.37 152 836.46" 38.11°
Fs 2.05° 0.37° 1.57° 914.45° 33.88"

5 o | (5l sne BMEN 003 S Jlazs] s 13 LSD (g0l ol 2 232 52 sl 5 (osit 2 3 Sy By o (sl slaSilie
*Mean with the same letters in each column and for each component, by LSD test at 1% are not significantly different.
+ g oy VO TRy g Cd @3 TAYD + 0ygl 1D+ + CunguoS goyg A+ TFg 53700« + 0)gl JVD + g oyg /YD 1Fp ccdg ZAVO +oygl ZN-+ iFy

gy AN + oyl 7YO
F1: 100% urea+ 175% zeolite, F»: 25% vermicompost + 75% urea + 150% zeolite, F3: 50% vermicompost + 50% urea
+ 125% zeolite and F,: 75% vermicompost + 25% urea + 100% zeolite.
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oil3-81 (Omidi Ardali & Bahrani, 2011) Sl 9 (Jo)
loles o 03,8 5158 1y b Sl o 15 baylyd )3 (g
O e dw pa )0 a8 A edalide (gl is (aise (sl
LS 435 By gl Lo 4 bgye g p sl (it
> 4 0ad )53 Jled ()39 5 e (o yied |y ol cl i lon
oS iy ) 3 endls JT 358 e J 0385 polte csilo )
JSas il s5 59 b adl > (Kramer et al., 2002) )Son 4
Sl olrond it | a8 SEB )] s 53 045 Gl (1595
3 Garis ol oad el o Jl (59550 polie (silule; Jy

Ao g A obar il ol d 39 Sd Cund (gt poly ]



A Ll yKslisT obS 1o (T (s Ol T kil Sl (o y 2

= s Al gt ool Sl glagSile dulie

S g Cpyindi 480 L5 ST J89)1S 9 @ 89S (9,

sol sty Frg Fa sl ) s 4 JS idg)lS 9@ Jud)lS
Y Jgs2)

oo

ool g og-die aslo WSy 5o (5 bl ) (lon
bl 53 (pans] paass Syl g cblis (gl atin o (slacdly
odas ye 93 5l (S joboas (g 3,5 oo Jitie 13, Jl 5
35 psMygises 53 ol (Gl 5l &S SIS s 395 0 423 Lo
i @Bl (5)3 S 5500 5 o Sl 45 (59l e 9 25515
Haydari ) 3,5 (¢ i coenl (I lals ;5 Slaligh e
bt o] oS i 3L 31 (Sharif Abad, 2000
= Ao yd S Jlain ! o o gl blie $l g (sliss calisco
@ bgye odgp sle (it (O Joia) 390 S e (o Oliee
£ Jgi2) 29 SiF1 Jlos & bgsyo o Judo (208 9 SoFy slos
(Akhondi et al., 2006; Oraki et al., 2012) (¢, K> -y di>e
5 ool Glals s 1) (o o8 (i Ll )3 1) gy ges
53,8 158 (Medicago sativa L.) a5

S5 4o
o) Sl 4l 5 Shes (lipl g 0Slas (i ey
(il 435 Fy a3 (S5 9 S2) (ol o8 (15 bl 3 &%
09y 3)8des 9 (F9) 2o Gl (il piomen g A odalie
Ol cn i 35 Jools By aw )3 (S1) G5 o9 bl 5
@i » S0 puls plo g SaFs jlog 4 bgyye &l (pigp Ao yd
mi39) A 295 Syl edlil Ly 4 e85 aon ol e
(Cddobingils) gy (Gane o3le g (09]) (aliowsd 395" (CugpeS
5 ool 55 3050 (595 duo)> VD CusgiaS )9 45 (655
& oS b |y 85 08y (2, ST 3l 350 ()3 2y VO o)
05 skl Sl g S )3 gy (5 A 38 ol
g 988 Ol o a g Lol LB g B, oS
4S5 alis SbadgS ofgr (alewd (sladgS Bpan SialS jolate
G Mol oS 5 0gd o Camjlame (o 55 5 (Sogll

P s ) (Sid i bl b ) 8y o)y Al
3,5 g (Sid oS 18 el conl (ol o (S
OLS Canyb Sy 50 @ |y (Kafi & Mahdavi, 2000)
e oS 4y 53 0 0333 sl 5l o9y Jiw sl
Opod 33 .8l dalgs yialS eyt coplplis WS e
4 (Mirakhori et al., 2009) ,LSen 5 (5,951 o ¢ oguas
9 S 4 5 (Glycine max L) by oL ;5 (ol aslio ol
o o, 5Ll oS s (Seyahjani et al., 2010) Lo

izl

Judgls

40335 g ol oS i ool @l 1 aS ol s ey a3
ooy S Jleinl a3 S Jdg)lS 9 Jidg)lS p (il
gme Sl ol 5 Al cadas x 55 blite 3l Lol gy 4o dize
Jdz) st D Jdo)lS ol o8 G5 0ol Bl s g A
IS J3gk 9 b Jidg)lS @ o)l jalS s o o5 (250
Jdg IS e cp iy (V Jgi) 998 o0 osmliio &5 yobolon A5
Logl (S 5 S1jlasi an bopo JS Jidg)l 5 b Jidg )l @
(S—ts G5 B 5 b IS Glise (1l 392 Sg e 4 bgaya
aS wsl ST ol5T ela JSGnly adgr ialel cde 4 o)l Jleas]
sialS g dn o0 4 3 g o gawlins] el ol cla JIGal, ol
5 (Schutz & Fangmeir, 2001) 53,5 o by _Ldg S -pl jlude
i Jlesl L (Oraki et al., 2012) o Ko 5 STy Ly pan
oS o Jlesl 48 0,8 ()15 b Sl (slay e
5 yaca V00 Ve e jlam (g)ll i els o] slaw))
J3o )l raldl g @ idg)lS (el e (A (oS s s
oanlite (Jalilian, 2009) bl eizxes .5 by yuen plei 55 b
(de5y0 byl 20)3 00 5 Ve < AD 1> (g)ll) S5 Jlosl &S 3505
5 S A o, oLl oS 3 IS 5 b @ abglS gl e
s Ol G5 (S5 5 Ll g lS ials s
e wwlS J89)lS Gliee Sl o Oliee oI L (G ABl s
s 3 JebaslS i S i odl g SilS S 1y 395
obior il gy s (Sutd G5 alpd )3 (g2 9 ASbe
Kafi & Mahdavi Damghani, ) e oo aslS” 89,8 500 |
(2000



IAY [l ) ojlodd e Al (6559l ol pgy au pid A

Do 4185 slaine Wlgi e

&l

Abdoli, M.A., and Roshani, M.R. 2007. Vermicompost (Design, Build and Implementation). Tehran University Press.
Tehran, Iran 252 pp. (In Persian)

Aghaalikhani, M., and Ghooshchi, F. 2005.Experimental Plant Ecology. Public by Islamic Azad University Varamin-
Pishva Branch 217 pp. (In Persian)

Ahmadi, M., and Bahrani, M.J. 2009. Yield and yield components of rapeseed as influenced by water stress at different
growth stages and nitrogen levels. American-Eurasian Journal of Agricultural and Environmental Sciences 5(6):
755-761.

Akhondi, M., Safarnejad, M., and Lahouti, M. 2006. Effect of drough stress on proline accumulation and mineral
nutrients changes in Alfalfa (Medicago sativa L.). Crop Production and Processing 10(1): 165-175. (In Persian with
English Summary)

Alahdadi, 1., Oraki, H., and Parhizkar Khajani, F. 2011. Effect of water stress on yield and yield components of
sunflower hybrids. African Journal of Biotechnology 10(34): 6504-6509

Alizadeh, A. 2007. Principles Applied Hydrology. Thirteenth Edition. Publication Astan Quds Razavi, Mashhad, Iran
807 pp. (In Persian)

Aliyari, H, and Shekary, F. 2000. Oilseed Crops and Physiology. First Edition. Publications of Hamidi Tabriz, Tabriz,
Iran 182 pp. (In Persian)

Erdem, T.Y., Erdem, A., Orta, H., and Okursoy, H. 2006. Use of a crop water stress index for scheduling the irrigation
of sunflower (Helianthus annus L.). Turkish Journal of Agriculture and Forestry 30: 11-20.

Fereres, W., Gimenez, C., and Femandez, J.M. 1986. Genetic variability in sunflower cultivrs under drought, yield
relation ships. Australian Journal of Agricultural Research 37: 573-582.

Flenet, F., Bouniols, A., and Saraiva, C. 1996. Sunflower response to a range of soil water contents. European Journal
of Agronomy 5: 161-167.

Gholamhoseini, M., Ghalavand, S.A., Modarres Sanavy, M.A., and Jamshidi, E. 2007 Effect of zeolite compost
application in loamy sand field on grain yield and other traits of sunflower. Environmental Sciences. 5(1): 23-36 (In
Persian with English Summary)

Gholiezhad, A., Aeenehband, A., Hasanzade Ghorttappe, A., Barnoosi, A., and Rezaei, H. 2009. Effects of water stress
on nitrogen levels and plant density on yield, harvest index and yield components of sunflower varieties air flowr
address. Journal of Plant Production 16(3): 27-1

Haydari Sharif Abad, H. 2000. Plants, Dry and Droughts. Print Droughts. Publication Research Institute of Forests and
Rangelands, Tehran, Iran 171 pp. (In Persian)

Heyderianpour, M.B., Sameni, A.M., Sheikhi, J., Karimian, N., and Zarei, M. 2012. Effect of vermicompost and
nitrogen on growth, concentration, and uptake of nutrients in sunflower. Environmental Engineering and
Management Journal. 7(5): 547-558.

Jalilian, J. 2009. Effects of biofertilizer (Azotobacter & Azospirillum) and different levels of nitrogen on quantitative
and qualitative characteristics of sunflower inwater deficit stress condition. PhD dissertation. Faculty of Agriculture,
Tarbiat Modares University, Tehran, Iran. (In Persian with English Summary)

Kafi, M., and Mahdavi Damghani, A. 2000. Mechanisms of Resistance of Plants to Environmental Stresses.
Compilation A.S. Bra, R.K, Bra. Mashhad University Press, Mashhad, Iran 467 pp. (In Persian)

Kazemian, H. 2005. Introduction to Zeolites, Magic Minerals. First Edition. Publication of Heaven, Tehran, Iran 100
pp. (In Persian)

Khaje poor, M.R. 2006. Industrial Plants. Second Edition. Isfahan University Jihad Publishing, Isfahan, Iran 564 pp (In
Persian)

Khodaei Joghan, A. 2010. Influence of organic, chemical and integrative nutrition methods amended by zeolite on
qualitative and quantitative yield of wheat. Master dissertation. Faculty of Agriculture. Tarbiat Modares University,
Tehran, Iran. (In Persian with English Summary)

Koocheki, A., Hosseini, M., and Hashemi Desfoli, A. 2000. Sustainable Agriculture, University Press of Mashhad. 164



Y Lol RbsT oS yo o (i @l 1 Julits S0l (oawy 9

pp. (In Persian)

Kramer, AW., Timothy, A.D., Horwath, W.R., and Kessel, C.V. 2002. Combining fertilizer and organic input to
synchronize N supply in alternative cropping systems of California. Agriculture, Ecosystems and Environment 91:
233-243.

Mirakhori, M., Paknezhad, F., Ardakani, M., Pakzi, A.R., Nazeri, P. 2009. To evaluate the effect of methanol and water
stress on yield, protein and oil, soybean grain filling rate and duration (L17). Journal of Agricultural Sciences
Environmental Stress 2(2): 183-171. (In Persian with English Summary)

Mobasser, H.R., and Tavassoli, A. 2013. Effect of water stress on quantitative and qualitative characteristics of yield in
sunflower (Helianthus annuus L.). Journal of Novel Applied Sciences 2(9): 299-302. (In Persian)

Omidi Ardali, G, and Bahrani, M.J. 2011. Effects of water stress, nitrogen levels and application times on yield and
yield components of sunflower at different growth stages. Journal of Science and Technology of Agriculture and
Natural Resources 5: 207-199. (In Persian with English Summary)

Oraki, H., Khajani, F.P., and Aghaalikhana, M. 2012. Effect of water deficit stress on proline contents, soluble sugars,
chlorophyll and grain yield of sunflower (Helianthus annuus L.) hybrids. African Journal of Biotechnology 11(1):
164-168.

Schutz, M., and Fangmeir, E. 2001. Growth and yield responses of spring wheat (Triticum aestivum L. cv. Minaret) to
elevated CO, and water limitation. Environmental Pollution 114: 187-194.

Seyahjani, A.E., Farhvash, F., Khorshidi Benam, M.B., and Sadeghi, A. 2010. Studying the effect of drought stress on
yield and yield components of three sunflower cultivars. Environmental Stresses in Crop Sciences 3(1): 59-68. (In
Persian with English Summary)

Talebi Kasvaei, 2012. F.S. Effect of different nutrition systems using zeoponix and urea on yield and quality of

Sunflower under redroot pigweed competition condition. Master dissertation. Faculty of Agriculture. Tarbiat
Modares University, Tehran, Iran. (In Persian with English Summary)

Yousefvand, P., Sajedi, N., and Mirzakhani, M. 2011. The effects of drought, taking zeolite and selenium on yield and
yield components of sunflower. New Findings in Agriculture 3: 325-339. (In Persian with English Summary)



Journal of Agroecology ot S39LeS (owlds por 4 pdd
Vol. 10, No. 1, Spring 2018, p. 81-93 A M-AY .o ATAY s ) oylaid I+ ale

Reducing the Effects of Water Stress using Vermicompost and Mineral Zeolite
in Sunflower (Helianthus annus L.)

H. Tahramooz® and A. Ghalavand®”
Submitted: 25-11-2015
Accepted: 15-06-2016

Tahramooz, H., and Ghalavand, A. 2018. Reducing the effects of water stress using vermicompost and mineral
zeolite in Sunflower (Helianthus annus L.). Journal of Agroecology 10(1): 81-93.

Introduction

The population of developing countries is dramatically increasing, thus acute food supply challenges are
threatening them in case of quality and quantity. One of the successful strategies for improving agricultural
production and food supply is to preserve, maintain, and enrich the soil .Iran has an arid and semi-arid climate

with an average rainfall of 240 mm per year, so improving water use efficiency and reducing the effects of water
stress can help farmers increase their agricultural products. Another serious problem of Iranian agricultural

system is the widespread application of chemical fertilizers in the recent decades, which has caused soil
degradation and environmental pollution. Therefore, by addressing these two concerns, this research was to
evaluate the possibility of reducing the unpleasant effects of water stress on sunflower using organic fertilizers of
Vermicompost and Mineral Zeolite (Clinoptilolite).

Materials and Methods

This study was conducted at the agricultural research farm of Tarbiat Modares University in Tehran, Iran
(lattitude: 35° 44'N and longitude: 51° 10°E) during the growing season of 2010 to 2011. The factorial
arrangement was done on Randomized complete block design (RCBD) with three replications. The main-plot
factors were different nutritional systems, such as, F1(0% vermicompost + 100% chemical (urea)+ 175%
zeolite), F2 (25% vermicompost + 75% chemical (urea) + 150% zeolite), F3(50% vermicompost + 50%
chemical (urea) + 125% zeolite), F4(75% vermicompost + 25% chemical + 100% zeolite); and sub-plot factors
were deficit irrigation at three levels including control treatment (S1): 50% moisture depletion/moisture content
(or, 50% FC), (S2): 60% moisture content (or, 40% FC) and (S3): 70% moisture content (or, 30% FC).

All the experimental plots were irrigated equally until the R4 phase. Irrigation regimes was set after R4 based
on soil moisture reduction measured with a TDR device models trime_FM, and for more accurate results, a
gravimetric soil moisture was used too. Chlorophyll extraction was performed by Arnon's (1949) standard
method and was read with a spectrophotometer model (GBC-Cintra 6- Australia), at wavelengths of 663 and 645
nm. The proline content was extracted with Bates' (1973) method and was read with a spectrophotometer at a
wavelength of 520 nm. The protein content was measured using the standard Kjeldahl (1883) method. Also, seed
oil content was measured using Soxhlet (Model No SCMS-F100-6H), and oil yield was calculated by
multiplying the seed oil content in grain yield. Data were recorded in Microsoft Excel ver. 2010 and statistical
analysis was done with SAS ver. 9.1 software. Means compared using LSD at the 1% probability level.

Results and Discussion

ANOVA (Analysis of Variance) results showed that the effect of stress/deficit irrigation, nutritional systems
and their interactions were significant (P<0.01) on grain yield, thousand grain weight, number of seeds per head,
head diameter, biological yield, oil content, oil yield and proline content. Also the simple effects of both water
stress and fertilizers application were significant on harvest index, chlorophyll a and total chlorophyll content.
This is while in Chlorophyll b only the effect of water stress was significant (Table 5).

Drought stress reduced yield, yield components, oil percentage, oil yield, chlorophyll a and b and total
chlorophyll; but increased proline and percentage of protein. The F4 fertilizer treatment had the highest grain
yield, thousand grain weight, head diameter, number of seeds per head, oil content and oil yield in stress
conditions (Table 6).

1 and 2- MSc student in Cultivation and Associate Professor, Department of Cultivation, Faculty of Agriculture, Tarbiat
Modares University, Tehran, Iran, respectively.
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Conclusion

Since the highest yield, yield components, oil content and oil yield under water stress treatments (S2 and S3)
were observed in the F4 nutritional treatment, it is therefore suggested that a combination of organic fertilizers
(vermicompost), chemical fertilizer (urea) and mineral zeolite (clinoptilolite) can supply the required nitrogen
for sunflower and reduce the undesirable effects of water stress. Based on the recent water crisis in Iran, the
consumption of fertilizers, particularly nitrate fertilizers that cause environmental pollution and degradation,
should be substituted with ecological friendly and cost effective nutritional mixtures which meanwhile meet the
plant's needs. The nutritional composition suggested in this research can be considered in this way.

Keywords: Chlorophyll, Oil percentage, Proline, Sunflower, Yield
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Table 2- Analysis of variance (mean of squares) for plant height, No. of branches per plant, No. of capsule per plant and
1000-seed weight (g) of rapeseed
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Table 3- Mean comparison of weed and density on yield and yield components of rapeseed
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Table 4- Analysis of variance (means of squares) for effect of weed control and plant density on dry forage yield, seed yield,
oil percentage and oil yield of rapeseed
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Fig. 1- Mean comparison of interaction effect of weed and density on a) dry forage yield and b) seed yield of rapeseed
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W, D;: Weeding and density of 50 plants.m, W,D,: Weeding and density of 75 plants.m™, W;D;: Weeding and density of 100
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Fig. 2- Mean comparison of plant density on weed biomass in rapeseed
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Table 5- Mean comparisons for simple effects of weed and plant density on oil percentage of rapeseed
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Table 6- Correlation coefficients between yield and yield components in rapeseed
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*and ** significant at 5% and 1% levels of probability, respectively.
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Introduction

Oil as a major source of food and energy has an important role in human nutrition. A great deal of Oil
produced in Iran is originated in vegetable Oils. Oil-producing crops such as Canola play a significant role in oil
production industry, and as a sole source of saturated fatty acids, has an important role in public health. .
Rapeseed (Brassica napus), also known as oilseed rape and Canola, is a bright yellow flowering member of the
family Brassicaceae, and is grown for the production of edible vegetable oils, biodiesel and animal feed,
globally. The harvested area of Canola in Iran has had an increasing trend in the recent years and requires more
agronomic researches to achieve the optimum yield of the oil-seed crop and meet the oil demands via increasing
its oil yield and production. Optimum plant density per unit area is an important agronomic factor, which
maximizes plant access to environmental growth sources during the growing season. This is an essential factor,
which contributes to maximum plant yield. This factor varies in terms of region and depends on plant variety.
Proper weed control and optimal weed management are another important factors in yield improvement. Weeds
damage products both quantitatively and qualitatively. Qualitative damage reduces product's quality, nutritional
value and toxicity (if weeds mix with the product excessively). Quantitative damage slightly reduces production
per unit area. Laansite et al.(2008) reported that grain yield was significantly affected by increased plant density
in Canola. They also showed that increased plant density reduced the number of tributaries per plant. The
number of pods per unit area was the most important indicator that increased as plant density increased. The goal
of this study is to investigate different agronomic and physiologic characteristics of Canola under different
density and weed management levels in Zabol, Iran.

Materials and Methods

The study is conducted in Dawlat Abad village located in south of Zabol (61° 29 E and 31° 2 N and 487 m
above sea level) in 2012-2013 growing season. Two levels of weed managements as the main-plot factors and
four levels of plant density as the sub-plot factors was performed based on a RCBD as split plot arrangement.
The treatments were applied as: W,: weed control and W,: no weed control; D;: 50 plants per square meter, D,:
75 plants per square meter, D3: 100 plants per square meter and D,: 125 plants per square. In order to evaluate
the effects of the treatments on the Canola, some agronomic indices like: plant height, number of tributaries per
plant, number of pods per plant, thousand grain weights, dry matter yield, grain yield, weed biomass, oil content
and yield, were measured at the end of the experiment.

Results and Discussion

The results of this research showed that weed control had a significant effect on grain yield and oil yield of
Canola. In addition, the density of 75 plants per square meter not only improved yield components, but also
significantly increased grain yield and oil yield (oil content). However, the lowest weed biomass and the highest
dry forage of canola were obtained at a density of 125 plants per square meter. This result recommended that
properly weed control and cultivating 75 plants per square meter of canola can be the optimum treatment to
obtain the highest grain yield and oil content in Zabol region. This is while densities with more than 75 plants
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per m? are proper to control weeds and produce forage in Canola.
Conclusion

Our result showed that increasing plant density increased canola yield and yield components and resulted in
better weed control, allowing for the use of reduced herbicide rates in way to reach sustainable agriculture. In
fact, the result revealed that manipulating plant density in canola production has potential to affect weeding and
finally these two methods improved quantitative and qualitative characteristics of canola.

Keywords: Competition, Oil-crop, Sistan, Weeding, Yield
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Introduction

Vegetable oils such as safflower oil, due to high amounts of unsaturated fatty acids, play an important role in
the fat balance of human diet and can reduce blood cholesterol level. Drought as the most important factor
controlling the performance of the products, on a variety of factors that affect plant growth and yield (Ghamarnia
and Sepehri, 2010). Although safflower is a drought resistant plant, but drought has significant effects on its
duration of phenological stages, thus cause a significant reduction in yield, yield components, growth and some
morphological traits such as plant height and distance to the first bifurcation branches from soil surface
(Khoshnam et al. 2012). When the distance between plants in the row is low, vacancies are not green. Low
density, especially in row plant spacing is not desirable. This experiment aims at identifying the critical stages of
water and specifies the appropriate number of plants in conditions of stress and lack of tension in the area as
well.

Material and Methods

In order to evaluate the effect of deficit irrigation and density on growth, seed yield and some morphological
traits of a local variety of autumn safflower, an experiment was conducted with a spilt plot arrangement based on
randomized complete block design with four replications at Research farm of Faculty of Agriculture, Birjand
University in 2013-2014. Irrigation levels (complete irrigation, irrigation until flowering and irrigation until
heading-bud stage) and plant density (20, 30, 40 and 50 plant per m?) allocated randomly in main plots and
subplots, respectively. Phonological aspects (humber of days to emergence, stemming, heading bud, 50%
flowering and physiological maturity) were recorded. The terms consisted of plant height, distance to the first
bifurcation branches from soil surface and number of primary and secondary branches and seed yield. SAS ver.
9.1 statistical software was performed to measure the results of the analysis of variance (ANOVA) and means
were compared with LSD test in 5% probability level.

Results and Discussion

Results showed a significant reduction in plant growth period, plant height, distance to the first bifurcation
branches from soil surface and number of primary and secondary branches in the irrigation until heading-bud
treatment. The yield loss in this treatment was caused by early flowering and decrease in flowering period, seed
filling period, maturity stage and yield components. It seems that the heading-bud stage is the most critical stage
of the crop growing under water deficit conditions. Since all of the measured parameters had a positive
correlation with seed vyield, so a reduction of seed yield under the "irrigation until heading-bud treatment” is
obvious. By increasing the plant density, plant height and distance to the first bifurcation branches from soil
surface was increased but number of days until maturity and number of primary and secondary branches was
reduced. In addition, the highest seed yield was obtained from full irrigation treatment with density of 40 plants
per m?. In all plant densities, lowest seed yield was observed in the “irrigation until heading-bud" treatment. As it
seems that this growth stage is the most susceptible stage of the crop to limited water, optimum irrigation in this
stage may case a significant increase in seed yield.
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Conclusion

According to the results of this experiment in order to achieve the maximum yield of safflower in Birjand
region, full irrigation and density of 40 plants.m? is suggested. Supplementary irrigation during heading-bud
stage is necessary to prevent a sharp drop in seed yield. The density of 40 plants.m™ of safflower can cover the
canopy faster and due to a reduction in soil evaporation, it can postpone the drought stress to the end of the
growing season. This density, also with increasing the growing season, increasing the plant height and
decreasing the number of low or non-fertile branches, results in better plant growth and thus helps to produce
more seeds.

Keywords: Drought stress, Growth development stage, Intra space, Oil seed, Seed yield
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S9yusS asly 5y Sloe i ey Yim g Yie cloleo (pl p> oS
4 Nom g Yoo g bgdow cis o Jile ails 5 Slas g oy yd
2 le 4l 3y Slos g oy Cyd (g muiS A 0, Sl iy

dslie g Luilsylg 4o Joliis Wmosls (gyle] Julow 5 4550
OSle duslie (8,8 plosl SAS 9.1 jl33le 5 5l eoliiw] b 1 Sleo

1- Land Equivalent Ratio
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GopuaS &b cublyy yadld &S pl ay do g b g Cunl atils ol jon
o ety I3, Shae (g 4 3,Skac o Jols
cladile colsy 51,5 (ggpS aild iy jasls ials 1wl

il Wilgs o Haml 51 493 58 a0

gile 9 yslac gl 3al g 9 Slac

1 CiS i g slacile colB, ol Lis mesls LT
2 ash ol s e po AMe sy sl Hlia 5 Glas oled
w5 il sl (asli g Soledem 3)Slas wily 3, Slos «dME
L (alofl 5958 93 ol (STemys (gl (5l e
sl 6yl gine 5 olS ol taw 5,5des 5 &l 5 Shos Sl
0 Js) 25

B o 290 9> Sjelsn 9 goluaidl > Sloe (max L.
4o bgpe 03 Soglan 3Sles (il &5 S asuie )5
o b andl &5 59 50 slacile JolS (g b )3 alls cuis
o S 53 2y 098 03 L g 03 YO bl cuis
o= (Hamzei & Ghamari Rahim, 2014 b) <55 1,5 )bl
B LS o slacile coldy oS el b oS cusl o Sl s
CudS )3 (e yudin Jbey (g > Jlidsar |y ©)3 5 Sles a0y
it S Sl L 5 Ao g s Y ane s b
sl o Lol (28, &St jl g i o ealB ) jpn claile
(Abdin et al., 2000)
ol Lo Sle dunlie 159 S &ld Cuild p b L
oy i ol g CulS i YD e (U pie vy e 4S5l
4 ol 423l olyor 4 Cdo ol g 6yl xe U 5y clacale
sl cuiby Haslis 5 sladde s pae byl o &S (gy5b
el Lo VoIFA o lacile JpuS Lulyd 4 G (59 S
pis losd 3 52 ladile jas Al g b (Y Jaiz) cél

e €053 3 )SMas (51521 g 3,Khos 2 CullS s g 52 e CulB) S (Slay g Sila) (ilsly 42525 Y Jga
Table 2- Analysis of variance (mean of squares) for the effects of weed competition and cultivation system on yield and yield
component of sweet corn

udy dlaxd el Cuild g ad Wi
s o . 5 4l Al 3 Sos . ’
i qolia 72 ald 4158 439 PEEHH i . w3y Nes S S &l
d.f weigh Seed row See ield yield of canned
number Yy rain
per ear g
per row
{"“'_ 2 4.22 0.32 3.82 1209359 8506927 10.75
Replication
saile 1 14221.99" 0.45" 279.65" 115986728 = 433266882" 972,53
Weed (A)
S 4 409.51" 0.08™ 11.06" 2421905 8068272" 3.30™
Cultivation system (B)
d ”“““”"A“XXE;"" e 4 16.83" 0.03"™ 0.90™ 191437™ 2456528 5.87"™
e 18 39.82 0.14 2.76 218418 2083974 14.63
Error
(03) SlieedS 5 214 276 7.42 6.42 437 7.66

CV (%)

Wbl oo Ao yd iy 9 S Jleis] zolaw 3 (391 I gime > gixe pis SIS gy 1 g w2 NS
ns, ** and *: indicates non-significant, significant at 1% and 5% probability levels, respectively.
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Table 3- Mean comparison of the simple effect of cultivation system on yield and yield components of sweet corn

Al I 3 s e & oo,
LS () f‘;)u;s udy pailbsla e HS) GopS Wb es 3 0,5 5kS) (aw j 3, es
Cultivation sg/stem 1000-5e2§wei ht Seed number per (b= o (us
@ g row Canned grain yield (kg.ha™)  Biological yield (kg.ha™)
oAl Db 5 294.0 22.0 7125.90 32763.2
Pure sweet corn
Uile Juopd Yot oy 0yd
Sweet corn + 20% Mung 301.8 22.9 7816.80 33975.5
bean
Uile duopd Fet o yd
Sweet corn + 40% Mung 301.5 24.3 7983.70 34358.6
bean
Uile doyd Fet iy pd
Sweet corn + 60% Mung 291.3 22.1 7000.90 32507.5
bean
Uile doyd Avt oy yd
sweet corn + 80% Mung 281.8 20.6 6425.60 31488.5
bean
I Gre gy Jlas 7 201 1751
LSD (0.05) .65 .0 566.88 51.00

Oty )3 3,80oe (sl5al 9 3, 80es 2 5 sladdle Coly BT (aS0le dunliic € Jgua
Table 4- Mean comparison of the effect of weed competition on yield and yield components of sweet corn

sdile cold, o 53 &> alans L9 ywaS aild 3 Slos o § 3 yNos aily Sl p e L
! (o) s Jim oz S e .
)I‘Q 1000-Seed WEight <9, ()w » 19)59135) ()w » ﬁ;?l.’;) (M)") 691“'5
Weed @) Seed number Canned grain yield Biological yield Harvest index of
competition per row (kg.ha®) (kg.ha™) canned grain (%)
j{ﬁ e o 315.85 25.45 9236.85 36818.96 55.59
Without weed
S G 272.31
3om cdle 3 19.34 5304.31 29218.38 b 44.2
With weed
Poisinn ol Jibe 1.36 1.27 358.53 1107.50 2.93
LSD (0.05)

= CitS i B 6k dulie i gy > BYE das

s A pd 45l L (£ Jads) Lile &g po M Sluw
CiS d Cod (ol o> Fr g FroV e b yd bglore cuis
ol dLild (gl xe ]38l lo &gy > M Blaw ilo alls
S 4y S o a8 oS5 s 39 4 Sl Sl ) o5
Slopius ol 3 5 sbile i 255 0 Grzen 5 pall
bl ciS o asS sl Lo gl o) fiomen bl bl
03 S & G Cao cpl  Gile o pd A g &y il
5 Cyd oy ColBy s ol 8l Jsay &S edis ol (sdgu0
slecite 5l 1 Sbe dwlio il o CutS i (pl jd ol
JriS pae byly b o aS ol Lis o ole BME Dlas y 5y
VIR o ol jya slacile JpuS llpd 4 Cons i saile

PU (5 Jgis) bosls 5:Ske awslio i 1D 158 (359
N5 0jg ooyt oS 2l QUi oo &> Jlia 59 g2 CulS s
Ao Pt G )3 jles d bgiye (p)5 T/AY) ile &b
AL CuiS & by (p)5 YYIVE) &l Jlia (59 (35S 9 Gile
YL oS5 5l Gile palls eSSl 4 argi b g ole
2 il LBl plgsse sl jl3)05 Lol (sbyloss 4y Copnd
S5 st 18y il o 8 (ST I olso sl
Ay Sl (8 jiweid dlge ezl Oi s & oS o ile sladsg
byly s o ile als jlia yjs a8 0l Lis cpicren aodly 1 Sbe
mlade fads bl 4 Cund 1o pd VY/AD l5sedy jybcile jguis
(Y Jods) caol 0oy lis ials 5,0
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oo 3 i alls S ) Moy Lo o >, Sles (Siko
Abadian et al., ) cewl 355 ba 1w slaled ;o olals 51
il palls cuis (o aiby 5 ySlos (g5 day 0 S5y (2014
Lo be oS Lyj)) 5 sl byl cois 5 ey il
=5 > Loy ¢ (Helianthus annuus L.) o, Solssl slsél
i Lasgd il 3,Slas 5y bglice oS jlog il 45 003 oanliie
Al i o > i g &l > Slas i 0392 Josine
el oial sy gpeyio jd abe e WS, L e Loy
Log 51,5 ods0 s (Nasrollahzadeh Asl et al., 2012)
e Jolgs Sl pde oliiwl b s log) 45 A5 g (i
S g |y wly o Sles oy i

DS (A o ixe do Az g L 3 St 5 3 ySlos
@305 olly 438 e ble s 0,8kas  Gtale] slolog
Ol mls § <5 ©)go jradile waw ja 53 CulS pluges
O b gladide jods pie g jphs Cl 9 j» 5 &S 0
Saine Solis Slo g 3 )Slas blod | cutS (slapitun
9 S i (S w2 (5650ke dumlie (A Joia) 3,03 3924
29SS Sl (old )3 480l (L o slacile
Oszzen Cusl 0ad ile () 3Sles ialS sl o slacile
3o (p i jp laddle jphs pis g jean Llyd 93 2 )
byl (slapium )3 9039 (hlo alld cuiS 4 bgjo (s
i) 3ySlas (LAl S @ Cos Gole 58Ty il Jsa)
LS ol @ 5Ed dg bl sl 035l () dxe rals
P b slacale joas pae bylyd )3 a8 dgei cdnline o o
A Cud gilo doyd Ae g ¥eFe Ve L)) boles (slapiug
OY VAL by e iy (G 3 )Sdes a8 o el cuis
slacale jaas byl 3 a8 b ) sl 0dgs 1o yd YY/B 4 VY
Cuol 039 doyd WY 9 VA Y VO L ply i gy b jials ol 50
S Lol g saiadge G Sl 0l ol (4 Jpie)
2 S 2wl jyn gladile (065w b abaly 3 (IS 4
S odd el jya lacile ©jlud ials )b ) bl gl
3335 U alls St & s oS o515 51 3 5, Sas tals
20,5 ol

PRI SPCIVIRINS | IV < ISV UIWE IS ToVve)  JUIRRV-Y S Foe

CoisS g9y a8 lasdllos (Y Jodn) ol ol jials asyd
-o—i> Lugl 5 (Panicum miliaceum L.) (gladsle 55l bglbke
bolswe 13 5l Cuns il B L &S W saaline 8,5 o b
(Hosseini etal., cal sl Jbedis g g 5 GBI sl
3 BMLE b jials s a8 10,8 lgie Lolul opl 5 2004)
2 i Lagd L o)) paasd el 1 (il Wl oo &5
b Q)‘) YU clacuus jo g Oil bl

548 ol ol odly (1SSke dulio (WS 4D il dlasd
sy o ile (alld oS i 4 G bglke (slpiumw (olo
by loee i 93 50 o aull & cal Gioliél (ile C8Me jo &l
o) F Jsse) 0 4l xe ili8l cpl Gile doyn e g ¥ L yd
bl 33 ST & Cand bglsrs wiuge Cute il Sl mls
Sledls O_g.] P as I)% b o il d]).g AT h»\)...u Soue b
Coldy 51 Sl dwlio ol oais awwls jya slacale W,
Cho oyl oy V0 ials (Silo 56 Caee (ol g 5 laddle
(Y Jgi2) 592 0 slacile jpas 515

Glelos GiiS ey ad b dxe 4 dog b 1dild 3 Shos
s 51 (2305 eilly 35 ble sl 3, 8kae 2 ilo]]
0 &Sl L s g 8 S Oyge il maw by S
S i oy i glacale jods pas g jels Cls g0
(A Jsdm) )3 5559 (gyld ime glas ile ails 5, Slee Llod
Ay L jem slacale 5 CusS piwaw (S Ry (nSle duslde
3yShos (pyidi o Socile jodn pis g jpin Sl 93 a5
Ll a8 cuol 03y Joazmo oyl (alb cusS &) bgyye il 4l
3199 35 ot oyl cuiS Sl ol o i cdlS WSl 4 an g
pas byl il g as ol L Cpeored gl (Jg ol 0390 oo ]
cole o Ar g )d bg 5w wiwuw jyb lacale jo i
el Gile Lalld culS b (Hh pme OS] 4818) alin (63 )Slas
L @) bydsee cuiS (sl i jo glacile joas el )54
dlogl il alls cuss wlin 4l 5 Slas yolo dojd Ar g 5+
slacile joan bls o oS cul o] Sl gls ol a5 15,8
CiS an Caud hlo (slys (g (gaedgw bglie i o
S cdls (S5 o Fr i diuily &S 03,8 walyd Ll
ploul (Lo Lugl o (Ocimum basilicum L.) oyloy, (uiol38l
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s cailsy a3l Toles 5 axals Jlioe |y ol 4 (g jitmgid
bl 3 Sle duwlio Cpoomen AL Cuil dalss ol pendy 1)
P Cho ol a S ob i ile cubby jasli 5w slacale
NOA Jy8 bl sy Coms 0 slacdle 38 pos Lyl
2y iy il Sl s ) 45 (Y Jpin) 2l nlS ao
Al e Sgdgm 3)Ses 4 S w3 Shos 50 Slacile

(Hamzei & Ghamari Rahim, 2014b)

i > ol o GIF S by sl
0alS (il S 6ygbdr 3 Gile palls CulS 4 Cod byl
Vo L o O3 byl gl d bgiye (10> ) il
a baye (4o YYIV) ccilbyy (adls o yieS o il o )d
e gl o ol 4 {F Jyia) o3 e s S
biyo ST & Connd bl (lainr 3 tle i 515
i SO (gly yidns (glad g9 s oyl 3 &S (g yebay auild

Algo sk 28 9 (@A Sl g Olej 2 S38heg ol (Rl

olo 3, 8os sljal 9 3 Slas 1 CulS whunws 9 2 (Sacile Culdy ST (Ol yo (aike) il ly @320 -0 Joua
Table 5- Analysis of variance (mean of squares) the effect of weed competition and cultivation system for yield and yield
component of mungbean

33 S Dl PECHERIREY el
N Rt LY L FERUR . ; - .
i @l : &gy Sye ala,Sles S Ses clily
&33! 1000-seed - S S :
S.0V D.F weight Pod number per ~ Seed number ~ Grainyield  Biological yield  Haryest
) plant per pod index
)"S’ ) 2 0.42 1.55 0.05 215668. 1483371 1.21
Replication
syaile 1 22342 1300.34 ™ 21.62™ 3817624, 26869658. ™ 43.97"
Weed (A)
. “‘“‘5 e 4 9.59™ 90.80 ™ 0.63" 4744918 93316383 ™ 52.46™
Cultivation system (B)
s “’““‘“’:A"XXE;"” e 4 0.31™ 8.84™ 0.18™ 307622 3311273™ 0.743™
k= 18 0.58 8.03 0.18 38994 556771 3.43
Error
(42 3) ol s 5 1.93 6.70 413 8.66 8.57 6.86
CV (%)

il (oo doyd gy 9 S Jlein] olaw pd (09 40 gize )b pixe pas (Sl ey ik g s NS
ns, ** and * indicates non-significant, significant at 1% and 5% probability levels, respectively.

Ol 3, Mae (513l g 3, Nas (515 CutS phamann 03U 5T (Siln dunn o =T Jgas
Table 6- Mean comparisons of the simple effect of cultivation system on yield and yield components of mungbean

CulS s (255) 1,152 o339 War > OYE Slaxs S paibslan (wo) Clllbp pad i
Cultivation system 1000-seed weight (g) Pod number per plant  Seed Number per pod Harvest index (%)
e palls e 37.74 37.13 10.08 22.68
Pure mung bean
o 2oVt (e 3 38.80 45.00 10.49 30.07
Sweet corn+20% Mung bean
GAle ¥t el S5 4053 45.48 10.86 28.24
Sweet corn+40% Mung bean
a2 7o ol 5 4081 4473 10.76 26.05
Sweet corn+60% Mung bean
Gl LAt e 5 39.27 39.06 10.17 27.75
Sweet corn+80% Mung bean
Mogine ©glds Sl 0.92 3.43 0.52 2.24

LSD (0.05)
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Table 7- Mean comparisons of the simple effect of weed competition on yield and yield components of mungbean

i bl culd, &ly,15 59 Gy yd AL dlaxs YL 45 aild slaxi Cild y gad L
Weed competition  1000-seed weight (g) Pod number per plant  Seed Number per pod  Harvest index (%)
”» <ile og 42.18 48.86 11.34 28.17
Without weed
}’fm wile 36.17 35.69 9.64 25.75
With weed
e ol Joo 0.58 2.17 0.33 1.42
LSD (0.05)

olo (G 9 il 3,Sdas (512 52 sacile Culy Cilises Tolaw )3 CulS wham 1 (230 2 (Olas o (10le) iyl @525 -A Jgs
Table 8- Slicing analysis of variance (mean of squares) the effect of cultivation system at different levels of weed competition
for grain and biological yield of mung bean

QU It &3l an o aly 5,50os o j 5 yShos
S.0.V d.f Seed yield Biological yield
3o e Oa 4 3638219" 64018347
Without weed
o e b 4 1414322 32609310
With weed

Al oo Moy gy 9 S5 Jlain] Zolaw 50 301 JB xe yld dime pas JSOLS (o S g s NS
ns, ** and *: indicate non-significant, significant at 1% and 5% probability levels, respectively.

oole (i j 9 il 3)Sdas 2 50 (Sle Cold; g CulS i (ESOR 2 (il A lie -1 Jgaa
Table 9-Mean comparison of the effect of cultivation system and weed competition interaction on grain and biological yield
of mung bean

o (U2 3 0,5 5hS) il 3,Slos (3650 55 5 5kS) (st 3,50os
Treatment Seed yield (kg.ha) Biological yield (kg.ha™)
e 2l i 37102 15397.1
Pure mung bean
5 o 203 Tt e &2 975.4 3198.1
338 Sweet corn+20% Mung bean
RES o 72 ¥t oy )
435 <> o= 2181.9 7403.9
= Sweet corn+40% Mung bean
X g Slo L Bot oy ywd &)
= el 7ot Gl &) 28413 10316.5
Sweet corn+60% Mung bean
Gl At red 5 3467.4 11933.1
Sweet corn+80% Mung bean
B ine 23l B 352.01 1358.8
LSD (0.05)
Ao ol i 2401.2 11256.8
Pure mung bean
o 223 Vot gy 20 813.3 2769.9
o 3 Sweet corn+20% Mung bean
(4 s - a .
43 Qe ¥t e €5 1703.0 6320.8
L= Sweet corn+40% Mung bean
T2

Sl Pt Greh 20422 9109.6
Sweet corn+60% Mung bean

Qle At a3 2448 8 9327.7
Sweet corn+80% Mung bean

I sine glis Jola 365.4 1521.3
LSD (0.05)
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033 j I3 gxe LialS 5 (Sorghum bicolor L.) pg3 o L
Cowl oad (5)35 psS 0w Lalld CuiS &) s 5o slacile
slool 3yb 5l il be e cuss” . (Sanjani et al., 2010)
On JB sbgs (b eel ililule 5 (alS b Ye
53230 j o slacile A5 4 (5508 ojlal 5 0ad ©)d (s,
by S il olS &5 ity o Glpe 0 S ol @ 42 L

Cyxe (b 03 Sl )3 dg2ge jya slacile (gl (558

GilS il oy @3 Uy o ol 58l bglks cuiS g o3
ile Ll 1y Jgame ol 53 b iSGile 8y

e Sl s ol

g ir sladde el 3l )y anpos I Job il
Oy Sl 0adLd plise p bglse cutS il slacuS 5
) bobe S g5 oo 5 o glacile culf) pa o ol Li
bz ;35 o (o (55 )3 e o515 oy ol
Oy Sy S (a3l g Jelgs cpl GiSeap (Jg ety
S oSlee dglie Join o £55lon (V) J992) 395 )3 ixe
o= Do dmd e QLS (3005 (Sl Canmd (sl boglre S
S VFY 5 S ] iy bogloe S (sl oy _osles 5 sl
O g o ¥I-A S0 ©jle 4 (WY Joia) 240 VAR
—4 bl i alin (60, Sdas U cunl 5L 0iSSS jo (6 i
Al o bgle cusS 390 Aiedgw LS (g gi90 cpl ] Cond

S0 sladile
0995E0 e Jold ds 50 53 od odaliie o slacile (y g

45,5 {Echinochloa crus-galli) &,5 (arvensis L.)
Heliotropium L.) ¢ oLl ( Portulaca oleraceae L. )
(Physalis alkekengi L.) o3, scisy Swgye 5 (€UrOPaEUM
WAdg

S g 86 (V0 Jpi) pwilly 425 Jgi ol
M mizme by S Jloin! maw (0 5 glacale Sis 59 5
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Introduction

Weeds are one of the most important factors in reducing crop yield. Excessive use of herbicides for weed

control because of the environmental pollution and ecological damaging effects does not have the necessary
sustainability. One of the strategies to reduce the herbicides use in agriculture is use of intercropping systems
with cover crops. Additive intercropping of different crop together through create an intense competition micro-
ecosystem, provided the conditions that weeds damage would be minimized in these situations. This study was
conducted to evaluate the quantitative usefulness of sweet corn-mungbean intercropping and its effect on weed
control.

Materials and Methods

The experiment was conducted as factorial base on randomized complete block design with three
replications. The first factor consisted of 6 levels of different cultivation systems (sweet corn and mungbean
monoculture, intercropping of 20, 40, 60 and 80 percent of net density mungbeans with sweet corn) and the
second factor was two levels of control and lack of weed control. Each plot had a length of 6 meters, including 4
rows by 60 cm distance. In monocultures, sweet corn (8.3 plant m? density) with 20 cm plant spacing and
mungbean (8.23 plantm™ density) with 7 cm plant spacing were planted. In intercropping treatments also sweet
corn and mungbean were planted on both sides of the heap that plant spacing for sweet corn was 20 cm and for
mungbean base on additive intercropping treatment were 8.7, 11.6, 17.5 and 35.8 cm respectively for creation of
80, 60, 40 and 20 percent of mungbean optimal density.

Results and Discussion

Weed competition reduced 1000 seed weight, seed number per row and canned grain yield of sweet corn by
13.8, 24 and 42.6 percent respectively. The highest (301.7 g) and lowest (281.8 g) of 1000 seed weight of sweet
corn were related to intercropping of 20 and 80% optimal mungbean density with sweet corn, respectively. The
highest (24.3) and lowest (20.6) of seed number per row of sweet corn were obtained respectively in
intercropping of 40 and 80% optimal mungbean density with sweet corn. Compared to monoculture treatment
the only intercropping treatments of 40 and 60% mungbean + sweet corn increased the canned grain yield of
sweet corn significantly.

Weeds competition and cultivation system had significant effect on 1000 seed weight, pod humber per plant,
seed number per pod, grain yield, biological yield and harvest index of mungbean. Treatments of 60% mungbean
+ sweet corn intercropping and mungbean monoculture had the highest (40.8 g) and lowest (37.7 g) 1000 seed
weight of mungbean respectively. Intercropping of sweet corn + 20, 40 and 60% mungbean treatments increased
number of pods per mungbean plant compared to pure culture significantly. In all of the intercropping treatments
relative to mungbean monoculture the seed number per pod was increased. In the absence of weeds,
intercropping of sweet corn + 80% mungbean and in the presence of weeds, intercropping of sweet corn + 60%
and 80% mungbean had the similar mungbean grain yield (no significant difference) with the mungbean

1 and 2- MSc student in Agronomy and Associate Professor, Department of Agronomy and Plant Breeding, Yasouj
University, Yasouj, Iran, respectively.

(*- Corresponding author Email: Yadavi@yu.ac.ir)

DOI:10.22067/jag.v10i1.54036


mailto:Yadavi@yu.ac.ir

IWAY L o) oyl e w65 )9l (owlicds pgs 4 s \ ¥

monoculture. Weed competition decreased the 1000 seed weight, pods number per plant and seed number per
pod of mungbean about 13, 27 and 15 percent respectively. The highest weed dry weight (802.4 gr m™) was
observed in the pure culture of mungbean without non-significant differences with the sweet corn monoculture.
The lowest weed dry weight (465.9 gr m™) was observed in the intercropping treatment of sweet corn + 40%
mungbean without non-significant differences with other intercropping treatments.
In all of the intercropping treatments the land equivalent ratio was greater than one (LER>1) and ranged from
1.41to0 1.89.

Conclusions

Based on the results of this experiment, additive intercropping sweet corn and mungbean in all of additive
mungbean levels had the higher usefulness than monoculture of these species and in all of the intercropping
treatments land equivalent ratio was more than one (LER>1). The best additive intercropping treatment was
sweet corn + 40% mungbean.

Keywords: Canned grain yield, Competition, Harvest index, LER, Weed
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Table 1- Variance analysis (mean of squares) of different irrigation levels on some physiological and morphological traits of
common millet ecotypes
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*, ** and ns F- test significant at p< 0.05, p <0.01 and not significant, respectively.
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*In each column the means with same letter, they are not statistically significant at at probability level of 5% (based on Duncan test).
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Table 3- Mean comparisons of ecotypes at physiological and morphological traits of millet
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*In each column the means with same letter, they are not statistically significant at at probability level of 5% (Based on Duncan test).
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Fig. 1- Mean comparisons of irrigation levels and ecotype interaction on percent of ion leakage of millet
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*The columns with same letter, they are not statistically significant at probability level of 5% (Based on Duncan test).
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*The columns with same letter, they are not statistically significant at probability level of 5% (Based on Duncan test).
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*The columns with same letter, they are not statistically significant at probability level of 5% (Based on Duncan test).
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Introduction

Common millet (Panicum miliaceum L.) is a cereal plant cultivated for its grain, mostly in semi-arid regions
of Iran. It is a warm-season and C4 grass with higher water use efficiency than C3 plants, short growing season,
low moisture requirement, relatively high drought resistance and is capable of producing food or feed where
other grain crops would fail. Water resources deficit and drought stress is becoming a major threat to plant
productivity loss in agricultural systems therefore optimum use of limited water resources and seasonal scattered
rainfall and water use efficiency is necessary. Drought stress leads to lower growth, yield and yield components
in pearl millet. Super absorbent polymers have a great importance for their role in increase of absorption
capacity and saving water in the soil and to combat water shortage conditions. The water holding capacity of
super absorbent polymers helps to keep plants from sitting in water logged soil in times of excess moisture.
Then, as moisture is needed, super absorbent polymers release moisture back into the root zone helping to
maintain consistent soil moisture. Positive impact of super absorbent polymers on growth and yield of soybean
and corn under water limited condition have been reported. The aim of this study was to evaluate the use of
different levels of water deficit and super absorbent polymers on morphological and physiological characteristics
of millet ecotypes.

Materials and Methods

The experiment was carried out during spring and summer of 2013 in Faculty of agriculture research field of
Shahid Bahonar University of Kerman (56°, 58'E; 30°, 15'N and 1754 m elevation). Soil type was a Sandy-loam,
with pH 7.6 and mean annual precipitation of 150 mm. The experiment was carried out in a split plot
arrangement based on RCBD design with three replications. Irrigation treatments included three levels: normal
irrigation, drought stress with super absorbent application and drought stress were applied in main plots and
Zahedan, Kahnooj, Ghale-ganj, Golbaf, p25 line and Pishahang Ecotypes as plant material were sown in sub
plots. Irrigation intervals were conducted based on 50 and 100 mm evaporation from class A pan evaporation.
Plants were harvested at the end of the growing season to determination of plant height, biological and grain
yield. lon leakage percent were measured based on method proposed by Zheng et al. (2008). Statistical analysis
was done by MSTAT-C, Excel and SAS softwares and means were compared by Duncan’s multiple range test at
5% of probability level.

Results and Discussion

The results showed that significantly increased were observed in stem length, grain and biological yield in
super absorbent polymer application in comparison with the non-application in stress conditions. Stern et al.
(1992) reported that the use of super absorbent polymers increased dry matter in wheat. The use of super
absorbent decreased ion leakage that was consistent with the results of Harvey (2002). Pishahang cultivar had the
higher biological yield in stress condition with super absorbent application compared to the other ecotypes of
millet. Kahnooj ecotype in stem length and Ghale-ganj in grain yield significantly higher than the others.
Kahnooj ecotype had the lower ionic leakage than the others. The results of this research revealed that Golbaf
ecotype in drought stress and Ghale-ganj ecotype in drought by applying super absorbent conditions had
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significant performance. Application of super absorbent polymer increased 55.3% in grain yield compared to the
non-application under drought stress. Stoker (1960) reported that drought stress leaded to increase in ionic
leakage and reduced plant height and create short plants. Application of super absorbent polymers to reduce the
devastating effects of drought on soybean and corn have been reported.

Conclusion

The super absorbent polymer increased grain yield compared to normal irrigation which indicating very
positive and direct effect of this polymer in maintaining soil moisture nearby the plant roots and reducing the
adverse effects of drought stress as well as increasing grain yield in millet ecotypes, therefore could be helpful
materials for more utilization of plants potential in conditions and environments with water limitation.

Keywords: Drought stress, Irrigation, Millet ecotypes, Super absorbent polymers
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Table 1- Physical and chemical characteristics of soil

: . - . PRV RUTIRY Y
el Slons ojese P oy ol (“‘,S»,'Sd. -
() (1) (eSS ppSke) (o593 05 ) e "““ECN“
oC Nitrogen Phosphorus Potassium -1
Texture o (o) (mg.kg) (mg.kg) PH (dS.m7)
whe o) a1 0075 7.3 185 7.04 0.794
Silty loam

1V J512) 33 55l g 3555 5 s

5355 b o5 (9l Sl ey (00 355 5 555 355
poolly phind (g yi e g dntd 3)5 b adlate (6% e

T 50395 (lorsd Clogad —Y Joia
Table 2- Chemical characteristics of organic fertilizers

JI355 g9 0397
(%)

Organic fertilizer type

(%) (%) (%)

Nitrogen Phosphorus Potassium Calcium  Sulfur

(%) (%) (%) (mg.kg™)
5
95 355 0.880 0.397 0.993 1.12 1.34
Cow manure
Er 3 1.07 1.55 1.29 10.2

Broiler litter
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Table 3- Description of the treatments

oyl Slos T
Treatment abbreviation Treatment description
NP )L"S‘m)‘)d‘-?ﬁ)yc“w)iw9a)9‘ P;?lf;\“9\\/b “"“")"\‘y
175 and 100 kg.ha of urea and triple superphosphate, respectively
NPM S > 3o 32y polie g S b Slndpygw gl Sl WY 9 10 e AV i iy
175,100 and 112 kg.ha* of urea, triple superphosphate and micronutrients, respectively
NPS 2 33,555 5 S Slawd g 0yl p)55LS A g Vee VD S Sy
175,100 and 80 kg.ha™ of urea, triple superphosphate and sulfur, respectively
175,100, 80 and 112 kg.ha™ of urea, triple superphosphate, sulfur and micronutrients, respectively
CMp )m » 69@ 395 F;?L‘{ Wo- .
12500 kg.ha™* of cattle manure
CMn JUSa ) (5gl5 395 p)SokS ¥-YVD
30225 kg.ha™ of cattle manure
7944 kg.ha* of broiler litter

16111 kg.ha™ of broiler litter
2 S95 255 (i U sy (49 358 Sl ey BLN g BLP CMN CMP 1il o g3k 99,565 «lind g 0yl 365 1S3l sty M 9 S P N

il on LS (55955 Sl e i (E50 355 9 ()b Sl s 1 (0 395 (S S e
N, P, S, and M: are represent urea, triple superphosphate, sulfur and micronutrients, respectively. CMp, CMn, BLp, and BLn: are
represent cattle manure based on phosphorus, cattle manure based on nitrogen, broiler litter manure based on phosphorus, broiler
litter based on phosphorus, respectively.
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Table 4- Analysis of variance (mean of squares) of different sources of fertilizer on plant height, number of leaves
per plant and leaf area index of green basil

JUVES I I «d3l anyd Wy g5l Wyt yd Sy dlani Sy w2l
S.0.V df Plant height No of leaf per plant Leaf area index
Jol il
First harvest
S
> 2 67.5™ 0.541™ 0.011™
Block
> 7 199" 600™ 0.980"
Fertilizer
Lot
14 6.39 14.4 0.034
Error
(%) )y g i 9.88 16.2 316
CV (%)
@93 Co:vb).g
Second harvest
S
o 2 15.5™ 9.29™ 0.304™
Block
.\95 *x . ke
. 7 66.4 3515 6.43
Fertilizer
las
14 10.3 4.52 0.079
Error
() 1S a5 9.65 3.01 9.10
C.V (%)

(S sime pae 1 NS g o pd S e ) Iy me
** . significant at 1% level probability and ns: non-significant.

eblB L by 58" sla Lo .(Tahami Zarandi et al., 2010)
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Table 5- Mean comparisons for the effect of different sources of fertilizer on plant height, number of leaves per
plant and leaf area index of green basil

(,Inuﬁlw)dﬁ‘sg&w)l 4\35.1)33).3.51.»6 f)a@a.wu»lw
Slowi Plant height (cm) Leaf.plant™ Leaf area index
Treatment Jol Culild 093 Cuild Jol Cuild 093 Cudld Jol Culild 090 Cuild g
First harvest  Second harvest First harvest  Second harvest First harvest  Second harvest

NP 19.3% 35.72 13.3¢ 46.3° 0.316° 2.28%
NPM 18.3° 37.72 12.0¢ 45.2¢ 0.283° 2.45%
NPS 19.3% 30.0 14.0¢ 36.6° 0.213¢ 1.71"
NPSM 21.7% 34.7% 15.7% 72.3° 0.253¢ 3.83°
CMp 23.7% 26.0°¢ 21.0° 57.3° 0.410° 1.85¢
CMn 28.0° 28.3° 21.7° 60.0° 0.440° 2.62¢
BLp 32.7° 36.0° 36.7° 1218 0.850° 4.62°
BLn 41.7° 39.02 52.3% 1252 1.91% 5.74?

WSl b pxe &bl Ml LSD O?"):‘ ool o) gy Jloin ! o (0 Spiie B S JBls b glo (1Sl <5y o
* Within each column, means with similar letter, are not significantly different (p<0.05) based on LSD test.
69 555 (s y0ud 5L sy (595 365 Sl o4y BLN g BLP CMN CMP sl o (s3s0}s) 95,555 chlimd yygu o9l 355,50k i pas:M 4 S P N

bl oo olS (3595 Sl a1 (£y0 395 9 (piud e (0 055 (95 Sl e
N, P, S, and M: are represent urea, triple superphosphate, sulfur and micronutrients, respectively. CMp, CMn, BLp, and BLn: are
represent cattle manure based on phosphorus, cattle manure based on nitrogen, broiler litter manure based on phosphorus, broiler
litter based on phosphorus, respectively.
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Table 6- Analysis of variance (mean of square) of different sources of fertilizer on yield, shoot fresh weight and more
weight basil leaves of green basil

i le  oMjlary S0k Bl 5 09 38des
S.0vV df Leaf fresh weight  Stem fresh weight Yield
Jol €ils
First harvest
S
* 2 35.9™ 746™ 90464™
Block
558 x x o
7. 7 106011 36384 25569479
Fertilizer
s
14 726 1137 119333
Error
() e 2 13.8 20.2 9.55
C.V (%)
‘59.3 C;w\#,b).g
Second harvest
S
* 2 667™ 318™ 50300™
Block
°.’§. 7 154896 63325™ 40532949
Fertilizer
Lot
14 869 1194 175838
Error
() 1S 5.47 111 4.94
CV (%)

(P Gre pae NS g Moy S o Hd HId gime e
**: significant at 1% level probability and ns: non-significant.
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Table 7- Effect of different sources of fertilizer on yield, fresh weight of leaves and stems of green basil

. a8l o 43 L
Sy P 05 ( e " il SRl 5 3 ,Slos
e (&20 7o 2 055) e fen e (@20 S0 2 25)
o Leaf fresh weight (g.m?) Stem fresh weight Shoot yield (kg.ha™)
Treatme g (g.m?) '
nt ) “ o - . - o )
Jol Culd P93 Culdy: Jo! b_‘wbﬁ 09> Cuwld 4 Jo! ‘Tw‘br" 29> Cuwld 4
. Second First First
First harvest Second harvest Second harvest
harvest harvest harvest
NP 94.4 % 435¢ 92.6% 245° 1870 % 6804°
NPM 83.3¢ 381° 63.9° 243° 1472¢ 6250°
NPS 87.0¢ 281 85.3% 145° 1723 % 4270
NPSM 107% 562° 100% 387° 28351 9494°
CMp 144° 379° 186° 230° 3305° 6100°
CMn 148° 512° 143% 190% 2912° 7034¢
BLp 255° 832" 287° 496° 5435° 13289°
BLn 638° 922° 3728 535° 10111° 145767

S5 I gz (g lel MBI LSD (yg0l bl s doy> gy Jlosinl g 13 S jdtio By G JBlis (6l (lanSilo im0 4
* Within each column, means with similar letter, are not significantly different (p<0.05) based on LSD test.
S5 295 (g piud Sl s 2 (595 358 il iy BLN 5 BLD CMN CMP il po (3o} § 3,555 clad g gl 398 il iy M 3 S PN

A3l e obS (53955 Sl e (E50 355 5 Srhed Sl s (E50 055 (S5 8 e 2
N, P, S, and M: are represent urea, triple superphosphate, sulfur and micronutrients, respectively. CMp, CMn, BLp, and BLn: are
represent cattle manure based on phosphorus, cattle manure based on nitrogen, broiler litter manure based on phosphorus, broiler
litter based on phosphorus, respectively.
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Table 8- Analysis of variance (mean of square) of different sources of fertilizer on the leaves, stems and
aboveground of two harvests of green basil
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i gl 3l a2y i
SOV o Leaf dry matter Stem dry matter Aboveground dry matter
Jol Cuil
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e
* 2 31.2™ 15.7™ 47.6™
Block
> 7 1874 547" 4386™
Fertilizer
s
14 24.1 22.3 26.1
Error
- . ‘ b .
() e 2 18.6 26.9 116
C.V (%)
P}b mlb)g
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<
ot 2 71.2™ 195™ 70.8™
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.\95 o o sk
. 7 3116 1330 8348
Fertilizer
s
14 80.1 97.2 168
Error
() 1S a5 10.9 256 106
C.V (%)

(S sime pae 1 NS o yd SO o ) o i s
**: significant at 1% level probability; ns: non-significant.
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Table 9- Mean comparisons for the effect of different sources of fertilizer on the leaves, stems and aboveground
of green basil

S 5y s oolo Bl i 03l s Fl] K 2,8
s (2250 50 31 25) (2250 50 31 05) (&2 o 205)
7 Leaf dry matter (g.m?) Stem dry matter (g.m?) Aboveground dry matter
Treatment ' ' (g.m?)
Js! W‘bx Q93 c«.‘&la,.g Jo! Mlax @93 C«.lebrg Jo! c;...ii‘.:).g 29> Cmf}b).g
First harvest Second harvest First harvest Second harvest First harvest Second harvest
NP 13.2¢ 72.4% 8.75 32.1° 22¢ 102°
NPM 12.1°¢ 58.4% 6.05° 28.2° 18.2¢ 86.6°
NPS 11.9°¢ 45.7° 8.64% 18.1° 20.5¢ 63.9¢
NPSM 15.1° 84.5° 9.98% 31.7° 25.1¢ 128°
CMp 19.8° 56.8° 18.5% 29.0° 38.3° 85.9%
CMn 20° 77.7° 15% 25.2° 35.1° 102¢
BLp 33.6° 130° 26.7° 73.78 60.3° 2042
BLn 85.7° 130° 46.6° 69.92 1322 200°

WSl b pxe &bl Ml LSD O?"):‘ ool o) iy Jlein ! o )0 Spiiie B> S JBlis b glo (1Sl cygin po o
* Within each column, means with similar letter, are not significantly different (p<0.05) based on LSD test.
bl oo olS (3595 Jl a1 (Ey0 395 9 (piud S s 2 (0 355 (95 Sl e
N, P, S, and M: are represent urea, triple superphosphate, sulfur and micronutrients, respectively. CMp, CMn, BLp, and BLn: are

represent cattle manure based on phosphorus, cattle manure based on nitrogen, broiler litter manure based on phosphorus, broiler
litter based on phosphorus, respectively.
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Introduction

Despite the notable application of chemical drugs, medicinal plants and drugs that extracted from them
widely has been used, so that in some countries they are integral components of remedy Basil (Ocimum
basilicum L.) is one of the major essential oils producing species. Although the applications of different sources
of manures have been shown the significant effects on yield and the quality of agricultural products, but
overusing of chemical fertilizers in crop production resulted in numerous problems such as contamination of
groundwater, nitrate accumulation and heavy metal toxicity. In many cases, the application of expensive
chemical fertilizers causes environmental pollution and ecological damages that lead to the increase in cost of
production.

Materials and Methods

In order to evaluate the effect of organic and chemical fertilizers on growth and performance of green basil,
an experiment was conducted, is based on randomized complete block design with eight treatments and three
replications in the research farm of Agricultural College, Shahrekord University in 2014. Treatments were
included NP (N + P), NPS (N + P + S), NPM (N + P + micronutrients), NPSM (N + P + S + micronutrients),
CMp (cattle manure based on phosphorus), CMn (cattle manure based on the nitrogen), BLp (broiler litter based
on phosphorus) and BLn (broiler litter based on the nitrogen), respectively. Plant height, number of leaves per
plant, leaf area index, fresh yield, stem fresh weight, leaf fresh weight, leaf dry weight, stem dry weight,
aboveground dry weight were measured. All data were analyzed with SAS software. Significant differences
between individual means were determined using Fisher’s protected least significant difference (LSD) test (P<
0.05).

Results and Discussion

The results showed that the effect of different sources of fertilizer on plant height, number of leaves per plant,
leaf area index, fresh yield, stem fresh weight, leaf fresh weight, leaf dry weight, stems dry weight, aboveground
dry weight were significant at 1% probability. The greatest amount of above mentioned traits were obtained from
the second harvest of basil. The highest leaf area index was 5.7 which was two times more than leaf area index in
the first harvest. The highest fresh weight (14576 kg.ha™) was achieved with broiler litter in the second harvest.
In general, BLn treatment produced the highest yield, stem fresh weight and leaf fresh weight in the first harvest
(10111, 372 and 639 kg.ha™, respectively) and second harvest (14577, 535 and 992 kg.ha™, respectively). It
seems that organic manures included much of mineral nutrient required for plant growth and richness with macro
elements and less than micro elements can improve nutritional status of soil. Similar results for positive effect of
organic manures specially poultry manure on enhancement of basil height, increase in dry weight of chamomile,
augmentation in dry weight of lemon balm and enhancement in dry weight of aerial parts of pepper with
application of vermicompost has been reported. In another experiment for determination of sorghum bicolor
yield reported that application of 5-15 ton per hectare poultry manure can improve 5 times in compared to
control treatment. Also the experiment was conducted to determine the cotton yield results showed that poultry
manure at the rate of 20 tons per hectare produced the highest cotton yield.

Conclusion
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The positive effects of broiler litter in basil plant production indicated that soil amendment with broiler litter
based on the nitrogen can be created suitable conditions for appropriate growth and production of basil and its
effect also more than the complete chemical nutrition of plant.
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2- Acidification

3- Eutrophication

4- Global warming,

5- Land use

6- Depletion of resources
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1- Life Cycle Assessment (LCA)
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1- Goal and scope definition

2- Inventory analysis

3- Impact assessment

4- Interpretation of results
5- Simapro v 8.0.1
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2- Inventory data collection
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Fig. 2- System boundaries and relevant inputs of the soybean, sunflower and canola production systems
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Table 1- The characterisation models and factors for used for the default impact
(walg) 1 atds &ilwaasuin sl ,g516 Lt

Impact category (Unit) Characterisation factors Examples

O (gl il
Acidification potential
(kg SOz eq.)

OMb oy Jemiliy
Eutrophication potential
(kg PO,* eq.)

ke ol Jously
Global warming potential
(kg COz eq.)

Phesdgd (sla s slml Jruily
Photochemical oxidant creation

potential
(kg C:H, eq.)

AP, CML 2001 non-baseline (fate not included),
Version: January 2016.

EP, CML 2001 baseline (fate not included), Version:
January 2016.

GWP100, CML 2001 baseline Version: January 2016.

POCP, CML 2001 baseline (high NOx), Version:
January 2016.

1 kg ammonia = 1.88 kg SO, eq.
1 kg nitrogen dioxide = 0.7 kg
SO, eq.

1 kg sulphur dioxide = 1 kg SO, eq.

1 kg phosphate = 1 kg PO, eq.
1 kg ammonia = 0.35 kg PO, eq.
1 kg COD (to freshwater) = 0.022 kg
kg PO, eq.

1 kg carbon dioxide = 1 kg CO, eq.
1 kg methane = 28* kg CO, eq.
1 kg dinitrogen oxide = 265 kg
CO; eq.

1 kg carbon monoxide = 0.027 kg
C,H, eq.

1 kg ethane = 0.123 kg C,H, eq.

1 kg toluene = 0.637 kg C,H, eq.
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Table 2- Input and output flows of canola, soybean, and sunflower per FU

29> 90 ol soly 155 bow oSl
Input and output flows Unit  Canola  Soybean  Sunflower
st L 146 98.5 155
Diesel fuel
R ad kg 305 214 388.4
Nitrogen fertilizer as urea
o decladps. kg 176 156 203.84
Triple superphosphate, as P,Os
i kg 48 45 67
Potassium fertilizer as K,0O
"Sul; kg 2.8 3.2 45
Herbicides
sl kg 11 0.75 15
Insecticides
ek kg 35 4.2 5.3
Fungicide
(k) ol 255 kg 4750 5115 5513
Manure (solid)
o KWh 1355 1471 1558
Electricity
fs’l”'_l m® 4406 5574 7024.2
Irrigation
4 kg.ha'™ 10 83 17
Seed
35k kg 2122 2701 2344
Yield
as e 51 by, Lol
Field emissions
Sl kghal 2558 1795 3258
Ammonia volatilization
i deeSleed i kghal  1.70 1.20 217
Nitrous oxide emissions
S 2o kgha! 3860  27.08 49.15
Nitrate leaching
N,O kg.ha* 2.93 2.06 3.73
co, kg.ha'! 27505  185.56 292
Sl 25 kgha! 1624  14.40 18.81

Phosphorous (P) runoff

(lSO, 2006) Cwl odis bl Lg)lwwosm 9 (H0d) J>]).a ""‘z! 9 @w
Sl ol a (Sils 9 omes 608 sy ke @l i1 duglie . . ) u
sedd g obia Ay (b)) i

o 290 G ol > ISl g IS dygus el olS A
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Table 3- Life cycle impacts associated with the production of one ton of oilseed
Sladb KYS P 1518 Lgus old R Ls
Impact category Unit Canola  Soybean Sunflower
JLP ol kg CO,eq. 2132576 1549.327 2283.972
Global warming (GWP100a)
@ww o ‘A_’“ﬂ_ kg C,Hseq.  0.45652  0.319267  0.504258
Photochemical oxidation
"M .‘g%l kg SO,eq. 34.07332 2128836  38.37665
Acidification
O oo kgPO,%eq. 1503938 9.217322  17.13289
Eutrophication
DSl 5 IS g 5 Sy g oS am Lt ¥ S Sl ke S ity

Kg COyp) (S auSied oS 5hS YYAY § YIFY AOFR oy
OhebeyS Joly pplie (yr (S0 lis S (oo piiie Iga 4, (B
s (7 J312) 25 a onlite IS 5 ol Skl S oo
adb l oo Vel iy Jixe gladgS g ol 368 cian xSl
Hlaab ool (Sasl ppw bodly ()05 e o S5 1y 3l
Slallae , S5 ol U adlbas oyl i oacel cousay golis .5l
(Bernesson et al., 2004; Iriarte et al., 2010; >y Sly o

.(Stephenson et al., 2008
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Fig. 3- GWP for one ton of soybean, canola and sunflower produced in Ardabil
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Fig. 4- PO for one ton of soybean, canola and sunflower produced in Ardabil
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Fig. 5- AC for one ton of soybean, canola and sunflower produced in Ardabil
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Introduction

The controversy about sustainable agriculture has been extended to consider the impact of agricultural
production. Population growth has increased the need for food, water, and renewable energy resources, which
requires development of new knowledge about and technology for production systems using the sustainable
development frameworks. As a consequence of agricultural reliance on natural resources and processes, a
complicated relationship exists between agriculture and the environment. Agricultural activities can be both
advantageous and disadvantageous for the environment. Agricultural activities have grown quickly over recent
decades in Iran; their environmental impacts have also escalated. Major environmental issues in Iran include
water shortages, nitrate leaching into ground water, soil erosion, and the release of pesticides and P-based
fertilizers into water resources. Since there is a legal gap in assessing the environmental impact of agricultural
activities in Iran; so little attention has been paid to reducing environmental emissions and use of resources of
the agricultural products. Standard procedures should be used to assess agricultural activity to introduce
environmentally-friendly practices and products. Crops production is a system with high environmental impacts.
Different tools are available for assessment of the environmental impact of agricultural products. The most
comprehensive of these is life cycle assessment (LCA). The present study used LCA to evaluate the materials
used, energy consumption, and related environmental emissions from cradle to farm gate for soybean (Glycine
max), sunflower (Helianthus annuus L.), and canola (Brassica napus L.) crops in Ardabil province of Iran.

Materials and Methods

The basic guidelines for administering an LCA delineated in ISO standards 14040 and 14044 were observed
in this research. LCA is an internationally standardized holistic assessment framework and is widely used to
identify potential environmental emissions and resources throughout a product's lifecycle, particularly in the
agro-food sector. Literature on LCA has demonstrated potential applications of LCA in agriculture. All
environmental impacts were analyzed using Simapro v 8.0.1 software. The goal of the current analysis was to
examine the environmental performance of conventional cropping practices of oilseed crops at the local level in
Iran. The scope of the present research was limited to oilseed production system using all inputs and outputs of
agricultural materials, energy, and water from cradle to farm gate in Ardabil. All materials, emissions, and water
and energy consumption measured per 1 ton of a crop at 13% humidity are denoted as a FU. A system boundary
covers the entire production system for soybean, sunflower, and canola. The inventory data was collected based
on the commercial production of each crop. The goal of inventory questionnaire was to evaluate type of
machinery, inputs and outputs and irrigation. Also, data collection involved face-to-face interview with farmers.

The impact categories investigated in this research were eutrophication, acidification, global warming
potential, and photochemical oxidation. In addition, the impacts of water dependence and land use were
examined.

Results and Discussion
Only the classification and characterization stages of the LCA were considered in this research. The results
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Assistant Professor, Department of agriculture, Faculty of agriculture and Water engineering, University of Mohaghegh
Ardabili and Department of environment, Zanjan, Iran respectively.

(*- Corresponding author Email: dekamin@uma.ac.ir)

DOI:10.22067/jag.v10i1.55340



IWAY L o) oyl e w65 )9l (owlicds pgs s \V¥

showed that sunflower demonstrated a higher environmental load in five of the six categories because of its

lower seed yield and higher water and energy demands. The results indicate that production of 1 ton of soybean

and canola requires 370 and 471 m? of land, respectively. Production of same quantity of sunflower required 426

m? of land. Sunflower required 1.59 and 1.25 times more water than the canola and soybean respectively, to

produce the same quantity of oilseed. It was found that the effects of these three crops comes generally from

manufactured fertilizer, manure, diesel combustion, agricultural practices, and electricity for irrigation.
Conclusion

Generally, it can be said that the indirect effects associated with these inputs are related to producing and
processing, which had higher impacts than those of the direct effects.

Keywords: Agriculture, Environmental impacts, Iran, Land use, Life Cycle Assessment, Oilseed crops,
Optimization.
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Table 1-Physico-chemical properties of field soil sample

(';“" ;) j:f | (;;fr)afi‘;:” (aoy)) ST (a03) ooy (90)3) Gl (yd) o b
d ~J H 0, 0, i 0, 0,
EC (ds.mY) pH (%) Lime (%) Clay (%) Silt (%) Sand (%) Texture
2.01 7.68 42 6.024 26 36 38 <y
Loam
, BB B ey a5 ) s o) o2l 0y o)
S owss 395 s Eiic ;d.;) J n")su:"ﬁ"’ S9) P)sgil‘:" O® Plsgi":" o 05 o) 5350
(w2 ,3) (ao)3) 220y o) »e S (ps59kS 2 (ps59kS » (ps59k5 » (0558 2
Organic N(%) (0,5 ok (0595 Zn Fe Cu Mn (mg.kg™)
carbon (%) o9 K (mg.kg?) (mg.kg™) (mg.kg™) (mg.kg™) '
P (mg.kg™)
0.78 1.18 15.43 440 2.56 0.202 0.9 0.17
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Table 2-Wheat genotypes

TS 0 lows o 5,lows
Genotype Number Genotype Number
A¥= (5595 Ol
Ruzi-84 Gascogne
Ol oM
Gobustan Sabalan
Ya-L g gl Lo ¥eov 3
Saratovskaya-29 4057
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Table 3- Composition of applied liquid humic fertilizer

5 09 . ) J*") 45":‘3 59 55
e Seidob e P ke) RS she)hed (o) maliy T o
bS5 . ) c (3 05
(a23) pH [ (o (A 53 05 . :
Compounds 4 o Nitrate nitrogen
DM (%) Total N P (mg.L") K (mg.L™) (mg.L)
(mg.L?) '
3 56.3 10.1 1318 97 10845 71.8
Amounts
5 o0 sl 015 Seoged son goal oS g 0 Soged sl Egoone
Compounds Total () ) Humic acid (_"”J ) Fulvic acid (’f’g )
carbf)ln Carbon humic gL Fulvic acids (Q.LY Total humic acid and
(9.L™) acids (g.L™) carbon (g.L™?) fulvic acid (g.L™)
e 217 17.7 332 4,01 9.02 423

Amounts
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1- Least significant difference
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Table 4- Analysis of variance (mean of squares) for grain yield, biological yield and protein content of six wheat genotypes
under water stress and application of potassium humate

QU It Sl aey Suidow a,Shes  aildd,Slas  wiigp (Sloine
SXOAY df Biological yield Grainyield Protein content
)I)S\J . 2 8.69 1.80 0.220
Replication
sy U5 ok 1 19.91" 531" 3.26™
Water stress levels (a)
ety Slogea golaw 1 7.58 155 2.25™
Potassium humate levels (b)
L ole X jhi
esly Sloges Lol X A gl 1 175" 3.66" 0.004
axb
ol olzdl 6 3.39 0.515 0.284
Error,
mey) Sk
i 5 1.46 1.242 0.259
Genotype (c)
laeusess X | s
SChC e o 5 1.34 0.269 0.259
axc
ews o5 Xpuwln lo *
P95 Koty Sloges g 5 1.20 0.322 0.593
bxc
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P95 Xl Slogen o 2 A5 ol 5 0.36 0.327 0.253
axbxc
=% ol 40 0.91 0.218 0.185
Errory,
() &1y o 12.80 13.48 31
C.V (%)

* and ** indicate significant at 5 and 1% probability levels, respectively.
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il 38l islasl ol ol O, (Shabrawi et al., 2015
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Table 5- Means comparisons of measured traits of wheat for effect of water stress levels x potassium humate levels

i lojl z gl

uglgb‘ 3)94 Ol
Evaluated traits

Levels of experiment

(U2 ;3 (F) SQjgdam 3, 8hes (US43 () &ils 5 Slos
Biological yield (t.ha™)

Grain yield (t.ha™)

) ks 8.14 3.81
Jboy skl Control
Normal irrigation ,,MLJ Slogen 7,80 3.65
Potassium humate
o aals 6.10 2.82
SLibled 3 5l am ol i Control
Water stress after anthesis WL, Slogan 774 356
Potassium humate
LSD (0.05) 2.065 0.805

e axlllas dy90 BCaigi; 40 ild 3 Slos (1Sl du o - Joan
Table 6- Mean comparison of grain yield in wheat genotypes

Baigij
Genotypes

(LU 45 o) ails 3 )Sos
Grain yield (t.ha®)

055wl
Gascogne
oMo
Sabalan
Yoy
4057
INTSTS
Ruzi-84
by
Gobustan
Y=L g g1yl
Saratovskaya-29

3.59

3.53

3.93

3.46

3.29

2.96

LSD (0.05)

0.073
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Table 7- Means comparisons of protein content of wheat for main effects of irrigation and potassium humate levels

(340)3) o592 sine
Protein content (%)

(0)3) o9y sy
Protein content (%)

ey slel 13.6 el 138
Normal irrigation Control
@stlo.))f )‘ A Lf“?“") 52 14.0 f"“‘“’L’ UL‘?““’ 14.2
Water stress after anthesis Potassium humate
LSD (0.05) 0.070 LSD (0.05) 0.070
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Table 8- Means comparisons of protein content of wheat for effect of irrigation levels x humate levels

Control Potassium
humate
g (w0 )3) (i1 (sgim0 Bewisi (w2 30) (g y S0
Genotype Protein content (%) Genotype Protein content (%)
0595wlE 13.9 7 14.1
Gascogne Gascogne
s s
13.9 14.1
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.0V Yoy
13.4 13.1
4057 4057
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135 13.7
Gobustan Gobustan
Y-, g5l L Y-S5l L
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Sardari Sardari
LSD (0.05) 0.354 LSD (0.05) 0.354
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Introduction

In order to achieve healthy food production, application of ecological inputs such as organic and biological
fertilizers is inevitable. Organic fertilizers are fertilizer compounds that contain one or more kinds of organic
matter. They can improve the soil ability to hold water and nutrients. Humic substances (HS) are natural organic
compounds comprising from 50% to 90% of the organic matter of peat, lignites, sapropels, as well as non-living
organic of soil and water ecosystems. According to the classical definition, HS are "a general category of
naturally occurring heterogeneous organic substances that can generally be characterized as being yellow to
black in color, of high molecular weight and refractory”. They are a mixture of complex organic compounds that
are usually separated into three fractions based on aqueous solubility: humic acids (HA), the fraction of HS that
is not soluble in water under acidic conditions (pH < 2) but is soluble at higher pH values; fulvic acids (FA), the
fraction of HS that is soluble in water under all pH conditions; humins, the fraction of HS that is not soluble in
water at any pH value. HS cannot be described by unique, chemically defined molecular structures. Production
of drought tolerant wheat varieties which can produce acceptable yield with minimum irrigation requirement has
special significance in breeding programs. Use of humic acids as soil amendments and for plants nutrition
purposes enhances plants tolerance to the abiotic stresses specially drought stress. Humic acid is an eco-friendly
fertilizer that improves the physical, chemical and biological properties of soil. This nutritional source has
hormonal compounds and exerts a positive effect on elements absorption, quality and yield of plants. The aim of
this research was to determine the effects of humic acid on quantity and quality of bread wheat against end
drought stress conditions.

Materials and Methods

In this study, in order to determine the effect of potassium humate on wheat tolerance to late season drought
and also quantity and quality of its grain yield, an experiment was carried out on six selected wheat genotypes
including Gascogne, Sabalan, 4057, Ruzi-84, Gobustan and Saratovskaya-29. The experiment was carried out as
split plot factorial based on completely randomized block design with three replications in research farm of
Islamic Azad University, Ardabil branch, Iran during 2008-2009 growing season. Main plot include stress levels
(irrigation cut at anthesis stage and non-stress) and potassium humate (humate application), and sub plot
included as genotypes. Treatment composition of non-stress, non humate and Gascogne wheat was considered as
a control treatment. Treatments were stress levels (stress, non-stress); humate levels (humate, non-humate) and
genotypes. Applied liquid humic fertilizer (potassium humate) was derived from peat. Humic treatments were
done at several times (spraying on seeds after planting, foliage spraying at tillering, stem elongation and grain
filling stages). Grain yield, biological yield and protein content of grains were recorded. After grain milling by
Laboratory Mill-3100, protein content of flour measured by Inframatic-8600. Data analysis was done by using
SAS software and means were compared by least significant difference test (LSD).

Results and Discussion

1- Instructor, Department of Agriculture, Ardabil Branch, Islamic Azad University, Ardabil, Iran
(*- Corresponding author Email: rshbio@gmail.com)
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Potassium humate reduced stress intensity by 23% and also increased biological and economic yield in
drought conditions. In late season drought conditions potassium humate increased the yield from 2.8 to 3.6 tons
per hectare (around 26%). Humate increased seed yield of the varieties Gascogne (1.8 tons per hectare),
Gobustan, Saratovskaya-29 and Sabalan (0.54 to 0.67 tons per hectare) and Ruzi-84 (0.27 tons per hectare). Seed
protein content in Saratovskaya-29 was highest in both humate application conditions and without it, but the
yield was low. The variety Sabalan had the highest grain yield and average protein content. The 4057 genotype
and Sabalan had the highest grain yield in both stress and no-stress conditions.

Conclusion

Generally, the findings of this investigation showed that potassium humate as a natural preparation can
improve quality and quantity of produced wheat grains against end seasonal drought condition.

Keywords: Common wheat, Irrigation, Potassium humate, Protein
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ns, * and **: are non-significant and significant at 5 and 1 percent probability levels, respectively.

axlllas 3590 (6355 CAliSuo (S lowd 1D P dlaly Sl g 4ild 3 Sl (1l il o —€ Jgan
Table 4- Mean comparisons for grain yield and related traits of wheat affected by different fertilizer treatments

o aigy glé5 )l T a1y 43 ddigs lani aigh 5 a3 Slass &y >, Sdos &ild,15 oy5e
i (% ) (&250 %) (U2 y> 0,54L5) (»55)
Plant height No. of spike per m? No. of seed per Grain yield 1000- seed weight
Treatment (cm) (m?) spike (kg.h) ©
T, 68.26° 4417 18.26¢ 18359 39.03°
T, 73.44° 492° 23.80° 2320.33¢ 41.36%
T, 69.02° 451° 21.66° 2110.67" 39.63°
T, 79.32° 492.33° 24.06" 2956.65° 42.23%
Ts 71.38¢ 474.33° 22.13" 2244.33° 40.20°
Te 75.18% 486° 23.73° 2710° 41.33®
T, 75.94° 5012 26.66° 3440 43.56°

)85 a0y 0 Jleinl o 13 5SSl yg0j] bl (o)1 gime BWB] (ygim y 55 S yidkia gy (sl sl pSiloot
*Means in each column, following the same letter(s) are not significantly different at the 5% level of probability.
P 355+ olowd 358 Ty 9 e gyl + gold 365 Te ¢y g yiad FCuwguaS’ 0yg 395 Ts c(s2loansds D55 Ty WCuvgpeS 09 355 T3 csold 358 Toawls: Ty
T1: Control, T,: Cow manure, T3: Vermicompost fertilizer, T,: Chemical fertiliz, Ts:Vermicompost+Nitroxin fertilizer, Tg: cow
manure and Nitroxin fertilizer and T,: cow manure and chemical fertilizer

.(Ahmadinejad et al., 2013) <l
owloyls du s Jgas d sliiwl Ly taliw > 13 dlaas
= 39S calizre lacuus &S D5 yledl WgS pl lgi o baodls
ok dopd S Jlain] e 0 1y (o)l xe T dliw jd wils dlass
Hlew 4 bayye dliw )0 ab dlaws 1 Skee oy i (V¥ i) 2l
Olime CpieS g 34 YEI55 3las ay ool 568 b plgs sl 398
JSi) el o138 Juols sae VAIYS slusias aalis 4 bgsye o
droaly Sl dnlie Jodn jl alols ol ay colie b Y

5 S (5 Jols (aliand sbgS b plgs als 395 b pune

Sl 5l lodas (250 (il by oy Lisl5ol 1y ol Gl pda
4 4>5L (Eghbal et al., 1995) coul s lo paly 1) olS lie
565 Byae Lioli 8l L ages oyl 4 pdizee Clilllas pols
Gl a8l il 8l mde wasly jd aliw sl 5 g,
Rahimizadeh et al., 2010; Keshavarznejad Qadikolaei )
by g aald b 595 olbews 365 )l (et al., 2013

o3y L Iy (gl imo gldl mspo yio 53 dliuw dlas Ha5 1 (g26S
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AU LS Gl slo 181y 2900 5 e polie clio sonlyd
.(Eskandari nasrabadi et al., 2014) c .l 4 il te
ades y b ol Linli ol el puS gy SOlglan sladsS
Salmani Biary et al., 2010; Sharife & ) cwl oS
gl 4y yoxia Sfglgm 395 3l e3liswl .(Haghnia, 2007
Ghaderi Danesh- ) 595 o aliu ;5 asls slass > (> size

.(mand & Bakhshandeh, 2012

ol 355 L o155 slions 355 05 154 45 3903 o3l
¥ Jgia) Casl odds sl 4y Cod (gdoyd FF/A 158l Lo g0
395 03wl _olowd 365 b 88l & jgots a5 Sloj JT (clasgS
loagS il ookl il sl 1) JoSo g Slps il Wlgs 0
395 plals iy gl ol )3 95 00 s 2liosd 5 I
Jolhe )3 9 008 el olS (ol |y e BB S1ie dlge olowss
oS Sl 3 1) 98 5 9,5l (i slge (I (sledgS ) sy
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Fig. 2- Comparison of spike.m? of wheat affected as fertilizer treatments
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Fig. 3- Comparison grain.spike™ of wheat in fertilizer treatments
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A Gl 3 e SRl S olS bwg (gt e
{(Staal et al., 1991) 5,51 o 39394 oLS )3 o5 olié yolic
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4 e O Cunsly Bpany 9 BpaseS yolie (o P56l 80
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L plss5 olionss 355 sloss &1 by jo manliy l3no s sl
=S 4 Lo yd IVVY wals g Jopd +/FeA lineds cold 368
1> 355 5l edlal (& Jadn) Cawl atily 1y pawly clale 50
(Hassanzadeh et al., ) 35 0 ails pulty cdale il v go
5 oI o3le Lisl3dl (g 50 dogi pold 395l 2013
9 3)b Jloday |y S laid b dgup (ol 398 0 S1B ywg0em
o=l B9 o il ol 355 0 olieyolie ST aS pl & asg
Marinari) 53,5 o 3l51 g o0 Same yloj Jobo ,d guyids polic
(etal., 2000
S Jods bl ds dag L a4 pudS Clile
a5 S paie clale 4 S b5 05 ledl g5 o daodly il ylg
Oiali8l oy SO sl a3 Gikise sladeS pbicos
Caslio ) Jobs gzl obuly (D Jgia) Cul azils |, (gl sine
clald Gliee oy o d908 Ol 4550l e drodly (ke
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ot s g5 S35l 395 b plgs ol 068 Ll jlos

aS ol ol Lasaly il ylg ds o ol 1d1d 3 ySlos
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ooy pSloe dunlie Jodo zuls (Y Jgia) Llealy lis aoys
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VAYD o YYF 0, Slas (dhyls cud ey a5 Conl 09y Sl & by yo
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Ero ey Al S oy it g (93 )Shes e il i
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g Malgs a1y 2)Sos (liee LS 35155 9 038 390000
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.(Hassanzadeh et al., 2013)
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Table 5- Analysis of variance (mean of squares) for chemical elements of wheat affected by different fertilizers treatments

aobio aay IR - ot Uy oS’ ol 3 2 ol &9,
e e | @55 ko) © 5 o) P55 ) © 5 o) 25 ) 5 )
Olas 315 (e ,2) (we,2) _ , , , , ,
(o594 5 (o595 3 (o595 3 (eSS y (e (o595 3
SOV df N P K Ca Mg Na Fe Ze
- (%) (%) (mg.kg™) (mg.kg™) (mg.kg")  (mgkgh) (mgkg!)  (mg.kg™)
IS 2 0.00004"™ 0.000090™ 0.0000001"™ 0.000033™ 0.011™ 0.14™ 0.0000047"™ 0.13™
Replication
o 6 0.36™ 0.02" 0.0036™ 0.067™ 0.041"™ 825.71" 0.0041™ 97.32"
Treatment
ks 12 0.00010 0.0004 0.0000011 0.00012 0.034 1.14 0.00012 0.25
Error
s - 0.52 6.91 0.28 0.77 1.129 1.17 4.63 1.89
(2,9)
C.V (%)
Al e doyd Y 9 0 (g)lol a5 I gixe gl ¢l me gl pae Sl ud ey e g gNS
ns,*and **: are non-significant and significant at 5 and 1 percent probability levels, respectively.
§395 Aideo (sl jlond 45 S oy 2 3590 polis (il Ol lio -1 Jgu
Table 6-Mean comparisons chemical elements of wheat affected by different fertilizer treatments
e i by — (o 30 i ool 89
Sl (oo ;) (303) 5 ) #5 ) ©5 ) ©5 ) #5 ) P55 o)
P 2 = = Z ~ _ _
(eS8 (el (e 55hS (eS8 (o5 (eSS
Treatment N P K Ca Mg Na Fe Zn
(%) (%) (mgkg")  (mgkgh) (mgkg?)  (mgkgh)  (mgkg)) (mgkg")
T 1.62° 0.18¢ 0.312° 1.742 14.67% 57¢ 1.7 20.05°
T, 2.25° 0.39° 0.400° 1.31° 14.322 80? 2.7° 33.39°
T, 1.68¢ 0.27° 0.343f 1.39¢ 14.54° 79° 2.3 21.76¢
T, 2.41° 0.43? 0.397¢ 1.46° 14.66° 32 2.1¢ 20.65°
Ts 1.79° 0.25° 0.367¢ 1.33° 14,572 63° 2.5° 27.57°
Te 1.79° 0.32° 0.385¢ 1.31° 1453 70° 2.7 32.68°
T, 2.40% 0.40% 0.408% 1.41° 14.62° 55° 2.6% 29.58°

)5 2> B Jlais] o 13 (4S5l (yg0jl ol (615 sime BB ¢ygtm b 53 S jtia gy (sl (slapuSoliost
*Means in each column, following the same letter(s) are not significantly different at the 5 percent level of probability.
c52 F oliowds 368 T ¢y g g5 + 0013 3657 T« paunsS g i +CamrgnaS’ 09 355 15 ¢ loansd 355 T4 cCuwgpaS’ 09 365 T3 ¢ ald 355 T calis Ty
T,: Control, T,: Cow manure, T3: Vermicompost fertilizer, T,: Chemical fertilizer, Ts:VVermicompost+Nitroxin fertilizer, Tq: cow
manure and Nitroxin fertilizer, T,: cow manure and chemical fertilizer.
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(Ogshen 33 o) pyS5kS o p)5 (oo VIITY ljoas (ol 598
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oieS oleosd 365 g oy iy ald 358 &S Cuwl ] pre Wodld

Jodn) Cowl o390 (gl sxe BT (glyls aily )3 oo juie clale
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Lol 3,105 D3 byl o Sl B3] g w5 Jl3 @ (g ylel NS
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Fig. 4- Comparison of grain Calcium of wheat in fertilizer treatments
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Fig. 5- Comparison of grain Zinc of wheat in fertilizer treatments

ﬁ-\'f uﬁi €59y ¢ PR ¢ 0 J0 ‘WJS ‘WL:;‘M ‘())9):'»'9 Y ,ml..c 9 PH ) D)SJ.o& O M s.-g‘,m -y Js»
Table 7- Correlation coefficients between grain yield and grain nitrogen, phosphorous, potassium, calcium, magnesium,
sodium, zinc and iron contents of wheat grain

3 ,Sdos - i

s Oj9r PHomd e Ly oS o 50 S $9s ol
Grain Nitrogen  Phosphorous Potassium  Calcium Magnesium  Sodium Zinc Iron
yield
Jyaze 3Slee 1
Grain Yield
039 0.78" 1
Nitrogen
- 080" 093" 1
Phosphorous
- 0.78" 0.83" 0.92™ 1
Potassium
- -0.32" -0.26™ -0.48™ -0.66™ 1
Calcium
"’J’M 0.20™ -0.09™ -0.21"™ -0.30™ 0.63™ 1
Magnesium
i -0.46™  -0.46™ -0.30" -0.25"™ -0.41" -0.72" 1
Sodium
©9 0.32" 0.25" 0.36™ 0.56™ -0.70" -0.72" 0.49™ 1
Zinc
IC’“" 0.44" 0.31™ 0.49™ 0.67™ -0.91™ -0.66"™ 0.47™ 090 1
ron
Al o 2oyd Y 9 0 (g lol pan 5D I ixe gl o sime gl pae Sl s 4 iFF g¥ s
ns, * and **: are significant at 5 and 1 percent probability levels, and non-significant, respectively.
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Introduction

The growing world population and increased need for food security, leading to great developments in the is
agriculture and promoted.fertilizers substance the element or elements needed by plants directly into the soil and
the optimum growth and maximum product quality result.fertilizer management is an important process because
the right combination of fertilizer for agricultural production is cause production food with minimal losses.Choice
a proper fertilizer management to programs, the environment, to prevent pollution of land and water and air
depends. to excursion elements play a fundamental role in ecosystem functioning and rotating elements, while
energya track,just the non-cyclical flows, that humanthe end of the food chain remains so because healthy soil
and plant healthy, healthy plants and will provide human health.

Materials and Methods

The study, to evaluate the elements in wheat under different fertilizer systems, In format of randomized
complete block design with three replications, during the crop Year 2013-2014, the Agricultural Research
Station, University of Zabol (Chahnymh) that 35 kilometers is Zabol was conducted. In terms of geographical
location of 61 degrees and 41 minutes east longitude and 30 degrees, 54 minutes north latitude and altitude of
480 meter of sea level. The weather it has cold winters and dry, and hot summers and dry, that according to
category coupons and amberger ingredient weather warm and dry is considered. treatments contains: T1: control
(no fertilizer), T,: cow manure, Ts: vermi compost fertilizer, T,: chemical fertilizer, Ts:vermicompost+ nitroxin
fertilizer, T¢: cow manure and nitroxin fertilizer, T,: cow manure and chemical fertilizer.direction calculation the
analysis of statistical data obtained at first to software excel transmit and after assurance the of normality to be
data, the results with using the of statistical software SAS, version 9.1, and variance analysis, the by means test
duncan, at the level 5 percent, were compared.

Results and Discussion

The results showed that different fertilizer systems on the all morphological characteristics of wheat, with the
exception the weight of one thousand seeds surface (P<0/01) was significant. So that chemical fertilizers, cause
the increased 16.20 percent, plant height and consolidated fertilizers cause Increased 11.60 percent the weight
one thousand seeds compared was the control treatment. The highest and lowest grain yield with values the
highest and lowest grain yield with values 3440 and 1835 kg.h™, respectively belong to treatments, system
blended manure and chemical fertilizers, and treatment control.concentration of grain elements on the surface
(P<0/01), with the exception of Mg, that at use of different nutritional systems at one surface, was significant. So
that chemical fertilizers, N and P, respectively 48.78 and 139 Percent and cow manure and chemical fertilizer
the potassium seed 30.76 percent, cow manure, Fe, Na and Zn, respectively 58.82, 40.48, 7.49 has increased
compared to control. chemical fertilizers Ca to the 16.10 percent compared to control, reduce.thus improving
plant nutrition through optimal use of fertilizers blended, bio, organic, quality and quantity in addition to
increasing of agricultural products, the human nutritional status, the lack of elements compensate and balance
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of Agriculture, University of Zabol, Zabol, Iran, respectively.
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nutrient elements cause improve body function, and reduce the need to supplement.
Conclusion

Chemical fertilizers combined with farmyard manure, greatest impact on increasing yield and its components
have. The results imply comparative advantage cow manure and chemical fertilizer that is an integrated fertilizer,
and of opinion increase characteristics morphological and increase yield and its components superior to chemical
fertilizers have the is advantage.
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Table 1- The performance information in henna (Lawsonia inermis L.) farms in Kerman province

adkio (HUSR) cuiS o daw (LU 53 (5F) 2,50es bwwgio
Region Cultivation area (ha) Yield average (t.ha™)
~ 150 0.62:1.7
Bam
Alaged 3 0.31:1.4
Shahdad
22 350 0.54+4.5
Kahnooj
Cobdg) 7500 0.47+6.5

Roodbar Jonoob
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Table 3- Soil properties in henna (Lawsonia inermis L.) farms in Kerman province

Ojar 7 e Soske S Calan
- s 3 —
ailaio cdly (x22) » o5 ko) # £ k) (%052) Ligdg] ) )
Region Texture  Nitrogen e (0,5 5k Organic pH (5 2 ":Q’wb)
(%) Phosphorus Potassiom matter (%) (dS.m™) EC
-1 -1
(mg.kg™) (mg.kg™)
~ s 0.02 15 218 0.07 8.17 3.32
Bam Loam
S s 0.02 12 235 0.06 8.05 4.22
Shahdad Loam
. ey
=l Sandy- 0.05 28 211 0.1 8.21 4.31
Kahnooj L
oam
cya)bdg) ey
Roodbar Sandy_ 0.07 32 228 0.12 8.36 3.53
Jonoob Loam
olesS oyliw! 43 (Lawsonia inermis L.) Us oS (559098 Jolpo —€ Jou
Table 4- Phenological stages of henna (Lawsonia inermis L.) in Kerman province
o hre e e o e o, Sy 0,90 JS
il Cll m,i g e B gy (AU G, Jol o2 P93 O P O Gioo)
Region Planting Days to Days to First Second Third o
9 date emergence flowering harvest harvest harvest GrOV‘(’éh p)erlod
ay
b opag 8 shs e
™ e 3+14 9+90 > - 20+190
Cdiged,yl
Bam ) August October
April to May
Slagads b o sl o
- 2+14 8+90 > - 20+190
Shahdad . )| August October
April to May
b sl
ass Codigd)| 1+12 1190 » 295 ot 25+220
Kahnooj March to July September November
May
LRV
‘7’9:‘?)l'f‘>9) o . B U
Cadiged)| 3+12 13+90 » IR R o 25+220
Roodbar Jul September November
Jonoob M?\;ch to y p
ay

g aallloo @l 5 iy o0 9 Oyl ] Ol (550 00 &S
2RSSl o slaglioed )30 3 Ol Bpae LS Lj)
DS et 3 oLt Bye o)l (bey s gz Jbag)
@b Gl sl e st Jldg) i 50 ol Gpas
Jibaas o (YL Bpae o e Gl ed ol £)l50 ) Ol B pas

Al e yida 3 Ses A5

Oyl Cgms g )b gl sl Ol Bpas )8 Ml

LUlg ol Gyme oS 5,18 5| Gun (De Wit, 1958) 13,5
5 obej 0 ol 018 B yme (claptus o (o Sloduslio
Coan a0 mbio wluwly (Turral et al., 2006) cuw! S
S o o 3 88 48 o (555 blie > ler Camer Ao
PV 3 G oy ol 395000 Sl (02Mee Y0+ Jlo U Jg s
3l &yg s ¢ oplpliy (Howell et al., 2001) bb yiol38l as o
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Table 5- Cultivation information in henna (Lawsonia inermis L.) farms in Kerman province
24 Ol 1
il ol yo2 ylaLS P e59S) 2395 b o8, Sl ' o
: - - 24 o8 (&0 p» 4532)
. Companion (Hus Variety or Planting . ’
Region plants J ecotype method Seed longevity Density
Seed rate (plant.m?)
(kg.ha™)
o N JLo ¥l e
. ) 15:100 o5 o More than 2 425
Bam Bam ecotype Seeding
years
Sliged 0355 Al Ju ¥l e
Slags b,5
- 10+80 S 3+25
Shahdad Shahdad Seeding More than 2
ecotype years
. TS 029 e JLo ¥ 5l G
th?fo. - 20200 Kahnooj S;:él)in. More than 2 5:30
! ecotype g years
g )b, )29y 0355 il JLe ¥l G
Roodbar - 30+220 Roodbar w More than 2 530
Seeding
Jonoob ecotype years
olesS oyliwl 43 (Lawsonia inermis L.) Us g,130 (5, Wl wleMb! -1 Joun
Table 6- Irrigation information in henna (Lawsonia inermis L.) farms in Kerman province
o o o -
4l skl oo, Uj’m i ol 8o oI,
Region Irrigation method (s o 3’“’)1 Water use efficiency
Used water (m°. ha™)
o s 235048000 021
Bam waterlogging
ol e 185148000 017
Shahdad waterlogging
oS e 3647+12000 0.37
Kahnooj waterlogging
w5y, G 4125+14000 0.46
Roodbar Jonoob waterlogging
(Y Jods) aib o bcuss i dAadds Giledi

i o caaldl (sl S539 L LGia o Slac alasl
SB glaSig

L S Gl glapite e 42855 ploxl (90 )55 @l
SLE olord g (Susud s Shg 45 ol ol s olS 3,Slee
o Uinogs |y Lis 3,Skae lyusis 5l iy A8 pgazeo 13 £5l3
bwgi olg o 1y L 5)8kes Gy 5l 00> A% ¢ )leay S
—Sed Sleogad a5 (A Jgi2) 35 oy (S Jele jid
slisl 4y b gblie 3 Us )5 5 €uiS )90 £)lje (o

adlaio) yimo Jl (g y90 Bblie )3 (813 395 Bpan e
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o) Gtalid L g (A Jpin) 20 ls s 3,Skes b cute alas], EC
S sla Shs o il b e Giliel 56 L 0 Slas b S
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Table 7- Nutrition information in henna (Lawsonia inermis L.) farms in Kerman province

91> 355 OI9rk P )
adlate (U2 53 ) (U8 3 0,50kS) (U2 3 0,50kS) (U 4 0,5kS) <8 0 09
Region Animal manure Nitrogen Phosphorus Potassium Application method
(thal) (kg.ha')) (kg.ha')) (kg.ha'))
™ 1.6+5 35:250 11+100 0 Pl
Bam By hand
S 0 26+250 15450 0 Pl
Shahdad By hand
s 1.3:6 54+300 23:100 0 Pl
Kahnooj By hand
w52l 2.4:8 1244350 34+100 0 Ol
Roodbar Jonoob By hand

o 3L Sl (g0 (el 92 3, Ses (5905 sl
J99)lS s 9 SS9 ol (g Mg ) B >
(Hore et al., 2014) »,l>

"0 =3 OV gazme g5 0diS g Jalge 1S (g

V=Y olals gudy Sis oole o paie opl ke ke L
Jafariani et al., ) aw) oo ju a0 ¥-F 4 2B oS cusl do
A Sl S o S b2 Slos (i (Sgm S dla (2011

SB dliseo Slwogas b bs 3,S0es o abuly -A Joaa
Table 8- The relationship between henna yield and soil properties

SB Slhogas 3y aibiw] g o> sH8lg
Soil properties  Standardized coefficient Raw coefficient
e Sl o2 0 -046.8 -0.46™
Intercept
039 1.50 50097 269"
Nitrogen
St 0.806 200.4 248"
Phosphorus
"“”l" 0.105 17.66 1.88™
Potassium
s -0.099 429.7 2.09"
EC
] 0.054 241.2 1.40™
pH
o oske 0.287 24888 1.12™
Organic matter
R?=0.99
Aoy g 5 S Jleixl maw 10 lo e gl pixe e oS A *y** s

ns, ** and *: non significant and significant at the 1% and 5% probability levels, respectively.
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2 Lis 3, Shos olie o 1y 8l ot ol cnl 9 (3 Jgos)
WU S bl K5 il o Lls )8 5 coiS 3)50 blio

L3 L)y s pl gyl xe gl g 3l

g LS g dawgi g S5 Coop ol Bl ey 05950

3 Jdo S lesslo 3 ol Li& Jusas 9 (Zaman et al., 2011)

o (SIplie sl tiSly )3 (5958 2l (pwll (iE Jiiwgs

Zaman et ) o)l Slesle id Jsbo o)lesd 53 g 03905 sl (gl

alaly o, Slae U 59500 o 500 Ladns > .(al., 2011

) deo)s /Al Gl (Siod oy Ly o xe (o S
(Matlebi Fard, 2015) x5, 5,155

219798 g )55 B9y 4 5UT 51 ol L 3,Sos 5y )18 550 S Cluogud (1 shage -4 Jga
Table 9- The most important soil characteristics affecting the performance of henna obtained from forward regression

analysis
* e .'.gn - £ . - * ¢ w«o“ %yz
P U, SR O o Coefficient of =
Variable Impact rank  Coefficient of partial determination multiple

determination

Nitrogen
b 2
Phosphorus
Potassium
oSl cylin 4
EC
Al 5
pH
Lj odle

Organic matter

*k

0.9808 0.9808 510

0.0042 0.985 2.50™
0.0034 0.9884 2.36"™
0.0016 0.99 1.12™
0.0023 0.9923 1.76™
0.0015 0.9938 1.25™

oy Sy Jloin s 53 foisine 5 3 b i 4 7T 5 NS
ns and **: non significant and significant at the 1% probability levels.
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Table 10- The relationship between henna yield and the used inputs

B rae sodl 3 il gy Sy o g
used inputs Standardized coefficient Raw coefficient
e o2 0 -5289.6 -1.96™
Intercept
<! 0.762 0.623 3.22"
Water
u‘"b 39§ ns
. 0.114 80.22 0.29
Animal manure
039 0.137 6.26 0.82"
Nitrogen
s 0.0026 0.0253 0.001"™
Phosphorus
R®=0.95

oy Sy Jleisl s )3 )l3 e 9 53 e b 4 F 1S
ns and **: non significant and significant at the 1% probability levels.

3319398 g 55 b9y 41 U1 51 ool U 3,8hos 2 138 156 (b e 500345 (2 oo —) ) Uy
Table 11- The most important inputs affecting the yield of henna obtained from forward regression analysis

o U ag, S e o Coefficient of =
Variable Impact rank  Coefficient of partial determination multiple
determination
o 1 0.9361 0.9361 146.6™
Water
Lf"b )9§ ns
) 2 0.005 0.9411 0.76
Animal manure
019 3 0.0051 0.9462 0.77™
Nitrogen
) 4 0.0001 0.9463 0.001™
Phosphorus

o> Sy Jloiol o )3 )l gine 5 )loiinn i 4 K 5 S
ns and **: non significant and significant at the 1% probability levels.
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-y el (Croissant et al., 1998; Fageria et al., 1997)
Glabsd ol ;3 calisre GY pamo g5y p 48,5 pbsl sla
Oried g S5k pl lalge o8 amd o LIS 4y ISl
2 e Jelse o iere 1 aiae 2 1 YL o> a2y
Peter, )w‘ 039 (W) D)0 ULMLS D)gsl.o& 9 4_?).3 C.‘a.w J.«im)

(2000

2 ol ine 1l edl Cluosguas 1505 § 390 I sime s 3,Slas
(VY Joi) Szdlss cabo gl i
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(Y

Sty L Jleb Lo 5 (50l8 2 2lom g T Jelse b
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b lsy oyl 4 slls .(Koozehgaran et al., 2011)
L 5 )Sas L adllas 3)90 (2lom g Of Jolgs 0 oS> (gm0 5
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Table 12- The relationship between henna yield with different climatic characteristics

ol Claogas sl 02 =y o o ;
Climatic characteristics Standa_lr_dlzed Raw coefficient b
coefficient
e Sl o2 0 3480.7 -0.28"™
Intercept
b gl 5l ) -0.175 -1.43 -0.52"
Altitude
L oL 43, 0,93 (s> (S3ks -0.219 -205.02 -1.18™
Mean growth temperature
AVl slod S3bs -0.198 -255.2 -0.87™
Mean annual temperature
AVl S0k 0.566 27.06 0.56"™
Annual rainfall
8y 009 3 SH)k 1.43 163.9 1.28"™
Seasonal growth rainfall
e Sushy 1.63 362.36 5.15™
Relative humidity
gl e 0.149 0.896 1.14™
Radiation
R?=0.93

oy S Jlaiol o (o o me g jlo re e i 5 4 KK g NS

ns and **: non significant and significant at the 1% probability levels.
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Table 13- The most important climatic characteristics affecting the yield of henna obtained from forward regression analysis

TR »U 4, SR O o g Coefficient of =
Variable Impact rank  Coefficient of partial determination multiple
determination
e "‘*””f ) 1 0.715 0.715 42.19™
Relative humidity
2550392 2 SNk 2 0.160 0.875 9.65™
Seasonal growth rainfall
gl i 3 0.019 0.8939 1.42"
Radiation
255 093 o3 S3ka 4 0.0124 0.906 0.95™
Mean growth temperature
Vo S5 5 0.0116 0.918 0.87"
Annual rainfall
Al slod 053bs 6 0.0085 0.926 0.59"
Mean annual temperature
b gl j) €5 7 0.0046 0.931 0.27"
Altitude
Do yd S Jlss ] e 3 )y gxe g )b gre pf S5 4 FF NS
ns and **: non significant and significant at the 1% probability levels.
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Introduction

Nowadays there is a global attention to medicinal plants and their role in the production of drugs with no side
effects. Our country with climate variety also has important role in production of these plants in the world.
Formulate and implement effective programs in line with the resuscitation conservation and efficient utilization
of medicinal plants by identifying their characteristics and ecological needs is possible. Henna with the scientific
name of Lawsonia inermis L. is a perennial plant having high value in terms of medicinal properties and
industrial application. The dye which is derived from green leaves of henna is used for decorating the body with
intricate designs and the principle coloring matter is lawsone, 2-hydroxy-1, 4-naphthogunone. Literature show
henna possess antibacterial and anti- immunomodulatory activities along with other properties. The natural
constituents of henna are essential oils, 1,4-naphthoquinone, tannins, gallic acid, flavonoids, lipids, sugars,
triacontyltridecanoate, mannitol, xanthones, coumarins (5-alkyloxy 7-hydroxycoumarin), 2-3% resins, 5-10%
tannic ingredients and up to 2% lawsone (2-hydroxy-1,4-naphthoquinone). A major portion of lawsone is
glycosidic bound, which is cleaved by enzymatic hydrolysis of the glycosidichennosids and auto oxidation of
aglucons. Reports of various studies show that no experiment have been done on the eco-physiological
properties of henna in Iran. Kerman province with the first position in Hana production has a special importance
in this regard.

Materials and Methods

This study was carried out in Kerman province in 2015.1In this survey climatic characteristics of cultivated
area, physico-chemical analysis of soil, performance data, phenological stages and also information on irrigation
were investigated. Finally, the relationship between climatic-management characteristics and performance was
studied through multiple regressions.

Results and Discussion

The results showed that the henna in Kerman province is distributed in Shahdad, Roodbar, Bam and
Kahnooj. The area under cultivation in these regions ranged from a minimum of 3 hectares with a yield average
of 1.4 tha™ in Shahdad and a maximum of 7500 hectares with a yield average of 6.5 t.ha™ in the Roodbar. The
results of this study showed that over 93% of henna cultivation area in Kerman province belongs to Roodbar.
The highest and lowest of water use efficiency were belonged to Roodbar (0.46) and Shahdad (0.17)
respectively. The total growth period, on average, varied between 190 to 220 days in the studied areas. Climatic
zoning of habitat areas were dry climate according to Domarten dryness index. The mean annual precipitation of
habitats were 7.72 mm, 33.6% relative humidity, 632 m altitude and the mean temperature was 26.5 ° C. Soil of
habitats largely had sandy-loam texture with an pH of 8.19, 3.84 dS/m electrical conductivity and 0.06-0.12%
organic matter. The results of regression analysis showed that nitrogen, rainfall and relative humidity are the
most important soil and climate characteristics that affect henna performance, respectively. Availability of
nitrogen has a great importance because of their role in the production of proteins, nucleic acids and chlorophyll
synthesis. Rainfall is one of the most important climatic factors that can be more effective in yield production

1, 2 and 3- PhD student of Agronomy (Member of Young Researcher Society), Associate Professor, Department of
Agronomy, Faculty of Agriculture, Shahid Bahonar University of Kerman and Assistant Professor, Department of
Plant Production, Bardsir Faculty of Agriculture, Shahid Bahonar University of Kerman Kerman, Iran, respectively.

(*- Corresponding author Email: hfarahbakhsh@yahoo.com)
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through the influence of moisture and soil temperature.
Conclusion

Henna is a cold-sensitive species while able to growth in dry climates with an annual precipitation of less
than 100 mm. According to recent studies the plant cultivation area in previous years has been more than now.
Some problems such as water shortages, agricultural economic problems and etc. have been effective in reducing
the cultivation area. In general, due to the importance of medicinal plants, it is necessary to study the various
ecophysiological aspects of henna, providing a solution for optimized management and consequently extending
area under cultivation in the local areas of the country.

Keywords: Climate, Distribution, Henna, Kerman, Phenology
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Table 1- Energy equivalent of inputs and outputs in silage corn and forage sorghum systems
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Table 2- Agricultural operations times for silage corn and forage sorghum

&l
=5 Slles Farms
Field operations e 0,0 < )3 Sladgle 045 jgw
Spring corn silage Forage sorghum
(ol Y+ ) o Ol
Tillage (30 cm) Winter
(1) S Oy9% byl Cudgend)) gl
Disk (1) Late March Late April
(V) S o298 sl Cudend) gl
Disk (2) Late March Late April
(¥) K L Cudignd)l Lol
Disk (3) Late April
TSK L 3y LM 99,8 sl gyl sl
Mixing fertilizer with soil Late March Late April
SRS 095 sl Cudgd)) bl
Ditcher Late March Late April
F5)6 o9 sl g} Byl
Furrower Late March Late May
4l o8 o998 sl Cdgd)) bl
Basal dressing Late March Late April
s casls o958 sl Cdgd)) sl
Planting seeds Late March Late April
(V) il 5 48 50 glacile Jyus 09,8 sl o
Weed control before planting Late March
(V) 038 oo 5l J 5 clS Sl w2 slacile Jpus 98 sl ___
Weed control after planting and before emergence Late March
(V) cuslS 5l am o clacile s Cuiigad)) Lol L
Weed control after planting Early May
(1) bl s NIYERAN .
Pest control (1) Late May
(v) bl J s o5 Laulgl L
Pest control (2) Early June
(V) S yu 265 Cadigd )| Laawlgl Cudigsdyl 3ol
Top dressing (1) Early May Late May
(V) S oo 365 Caigudy) Bl 15 Ll
Top dressing (2) Late May Late June
(¥) S oo 355 L 2585 Jaly)
Top dressing (3) Late Aug
(V) ot Cuiigud)) Lol Sl Bl
Irrigation (1) Late May Late May
(¥) bt Cudigsdyl 3ol a3 3l
Irrigation (2) Late May Early June
(7) ol = 5 Ll
Irrigation (3) Late June Late June
Mt a0 Bl
Irrigation (4) Late July
@t 29285 el
Irrigation (5) Late Aug
Cdldy e Pyl 29 Byl g 5 lawlgl ¢y 3l
Harvest Late July Late June, Early July and Early Sept
J& g Jeo VRN ooy y3lsl

Transportation Late July Late Oct
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Table 3- Inputs used for silage corn and forage sorghum in Gorgan region

<) . . B .
5 sl oL ladgle 05 gus 3, usbiuel sl
5 ! J S
Id 9 9t LT 9t cstok Standard Forage Standard
npu n Silage error sorghum error
corn
S g S > sl
21 2.2 2 1.
Fuel L.ha*t 8 35 o
pat S 3 p)SolS
35 0.1 25 0.7
Seed kg.ha™
358
Fertilizer
039 S )3 pySoks
157 2. 157 1.7
Nitrogen kg.ha™ > 3 >
i S 53 p S gk
138 1.3 138 15
Phosphorus kg.ha™
el S 2 PSS 72 0.7 72 0.4
Potassium kg.ha ' '
_ 050 03le )f
i<l Popge e
Pe;f(;;es PR 96.2 0.8
g a.i.b.hat
Pofseodlep)S
Hgi)icide e 082 61
g a.i.b.hat
Sl 9y el
147.9 4.3 222.2 35
Human labor Hour
=hj clles
Agricultural operations
s Ay
1 0.1 1 0.1
Plow Time
(S L ogs LS 5 s ad) S i
Disk (bed preparing and mixing T‘\_’J’“ 3 0.1 4 0.2
(fertilizer with soil Ime
395 Lisy 4y
2 .02 2 .
Fertilizer distribution Time 0.0 0.03
Sk | cud N 1 0.03 1 0.03
Planting with row planter Time
SRS Ay
1 1
Ditcher Time 0 0
2t Neg 1 0 1 0
Furrower Time
(UtSile 5 S edl) (bl o 45y 6 0.2 0 0
Spraying (pesticides and herbicides) Time '
il A5y
. 1 0.01 3 0.02
Harvest Time
il : :
sl e 2 efoe 6000 150 8000 189
Irrigation water m°.ha
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Table 4- Energy inputs (MJ™* ha) dividing farming group in silage corn and forage sorghum

sladgle 095 ygm
Forage sorghum

st gt 2yloe )5

Silage corn

Sy Oldes eSO FARE 0 AR

JS 5oy

e 515G oliidl! B KW

Field operations  Average Standard error Percent of total Average Standard error Percent of total
pod 1465.8 440 48 14658 141 5.1
Plow
“i_“”"a 2001 60.0 6.5 2618.3 85 9.1
Disk
‘?;’P 538.6 4.3 1.7 538.4 4.8 1.9

Ditcher
R 7050.7 2115 23.2 7050.7 141 24.7
Basal dressing
» 3500 42.0 115 14975 114 5.2
Seed
S 2, 1193 35.8 3.9 5935 rl 2.08
Row planter
9. 715.4 7.2 2.3 715.4 215 2.5
Furrower
o> 1728.2 104 5.6
Pesticides
"'Sdk 2767 55.3 9.1 — — —
Herbicides
Sy 395_ 5613.2 168.4 18.4 5632.8 563 19.7
Top dressing
‘_ﬁ’L"J‘! 2227.7 22.3 7.3 3704.7 148 13.01
Irrigation
cudloy: 1546.3 35.6 5 4654.5 46.5 16.3
Harvest
& 30347.9 819.4 100 28472.6 118 100
Total

(Feyzbakhsh & Soltani, 2013) ..
3 2350 (551 Jold o)) Slles (i (Bpae Co g (555
9 55)[5 .)l?o] ‘L;wl.’.); 9 6)15).3.3 cc».]a.m.ﬁ c&_gu.»g..) ‘W J>‘).o )J
L )90 (653 quatitme . (Byme (55 5] JiSu )3 D (blew
(S e durnly 395 ) 395 (39 5t 395 CEl g g sl
o L & Jods 8,5 1,8 oolitwl 3y50 YT cpble 139 9 50
P35 9— 9 29k D E)lie ) alitne (639)9 (55l oy &S

» 3o (Sefeedpari et al., 2012) ,lSKen 5 s pidw
e ol b5 4 g el 0 &) gl 55 355 Slalllas
By 355 1) CudS cou g)lie )3 (63959 3T Cptere 9 2Bl
w,8
AT 9> A ke (slasbyy 53 (e (55510 Jgi
03,5 35l 52 5 005 (Sl oo yo 9§ waions (5B pcae (55
Slidas (Byae Co g (65,0 (uubiiae (Bpao 5l Gisu
) (i i) bl sl 3 3090 31 9 s 598 s
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Table 5- Direct and indirect energy inputs for silage corn and forage sorghum in Gorgan

ol @) . ;
Silage corn Sladole o5 som
Forage sorghum
£3959 W5 ke 3, uibinw! oleiud! JS 51 sy RS 3 515l alyisdl JS 5l ao
Energy inputs Average Standard error Percent of total Average Standard error  Percent of total
W
Direct
ey s sl <5 8284 828 27.3 8962 268.9 314
Fuel for field operations
et S 1815 Lt 5.9 3025 %08 10.6
Electricity
el 9 291 79 0.95 435.6 35 15
Human labor
olino yuf
Indirect
Qj’)ifj _39{ 9477.8 113.7 31.2 9477 284.3 33.2
N fertilizers
Sud 355 1531.8 46.0 5 1531.8 46.0 5.3
P fertilizers
el 295 482.4 48 1.6 482.4 3.9 1.6
K fertilizers
Seed,i, 3500 21.0 115 1498 449 5.2
R at 1634 327 5.3
Herbicide
Lo iSo i 304.4 9.1 1.01
Pesticides
Ypwsle
" 1866.4 18.7 3.83 1395.8 14.0 4.8
Machinery
N . 1645.2 37.8 6.1 1666.2 10.0 5.8
Transportation
S e 30832 819.4 100 28472.6 569.5 100
Total

Soslil «gjys S cad rals dox Sl 65y B0 Jool
Wlg oo ey 30 5D Saawd Gllos dlisi JialS 5 o8 clayalgls
il gjysliS )3 g YU GByaae LinlS cla Sal, ;]
.(Kazemi, 2014)
395 4o bope Joame 93 2 53 puditwe pé (5550 Cn ey
Soslatl a8 asadtne (5)5LiS” 51 ()l (B Jgi) 392 (95
3 g9 nlplis g 01 3y Sles (Rl el gy 058
2 ol el (13955 355 Bpae 4 pll Lulpd plu (38,5
23,5 s (5955 395 S el Golul il & conl Jb
YA L 3l asases L (Guo et al., 2010) ) LSon 5 5>

23,5 o0 o3l (55)5LiS £)l30 53 (g ssbod )9l 3557 (63Me

(Sefeedpari et l)LSen 5 (¢ putw dlox 51 05 o ldame
(Feyzbakhsh & Soltani,  jlalw 4 yisu 2.8 al., 2012)
(Pishgar Komleh et al., ,lSen 5 alogs, 15K iy 5 2013)
S8l Cowd (ol gult 4 i) 4> 2011)

elgl jl oolazwl 35 (Lorzdeh et al., 2012) |, Kon g 03,0)
kol Jole 1) 055080 £)l50 p3 cuslyy g cusly sl Y il
W3)S (B g Bpae il

2 ShsliS Clisee gacllas ) oAb B pae cigw 55
gliile Cgw g8 5 ke Hlai jl Blisie (glaygiS g o) OLS
o) Sslite 55 5 (oarll Laly 5 cle s 5050 o)
coley 5 il 5,5l slmplls 51 sy Yoo casla oS
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&5 o (Sefeedpari et al., 2012) ) San ¢ (¢ piutu
Ly ot i e 3 sk @3 )l 53 (63959 4 (295
by 5D s oyl BB ] > a8 85yl cawday YIFE
Aly 3 293 50 Ol L gl 3o 5y 9 OB S
ol o

S35 (55 0 3505 i NAFD Jlo )3 1l 558 >
A VY e 50 Cons opl 290 Y0010 &> j3 (B pae (6550 4
o8l L psls yae jo (Pimentel, 1992) cél jials Y/Y
S39UES S50 53 (S5IPSS dmgi g (65yeliS (ygmwl S rdaw
sloplsipg 55 655l 2L (g5l Go3liay Brae (Rl e
Y gamo gl (65,5 DS ol o ptal caday o))
598 o pllas pgy (6)lSLog (5)9ld Sy 4y (25 alie
A dlolw (Sialy i ol wlal Jolo g g arily Sy
Op e glaw 21y 53 Jgaze 3)Sles g (dixio syl By
3 (55,98 1y Sl &5l DS = 1y U
(Rahimizadeh et al., 2007)

P95 s9—w 3l )ieS gk ©)3 CulS > (G5l 90 Ol
g 25y 55 ol 358kae ol ol Lo 5 Jpiz) ol (slebsle
S (63939 S5 Ol 5 (S 3 Sid o3le S ols VY/0 )
5 S8 Conl fladgle a5 0w 4 Cond a5k ©)3 £)l30
olly8l oY il S 50 (Ghorbani et al., 2011) )| )Lsten
yxe Laodlig peS Bpiae 1) (65)9liS” sl 3 (o,
20,8

&5 oo (Sefeedpari et al., 2012) )Sen ¢ (g et
2 JLSS WAL glieg sl > (agkow @53 g)l50 53 63939
Amanloo & ) ol LSen g lal a8 Jls ;5 3905 390y S
2 ok Gy gyl 13 (63959 555 e (Ghasemi, 2013
539] Cawdds S 55 Jo5Ke YYOAL 1) s bl &5)50

5 Sl Jdodas adlaie 93 0 olS S (65l o) gl
=hi ol (Brae sbodl (o) Clles il 105 0 Slos
Franzluebbers & Francis, ) ceuwl (s> b (of) cuiS piaw 4
551 e (gl )3 CiS 03y (655l Amlis 5 (1995
45 gty S (0 Bpae Jyae (5 S Mg ln ]y e
madgle oS y0m E3l30 )3 9 YIVA (ashw ©) g)lje sl o (]
w53 GWP 3l V g (5 Jods) sol cawday +/YR ¢

Vitousek et ) 53,5 o SB giuwl cels 0bj 0y9l 355 51 oolaul
Jal., 2009; Guo et al., 2010

Oldes (lym Cog Gidu ) puliine (639)9 551 5l
e Gl sl abgle oo 5w ) (Sl (595 9 Ao ySUl (2
S5l S oo 4 a ey ol pl g 390 pi gk @)
st ©)3 yidey L0)d VP (ladgle poS 0w )3 s (5395
Sladsle p5S )5 > Al & a2l wadtne pid (5551 S5 ) 095
2 aions o (531 JS e 30 e olitel ISl 5 ASile
g 3 g (gl ©)3 | yieS Lop3 VY (sladgle oS g
@3 5l a8 (Jg3L5e YAYVY) (sladsle poSyom 53 (63959 555!
(7 J932) 592 (J931%e Y AYY) (29kew

5 (e 3l s Gl 9,) pdmimes 55 Ol
LS i (YT opblo 68 oy ySUl 28 gus) jpdpp0 8
93 32 53 3] cn it 480l (LS (J& 9 Joo g oS ile
Oliie (0 Jod) 39 piainiodpé (55l 4 bye Joae
5 Uik o 5 (Renetal,, 2012) olylSen 5 o) ales 51 (o0l
45 B4 iyl3S 5 (Feyzbakhsh & Soltani, 2013)  Slels
~u35l 5l st 6509lS )lje > o BBt slas il e
Oili8l die; 0 Sliaiss cunl oY plply ccwl waow LB e
52939 SLaS) il i B35 ©j90 w0005 JB (slos il
b phals GlldS el adgi )

sk O35 ) e (sladgle poSy0m 53 (295 36l Ol
Sladsle psS 5w y3 (295 55 Ol 45 p9ban B
Oy ek 4S5 D9 ookow &)l it S > Jg3IKS VY08
9 0y Sl Sladgle 265 j9w )lie yidin 3Sos ol cpl
b an 0g 3 lagss o e o (Renetal, 2012) Ko

@S O Sl e 155 L 93 (295 9 919 S5 Ol
2 9 Sl Y gz w5 > (amelnj Sl 65,
pldin sl Coppde SS9 M5 Sl ilie OV gz
J(Rathke et al., 2007) <l

—ay gladgle oS0 9 )3 )3 (63959 4 (295 85
2 S35 Gledly (ke a3 Ao NOIF 5 ¥IY il
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—d4 (A Jgis) cusld dg g 0lS 93 (ol o angr BB coglay &S 0l
13 CO; p 558 VEEIVY) ol )5 1> GWP e &8 5ol
S (05 3 €Oz p S5k WIFY) (sladsle 559w plp AVY (o5
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15 Gilisen glaco o §| sl ,LiSa 3 CO, Jolas p 5ol
Ve Oy 300 G5 |y (agkew )3 9 (sladgle g5 9
PSS FAIN) (39555 355 4 bgaype sk )5 0 JS GWP
e (e labsle poSygm )3 Lol g (LS 3 CO; Joles
odalie (LS ;0 CO; Jolao £,55LS £A/Y) Ci g 4 by po
4o bgye sladole poSy0m 5 (aghow ©)3 )3 GWP o iS5
oo 3 9o (HLiSa ;3 COz Joleo £S5k YA/D) ansliy 395
15 CO, Jslas p,Sshs WYA glibsle oo ygu , GWP S e
2y i ;5 CO, Joleo p S bSVAFD/A oglus &yd 43 5,8
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Table 6- Different energy indices in silage corn and forage sorghum in Gorgan

sl bl
55 spasls stghew 0,y &3 PRREN Sladgle 055 o 3 et
Energy indices Silage corn Standard Forage sorghum Standard
error error
[F
3929 Error Error
Inputs
LES 2 JySS) i 5292 o535 10.39 0.1 124 0.15
Direct input energy (GJ.ha™)
DES2 53 JpJS5) et 52025 55 19.95 0.3 16.05 0.4
Indirect input energy (GJ.ha™)
DES2 52 JyJS) JF 2959 535 30.3 0.8 28.4 11
Total input energy (GJ.ha™)
S 585) phibaos L s o5
0 2 J9i8S) pigaans LB d)-); 26.5 0.8 265 0.6
Non-renewable energy (GJ.ha™)
(e ) Jg8S) phbios 55 38 0.1 19 0.1
Renewable energy (GJ.ha) ' '
Outputs
B 29,5
0 2 J93E3) dgle (295 d))jl 131.3 3.9 446.8 27
Forage output energy (GJ.ha™)
DES2 5> JyJ58) IS x> 3 131.3 3.9 446 8 2.7
Total output energy (GJ.ha™)
EETIPRY @..925 &3l Cogu 43 0.0 156 0.5
Ouput/input ratio
“ % ‘
(o5 .x_‘.b; 5) o329 d))’_l 538 01 0.29 0.0
Specific energy (GJ.t7)
SES o) el o
(UISS 2 3) 53 oo . 0.42 0.0 3.4 0.1
Energy productivity (t.GJ ™)
e S ) LA g5l oojL
L J5it5sd ) ol il oo 100.9 3.0 418.4 113

Net energy (GJ.ha™)

o555 85 Jo 3 35 Sl irle)S Sty J53SS 5 CO,

£S5k V- 0)Lti] o 2k )3 (2955 (5551 5L ]
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Table 7- GHG emissions (kg equiv. CO, .ha™) for silage corn and forage sorghum in Gorgan
Sllos s 123 -
Operations “'9"*“ = leSgke 05 ygu0
Silage corn Forage sorghum
JEgJos g adgs JRTC ¥ P R  K¥ W I e JS 5l oo 3, laitiw! alo! JS 5oy
Production and Averag Standard Percent of A i Standard Percent of
; verage
transportation e error total error total
‘””‘“ 690.1 20.7 374 690.1 8.3 39.9
Nitrogen
P 12556 3.8 6.8 12556 3.8 7.3
Phosphorus
- 395 0.3 2.1 395 0.4 2.2
Potassium
el 199.27 6.0 108
Pesticides
Sy 646.1 7.8 35 699.3 14.0 40.4
Fuel
9 @Il )l g Ji 5 Joo Mg
Y episle
Production, transportation 1454 4.4 7.9 174.5 5.2 10.09
and maintenance equipment
and machinery
Js GWP
Total GWP 1845.9 18.5 100 1729 51.9 100

22 Sl8gle 095 j9m 9 (ol )Lz )3 )30 53 (295 (S35 9 63909 S5 cOjg i w3y )3 Fa Sle,S Sty —A Jga>
O 5 Ol o
Table 8- GHG emissions in per unit area, per unit weight, per unit energy input and per unit energy output in spring corn
silage and forage sorghum in Gorgan

ok 0,k O3 3 ylusbil ol
Spring corn silage  Standard error

Sladgle 065 yqw 3, lastiw! slo!
Forage sorghum  Standard error

(52 2 €Oz Jsbo £.5345) o 21 2 1845.9 55.4 1729 51.9
per unit area (kg equiv. CO, .ha™)
(Jpame 530 2 CO; Uil £5515) 03 2l 144.77 43 17.64 05
per unit weight (kg equiv.CO, .t™)
( IS5 CO, Jobes p55kS) 923 351y 2 60.92 0.5 6088 14
per unit energy input (kg equiv. CO, .GJ™)
( Js}"l_i..f »COZ Joleo p 55k5) 9 S35 »‘5)3_1 14.05 0.4 3.86 01
per unit energy output (kg equiv. CO, .GJ™)
A 29 551 S 9 LS ) JoiIRS /Y 5 YAY 8 5 4ol

&5l (639000 Hlade g LS 43 oK WYY 4 FYF/AA. o . . _ ..
Sl g e g S 2 s . 7 ) A ok ©)) 5 sladgle p5S j0m 13 (63955 56! JS
= 05 YV g VY e sk ©)3 9 legle poS55w 5
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Introduction

Cheap and plentiful fossil energy causes human’s life welfare to improve and increase food production, but
today, major problems have been created in fossil fuels. These problems include: scarcity of fossil fuels for
future generations, increase in energy prices, and the most importantly, greenhouse gas emissions (such as
carbon dioxide, nitrous oxide and methane) from the use of fossil fuels to the atmosphere.

Energy productivity is one of the most important factors for sustainable agriculture. The use of fossil fuels
and chemical fertilizers are threatening the environment. The comparing energy consumption by crops is one of
the ways to prioritize various agronomic productions in each area.

Materials and Methods

To conduct this study, two crops (silage corn and sorghum) were selected. The reason for this choosing was
the numerous similarities of these two plants (including similar planting date, farm operation and consumptions).
Accordingly interviews with various farmers (15 and 20 farmers was selected to filling in questionnaire for
silage corn and sorghum in Gorgan suburb, respectively) required data of machinery and consumables inputs,
including seeds, fertilizers, fuel and pesticides were collected.

To estimate the energy consumption of inputs such as fertilizers, pesticides, insecticides amount of energy
per gram of active ingredient was multiplied in related coefficients and their density. Other input and output
calculations of energy used in production and field operations for each of the methods was calculated using
coefficients obtained from various references. After that it was analyzed in three parts, fuel consumption, and
consumed fuel and global warming potential based on the carbon dioxide equivalent.

Results and Discussion

The most input energy in silage corn and silage sorghum was 23.2 and 24.7 percent respectively based on
fertilizer consumption. Also, the highest direct input energy in corn silage and forage sorghum was 27.3 and 31.4
respectively, related to fuel. The output energy in silage sorghum was more than silage corn, such that the output
energy in forage sorghum was 315.56 GJ/ha more than silage corn. The main reason for this observation was the
high yield of forage sorghum fields. The ratio of output to input energy in spring corn and forage sorghum were
calculated 4.3 and 15.6 respectively. In other words, energy efficiency was higher in silage sorghum farms and
this was due to the higher yield and lower inputs in the crop. The energy efficiency in corn silage was less than
silage sorghum, the reason was low yield per unit area (12.500 kg of dry matter per hectare) and more energy
input in silage corn farms. In both crop the highest global warming potential (GWP) was related to nitrogen
fertilizer and fuel consumption. The highest and the lowest global warming potential respectively observed in
silage corn and forage sorghum (with 1845.9 kg CO./ha and 1729 kg COy/ha). Consumption of agricultural
inputs such as herbicides and pesticides was lower in silage sorghum farms. In both the least amount of
greenhouse gas emissions related to fertilizer potassium was 39.5 kg CO, equivalent.
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Conclusions

The energy input and greenhouse gas emissions in spring corn were higher than forage sorghum due to more
agricultural operations (such as herbicides and pesticides consumption), in this respect the cultivation of forage
sorghum had minimal environmental impacts. In both crops the consumption of fuel and fertilizer constitute the
high percentage of energy consumption and greenhouse gas emissions. Therefore, the use of devices that reduce
fuel consumption is recommended, also need for research and investigation on crop rotation and nitrogen fixing
plants was revealed. Comparison of the global warming potential (GWP) based on the unit weight yield per
hectare of silage sorghum and silage corn showed that there are very significant differences between the two
crops, so that global warming potential of the spring corn planting was 12.1 times higher than that of silage
sorghum.

Keywords: Fuel, Greenhouse gas, Indirect energy, Specific energy.
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g. 1- Interaction of the effects of nitrogen fertilizer application and cultivars on
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Introduction

Nitrogen (N) is one of the main limiting factors in agroecosystems all around the world. However, high
application rates of N fertilizers would led to strong environmental consequences. Reduction of N fertilizers
consumption decreases production costs and environmental pollution. Therefore, we need to be enhance N
efficiency due to the high N fertilizer cost and required measures to prevent the waste of N. Cultivation of
diverse crop cultivars with higher resources absorption and utilization efficiency is one of the major approach in
the sustainable agriculture that would led to effective use of natural and chemical inputs and reduce significantly
the environmental risks. Kermanshah province is one of the maize production poles in Iran. In this province large
amounts of N fertilizers annually consumes in the maize agroecosystem. Therefore, the aims of the present study
were evaluating N uptake and utilization efficiency, and finally N use efficiency in the maize agroecosystem of
Kermanshah

Materials and Methods

A split plot experiment was carried out based on randomized complete block design (RCBD) with four
replications at the Campus of Agriculture and Natural Resources Field at Razi University at 2014. Treatments
were four levels of N fertilizer rate (40, 70, 100 and 140 percent of the maize demand to N which were 138, 238,
350 and 483 kg.ha™ urea) as main plots and three maize cultivars including SC-704, BC-678 and Simon as sub
plots. Biomass of nitrogen at anthesis and maturity phases was measured by Kjeldahl method. Then, N uptake
and utilization efficiency, and nitrogen use efficiency were calculated. Data analysis was done by SAS software
(Ver 9.4) and means comparison were tested by LSD at 5% level.

Results and Discussion

The results showed that by increasing of N fertilizer rate from 40 to 140 percent of maize demand, amount of
biomass N at anthesis and maturity phases changed from 1.2 to 1.1 percent, and 1.1 to 1.5 percent, respectively.
By rising of N fertilizer rate from 40 to 140 percent of maize demand, total dry matter yield and grain yield
improved about 58 and 63 percent, respectively. Grain yield of Simon cv was higher than other cultivars. Simon
cv. had maximum grain yield in the N fertilizer level of 140 % and this increase was observed in 100% N in SC-
704 and BC-678 cultivars %. The N utilization efficiency and N use efficiency were also different among maize
cultivars. The highest N uptake efficiency was related to SC-704 cv. Moreover, Simon cultivar had the highest N
utilization efficiency (38.1 g.kg™) and N use efficiency (31.3 g kg™). The lowest N utilization efficiency (32.6 g
kg™) and N use efficiency (26.8 g kg™) were related to BC-678 cv. Our results also indicated that N fertilizer rate
significantly had been affected on N uptake efficiency, N utilization efficiency, and N use efficiency. Increased
N fertilizer rate from 40 to 70 percent of maize demand, improved N uptake efficiency and N use efficiency
while these measured features decreased by more rising of N fertilizer rate from 70 to 140 percent. N utilization
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efficiency decreased about 22 percent (from 38.8 to 30.2 g kg™) with increased N fertilizer rate from 70% to
140% of maize demand. The highest N utilization efficiency was 30.2 g kg™ that was due to the fertilizer level of
40 percent and the lowest N utilization efficiency was 17.6 g kg™ which was gained through fertilizer level of
140 percent for SC-704 cv.

Conclusion

The results of this study indicated that more traits in different maize cultivars such as grain yield have been
improved by increased N fertilizer rate. But, evaluation of traits related to resources use efficiency showed that N
use efficiency reduced by rising of N fertilizer rate for all maize cultivars. Therefore, from ecological viewpoint
it can be concluded that excessive N fertilizer consumption not only did not improve productivity in the maize
agroecosystems but also increased environmental hazard dramatically.

Keywords: Biomass nitrogen, Grain yield, Nitrogen uptake efficiency, Nitrogen use efficiency
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Table 1. Soil physical and chemical properties of experimental field
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Second leaf
2 0.422 0578 0.400 0.600 0.000
Tillering
ooeils 0.166 0.834 0.412 0.588 0.000
Stem elongation
“aadet b 0.094 0.906 0.423 0.503 0.074
Head emergence
‘-’Mls_ 0.111 0.889 0.361 0.250 0.389
Flowering
b 28 Lol 0.110 0.890 0.290 0.100 0.610
Mid-seed filling
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s: Assimilates partitioning coefficients of leaves, stems and storage tissues calculated ratio to shoots.

P g Aoy I8 Sid yjs Ol Bgy sl 5 NRMSE
—do g d\fﬁ_: Epoyio )d dig Voo 9VQ He YO Lgl.(bpﬂﬁ
038 Ay &ibodnd ) CliPest Jas cgd L B odimdlis

aeyio il o glysiiwl gl cpicren 5 (siog BY g S Suis

CliPest Jus 2wl g
GYsy | Sis js B9y RMSE e &5 0y ol zols

d A mupeyie )0 gy Ve g YO B YO STy o s
-ds ol dosaliie (pwSlee b duslio [ YY/Y g YAV ONO/Y /Y

Ol 39 ayey o 3 £, 5 VEND o Vo XIY YEIV X8I sy



IWAY L ) oylosds Ve alor (559LinS owlids pgs 4 pis  YOF

Jor S ol (ialf 5 (odugy B ) 0l (ilodnd b ol odalie
S95 ad>ye glyy (RMSE) Lot lyyyo (uS5ko ydo jlade g
BY g Sielaied Sy U GAS e 5 (S T A0 e
Do Slialie 1wSSke b awslds 45 595 VIV 9 V/A cud jay adsg
&l 70 (NRMSE) 005 Jloy sllod Gilayypo (pSke jdo jlade
S5 Sy B 0 s g (2T L (05 S (G905 e
4SS dg odalin 1Sho 1o )d VY o VA ceui gy by (8Y g
Lt 25y (g0 Jolpe (ilwand o Jo Jle cdd snias lis
L 0 s g9 Jolo (sl 5 (d) ey 38155 (a3 ls
Dy [ (pdng B gy S5l 8 (She) B ()0 o g (25
oddosalie slaosld pu Jod g )S,y 05l gl (ol poogdMe
O &S ob s o)) bwbu]wmsomd)uws
Sy g 6y o BMLA! ouds sdbliie 5 0l (65lwdnd (slaodly
Sl ooy 0 5l i U agn ;0B CliPest Jao 5 cuils
LS (Seghe 4] ey Y Siigleid se sndosnlie
olds 30 (Mondani et al., 2015) 4 )LSen o (Sdio () JSS5)
sicg WY g (6505 |y Wile o 5> 4 CliPest Jas a5 ol
sl oo lm(j Cably (g8 CB v pl gl b duwlis
CJL».: (o as d¢ 39) Y¥ > d\jy wl) 0)9d J9]o PUERWIN

il Slgen Gubd oyl

i g SY g3 JS SdA (59
Sl > (g BV S (jg Sl aeyie balpd
AAYIA QN+ ol g BV gy a5y Voo o VO B+ YO
7 Jie il @l 9 39 @peyie 3 )5 YYAIY 5 VAV/
2 S VYA 5 YEVIE AV IY AVIY ioas iy |y o ol jlade
2l s Sl OBMES oiimd s 45 3,8 mias qpe o
St 59 RMSE e (Y JS5) 590 b gilodnd 5 claali
MY s iay moyoyio > digy Voo g VO b+ YO slagSly o S
UM i i 5:Sile b duglio 13 5 o5 YV/E 5 YEIV /8
Olie 25 sddodnlie auyeyio 3 p,5 VAY/D § VVO/Y YO/D
—d myoyie 3 &gy Voo g VO B+ VO slaeSTy > 35 NRMSE
S bosdosalie (1SKile 2oy VE/F 5 YY/V XVY MVA
5 Sis gy gl (d) Cgeby 38155 (aSlE guls ioren

S 5 S g sl RMSE (e 29 Jie (xiwsly cu
- ye ) iy BY g ag Ver g VO B YO (oo lapSTy
L duglio 13 YY/R 9 SAIV OY/Y $5/N £+ IV o A aiyo
5 FVAD SAAD YOSIA AYYIF s iy oa_dosnlin Sole
oo Sl 3 35 NRMSE l5ke 39 a0 500 43 p,5 DONY
FIA g pan gayeyio ) g BY g digy Ver o VO D+ YO
4SS g Laos bosalin WSlie duoyd VF/A 5 VYN WV &)Y
JS Sis 55 gy (gilwans > CliPest Juo (oYL cds Sl
sypcale Gl (slagSTy o paS &by 5 Slee RMSE 50 35
ANUY clialie (:850e b duslio )0 VY oo ing BY g
pAS 4l 5, Sloae NRMSE Jlade pizmad D¢y quposio 3 p,5
OsSlee 4o YV (g Y gy il (slaeS1y )3 5 050l
b o Sloe gilwdss o Joo Jle cdd [ Slis oS 09 clinlie
oy 35 (Rezzoug et al., 2008) ) ,LSen g 595, 25—
DSSAT Juo Ly il 1535 5 paS o) 8 (S el
23,80 il58 S 10 p,SelS VYL 1) il 3 Slas RMSE (500
w3y 93 &b 5,Slee (¢l HERMES Juo vl gols puiocen
2 59l YA 590 s RMSE (500 a5 ol L 50 030l puiS
Rabie ) ,LSes 5 =0, .(POhankova et al., 2013) >g; )l
J:B 3> CSM-CERES-Maize Jas a5 adl s (et al., 2012
5 48 35 V¥ glable @3 S S5 (g simosie 50 Sy
ol Jie (oily T o ead Ol gla il <o ) ]
5 (Feyzbakhsh et al., 2016) ),Ken g iz (ad & 10,8
oy 0 @y S SLid 59 NRMSE (e a5 w0l lis

g doyd VIV 390> CERES-Maize  Jio

CliPest Juas b3,
g SY 53 Sa5 9l 94 ga

A S b ol BV g a5 (LS e (gludnd @b
J9) Ay 9 W 2P e i 4 39y 4>y Vary 9 YFYY o 3
Sy 5 () s ads po) (a5 ads o eIl ey
= 9 gy Ay 0)93 Jobo ) (V (5903 dl> ya) SGjolgn b

bt opomen W (gilwdand oy Y 9 Ve Cud g &l i

al) g gy A5y 093 Jobo &8 3 (Ll 55 (slasje alejl
slaodly p GBS 55 595 YO 5 VA e San addodnline



YOO ..puiS culsy gilwanis yo CliPest Juo bl

S5l ol rman 33,5 SIS SIIUS Jao Lo oty
Amaranthus retroflexus ) je,8 ass, e, szl JS Sis s
L el L3 Jase a8 ab 5l 35 LINTULL Jas Lawss (L.
Iy oad sdaliie cleMbl 5l aopy AF iy L Swl s
OhlSer 5 (s (Gimplinger & Kaul, 2009) &S i i
J5 Sis 55 NRMSE 50 55 (Mondani et al., 2015)
]y @peie 3 B A g B0 YO N lagSly )3 pisy SV
ol s a8 65,8 5158 o> B/ o VIV FIA M sy
Yoy S SLiB s mmien  CliPest Jus (oYL <o

..)9.: u.m>9
o5l pusS K581 938 ga

YYVA 5 WY+ s caS b ojul paiS oS oy ol ol

ad> po) (25 dls jo 4 S )y oy YoV 5 VPV )3 gy a2
0395 Jo-bo oy (V' (5903 dl> y0) Sijolgsud (S 9 (V 5903
ol @l 92 59, ¥0 9 VIV i &y (Ad 5 (g M)
c=ial) 9 (mag) 4B 0)90 Jobo oS 3 (i 55 g loand
oddosalin (slaodld po BMB] Dg 5oy FF o VY el pay puiS

D92 39) ) oli g gy B ol (giludnd g

Bobserved © Simulated

240 1 Wild oat development stage

200 1

Ll

Emergence Tillering

Day after planting

Stem
elongation

Heading Flowering Maturity

Wild oat development stage

Development Stage (simulated)

Jol By 0u S lu &S gy AV g AV /A AN o i
iy BY sy Sl 59 Loy (gilwand ) CliPest Jao o
odalie (slaodly o u‘b O?ff“’)f) L)")‘)" @L) ‘L');J » 05)'1.9 D¢
a8 by L 3o Vo) ks s b )l dulie g osds (gjludund g o
50,10 3939 (g, me M) Ling BY g caliswe (slapSTy jo
5 odealie Gl 5l asyd AA I i cuiles CliPest .
(¥ JS8) &8 it 1y IS S
s CliPest Juo oy flis Lo obs)l zmls 4 b len
IS gy 3)90 Sojlad plad 3 1) (pdog BY g IS Sis
Ol s iy e e (Y JS) 38 (il 4 )i bl
09— 9 IS5 (190 ) (6595 madlie ()39 oy S
Sr5)l8 Oimen 9 5l 3)90 @lie yuo s )ie Lailpd ) (glaigS
5 &Yolre dliwy , 15 5l ool (sl Jie aiws > CliPest Jae
oo cSs boplplo sl Jae )dle o @b, I8 4 claas],s
9 b Gl Slypns p WS Sjgdon bl il 4
Lo 5 baslyy ol il oS 5 delsl )3 g Lol (13, dlga b
Sl ilsél 1y CliPest Jao (sla g iw <8d g o Jto Lol
om ly Sal sl 55 (Fletcher et al., 2008) )San o yoild
BYg 9 52 Jj Sis 059 08 (gilwdnd g oddbosali @L.s

Wild oat development stage

2.5
y=1.0024x - 0.0118

2 A R*=0.9999
L5 1

1 4
0.5

0 (1 T T T T

0.5 1 L5 2 2.5

Development stage (observed)

Sl 23le oy oaw S T 5 (i JSUS) (outing B30 S 55lid 900 8D (g jLuvciamad 9 D0 Id e j3lie ) JSWS

(Cowly JSW5) Je (U35 10 SU59908 god duwinaaliine g o4
Fig. 1- Observed and simulated of wild oat development stages (left) and the regression analysis between
simulated and measured development stages for model validation (right)
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Fig. 2- Observed and simulated of wild oat total dry weight (right) and the regression analysis between simulated and

measured total dry weight for model validation (left)
Observed (hollow points) and simulated (solid line) wild oat total dry weight trend in different densities
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Fig. 4- Observed and simulated of winter wheat total dry weight (right) and the regression analysis between simulated and
measured total dry weight for model validation (left). Observed (hollow points) and simulated (solid line) total dry weight
trend in different densities
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and measured grain yield for model validation (right)
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Introduction

Crop growth simulation models are powerful tools in determining optimal agriculture management strategies
and the sustainability of production in agroecosystems. These models predict plant growth, water use and yield
to understand the response of crops to the dynamics of climate—plant—water systems, to evaluate physiological
traits for genetic yield improvement and to help make decisions that optimize use of available resources. Since
implementing field research required time and cost, thus computer simulation models can save time and money
by simulation doing extensive testing. The CliPest model is a generic dynamic simulation model for evaluation
of climate change impacts, crop yields and losses due to invasion multiple pests damage. Therefore, the
objectives of the present study were: (1) to calibration of the CliPest model (2) to evaluate the performances
CliPest model to simulating winter wheat growth, development and grain yield in different wild oat plant
densities under Kermanshah weather condition.

Materials and Methods

A field experiment was done based on randomized complete block design (RCBD) with four replications
and a greenhouse experiment was conducted based on completely randomized design (CRD) with three

replications to the CliPest model of calibration and validation in the campus of Agriculture and Natural
Resources at Razi University during 2014-2015. The treatments were wild oat plant densities (0, 25, 50, 75 and
100 plant m®) in the field experiment and nitrogen fertilizer application (3.1, 6.2 and 10.1 g urea pot™) in the
greenhouse experiment. The required model inputs were daily solar radiation (MJ.m?.d™), and daily minimum
and maximum temperature (°C). Model performance was evaluated by comparing simulated and measured
values of winter wheat phenological development stages, total dry weight and grain yield for independent wild
oat plant densities treatments (fourth replication from the field experiment that did not use in the model
calibration process) by root mean square error (RMSE), normalized RMSE (nRMSE) and index of agreement
(d).
Results and Discussion

The results of CliPest calibration showed that nRMSE for total dry weight yield and grain yield of winter
wheat and total dry weight of wild oat observed 7.7, 3.1 and 23.4% , respectively. The results of CliPest
validation showed that nRMSE for phonological development stages, total dry weight yield, grain yield winter
wheat observed 2.4, 24.3, 4.8%, respectively and for phenological development stages and total dry weight of
wild oat observed 2.2 and 23.4% of , respectively. The nRMSE for percent of total dry weight yield loss by wild
oat damage and percent of grain yield loss due to wild oat damage in winter wheat observed 15.7 and 11.6%,
respectively. The results of Clipest showed that with increasing of wild oat plant density, total dry weight and
grain yield of winter wheat decreased which was agreement by obtained data in the field experiment. The results
of index of agreement (d) and r? coefficient between observed and simulated data compared to 1:1 line also
showed that the CliPest was able to simulate successfully more than 90% and 95% of observed differences in
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Department of Agronomy and Plant Breeding, Faculty of Agriculture and Engineering Science, Razi University,
Kermanshah, Iran, respectively.
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studied traits, respectively.
Conclusion

The results indicated that the CliPest model was able to simulate successfully the observed growth traits of
winter wheat and wild oat as well as wheat yield loss by oat damage in different plant densities under
Kermanshah climate condition. It seems that careful selection in calibrated parameters in the sensitivity analysis
process, measure these parameters in the field and the greenhouse conditions and use of them in the model
structure were the main reason to achieve high accuracy for predictions.

Keywords: Calibration, Crop growth simulation, Partitioning, Validation, Weed competition
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Table 2- Analysis of variance in light interception (%), soil moisture (%) and soil temperature (C") in planting systems
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Table 3- Mean comparison light interception (%) Soil moisture (%) of soil temperature (C) in planting systems
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M: 100% maize, My: 100% maize + 15% cowpea, M,: 100% maize + 30% cowpea, M3: 100% maize + 45% cowpea, M,:100%
maize + 60% cowpea and C: 100% cowpea
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1- Neutral detergent fiber
2- Acid detergent fiber
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Table 4- Analysis of variance (mean of squares), forage quality indices and dry matter yield of maize and cowpea in cropping

systems
e o .
' ) . adgle 5 Slas
s g » Jjbgfb » Jsleb b Syl 4391.9 :s Loy S
Ol pd5 @ilio &35 o S e Kol gwsE &P RN
e ] . Maize dry o
S.0.V df Crude g S Digestible Ash forage yield ~ Cowpea
protein  Neutral Acid dry matter dry forage
detergent  detergent yield
fiber fiber
)l_’s . 2 1.45 4.32 3.90 281 0.18 2.46 24.20
Replication
3l s 5 34.55° 168.75° 9.64° 13.53° 9.18° 392850.2" 6306000
Planting system
L 10 0.38 13.58 1.80 1.26 0.17 8.217 44.70
Error
. ' b *
(4033) Sl o 5 6.83 6.70 5.93 156 771 234 029
C.V (%)

Ae)s Jlea| da..u): Dl gae ik
= Significant at the 5% probability level.

Ash guSB DMD gas bl Suis 03l ADF gup! NDF 05 oWouaigw 13 Joloroli pud (CP old iigpm (3l duglie -0 Jgui>
Conils o pimws 33 (als i gl 9 9,3 Sis adgle 3 ,Slos 4
Table 5- Mean comparisons for crude protein CP, NDF, ADF, DMD, ash and dry forage yield maize and cowpea in the
planting systems

b
. Jolowol pud  Jslorols Culs siole 3,51
w-':r’ Dk gl 4 5 o3lo e ) ) b Sk Suid adgle 3 yShos
R O PP o iusle S | )by
Planting system Cruiie dl;lfeurtgr:rit Setaw! (we,3) Maize dry forage (s 5
protein fiber (%) (ao,)  Digestible Yield (th™) Cowpea dry forage
(%) J dry matter Yield (th)
Acid (%)
detergent
fiber (%)
d e _
M 6.22° 46660  2566°  69.27° 8.66 1163
M, 6.78% 42.33%® 22.30™ 71> 9.83% 12.22¢ 0.93°
M, 7.53% 37.66° 23.60%  70.83™ 9.5« 12.44° 1.65°
M, 8.03° 40.33° 22.43*  7151° 11.16™ 12.30° 1.91¢
M, 9.41° 38.16" 22° 72.77° 12.16%® 12.56° 2.05°
C 15.46° 24.50° 20.06° 75.48° 13.16° - 4722
LSD (%) 1.23 6.70 2.39 2.03 0.76 5.38 8.58

)5 LSD (9050 bl 3 oy iy Jlosin] ans 53 (6l sime oglds ctitnns ailiie g y> syl (oSl giw yo p3%
*Means in each column followed by similar letter are not significantly different at the 5% probability level using LSD test.
ot S dop Ve My dogd ko ¥O+ )3 dopd Ve Mg gl o3 Yo + )3 dopd Ve o iM dlugd 3o 3 VO + )3 dopd Ve :Mp w )b (allE cuis tM

el g pals )l € g logd ao )

M: 100% maize, My: 100% maize + 15% cowpea, M,: 100% maize + 30% cowpea, M3: 100% maize + 45% cowpea, M,:100%
maize + 60% cowpea and C: 100% cowpea
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oy 3l oolawl j> Jubuud 5 (o ol duo > B — yd dio p> O+
i 5 )3 45 4155 Ao g 03 o 500 wlie g
Sl slo 5 (Sisdshyse Lol ogMe byle cuis
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S 03lo 3, Slas 4y U in g 5 €3 bsbie S
adgle 3, Slos oy (F Jgiz) 292 o gine b0 &y o
Frad o Ve Cuils Cons jl balre cudS o cyd Sis
cuiS o] Kis dbole a8 o WIOF b L s Lug) 2o
adgle 3, Shos oy ol Candas S (> o5 VWY L Lol
DA cis ) Lsa 5 PV L Al s )l L) Sl
o 3 (10> ¥8) wigy A b Sl lg) o515 Lil3l b s Jols
3 Stas il Gl sybine oo 4 I3l Log) 3,Sles oo
3yShes ialS .clil Ll S Colis b (1my> 5+) iy VY
SlaeS o oy cle @ Wilg o b pads Lug) do > £r Cans
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iS5 L duglie )3 biglse cuiS oS Wl lis ML 5 puiS
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Table 6- Relative yield and land equivalent ratio in intercropping maize with cowpea

. 'S)QQ).S)SIE . 'S)bLﬁsjbsli

Sl (Sl GOy 0,S0es [bglsns Lugd 5 Slos /bl O Sl S
Planting systems oA Cuis oAb s s LER
Ymc/Ymm Ycm/Ycc
M, 1.05 0.19 1.24
M, 1.07 0.34 141
M; 1.05 0.40 1.45
M, 1.08 0.43 151
sTotal LER (iS5 3 Lugd Jgao 1Y CC cbglso cutS 13 Lugd Joamo (Y CM ¢ iS5 )3 &3 Jguamo (Y MM bglse cuiS 3 &b Jaame :YMC
S5 ol s

Ymm and Ycc: are yields of pure stands of maize and cowpea, Ymc and Ycm: are yields of maize and cowpea in the intercropping
system, respectively. LER: land equivalent ratio
S TEe+ S Ve My dogd ZX0 + )3 AN e Mg dog ZY + )3 TN Mg gl N0+ 3 TV e My
Mj: 100% maize + 15% cowpea, M,: 100% maize + 30% cowpea, Ms: 100% maize + 45% cowpea, M,;:100% Maize + 60% Cowpea
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S o oplply b ol Sis oole pan Sl 5 psp o) 25 cUnins 3 LER 45 sl o5 &La}] S s

L;Lm)lfdal) )‘ us" O‘?‘."cd‘f ul9"u‘° ]) L;“‘L’r"“’ L”9j 9 “"917“" l_, dw.sl:u: ) Jo9l:§u - iS LSI)?‘ ol Cowsdds &_’ )l ).s\fb Jo9l:>'u
Bl 5148 solatwl 3550 035L oS Syl 4

)1 )J§_n d)b)—f°){% )isL.s LER (J*‘"])B‘ Dy Jedgw ua.u> cuiS
TN SPEN BFIPS  WFCIN) I V- Sy S ¥ VY ol 03194 cglio

ke Jslos 51 Ayl 4y o b dgle oS Gl s bl

SlFwlews L sl cuiS g Y ltbole LS cupie > sl

osSingsy 5 Aot A5 _of] ot g oS Gl o Gl i g 5 €3 Ll ] ol
20,8 o S5 g i (o) s dy bl o (gj5liS Jopd Voo Hlasd 5l &S 6950 A b GuSgp (geine Bl | adgle
&l

Ahmadvand, G., and Hajinia, S. 2016. Ecological aspects study of replacement intercropping patterns of soybean
(Glycine max L.) and millet (Panicum miliaceum L.). Journal of Agroecology 7(4): 485-498. (In Persian with
English Summary)

Albayrak, S., Turk, M., Yukel, O., and Yilmaz, M. 2011. Forage yield and quality of perennial legume — grass mixtures
under rainfed conditions. Notulae Botanicae Horti Agrobotanici 39(1): 114-118.

Anil, L., Park, J. and Phipps, R.H. 2000. The potential of forage- maize intercrops in ruminant nutrition. Animal Feed
Science and Technology 85: 157-164.

Awal, M.A., Koshi, H., and lkeda, T. 2006. Radiation interception and use by maize peanut intercrop canopy.
Agricultural and Forest Meteorology 139: 74-83.

Aydm, N., Mut, Z., Mut, H., and Ayan, |. 2010. Effect of autumn and spring sowing dates on hay yield and quality of
oat (Avena sativa L.) genotypes. Journal of Animal and Veterinary Advances 9(10): 1539-1545.

Eskandari, H., and Alizadeh-Amraie, A. 2016. Evaluation of growth and species composition of weeds in maize-
cowpea intercropping based on additive series under organic farming condition. Journal of Agroecology 8(2): 227-
240. (In Persian with English Summary)

Eskandari, H., and Javanmard, A. 2013. Evaluation of forage yield and quality in intercropping patterns of maize (Zea



YVY )3 bglin oS 50 adgle CudeS sl § S jglg 3udsST slodsiar (o)

mays) and cow pea (Vigna sinensis). Journal of Agricultural Science 23(4): 102-110.

Frankow-Lindberg, B.E., and Dahlin, A.S. 2013. N, fixation, N transfer, and yield in grassland communities including a
deep-rooted legume or non-legume species. Plant and Soil 370: 567-581.

Ghanbari, S., Moradi Telavat, M.R., and Siadat, S.A. 2016. Effect of manure application on forage yield and quality of
barley (Hordeum vulgare L.) and fenugreek (Trigonella foenum-graecum L.) in intercropping. Iranian Journal of
Crop Sciences 17(4): 315-328. (In Persian with English Summary)

Ghanbari-Bonjar, A. 2000. Intercropped wheat (Triticum aestivum) and bean as a low-input forage. Wye College.
University of London. PhD dissertation, London, England.

Ghanbari-Bonjar, A., and Lee, H.C. 2003. Intercropped field beans (Vicia faba) and wheat (Triticum aestivum) for
whole crop forage: effect of nitrogen on forage yield and quality. Journal of Agricultural Science 138: 311-314.

Haruna, M., Aliyu, L., and Maunde, S.M. 2013. Competitive behavior of groundnut in sesame/groundnut intercropping
system under varying poultry manure rates and planting arrangement. Sustainable Agricultural Research 2(3): 22-
26.

Javanmard, A., and Eskandari, H. 2014. Investigation of some competition and forage quality indices in different
intercropping patterns of maize with vetch, common bean, bitter vetch and berseem clover. Journal of Crop
Production 7(3): 89-108. (In Persian with English Summary)

Jensen, E.S. 1996. Grain yield, symbiotic N, fixation and interspecific competition for inorganic N in pea of barley
intercrops. Plant and Soil 182: 25-38.

Karimi, H. 1996. Forage Crops Breeding and Cultivation. Tehran University Publications, Tehran, Iran. (In Persian)

Khatamipour, M., Asgharipour, M.R, and Sirousmehr, A. 2014. Intercropping benefits of foxtail millet (Setaria italica)
with Mungbean (Vigna radiata) as influenced by application of different manure levels. Journal of Agricultural
Science 24(3): 76-90.

Kiani, S., Siadat, S.A., Moradi-Telavat, M.R., Abdali-Mashhadi., A.R., and Sari, M. 2014. Effect of nitrogen fertilizer
application on forege yield and of barley (Hordeum vulgare L.) and fennel (Foeniculum vulgare L.) intercropping.
Iranian Journal of Crop Sciences 16(2): 77-90. (In Persian with English Summary)

Kirksey, R.E., and Laurialt, L.M. 2004. Yield and nutritive value of irrigated winter cereal forage grass-legume
intercrops in the southern high plains, USA. Journal of American Society of Agronomy 96: 352-358.

Koocheki, A., Nassiri Mahallati, M., Mondani, F., Feizi, H., and Amirmoradi, S. 2009. Evaluation of radiation
interception and use by maize and bean intercropping canopy. Journal of Agroecology 1(1): 13-23. (In Persian with
English Summary)

Koocheki, A., Nassiri Mahallati, M., Solouki, H., and Karbor, S. 2016 .Evaluation of radiation absorption and use
efficiency in substitution intercropping of sesame (Sesamum indicum L.) and bean (Vigna radiata L.). Advances in
Plants and Agriculture Research 3(5): 109-124.

Latati, M., Blavet, D., Alkama, N., Laoufi, H., Drevon, J.J., Gérard, F., Pansu, M., and Ounane, S.M. 2014. The
intercropping cowpea—maize improves soil phosphorus availability and maize yields in an alkaline soil. Plant and
Soil 85: 181-191.

Lemlem, A. 2013. The effect of intercropping maize with cowpea and lablab on crop yield. Herald International Journal
of Agriculture and Forestry 2(5): 156-170.

Li, L., Zhang, F., Li, X., Christie, P., Sun, J., Yang, S., and Tang, C. 2003. Interspecific facilitation of nutrient uptake
by intercropped maize and faba bean. Nutrient Cycling in Agroecosystems 65(1): 61-71.

Majnoon Hoseini, N. 2008. Culture and Production Leguminous, Tehran University Publication Jahad, Tehran. Iran. (In
Persian)

Maurice, G., Albert, N., and Isidore, T. 2010. Altering time of intercropping cow pea (Vigna unguinculata L.) relative
to maize (Zea mays L.): A food Production strategy to increase crop yield attributes in Adamawa-Cameroon. Journal
of Agricultural Science 6: 437-458.

Mazaheri, D. 1998. Intercropping. Press of Tehran University. Tehran, Iran 160 pp. (In Persian)

Mazaheri, D., Madani, A., and Oveysi, M. 2006. Assessing the land equivalent ratio (LER) of two corn (Zea mays L.)
varieties intercropping at various nitrogen levels in Karaj, Iran. European Journal of Agriculture 7(2): 359-364.

Mehmet, S.O., Sezgin, U., and Ali, G. 2007. The effect of light interception and light use efficiency with different
sowing time of bean (Vicia faba). International Journal and Engineering Sciences 2(1): 87-91.

Nabati Nasaz, M., Gholipouri, A., and Mostafavi Rad, M. 2016. Evaluation of forage yield and important agronomic


http://link.springer.com/journal/10705

IVAY e o) oylods e ol (6559Lis wlich pgr 4y yis YVA

indices of corn as affected by intercropping systems with peanut and nitrogen rates. Journal of Agroecology 8(1):
70-81. (In Persian with English Summary)

Najafi, N., Mostafaei, M., Dabbagh Mohammadi Nasab, A., and Oustan, S. 2012. Effect of intercropping and farmyard
manure on the growth, yield and protein concentration of corn, bean and bitter vetch. Journal of Crop Production
23(1): 101-113. (In Persian with English Summary)

Nour Mohammadi, G., Siadat, A., and Kashani, A. 2007. Cereal Production: Ahvaz Shahid Chamran University Press,
Ahvaz, Iran. (In Persian)

Raei, Y., Bolandnazar, S.A., and Dameghsi, N. 2011. Evaluation of common bean and potato densities effects on potato
tuber yield in mono-cropping and intercropping systems. Journal of Agricultural Science and Sustainable Production
21(2): 131-142.

Rajaii, M., Dahmardeh, M., Khammari, I., and Mousavi Nik, S.M. 2014. Evaluation of the effects of density and weeds
control on corn (Zea mays L.) and peanut (Arachis hypogaea L.) intercropping by competition indices. Journal of
Agroecology 7(4): 473-487. (In Persian with English Summary)

Singh, B., and Usha, K. 2003. Nodulation and symbiotic nitrogen fixation of cowpea genotypes as affected by fertilizer
nitrogen. Jorurnal of Plant Nutrition 26(2): 463-473.

Stoltz, E., and Nadeau, E. 2014. Effects of intercropping on yield, weed incidence, forage quality and soil residual N in
organically grown forage maize (Zea mays L.) and faba bean (Vicia faba L.) Field Crops Research 169: 21-29.

Tsubo, M., and Walker, S. 2005. A model of radiation interception and use by a maize /bean intercrop canopy.
Agricultural and Forest Meteorology 110: 203-215.

Van Soest, P.J. 1991. Methods of fiber, neutral detergent fiber and non starch polysaccharides in relation to animal
nutrition. Journal of Dairy Science 74: 3583-3597.

Vander Meer, J.H. 1992. The Ecology of Intercropping. Cambridge University Press, New York, USA.

Vander Meer, J.H. 1989. The Ecology of Intercropping. Cambridge University Press Cambridge, UK.

Walker, S., and Ogindo, H.O. 2003. The water budget of rainfed maize and bean intercrop. Physics and Chemistry of
the Earth 28: 919-926.

Wang, Z., Bao, X., Li, X., Jin, X., Zhao, J., Sun, J., Christie P., and Li, L. 2015. Intercropping maintains soil fertility in
terms of chemical properties and enzyme activities on a timescale of one decade. Plant and Soil 391; 265-282.

Willey, R.W. 1979. Intercropping: its importance and research needs. Competition and yield advantages. Journal of
Crop Science 32: 1-10.

Yahuza, |. 2011. Wheat /faba bean intercropping system in perspective. Journal of Biodiversity and Environmental
Sciences 6(1): 62-69.

Young, M.A., Dake, B.S., Sonon, R.N., Holthaus, D.L. and Bolsen, K.K. 1996. Effect of grain content on the nutritive
value of whole—plant grain sorghum silage.Rep. Prog.756. Kansas Agricultural Experiment Station. Kansans State
University, Manhattan, KS.



Journal of Agroecology =t S39LeS (ol pgr 4yl
Vol. 10, No. 1, Spring 2018, p. 267-280 LA YEV-YAe .o ATAY les ) o)les el

Evaluation of the Ecophysiological Aspects and Forage Quality Indices in the
Intercropping of Maize (Zea mays L.) and Cowpea (Vigna unguiculata L.)

M. Sharif Nejad*, A. Ghanbari® and A.R. Sirousmehr®*
Submitted: 07-01-2017
Accepted: 26-02-2017

Sharif Nejad, M., Ghanbari, A., and Sirousmehr, A.R. 2018. Evaluation of the ecophysiological aspects and forage
quality indices in the intercropping of maize (Zea mays L.) and cowpea (Vigna unguiculata L.). Journal of Agroecology
10(1): 267-280.

Introduction

Intercropping is a crop management system involving two or more crop species grown together for at least
portion of their respective productive cycle and planted sufficiently close to each other so that inter specific
competitions occurs. The reason of yield advantage of intercropping are mainly that environmental resources
such as water, light and nutrients can be utilized more efficiently in intercropping than in the respective sole
cropping systems. Intercropping system is one the efficient crop production managements with minimum
adverse effects on the environment, using the principles of ecological agriculture.

Materials and Methods

In order to study the ecophysiological aspects and forage quality intercropping maize (Zea mays L.) and
cowpea (Vigha unguiculata L.), an experiment was conducted based on a randomized complete block design
(RCBD) with three replications at the Research Farm, University of Zabol in 2015. The experimental treatments
were: sole cropping of maize, 100% maize + 15% cowpea, 100% maize + 30% cowpea, 100% maize + 45%
cowpea, 100% maize + 60% cowpea and sole cropping of cowpea. Each plot consisted of five rows planting,
with a distance of 60 cm length was formed five meters. Maize and cowpea seeds were simultaneously sown.
Photosynthesis active radiation (PAR) was measured between 12-13 hours on occasions. Mean values for each
plot were then used to calculate the percentage of PAR interception by plant canopy as follows:

/PARI = [1- (PARb / PARa)] x 100

Where the subscript i designates intercepted PAR, a and b subscripts designate PAR above and below the
plant canopy, respectively. Corn in the dough stage of grain and cowpea were at physiological maturity stage,
harvest was carried out simultaneously. Samples dried at 70°C for 48 h and weighed.

The crude protein content was calculated by multiplying the Kjeldahl nitrogen concentration by 6.25. ADF
(acid detergent fiber) and NDF (neutral detergent fiber) concentrations were measured. Digestible dry matter
(DDM) were estimated. DDM = 88.9-(0.779 x ADF % dry matter basis)

Intercropping advantage and competition between maize and cowpea in intercrops were calculated LER was
used to quantify the efficiency of the intercropping treatments: LER = Ymm/ Ybb + Ymb/ Ycc where Ymm and
Ycc are yields of pure stands of maize and cowpea, Ymc and Ycm are yields of maize and cowpea in the
intercropping system, respectively (Willey, 1979). Statistical computations using SAS software and comparison
of means were tested by LSD at P<0.05 level.

Results and Discussion

Physiological and morphological differences between intercrop components affect their ability of using
environmental resources, light interception and water. The results showed that intercropping systems had a
significant effect on environmental resources consumption, where intercropping systems had more light
interception and water compared to sole crops. Maximum absorption of photosynthesis active radiation in the
canopy cropping system 100% maize + 60% cowpea and the cropping systems also mixed, soil temperature was
lower compared to sole cropping. Crude protein concentration and maize ash mixed with cowpea increased, cell
wall concentrations and acid detergent fiber (ADF) maize reduced. The highest protein content (%9.41), dry
matter digestibility (72.77), and ash (12.16) obtained in mixed 100% maize + 60% cowpea. The highest neutral

1, 2 and 3- Former MSc student, Professor, and Asistant Professor, Department of Agronomy, Faculty of Agriculture,
University of Zabol, Zabol, Iran, respectively.
(*- Corresponding author Email: asirousmehr@uoz.ac.ir)
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detergent fiber (46.66%) and ADF (26.66%) obtained from sole cropping maize. Due to the negative correlation
between the ADF and DMD, ADF Reducecaused increase DMD. The highest dry matter yield of treatment
100% maize + 60% cowpea With (14.61 t ha™), while the least yield obtained from the culturing of cowpea (0.93
t.ha™). Intercropping systems showed superiority over pure cultures in terms of qualitative and quantitative
production of forage.

Conclusion

The results of this study showed that the total yield of forage can be improved by adding cowpea ratios to the
maize pure stand. The calculated LER exceeded unity the intercrops, showed that resources such as water, light
and nutrients utilized more efficiently in intercropping than in the respective sole cropping systems. Based on the
overall results of the experiment considering total forage yield and quality, 100M+60 C intercrop could be
suggested farmers to produce acceptable higher amount of forage in quality than sole cropping of maize.

Keywords: Cropping systems, Crude protein, Dry matter production, Soil temperature, Sources growth
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1- Carbon-14
2- Triethylene glycol into water
3- Triethylene glycol into soil
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Tablel- Normalization factors , Damage category and related impact category in impact2002" method

b i oy it Jlogl padls it
. . Normalization .
Impact categories Unit/ton factors Damage categories
by lge o 5lS ol S okS 455 e candls
Carcinogens kg C,HsCl eq Human health
FRUS Ol 915" Jols 55k 173 el o3l
Non-carcinogens kg C,HsCl eq Human health
oL Y/0> el @lyd Joleo p)SolS
Respiratory inorganics O9P% Human health
kg PM2.5 eq
oIS o 5gy ladinds VF = )8 Joleo £S5l — Ol oMo
lonizing radiation Bq C-14 eq Human health
o9l &Y als 059:85989,18 Jalse £ ,5olS 0.204 Ol oo S| CudS
Ozone layer depletion kg CFC-11 eq Human health  Ecosystem quality
I (i3 Slgn bl Jlas 55k 124 Sl oDl iepsS] CoS
Respiratory organics kg C,H, eq Human health  Ecosystem quality
Aquatic ecotoxicity kg TEG water Ecosystem quality
. JsSB olsl 65 S kS .
S oo Sk 1.2E+6 st CS
Terrestrial ecotoxicity . Ecosystem quality
kg TEG soil
B sl sl 3555 3081 (53 Jskao S okS 315 nsS| CaieS
Terrestrial acid/nutri kg SO, eq Ecosystem quality
Land occupation m,org.arable Ecosystem quality
o il sl 3,555 081 (63 Jolae p,5 kS 66.2 oS S
Aquatic acidification kg SO, eq Ecosystem quality
Aquatic eutrophication kg PO, P-lim Ecosystem quality
Global warming kg CO, eq Climate change
Non-renewable energy MJ primary Resources
Mineral extraction MJ surplus Resources

(Keyes etal., 2014) 15,3 blod b Sbj)l )3 9 0433,5 dwle

o1 ) bilgy (bl 2 olond (sloodgS b pas | posigal L]
ol dwbxo (Nemecek et al., 2014) -, Ken 5 S bawgs
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1- Field emissions
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5 S Sod bawgs 013 43l SQCB-NO; Juo b s ol &
A5 duwle (Nemecek et al., 2014) ))Sen

Sl 255 o0 1ot & COp wuitiann jLiitl cumw 09l 3557 L8 o
2 25290 (39 shS o lil 4 b sl ol Sleady jslaie (]
do—b 48,8, 1as 3 VAV jLiml cu,—s (Urea-N) oyl 355
4 wlxe cua (Nemecek et al., 2014; Rafiee et al., 2016)
LV sl oyl ey 5 slac] 4 clind Lzl s
(Nemecek & Kagi, 2007) ¢l i odlézl

sbacpile pluw g 5515 j9590 ) S5 g B puae
Iy ay aliee (laweciin loori VT Lisl caws (5555LaS
(Khoshnevisan et al., )LSen 5 laygidsd 03,5 A ales
Jid cogw lpnl 5l 6L L) duslie b g5 adllles j> 2014)
"eglsS| LeMbl oSk 4 ks yLis cilises ool ol 93 5
Ll adlas ol 3 110 5,8 oo o |y Hlisl ) gyt ol

A5 olatwl CogileST oaly oL ) ol &1,

1S Jalas

molen sl oad o3 LS Y Joda o sty oL 4SSle
@S 5 (8 2L (le 2980 0amlin Joa> () 5> 45 5k
o pile (P51 Sl 53 9 Salg W ulide 4 b (a3jl s
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(Vazquez-Rowe et al., l)lSen g o35S wly yo)l5-5
by ol Llewl yo (Vitis vinifera L.) ,555) s (sly 2012)
Ay g 0S o Jos S oo a4 BUlS 0l dopd £ &S
aly 95 Cewl o d VY BYE o0 LU ol555ls” (olp ol
oSl (Nabavi-Pelesaraei et al., 2014) o,LSaa ¢ (ol
Citrus sinensis) J&, sy glp 1y Sulde o Il o 28 LK
sy dng bS58 /AVY 4 +/AVD /MY e ) (L
0=l omls (8 LS a5 4 (L el ol Lally,
ke (6))WS Lisu yd e plosl Glalllas plo & Cuns adlllas

1- Ecoinvent

NH, =17.14x N, x (EF, xp+EF, x(1-p)) (5;) Wslxo

Bpas jl iU posgel Hlissl olie ks INH3 clslee ol j
ol (635,18 asly il p)SokS g0t (olewd sladgS
EFb 4 EFa « Sixe (cladsS 13 39350 (59,50 liee Byze INmin
Kg ) aiisl oV YL oV 45 PH L S (ol il el
& 45 3o cain ) S PH L SK wge P s (NHe-N/kg N
Redise ol Moy Oy
el Slos (sladgS G pas NH3 Lzl ol 5 S (S
Lpodg S Gy ima 45l )5 0ds yiiie poudgal ol jae dwlxe (slp
il 00 o3litwl (V) dlslee 1 Slge
NH;-N = TAN x (er + c_app) xcx (V) doles
pd 4 04 e 3yt ol Sk INHgN sy o 5o
TAN il e (63,5 LS asly (oljl 4y p,5skS asly b o NHg
Jslore (59,0 sl Jolas oS 0391 ST (59,50 pasisal B pme
OFgr Slyme )3 (Sl 368 (lie pd ol g0 4 g 039
sl 7,5 er (Nemecek et al., 2014) b o Cavday Joloco
1C_APP 9o (xS (Brae Sl 355 g9 4 drgi b &S 03y
ol €38) (i g 00 Bpao 365 (liue 42 &S 032 gl (s
ko el 4 10X (ppioen (e (sladgS (dl) 2> (Ko
9 Uiy Slej Aol g Sloe 395 sy Jad aile (daake
(Nemecek & Schnetzer, 2011) .l atusly SB L LM
LS Gae 5l 6b i piio NOy (e duslons (gl
ab,S a3 o/ VY K NOKN Ll s o Jlos> 5 olosd
LwSlgio )5 ue aulo 4y . (Rafiee et al., 2016) cusl o
(IPCC, 2006; Nemecek cusl o odlawl 45 doles 5l 59,00
et al., 2014; Faist Emmenegger et al., 2009)
N,O =44.28x(0.01x
(N + N, +14/17 xNH, +
14.46x NO,)
+0.0075%x14.62x NO,)

(A) asleo

(83,5 )5 saly slilay jlissl liee ks INQO (A) doles jo
Ner ane 5 I sloogs’ )3 39290 IS (13925 oliwe 550 Niat
Ol S5k INO3 5 (LS (sbli 13 35290 (98 Olise Byna

Gl Ll e bl oo Ol S 4 a8y Cawd 1 559508
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Table 2- Descriptive statistics for efficiency scores of corn silage farms

] . ‘ Sasly olass
Jilas BV I KUAIYC | R Ve V| JE % LS 1,5 sasly ao,d
Minimum Maximum Mean S.E - Efficient DMU (%)
Efficient DMU
U”TE""K 0.33 1.00 0.80 0.20 13 31
oAl B 8 0.64 1.00 0.93 0.10 22 52
PTE
ol 0.36 100 08 018 15 36
STE

Hsbegisn Jold) J1 G ke 1) (lame slajl ooyt
le_»)‘ ‘L§§L> Cro goino cL;M.\.Q.a..J L.AT .)190 wlsS c).uy Oladiads
Gl 03505 Juod laye s ( Sdne dlge gl ySciol g oo

DA (g ytetee (ot (1397 L] g (Slge 365 cditpnny i)l
JSCs) 315 adlais y> (gladsle @) Wy amecn; sl s 1,
(Khoshnevisan et al., 2015; LS 5 jlaggudes (¥
LS i@ 4 08 aslllas yo 30 Khoshnevisan et al., 2013)
oyl Gl 3o (65)sliS” wlidgs oo j &l il 50 du 2SI
2 A 53S0 B o 350 (oo (035 S Slhay 538
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5 58 okl gy 3l edlitiol s 4 dus g0 iy aalllas )5
u_;.c); JaJ ,\_M)L L)""'L’ UT d)_aa.a L;,I)Lf co.)H).é u‘HQ?:S
0 Siby, Sl odlisel 5 ()ll s e Caz > oljsliS
).)d..l.f_m.ou_sl DHWM)..Sﬂ?uT d)..a.n uu.&al_{os)ds
(Mohammadi et al., 2014) cul sii gl 15,505 Slilllas

1- Water use efficiency
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Table 3- Comparisons of results of impact indicators for corn silage cultivation under current conditions and optimum input

use
A slagasls o3/ oty e Bl it bl o) syt
Impact indicators Unit/ton Current condition Optimum condition P (%)
oty dye A 5,15 Jolee 551 26.40 2553 3.28
Carcinogens kg C,H3Cl eq.
ok 2 Ol 5515 Ples 25545 434 3.96 8.81
Non-carcinogens kg C,H;Cl eq.
i 3 Jsles 55k
oS 9 San YIB> 1ol 0.30 0.27 12.04
Respiratory inorganics
kg PM2.5 eq.
oA iy ladnis R e ad 1034.52 819.23 20.81
lonizing radiation Bq C-14 eq.
Jolee p )55k
25g Y abs
A SACRENE 0.00 0.00 9.26
Ozone layer depletion 05 9,55889)
kg CFC-11 eq.
o gl Ay oA Jolac 5k 0.09 0.08 12.72
Respiratory organics kg C,H, eq.
ol S ! JSl5 ol s p 5ok 19208.01 16721.88 12,94
Aquatic ecotoxicity kg TEG water
Sk JsSE olsl 69 )55k
Y Sk 5851.00 4197.86 28.25
Terrestrial ecotoxicity .
kg TEG soil
3081 5 oo p S 5kS
S il e fs 19.78 17.14 13.37
Terrestrial acid/nutri 255 ' ' '
kg SO; eq.
o5 Jial i I8 O 16.07 12.72 20.81
Land occupation m,org.arable
§ el o ST 65 Jolao )5 okS
o STede S5 3.34 2.90 13.19
Aquatic acidification
kg SO, eq.
o Ol Oland Joleo 55k 0.13 0.11 13.47
Aquatic eutrophication kg PO, P-lim
e A1 (65 Joles p )55l
ol ofelesS o 161.72 140.41 13.18
Global warming §
kg CO; eq.
s 55 4 il Jyjise 2336.51 2077.24 11.10
Non-renewable energy MJ primary
e e 2455 hle w3l sie 257 193 25.01

Mineral extraction

MJ surplus
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Fig. 1- Normalized impact indicators studied for corn silage production

JoB 4SS ol 555 0,5 pbuil ool ol 5l el 1S ool cuows
b gy odd odlatwl (Sume (595 5l (08 oy i oS Cuwl as g
9 Syl a3 (Sl 4 ol 5B e 45 34 0 s olS
(39S 383 Sy 9 LSS )l (S (S9)b (e
Sk 3 S BB e Sl Ca e S 5 () gl
O 31 b aome Camgs SISl GalS 5 (65,5L8 slmags )l
Uiy 35S (Safa & Samarasinghe, 2012) s_sb ails
pas e 9 (plend (LadgS (65 ) LS 4 0550 I ) 9lis
31568 B yine e 5B o Hobate 4 SB iulojl plol
b)ly.a Q.;J &S o Q|9;.c P LSLM?; 51 2l 5L oalasl J.ol}c
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Fig. 2- Impact categories studied for corn silage production and the extent of different inputs’ effect on each category
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Fig. 3- Effect of each input on the assessed impact indicators in corn silage production
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Fig. 4- Damage category of corn silage production in south Khorasan
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Introduction

The discussions on environmental sustainability have eventually come to include agricultural products in
recent years. LCA is an ISO-standardized method, in which an inventory is used to determine the inputs and
emissions associated with each stage of production life cycle and to express their quantitative share in a specific
impact category. Southern Khorasan Province is the most eastern province in Iran. Drought and increased price
of forage in this province have turned the growing of silage corn into an economical attraction for this province.
Consequently, it is necessary to environmentally evaluate this crop in order to have more comprehensive
understanding of its production, in addition to its economical evaluation. In this study was tried to examine the
environmental impacts of silage corn production by an integrated LCA and DEA method to better understand its
production and to recommend approaches for mitigating its environmental impacts.

Materials and Methods

Data were collected by questionnaire and face-to-face interviews with farmers and agriculture experts and
analyzed using DEAP2.1 and Simapro software. An LCA project has four phases include goal and scope
definition, life cycle inventory analysis, life cycle impact assessment, and Interpretation. An important part of
goal and scope definition is to select system boundaries. The focus of the present study is on production phase
and on-farm processes. In fact, farm gate is selected as system boundary and all of environmental impact
estimated for the production of one tone of product. Various methods have been introduced by different
institutions and countries for environmental impacts assessment. One of them is IMPACT 2002+ method which
is a combination of three methods of IMPACT 2002, Eco-Indicater 99andCML. This method is selected because
it assesses 15 impact indicators, and it assesses four end point indicators (damage category) by combining these
impact indicators. The consumption of inputs within the studied system boundary will result in direct emission of
pollutants into air, water and soil. These emissions have been calculated according to the literature.

Results and Discussion

Results for efficiency showed that mean technical efficiency, pure technical efficiency and scale efficiency
were 0.80, 0.93, and 0.86, respectively. In CCR mode, 13 units and in BCC mode, 22 units were efficient.
Technical efficiency varied in 0.33-1 range with 0.20 SE. The lowest pure technical efficiency was 0.64 with
0.10 SE. If inefficient units could approach efficiency boundary by adjusting their consumption pattern, the
results for impact categories could be reduced by 3.2-28.2%. The lowest reduction (3.3%) was the indicator of
carcinogens, and the highest reduction ( 28.2%) was terrestrial ecotoxicity followed by mineral extraction with
25.01% reduction and land occupation and ionizing radiation with 20.8% reduction. Normalized results showed
that the highest environmental burden in silage corn production was related to Respiratory inorganics followed
by global warming, non-renewable energy and carcinogens. Environmental burden of electricity had the highest
impact on environment pollution in five impact indicators (carcinogens, non-carcinogens, aquatic toxicity, global
warming, and non-renewable energies). The assessment of damage categories revealed that the highest effect
was on human health and then, on climate change and resources. Electricity, manure and on system emissions
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also played the most important role in environmental impacts of silage corn production in this region.
Conclusion

According to the results of the present study on the one hand and the necessity for silage corn production in
the region to meet livestock sector’s demand on the other hand, reform in irrigation system and water pumping
system to reduce water and electricity use as well as motivating farmers to analyze soil to determine the
optimum fertilization rate and increasing their understanding of how to apply this input are the most important
factors to reduce environmental impacts of silage corn production in the region.

Keywords: Data envelopment analyzes, Life cycle assessment, Silage corn, South Khorasan.
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