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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. 1- Location of the studied habitats in the Iran and Khorasan Razavi province
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Table 2- Mean and SE of soil surface properties and H. kopetdaghi Boriss. characteristics of studied habitats
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N 9 Sw NCE
gy, LM o sy s csds s @Uohdy  Balolas
. Total canopy . o . - ’ ) Suis
Habitats o Litter (%)  Bare soil % Rock and Canopy No. stands. .
cover (%) o 2 Biomass
gravel (%) cover (%) m (@m?)
Q,m] SIS
Kalate 282+129 41.9+8.2 13.8+ 6.4 16.2+12.0 1.82+1.5 021+0.02 6.64+6.3
Ahan
RLS
Marich 34.7+18.0 38.3+3.0 16.8£6.4 10.2+6.0 05+02 0.05+0.01 214+1.1
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Fig. 2- Mean canopy cover percentage for major species in habitats
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Table 3- Minimum, maximum and mean (+SE) amounts of environmental factors affecting the H. kopetdaghi

distribution
ke Jo! R LRSS Jaocs Jo! . i * Sike
Env“iron‘i:l:lt ol oot 3,lalu! slas Env“iron‘i:l;t o ool 3 lasbiw! Gl ool
Max. Min. Max. Min.
factors Mean=SE factors Mean+SE
Yy L0 04 066019 G 62 38 515474
L. /0
by pdaw 5l i) s oy
Altitude (m. ASL) 1820 1560 1757 £ 15 (Silt %) 42 26 333+5.1
“Slope vy 35 14 26+ 6 Clay %) 26 8 152+ 47
= Sl S a4l
Bﬁgﬁp; 50 0 10£7 o 8.0 7.7 7.9%0.1
030N g S oy Sal 1oy
(Rock and gravel %) 41 1 16+8 TNV %) 48.8 14 165+15.1
S Y doyd SB gl cogby dop
Citer %) 68 10 42+13 P o) 351 129  26.1£85
Wl (5% 270 225 250420 @ owAleke gy 0.8 0.6+ 0.2

Annual precipitation (mm) EC (dS.m)
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Table 4- Correlation coefficient between soil physical characteristics and canopy cover percent
of H. kopetdaghi Boriss.

(340,3) (dauoro Jolge I3 el Shnsod o po
Environment factors (%) Significant area Correlation coefficient
Sal 0.000 0.866
™NV
Y
Litter 0.000 0.845
)
Clay 0.032 -0.618
032 )5 g S
0.031 -0.621

Rock and gravel

Ol gl slod 397 L alipsasd (o J3e 65 S @l
Loy g opiie & dalllas dyge Jare juaie W3l aST Wb

(0 Jguz) K39 ,b sxe H. kopetdaghi g
9 2 IR petaagni oy

shuae Jol g aa H. kopetdaghi & §8 ey Sadse

Giagy 030y 413 dre (Gl pakio 5 Sy b Al paend (ore Jio ]y gl -0 Jgun

b o P F ST Sl iz
Environment variables Akaike information criterion
o 0.00004" 14.1 156.4
Sand
A WRWESR "
Silt % 0.00001 16.5 144.7
o 0.00528™ 5.7 255.4
pH
Sal 1oy .

00001 2 8
TNV % 0.0000 55 57
Sk Jid)s Lo )d -

. 6.1 247.3
Soil 0.C. % 0.0039
Sk glail oylac do)y> ”
SP % 0.00001 46.4 59.9
"""“:’ o> ok

.00421 6.1 246.5
Slop % 0.00
S Y Ao "

:00001 23. 122.
Litter % 0.0000 3.0 3
033w 9 Kiw Lo ) -
Rock and gravel % 0.00288 6.6 242.4

Jre il gesl 5l esel Camday Jlaas! gaws Hlaie P ¢ Jso (il (6 )b dxe (sl 0 duwlme (y905l o )bl F

F Test calculated for model fit significance; P Value level of probability obtained from model fit test

** is significant in 1% probability level
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Table 5- The results of fitting GAM of each of the significant variables to H. kopetdaghi Boriss.
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Introduction

A significant area of the country's rangelands has been destroyed, or their population has been
severely reduced due to various factors such as uncontrolled exploitation, climate change, and other
factors. Irregular and out-of-season grazing in different regions and the mismatch of the number of
livestock with forage production capacity in the country's rangelands has reduced the population of
edible plants in a region and reduced livestock's power supply in the country. Hedysarum kopetdaghi
plant is an important species that grows in the rangeland ecosystems of North Khorasan, Khorasan
Razavi, and Golestan provinces. It is one of the high-quality perennial herbaceous species that is
mainly seen as a companion species in combination with summer pasture types in the country's
northeast. The forage of this plant is of good quality and is grazed in all vegetative and reproductive
stages. Considering the importance of forage, determining ecological factors affecting vegetation
changes and examining the response of this species to changes in ecological factors in different
ecological conditions, and determining the different stages of growth of this species in Khorasan
Razavi province was studied by generalized Additive Model (GAM).

Materials and Methods

Kopetdaghi sainfoin (H. kopetdaghi) responses to some environmental gradients were studied in
its natural habitat in the northern heights of Binalood (Kalate Ahan) and the heights of Hezar Masjed
(Marichgan), respectively. Vegetation sampling was done by the systematic-random method. The
plant growth calendar (phenology) was recorded in different stages of vegetation, flowering,
maturation, and seed fall, plant drying, and the phenological diagram of the plant were drawn in
accordance with the Embrothermic curve. At the data preparation stage, initially the nominal and
sequential variables such as soil texture and the relative data in the column related to each factor were
identified. Generalized Additive Model (GAM) was used to investigate the response of this species
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to soil and topographic factors. The percentage of canopy cover of O. chorassanica was used to
explore the relationship between species and the environment, and the ecological range was
calculated as a function of the Gaussian response.

Results and Discussion

The results indicated that H. kopetdaghi is more distributed on sandy loam to silty loam soils. It
has the highest yield in moderate amounts of sand (about 50%) and silt (about 35%). The results also
showed that the relationship between the density of H. kopetdaghi and altitude (m. ASL) increases but
then decreases with increasing altitude more than 1700 meters. It seems that altitude is a limiting
factor (e.g. decreasing temperature and increasing light intensity) that affects species distribution.
The response pattern of H. kopetdaghi along the gradient of litter and lime percentage of the soil
followed the monotonic increase model, but along the gradient of the soil stones and pebbles,
percentage followed the monotonic decrease model. The results also showed that the range of H.
kopetdaghi canopy cover was 0.5%-1.82%, the density was 0.05-0.21 plants m™, and dry biomass
was 2.14-6.64 g.m, and the mean of dry forage yield was 38.5 g.plant’.

Conclusion

Overall, this study indicated that H. kopetdaghi showed a significant response to changes in
factors such as soil texture, saturation moisture content, lime percentage, organic carbon content,
acidity, soil slope percentage, and litter percentage of soil surface. Among these factors, soil texture,
lime content, and soil saturation moisture content are the most important factors affecting the presence
and performance of this species, which can provide valuable information for the use of this species
in degraded rangeland operations in areas with similar ecological characteristics. According to the
above results, the cultivation of H. kopetdaghi is recommended as a palatable forage in low-yielding
drylands with precipitation more than 200 mm. It is necessary to continue research on planting this
species as well as its role in forage production and sustainable production in rain-fed grains.

Keywords: Generalized Additive Model, Ordination, Species response curve, Topography.
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Manpower
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Machinery and implements
e hr 83.5
Combine harvester
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Fuel
Jiss L 56.31
Gasoline
it 7S kWh 11.93
Electricity
>
Fertilizer
f"“““ kg 11.15
Potassium
09 ke 66.14
N
s kg 12.44
Phosphate
gl L 102
Liquid fertilizer
pyos
Poisons
i eyt L 120
Insecticide
oSl L 85
Herbicide
oSl L 115
Fungicide
A
Seed
x5
F kg 14.48
Wheat
o3l
Output
ab kg 14.48
Seed
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1- Gross profit
2- Income to cost
3- Economic efficiency
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Table 2— Mean comparisons for energy inputs and outputs affected as tillage systems in wheat cultivation

. . . FXCCR P SPYVE 178 . .
. 5595 & SiS B 8395 B ? i 5:9 d L $j9S6
e C bl e bl CligeeS $39 o9 Ly
o're Conventional . ) L Minimum tillage using a0
Title (unit) tillage) No tillage and no Minimum tillage 1o tillage plantin No tillage with
(MJ.ha'! plant remnants) using combinate mfch[i)ne s plant remnants
(MJ.ha™! (MJ.ha'!) M) ha) (MJ.ha™)
c b
5 (59 * 27.73
H‘fu’i;n i’b’; 29.68 2 28.65° 30.50 31.35°¢
& yilo €
Macf;ery 380.18 252.90° 314.97°¢ 341939 226.25
Dy s
ﬁjizseﬁu’z | 6780.11% 4403.83 ° 531042 € 5254.12 € 4122289
2 ol pgom
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5 S B iSale
u;}fo).u'b
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(P205) i a a a a a
Phosphate (P,0s) 1704.28 1704.28 1704.28 1704.28 1704.28
(8) 255 a a a a a
Sulfur () 32.52 32.52 32.52 32.52 32.52
(K20) iy a a a a a
Potassium (K,0) 1115 1115 1115 1115 1115
Lo 258
& a a a a a
Liquid fertilizer 408 408 408 408 408
e 750 42032 42032 42032 42032 42032
Electricity
5
sj:éd 25344 25344 25344 25344 25344
o3lgs ¢yl
ke 3l Egene 24928212 2229624 23328.92 ¢ 23327.38 ¢ 21960.57 4
Total energy inputs
ausliw
Output
olliw ¢35yl
Output ;;:r . 70650 & 7948125 ° 106956.25 © 104208.75 4 78892.5 °
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* Means with the same letters are not significantly different at 1% level.
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Fig. 1- Indicators of direct, indirect, renewable and non-renewable energy in wheat cropping
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CT: Conventional tillage, NT: No tillage and no plant remnants, MTCO: Minimum tillage using combinate, MTNT: Minimum

tillage using no tillage planting machine, NTR: No tillage with plant remnants. Means with the same letters are not significantly
different at 1% level
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Table 3- Energy indices of tillage systems in wheat cultivation

S509S5B salbolw
Tillage systems
" | $39S 6 859 B $339S B o)L (65,080 b 655
‘T’if ffi Py Ll Sligga S50 9 L
1de n Conventional  No tillage and Minimum Minimum tillage  No tillage with
tillage no plant tillage using using no tillage plant
(MJ.ha") remnants combinate planting machine remnants
(MJ.ha™) (MJ.ha'") MJ.ha") (MJ.ha")
5]
S e - 2.83% 3.56° 458° 4464 3590
Energy ratio
59l o _
PS5 kg MJ! 0.182 0.227° 0.292°¢ 0.284 4 0.228
Energy efficiency
59l Al }
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e Es ~‘
s 02 Gl .ha' 7232 4850 576 570 457°
Direct energy
= e & ¢‘ R
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Indirect energy
i 20 555 Gl ha' 2.78 % 2.78 % 2.78 % 2.78% 2.78%
Renewable energy
2ibases 65l
Unrecoverable Gl ha' 22362 19.73° 20.76 € 20.76 19.394
energy
oyile) baailolw (555l
(sl S b
.na
Energy Systems 7.18% 4.68° 5.65° 5.62° 4374
(Machinery, Diesel,
Human
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* Means with the same letters are not significantly different at 1% level.
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Table 4- Analysis of variance (mean of squares) of wheat seed yield and output energy in using different
tillage systems

Jutd 2abio LRSS &y 5,Slos sl (5591
S.0.V. d.f Seed yield Output energy
slaalols
R N sk sk
d{”db 4 4375812.5 1078594023
Tillage
systems
g 12 570979.17 140740655
Erorr
Olyuds o b - 13.47 13.47
CV (%)

b sme pas 5 20yd S Jlain] pdaw 3 )b gixe gy NS g
** and ns: Significant at 1% of probability levels and not significant, respectively.
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Fig. 2- Mean comparisons for seed yield of wheat affected as different tillage systems
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CT: Conventional tillage, NT: No tillage and no plant remnants, MTCO: Minimum tillage using combinate, MTNT: Minimum tillage

using no tillage planting machine, NTR: No tillage with plant remnants. Means with the same letters are not significantly different at
1% level
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Fig. 3- Comparison of the output energy of systems in wheat production system
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CT: Conventional tillage, NT: No tillage and no plant remnants, MTCO: Minimum tillage using combinate, MTNT: Minimum tillage

using no tillage planting machine, NTR: No tillage with plant remnants. Means with the same letters are not significantly different at
1% level
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Table 5- Mean comparisons for economic indicators in tillage systems in wheat cultivation
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Fig. 7- The economic indicator of percentage of profitable sales in wheat crops
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CT: Conventional tillage, NT: No tillage and no plant remnants, MTCO: Minimum tillage using combinate, MTNT: Minimum

tillage using no tillage planting machine, NTR: No tillage with plant remnants.
Means with the same letters are not significantly different at 1% level
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Table 6- Applied economic indicators of systems in wheat cultivation
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Introduction

Conservation agriculture is a powerful factor in accessing future food needs. Protective agricultural practices
can preserve and regenerate soil. Conservation tillage is a method for managing droughts to maintain ground
water, as well as reducing agricultural production costs and increasing soil organic matter. According to the
research, about 60% of the mechanical energy used in mechanized agriculture is related to soil tillage operations.
The precision of the use of field implements and logs is important for any kind of tillage equipment (Larney et
al., 2017). Appropriate tillage methods, depending on the soil type and climatic conditions, can be effective in
achieving suitable water conditions in the soil. When the soil is facing limited water supply, tillage is done to
maximize soil moisture retention. Energy consumption analysis can show how to reduce energy input into the
production system and increase energy efficiency. In order to deal with and prevent such a situation,
conservation is considered as an effective solution in many countries of the world. One of the basic goals of each
production sector, such as agriculture, is to increase production and reduce costs. Therefore, it is important to
determine economic indicators by determining production costs and yield, as well as determining the ratio of
profit to cost (Erdal et al., 2007). In this research, the energy and economic indices and seed yield for different
protective tillage systems of wheat cultivation with wheat yield approach were compared.

Material and Methods

In this research, the state of energy consumption and economic efficiency of different tillage systems in
native conditions of agricultural plain of Naz was investigated for wheat. Tillage systems included conventional
tillage (CT), no tillage and no plant remnants (NT), minimum tillage using combinate (MTCO), minimum tillage
using no tillage planting machine (MTNT), no tillage with plant remnants (NTR). The purpose of this study was
to study the energy consumption and economic efficiency of different soil tillage systems in native conditions of
Naz Sardinia plain.

Results and Discussion

In wheat cultivation, the MTCO system had the highest wheat grain yield and energy indices, the system with
a ratio of 4.84 to 4.9% energy, to 29.9 kg MJ"! of energy efficiency, and to 3.42 MJ.kg! of intensity Energy is
the best system for wheat cultivation in terms of energy indicators. The NTR system with direct energy
consumption of 4570, indirect 17163, renewable 2561 and non-renewable 19398, as well as energy systems of
4376 MJ.ha'l, in general, was the least energy-consuming system in terms of energy, but had a low yield of 5025
kg.ha'! of wheat Should be. Looking at the obtained values for economic indicators of protective systems in
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wheat cultivation, NT and NTR systems in profit and cost indicators and economic productivity are respectively
13.8 and 13.4% higher than the CT system, and also with 22 and 21% higher gross profit compared to the CT
system, both showed acceptable yield for these indices. Also, in the Economic Indicators section, despite the
lower cost of production for the NTR system, the MTCO system has 26% higher performance and higher sales
prices and 25.5% lower than the NTR system and 35.2% more gross margin than the NTR system. MTCO
system has the best status among 5 systems in terms of profit-to-cost and economic efficiency indices with
34.4% difference compared to CT system. In general, MTCO, MTNT, NT, NTR and CT systems are maximal to
minimum for all gross profit, gross margin, profit-to-cost, profitability, and sales margins, respectively.
Conclusion

Eventually, the MTCO system, with its superiority in energy and economic indicators, was introduced as the
optimal option for tillage and planting of wheat in the native conditions of the agricultural plains of Naz.

Keywords: Agricultural method; Management solution; Native conditions; Store moisture
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* and **: are significant at 5 and 1 probability levels, respectively.
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Table 6- Nitrate concentration of vegetable compared to allowable limit
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Introduction

Ecosystem Services frameworks are emerging as an approach of capturing the wider impacts of policy
decisions or evaluating land use change in order to more comprehensively take into account the range of effects
on the environment, and on the benefits humans receive from. The Millennium Ecosystem Assessment (MA)
(2005) defines ecosystem services as ‘‘the benefits that humans obtain from ecosystems”. Costanza et al. (1997)
postulated that ecosystem services comprise of ‘‘flows of materials, energy, and information” from the natural
environment to the society. Yield and production for agricultural crops have been improved during the last
century, however, these achievements have caused different environmental social and safety problems for human
and the environment such as increase in greenhouse gases, eutrophication of rivers, lakes and other water bodies.

This study aimed to evaluate environmental consequences of agroecosystems managed conventionally in
three Razavi Khorasan, South Khorasan and North Khorasan Provinces. The environmental consequences of
intensive agriculture were grouped into damages maid to natural resources such as water, air, soil, biodiversity
and human health affected by over-consumption of chemical fertilizer, herbicide and pesticide.

Materials and Methods

Cultivated area and consumption of chemical inputs in North Khorasan, South Khorasan and Razavi
Khorasan provinces during 2004-2009 were determined. Environmental impacts were calculated using six
categories i.e. air (emission of greenhouse gases such as N>O, CO, and CH, to the atmosphere), water (quality
criteria such as NO3 and pesticide concentrations in water), soil (amounts of NOs-, organic carbon, pesticides
and herbicides in soil), biodiversity (losses of pastures, jungles and bee hives), human health (residues of
Diazinone, Azinophos-Methyl and NO;™ in some vegetables) and natural resources (losses of nitrogen fertilizers
via leaching and volatilization and pesticides consumption effects) affected by chemical inputs such as
fertilizers, herbicides and pesticides.

Results and discussion

Results indicated that decreasing trends in use of chemical pesticide and herbicide were observed in different
agroecosystems of Khorasan. Nitrate of water used in agricultural area was higher than allowable limit of 10 mg
per liter. Residues of chemical herbicide including Diazinone and Azinophos- Methyl in irrigated water were
23.18+16.35 and 15.78+0.68 mg.kg'!, respectively. The maximum emission of greenhouse gases including CO,,
CH, and N>O were calculated in Razavi Khorasan. Nitrate concentration in the soil was higher than the critical
limit. Organic carbon content in natural habitat and rangeland was higher than that in the cropland. Also, total
number of honey hives was increasing but the hives for local bees were almost reaching to zero in the recent
years. The maximum range of nitrate for tomato, eggplant, cucumber and spinach were 1.4, 0.75, 17.15 and
7.38% higher than allowable limit, respectively. For sugar beet upper and lower limits of nitrate were lower than
the allowable limit. Conclusion

Soil is a very slow forming resource, and similarly to other habitats and ecosystems, it is coming under
intensifying pressures due to anthropocentric and industrial activities. Soil ecosystem services provide multiple
benefits to all organisms.
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Nitrate concentration for leafy vegetable was higher than for kitchen garden plants. Nitrogen and phosphorus
contents for soil in Razavi Khorasan were higher relative to North Khorasan and South Khorasan. Nitrogen
enhanced soil carbon accumulation as it stimulates plant growth and its productivity. However, accumulation of
soil carbon depends on the delicate balance between increased carbon inputs to soil from litter and enhanced soil
respiration rates. Crop residues and manure are returned to the soil in traditional farming systems, improving soil
ecosystem services and soil chemical, physical and biological characteristics. On the other hand, application of
inorganic and chemical fertilizers to benefit crop yields often decreases the soil services as it has negative
influences on soil structure, infiltration and water-holding capacity.

Keywords: Allowable limit, Critical limit, Greenhouse gas, Intensive agriculture, Pesticide
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Fig. 1- Comparison of trends in biomass accumulation during the growing season under different treatments Fennel
monoculture and mixed (FM: fennel sole crop, BF: fennel — bean, SF: fennel — sesame and BFS: fennel — sesame — bean)
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Fig. 2- Comparison of trends in biomass during the growing season under different treatments Sesame monoculture and
mixed (SM: sesame sole crop, SF: sesame — fennel, BS: sesame — bean and BSF: sesame- fennel — bean)
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Fig. 3- Comparison of trends in biomass during the growing season under different treatments bean monoculture and mixed
(BM: bean sole crop, BF: bean- fennel, BS: bean- sesame and BFS: bean- fennel — sesame)
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Fig. 4- Comparison trends fennel green area index over the growing season under different treatments monoculture and
mixed (FM: fennel sole crop, BF: fennel — bean, SF: fennel — sesame and BFS: fennel — sesame — bean)
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Fig. 6- Comparison trends bean leaf area index over the growing season under different treatments monoculture and mixed
(BM: bean sole crop, BF: bean- fennel, BS: bean- sesame and BFS: bean- fennel — sesame)
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Fig. 7- Comparison trends fennel crop growth rate during the growing season under different treatments pure and mixed
cultures (FM: fennel sole crop, BF: fennel — bean, SF: fennel — sesame and BFS: fennel — sesame — bean)

30
1 — =S\
E SM
E — - =SK(s)
2
- —— BFS(s)
=
-
E — BS{!:I
Bl
=%}
B
L]

Dvay after emergence

SM) LIl § baliee cals” Cilisee S slowd pi b o wdy b Jgbo 30 douS” Jguamn iy Sa g Ol i 593 dugliin —A S
(gt — 4L 315 = as™ BSF 9 Lugl = oomis™ BS (il 31y — uomis” :SF womis™ s>
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Introduction

Intercropping is a well-known agro-ecological practice for its dramatic effect on pest and weed control,
increasing productivity as well as enhancing resources (radiation, water and nitrogen) use efficiency. All these
beneficial effects are the results of increased species diversity which presumably would be higher with introducing
more component species. On the other hand, crop growth analysis provides indices for quantifying the rate of dry
matter production and allocation of dry matter to the other organs, particularly to leaves. It seems that growth
indices of intercropped species relative to their pure stands could be useful for better understanding of higher
productivity of more diverse intercrops.

The objective of this study was comparison of growth indices and dry matter allocation as well as land
equivalent ratio of fennel (Foeniculum vulgar), common bean (Phaseolus vulgaris) and sesame (Sesamum indicum)
grown in monoculture or intercropping systems.

Materials and Methods

The experiment was conducted as randomized complete block design with three replications and seven
treatments including pure fennel (F), pure sesame (S), pure bean (B), row intercropping with 1:1 ratio of FB, SB and
FS as well as 1:1:1 intercrop of FSB. All treatments were sown in recommended planting date and density. Total
aboveground materials of each plot were sampled in 5 randomly selected plants in two-weekly intervals and
repeated seven times during growth period. Green leaf area index (GAI) and total aboveground dry matter (DM)
were measured for each species in sole and intercropped plots. Time course of LAl and DM was estimated by fitting
logistic peak and sigmoid functions to the measured values for each species, respectively. Crop growth rate (CGR; g
mr? d1) of each species was estimated as the first derivative of the sigmoid function. Economic yield of species was
measured by harvesting the whole plots and used for calculation of land equivalent ratio (LER) for intercropping
treatments.

Results and Discussion

Results showed that for all studied species, the growth indices were lower in intercropping compared to
monoculture. Maximum GAI (1.28), dry matter (184.6 g.m?) and crop growth rate (5.2 g.m?.day') for fennel was
observed in pure stand. For sesame, the highest GAI (4.2) was obtained in the sesame — fennel intercrop, however,
maximum dry matter (1023 g.m?) and crop growth rate (24.5 g.m?2.day!) were achieved in the pure stand of
sesame. Similarly in bean, maximum GAI (3.8), dry matter (546.39 g m2) and crop growth rate were observed in
pure stand. However, the lowest GAI (0.61), dry matter (54 g m?) and crop growth rate (1.6 g m?day') of fennel
was observed in fennel-sesame and fennel-sesame—bean intercrops, respectively. The minimum GAI (3.24), dry
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(*- Corresponding Author Email: akooch@um.ac.ir)
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matter (286 g.m?) and crop growth rate (6.6 g.m2.day!) of sesame was obtained in fennel- sesame- bean, fennel-
sesame and fennel- sesame- bean, respectively. The minimum LAT (3.08), dry matter (110 g.m2) and crop growth
rate (3.26 g m?2day') of sesame was observed in fennel- sesame- bean treatment. Despite the lower growth indices,
LER was grater that 1 in all intercrops with a highest value (1.09) in sesame — bean showing the better allocation of
dry matter between component species of intercropping.

Conclusion

While the LAI, DM and CGR was lower when species were intercropped, the overall rate of dry matter
production of intercropping systems was about 28%, on average, higher as compared with pure stands leading to
almost 10% higher productivity. Addition of the third species into intercrops has no significant effect on
productivity. However, it seems that using species with diverse functional traits to increase functional diversity
could cause higher productivity of intercropping systems.

Keywords: Crop growth rate, Fennel, LAIL, Row intercropping, Land equivalent ratio
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Fig. 1- Mean comparisons for interaction effect of irrigation levels, biofertilizer treatments and chemical fertilizer treatments

on total chlorophyll (a) and leaf area index (b) of quinoa
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a8 bayly i o rals cpl Lol ccanl ool ialS” awyp
a8 398 )8 o baalpd 4 Cad (S g (aleond sladgS
sidlS Coge lgnS 3 (Sid il A Cunl ol 55155 sl 035
2 g oad oS ol sladly i yials g 4ol (sladdes dluss
Fghire et al., ) cowl ar il ol ) anay 1) 5, Slae ialS caoes

5 oS 95 ) slm3gS plgs )18 4l Jlo o

9y 3 158 5 Slae Jla ime (1B 1y 8L i yhudn
ol 5 (P JS0) (aliend sladgs 3,)8 pas b o )lS o
(=T9_‘; Ol 500 @yle & Ll adly (F-c JSs) d)l,j zolaw
3)50 (5355 gobaw o 3 |y IS aib 5 Slas (5)58 9 (Suis



YEY 198 oS (90,5hos 9 S5olpn 508 Slhuo (B 51 3t (St 9 (tloand G095 STy yK00 g Shuwgy ool

alysl a8 ol s 1S cuiby (adls b )ly 4350 als
Sl iz (2ot 395 5 (i 355 (sll o ool
295 5 )l ol et 295 0 o)l goan SIS oy
byl e Cdo pl g (2l 395 )3 () 395 g (oo
uly s 53 0 53 (S5 G5 g Gl (Y Jpie) (P-1-)
LS (ialS cozge (olend (sladgS 3 LS pas 5 )8
loosd (slaagS 3,8 Lol ((d-a JS5) cunl oiid lgiuS” o cuiily
ssban |y cciby adld (g 355 (lajles (olad L ol
09 —stleoad (SLadss 3l pae ) dald &) Cud (65
Toh (oled )3 iz (Bb JS) ol a3l (gt 268
Sudg g S 5 st S5 pl 318 o Izl (Sizs
8B oyt a5 b Syl gl Jlosi 35 ol S e
o 2 (St G5 Sl als g S ety sl Gl
Ol odimd Ll by (as s (0-c JSi) slawih caw
ce musgi ) oplply bl o Ab @ (g5wgid dlos (auass
24838 LBl gl e pal Giaghy ) Cutlyy jadls ials
OB 3l (s o yisd ol O 5908 oy ) 0590 Jgbo
JUisl 0,08 ey 53 (6y9b g (S plg bl 155 (e
oadls g il 5 Slee cdl 4y oo g aisly jials" aib & 634y dlge
ke 45 (@ po yio )D At Dl halS . Cawl odd IgS yd il
5 S e Y5 500 512, i 3,Skes A 55 e
OhlSen g BN w0 Ja5 &y (ol i kil cod ety
St Galisee pobaw 45U wyp b (Al-Naggar et al., 2017)
P S b G5 85 0,8 IS IS cilisie clacadss
Seis oole L5 0)li8 o 18l ails 5 Slos p yidin ¢ il dlspo
sebdn  cwl ond iy adls ials cel caos (S
b apalse yo laiS plB)l > by (asl b yials e Lo polie
0395 Cunj (g & S A 3 Shos jiday (ol (g)sd S
S, das 5 . (Hinojosa et al., 2018) cul ouds 4i)l5S
Sy gl il 4 i b 5, ey (S5 5 o
S YU gl 3L o olS oyl il jasls il
.(Gonzalez et al., 2009) ol 0445 01> s

a3 Slas o sine J12lS g 55 5 (St plg 5
S olS ol 3 by asls (el o et 3 5 IgiS
s j odgS 5l edlatwl g3 oyl b (Hinojosa et al., 2018)

= b (Telahigue et al., 2017) ],Sen 5 S5 (2015
3ySloe 45 13,5 35S 1S ol 1 o)ll iliss o b
Lop ¥ bl ls) bas S 55 cov olS o, aib
bl by )3 5Skes i pows Sy 4 (450 (£)j b o
(Cocozza et l)LSen ¢ 15868 bl yials (a5 (y9) JolS
Pl i 5l 1y 19 ails 5 Slas Jb ixe Lials” 35 al, 2012)
2l L ohSings ol slaadl, 08 (515 (6095 5 Sis
byly b cod lanS aib 5)Sles ials )b calles pols jinghs
Olie idlS el )3 g Sy jriwgd Lhals & Sds i
Gl o 031> o olS ol by b 50 slaaily gl Mol
38las ialidl p olesd sadeS 53U (Gamez et al., 2019)
O (Geren, 2015) couwl ouds ()5)155 o gimo 1o &l
sl 50 Glawd 0a S o slag S aS cal odds )l
3 paal )8 g pi |y yaie opl Gand gols olewd (sladgS
O &S (te g paditune bLI)I 4 dagi b g i o )])8 198 L5
ol o Wilgice s S pl o)l 2929 ()95 5 pied Ol
5 (Gomaa, 2013) 1S SaS 1giS bawgs ()59 55 9 yound i
oher (oliard (sladgS 315 &Sty o S5 &y 5 o> iy
3 Slas (STl 33, done by (Sesshgm (51aosS L s el
g Sk 5l b g el Li alpl gyl cpl 5l ond IguS” &l
By a0 dS Cewload (o)l S .cwl ooy als' ) S g0
g oS cab g Cla (onlgn Cole (Rl cage (gt
5 5 NS b g 29 e (Sl ol 4y o YL
= dde e D ohgd gl i bads g Sy e 059 0y
WL el Lol asb s, Slae , o dlaa s a
4S ol iyliS 55 yawd 3)se ,0 .(Perchlik., 2018) 5,15 -
9y o=l il g oyl laaly yady g sawgid > (ST il yuaie oy
ssbds (Fabre et al., 2019) 55 55 0 il 3 Slos i8] o
2 oS alby Jdsa jiud 5 (fgyis & Cuslord ()15 (S
3y Slas an oliwd jd (wlal (i85 5l olS Sl slaan] s
o).&.\k\é 9 4))9)»..) dllb.); d).\m JJ.) O 4“_\4565 LQ;] WLA
alysl el s g ash oSles o (il58l cuw (w365 L ol jorr

.(Stamenkovic et al., 2018) 544 o0 (Jawos (sbo yii5

Cadila p yaa bl



(kg/ha'l)

¥

Grain vield

1Fee bl « Yo loid Y o> (g 5)slias’ cwbiis pg9 49 pis  YFPY

(@)
2400
2000
1600
1200

800

(©)

(kg/ha'h

»

Grain vield

(Gomaa, 2013) ¢l avsls ol duogs (ylimods (oliowd (s35S 3 1S olyendy JoSo lgicay

ol yorndy 1) 158" oLS jo by sl b me Lilidl (S 4ly

(b)

B 100%FC B75%FC D50%FC B25%FC BWithout Biofertilizer EBNitroxin
o
- o Bl Biophosphorus ONitroxin + Blophosphorus
il
=
] A 5 8
g 2 2000 - i %
— H -~ 3 W -
g o Fs -t
] g 3 P 5
g Z RO <
. ~t S i) w
= 1000 Y
&
- = :
K-
— £
oo = <
LB RN= .
Without chemical Application of chemical Without chemical f
fertilizers fertilizers fertilizers fertilizers
Chemical fertilizer treatments Chemical fertilizer freatments

# Without Biofertilizer B Nifroxin B Biophosphorus ® Nitroxin + Biophosphorus

=
2400 %
Z s g
2000 - b § = p!
g - z
i o B z
1600 N F - e
oot 5 NE \E £ 3 5 =
Nz N - %z B
N\ B N\ ° NE £ =
\ 2 §"‘\ ek = z - B
e \ & & J \\ s NNEE
NN \ S AN
1009 FC T8GBFC 0% FC 25804 FC

Irrigation levels

9 Skl Tobw 5 (B) (oaleonsd 395 5 (355 (51 Lo (2) (arleowd 395 (51 Los 9 (5Ll Zsbaw (ESToR 2 ST (eSlko sy o — € JSUS

lgaS' 1> 3 Sdas y1 (€) (mer § 365 (512 lows
Fig. 4- Mean comparisons for interaction effect of irrigation levels and chemical fertilizer treatments (a), biofertilizer and
chemical fertilizer treatments (b), irrigation levels and biofertilizer treatments (c) on grain yield of quinoa

1991.49




Harvest index (%)

YFQ 198 oS (9,5hos 9 S5olsn 508 Slhuo (B 1 3t (St 9 (loand G095 STy K02 g (Shuwgy ol

(b)

1009 FC

7

h

S FC

S09% I

Irrigation levels

ot
b
&

]
9}

9 &)kl Tobw 9 (D) (oaleonss 355 g (w355 (51 low (@) (arlowd 355 (W )low 9 (G )ltl Zobaw S0 2 5T (eloe duani o -0 UK

lgaS’ Conild 31 s lid 31 (€) (s § 395 (5 sLowi
Fig. 5- Mean comparisons for interaction effect of irrigation levels and chemical fertilizer treatments (a), biofertilizer and
chemical fertilizer treatments (b), irrigation levels and biofertilizer treatments (c) on harvest index of quinoa

R 1009 FC B78%FC D80 FC Q25%FC
In W 'Without Biofertilizer ENitroxin
ﬁ O Biophosphorus HNitroxin + Biophosphorus
42 T 5
42 -
§ 36
= 30
=
;E_ 24
o
£ 18
%
=1z
0
Without chemical Application of chemical Without chemical Application of chemical
fertilizers fertilizers fertilizers fertilizers
Chemiceal fertilizer treatments Chemical fertilizer freatments
(C) & Without Biofertilizer  8Nitroxin  @Biophosphorus 8 Nitrexin + Biophosphorus
45.00 g ; x
o
[ “ 2 -~
36.00 g .:-g.:- % g E - 2 - E
= "ot o0 < J—
9 N N NEN: S
£ owo s NE N[ & N
£ & \ i N\ ° ?\\ i - NE
7 % § £ M § 2y M %\ it
E 18.00 - % g2 % i . &\‘ i i % i
= . T AL Aty
N N\ N NG
! BN %
N § i N\ N\
N\ N\ N\ N\
oo LN Nl Nl NI



Voo bl « Yo loid Y o> (g 5)alies’ cwbis pgs 49 pis Y

Sl g5 el Gl ) e Lulyd 4 s 0
pie 9 omLS lalyd 93 pa )3 5 (5 ok (oeled 3 (pinen
) 395 93 3 plojen 3LS (ol d ladgS 3 LS
g St 5 Sl s o 1y 3B i shadon g a9y
WD gy D50 Slas poled Hy me iuliél
et ST 5 aloerd cladgS Gl o o b
I 5 i 3l Gaals g 5 ,Slae Il 2 1y b oy i
by 5 amS 955 () S 43, el g e el
Wit oLS ol 5l 3y90 liE yolie JolS pueli ay o8 Slesa
SB 0il @l G il 3)90 (leerd slo3gS L olyor ST g
o g8 (ygll al8l g 5 Slas dgut 53 Al oo g,
Ol @l d dagi b cnlple Wsd &y S3e e la s
@ @Yl Jood & Gisuael LS plsied oS culS (ing
@Y e s gadg Jeae 5 3)b (lae gla i
9 OmS g () (SdgS (Al 35,18 oljemay el loys5
090l @l Bl L5 2)90 alensd (sladgS Bpe g shudgn
4oy Jul cudgize shby 5 o8 gsdols L sl e (S

Cona]

References

Environmental and Experimental Botany 92: 43—54.

sty sbdgS (Adl 2 )l a5 Cunl 0 (51 (S psboey
0sLs Gl (i ol o e Bk 5l (2losd 9
dl)_) d..\»_w)9> wl_) )l uLmLf e ol g0 gf).) G‘aw
Jlwyl asly ay (gytin (gjtuwsid dlas don §d Do o Fiuwgid
(ashy ay (giwgid Do o Syl iulj8l) sadge cpl &S 23,5 o
= o ey edls § SLis ool ay wib caws il
Ly oo S5 4 30 il iag} ;o (Rahimi et al., 2019) 5l
Syate wrsn goo o 3l (liand g (st slo2S plgs 218 oS
S o il g o lgiS wild 5 ddgd Dl o9y 3 Slas (4l3a]
O 093 Job 3 (plis polis jig g pide (el L
B 1y (oyomds 9 (Sis plgy i 31,0 sl e LialSeals
byl b e (ialS Coge cfaomme 3 Jolge oyl Ll sduioy
lgiS iy sl o 4l 5,Shes o (cy0d g St plg Lis
ol 0 oliowdd g (G j (gladeS aal jlass ).ubm

6 25 4o
4 oYL 6yglob s ol a8 b olis iagh oyl gl
SO sl a8 gemidy ) e b gla i byl
1o Y0 )l jloss) ad (Sutd (i Cov (> e lame
P Ay g 00)S JelS 1) 393 05y 090 55 (4550 (£)) cud )b
$Soilul Glaw sled > (glesd (g3gS 5 )8 ( 8)b 5l S

Adolf, V.IL, Jacobsen, S.E., and Shabala, S., 2013. Salt tolerance mechanisms in quinoa (Chenopodium quinoa Willd.).

Alizadeh, A., 2008. Soil, Water and Plant relationship. Emam Reza University of Mashhad, Iran. pp.484. (In Persian).
Al-Naggar, A.M.M., Abd El-Salam, R.M., Badran, A.E.E., and El-Moghazi, M. A., 2017. Drought tolerance of five Quinoa

(Chenopodium quinoa Willd.) genotypes and its association with other traits under moderate and severe drought stress.
Asian Journal of Advances in Agricultural Research 3(3): 2456-2468.

Bahamin, S., Koochek, A., Nassiri Mahallati, M., and Beheshti, A., 2019. Effect of biological and chemical fertilizers of

nitrogen and phosphorus on quantitative and qualitative productivity of maize under drought stress conditions.
Environmental Stresses in Crop Sciences 12(1): 123-139. (In Persian with English Summary)

Basra, SSM.A., Igbal, S., and Afzal, 1., 2014. Evaluating the response of nitrogen application on growth, development and

yield of quinoa genotypes. International Journal of Agriculture and Biology 16: 886—892.

Sciences 7: 622-631.

Bazile, D., Jacobsen, S.E., and Verniau, A., 2016., The global expansion of quinoa: Trends and limits. Frontiers in Plant

Biglouie, M.H., Assimi, M.H., and Jabbarzadeh, A.R., 2006. Effect of supplemental irrigation on yield and yield

components of flue-cured tobacco. Iranian Journal of Field Crop Science 8(2): 184-200. (In Persian with English

Summary)

Bilalis, D., Kakabouki, 1., Karkanis A., Travlos, 1., Triantafyllidis, V., and Hela, D., 2012 Seed and saponin production of

organic quinoa (Chenopodium quinoa Willd.) for different tillage and fertilization. Notulae Botanicae Horti

Agrobotanici Cluj-Napoca 40(1): 42-46.



YEV 1908 oS (90,5hos 9 S5glpn 508 Slhuo (B 31 3t (St 9 (tloand G095 ST ey 9 (Shuwgy ool

Cocozza, C., Pulvento, C., Lavini, A., Riccardi, M., D’Andria, R., and Tognetti, R., 2012. Effects of increasing salinity
stress and decreasing water availability on ecophysiological traits of quinoa (Chenopodium quinoa Willd.) grown in a
Mediterranean-type agroecosystem. Journal of Agronomy and Crop Science 199(4): 229-240.

Egamberdieva, D., Wirth, S.J., Alqarawi, A.A., Abd-Allah, E.F., and Hashem, A., 2017. Phytohormones and beneficial
microbes: Essential components for plants to Balance stress and Fitness. Frontiers in Microbiology 8: 1-14.

Enebe, M.C., and Babalola, O.0., 2018. The influence of plant growth-promoting rhizobacteria in plant tolerance to abiotic
stress: a survival strategy. Applied Microbiology and Biotechnolog 102(18): 7821-7835.

Eppel, A., Keren, N., Salomon, E., Volis, S., and Rachmilevitch, S., 2013. The response of Hordeum spontaneum desert
ecotype to drought and excessive light intensity is characterized by induction of O, dependent photochemical activity
and anthocyanin accumulation. Plant Science 201(202): 74-80.

Fabre, D., Yin, X., Dingkuhn, M., Clement-Vidal, A., Roques, S., Rouan, L., Soutiras, A., and Luquet, D., 2019. Role of
triose phosphate utilization in photosynthetic response of rice to variable carbon dioxide levels and plant source-sink
relations. BioRxiv 1-23.

Fghire, R., Anaya, F., Ali, O.L, Benlhabib, O., Ragab, R., and Wahbi, S., 2015. Physiological and photosynthetic response
of quinoa to drought stress. Chilean Journal of Agricultural Research 75(2): 174-183.

Gamez, A.L., Soba, D., Zamarreiio, A.M., Garcia-Mina, J.M., Aranjuelo, L., and Morales, F., 2019. Effect of water stress
during grain filling on yield, quality and physiological traits of Illpa and Rainbow quinoa (Chenopodium quinoa Willd.)
cultivars. Plants 8(6): 173-188.

Garcia, M., Raes, D., and Jacobsen, S.E., 2003. Evapotranspiration analysis and irrigation requirements of quinoa
(Chenopodium quinoa) in the Bolivian highlands. Agricultural Water Management 60(2): 119-134.

Geren, H., 2015. Effects of different nitrogen levels on the grain yield and some yield components of quinoa (Chenopodium
quinoa Willd.) under Mediterranean climatic conditions. Turkish Journal of Field Crops 20(1): 59-64.

Gomaa, E.F., 2013 Effect of nitrogen, phosphorus and bio fertilizers on quinoa plant. Journal of Applied Sciences Research
9(8): 5210- 5222.

Gonzalez, J., Gallardo, M., Hillar, M., Rosa, M., and Prado, F., 2009. Physiological responses of quinoa (Chenopodium
quinoa Willd.) to drought and waterlogging stresses: Dry matter partitioning. Botanical Studies 50: 35-42.

Gordillo-Bastidas, E., Diaz-Rizzolo, D.A., Roura, E., Massanes, T., and Gomis, R., 2016. Quinoa (Chenopodium quinoa
Willd.), from nutritional value to potential health benefits: An integrative review. Journal of Nutrition and Food
Sciences 6(3): 1-10.

Habibzadeh, Y., Jalilian, J., Zardashti, M.R., Pirzad, A., and Eini, O., 2015. Some morphophysiological characteristics of
Mung Bean mycorrhizal plant under different irrigation regimes in field condition. Journal of Plant Nutrition 38(11):
1754-1767.

Hinojosa, L., Gonzalez, J., Barrios-Masias, F., Fuentes, F., and Murphy, K., 2018. Quinoa abiotic stress responses: A
review. Plants 7(4):106-138.

Hossini, Y., Ramezani Moghaddam, J., Nikpour, M.R., and Abdoli, A., 2018. Evaluating water uptake functions under
simultaneous salinity and water stress conditions in Solanum Ilycopersicum. Journal of Water Research in Agriculture
32(2): 247-265. (In Persian with English Summary)

Igbal, S., Basra, S.M.A., Afzal, 1., Wahid, A., Saddiq, M.S., Hafeez, M.B., and Jacobsen, S.E., 2018. Yield potential and
salt tolerance of quinoa on salt-degraded soils of Pakistan. Journal of Agronomy and Crop Science 205(1): 1-9.

Igbal, A., He, L., Khan, A., Wei, S., Akhtar, K., Ali, I, and Jiang, L., 2019. Organic manure coupled with inorganic
Fertilizer: An approach for the sustainable production of Rice by improving soil properties and Nitrogen use efficiency.
Journal of Agronomy 9(10): 651-671.

James, B., Rodel, D., Lorettu, U., Reynaldo, E., and Tariq, H., 2008. Effect of Vesicular arboscular mycorrhiza (VAM)
fungi inoculation on coppicing ability and drought resistance of Senna Spectabilis. Pakistan Journal of Botany 40(5):
2217-2224.

Kachout, S., Ben Mansoura, A., Jaffel Hamza, K., Leclerc, J.C., Rejeb, M.N., and Ouerghi, Z., 2011. Leaf—water relations
and ion concentrations of the halophyte Atriplex hortensis in response to salinity and water stress. Acta Physiologia
Plantarum 33: 335-342

Kaoutar, F., Abdelaziz, H., Ouafae, B., Redouane, C.A., and Ragab, R., 2017. Yield and dry matter simulation using the
saltmed model for five quinoa (Chenopodium quinoa) accessions under deficit irrigation in South Morocco. Irrigation
and Drainage 66(3): 340-350.

Khorshidi, Y.R., Ardakani, M.R., Ramezanpour, M.R., Khavazi, K., and Zargari, K., 2011 Response of yield and yield
components of rice (Oryza sativa L.) to Pseudomonas flouresence and Azospirillum lipoferum under different nitrogen
levels. American-Eurasian Journal of Agricultural and Environmental Sciences 10(3): 387-395.

Kocabas, 1., Kaplan, M., Kurkcuoglu, M., and Baser, K.H.C., 2010 Effects of different organic manure applications on the
essential oil components of Turkish sage (Salvia fruticosa). Asian Journal of chemistry 22(2): 1599-1605.

Koocheki, A., Nasiri Mahallati, M., Bakhshaei, S., and Davari, A., 2017. A meta analysis on nitrogen fertilizer experiments
on cereal crops in Iran. Agroecology 9(2): 296-313.

Koyro, H.-W., Lieth, H., and Eisa, S.S., 2008. Salt tolerance of Chenopodium quinoa willd. grains of the Andes: Influence



Voo bl « Yo loid Y o> (g 5)slies’ (bt pg9 49 pis  YPA

of salinity on biomass production, yield, composition of reziaves in the seeds, water and solute relations. Tasks for
Vegetation Sciences 43: 133-145.

Kranner, 1., Beckett, R.P., Wornik, S., Zorn, M., and Pfeithofer, H.-W., 2002. Revival of a resurrection plant correlates with
its antioxidant status. The Plant Journal 31: 13-24.

Lichtenthder, H.K., 1987. Cholorophylls and carotenoids: Pigments of photosynthetic biomembranes. Enzymology 148:
350- 382.

Mohammadpour Vashvaei, R., Ramroudi, M., and Fakheri, B.A., 2017. Effects of drought stress and bio-fertilizer
inoculation on quantitative and qualitative characteristics of marian thistle (Silybum marianum L.). Journal of
Agroecology 9(1): 31-49.

Nasir Khan, M. Mobin, M., and Zahid, A., 2018. Fertilizers and their contaminants in soils, surface and groundwater.
Reference Module in Earth Systems and Environmental Sciences 225-240.

Panayiota, P., Kakabouki, L., Travlos, L, and Bilalis, D., 2014. Effect of fertilization on yield and quality of biomass of
quinoa (Chenopodium quinoa Willd.) and green amaranth (dmaranthus retroflexus L.). Notulae Botanicae Horti
Agrobotanici Cluj-Napoca 71(2):288-294

Parihar, P., Singh, S., Singh, R., Singh, V.P., and Prasad, S.M., 2014. Effect of salinity stress on plants and its tolerance
strategies: A review. Environmental Science and Pollution Research 22(6): 4056—4075.

Perchlik, M., and Tegeder, M., 2018. Leaf amino acid supply affects photosynthetic and plant nitrogen use efficiency under
nitrogen stress. Plant Physiology 178(1): 174-189.

Piromyou, P., Buranabanyat, B., Tantasawat, P., Tittabutr, P., Boonkerd, N., and Teaumroong, N., 2011. Effect of plant
growth promoting rhizobacteria (PGPR) inoculation on microbial community structure in rhizosphere of forage corn
cultivated in Thailand. European Journal of Soil Biolology 47: 44-54.

Prager, A., Munz, S., Nkebiwe, P., Mast, B. and Graeff-Honninger, S., 2018. Yield and quality characteristics of different
quinoa (Chenopodium quinoa Willd.) cultivars grown under field conditions in Southwestern Germany. Agronomy §:
197-216.

Pulvento, C., Riccardi, M., Lavini, A., lafelice, G., Marconi, E., and d’ Andria, R., 2012. Yield and quality characteristics of
quinoa grown in open field under different saline and non-saline irrigation regimes. Journal of Agronomy and Crop
Science 198(4): 254-263.

Rahimi, A., Moghaddam, S., Ghiyasi, M., Heydarzadeh, Ghazizadeh, S., and Popovic-Djordjevic., J., 2019. The influence
of chemical, organic and biological fertilizers on agrobiological and antioxidant properties of Syrian cephalaria
(Cephalaria syriaca L.). Agriculture: 9(6): 122-135.

Rajendran, K., and Devaraj, P., 2004 Biomass and nutrient distribution and their return of Casuarina equisetifolia
inoculated with biofertilizers in farmland. Biomass and Bioenergy 26: 235-249

Sabbagh, S.K., Poorabdollah, A., Sirousmehr, A., and Gholamalizadeh-Ahangar, A., 2017 Bio-fertilizers and systemic
acquired resistance in Fusarium infected wheat. Journal of Agricultural Science and Technology 19: 453-464.

Stamenkovic, C., Beskoski, V., Karabegovic, L., Lazic, M., and Nikolic, N., 2018. Microbial fertilizers: A comprehensive
review of current findings and future perspectives. Spanish Journal of Agricultural Research 16(1): 210-228.

Tavousi, M., and Lotf-Ali, G.A., 2018. Quinoa cultivation and related research results. Agricultural Research, Education
and Promotion Organization, Ahvaz, Iran. pp. 40. (In Persian)

Telahigue, D., Yahia, L.B., Aljane, F., Belhouchett, K. and Toumi, L., 2017. Grain yield, biomass productivity and water
use efficiency in quinoa (Chenopodium quinoa Willd.) under drought stress. Journal of Scientific Agriculture 1: 222-
232.

Wu, S.C., Caob, Z.H., Lib, Z.G., Cheunga, K.C., and Wong, M.H., 2005 Effects of biofertilizer containing N-fixer, P and K
solubilizers and AM fungi on maize growth: A greenhouse trial. Geoderma 125: 155-166.

Zayed, B.A., Elkhoby, W.M., Salem, A.K., Ceesay, V., and Uphoff, N.T., 2013. Effect of integrated nitrogen fertilizer on
wheat productivity and soil fertility under saline soil conditions. Journal of Plant Biology Research 2(1): 14-24.



Journal of Agroecology — $39LaS (Gl pg2 4 pids
Vol. 13, No.2, Summer 2021, p. 251-270 AL YOV-YVe o AFer oyl ¥ oylas Y als

The Effect of Chemical and Biological Fertilizers on some Physiological and
Yield Traits of Quinoa (Chenopodium quinoa Willd.) under Drought Stress in
Saline Soil

M. Amiryousefi', M. Tadayon*" and R. Ebrahimi’
Submitted: 08-11-2019
Accepted: 13-01-2020

Amiryousefi, M., Tadayon, M., and Ebrahimi, R., 2021. The effect of chemical and biological fertilizers on some
physiological and yield traits of quinoa (Chenopodium quinoa Willd.) under drought stress in saline soil. Journal of
Agroecology 13(2):251-270.

Introduction

Considering prolonged drought condition in the country, water shortage, and water and soil salinity, some
crop and current horticulture productions in the arid zone of the country face many constraints in terms of water
supply for growth and yield loss. In this way, introducing new plants with high production yield is at the top of
the agenda of the Iran Ministry of Agriculture to obtain high-quality production. Quinoa (Chenopodium quinoa
Willd.) is an annual plant originated from Latin America. In addition to high nutrition value, this crop shows
considerable resistance against a broad range of abiotic stresses such as drought, salinity and cold; and can be
cultivated in marginal lands. Considering inability of most agricultural soils in the country to thoroughly supply
nutrients for plants, chemical fertilizer consumption in Iran is much higher than the global average. Thus, in
order to increase nutrient use efficiency, fertilizer utilization should change to render essential nutritious
available for plants during a long time. Using bio-fertilizer dissolving phosphorus and nitrogen stabilizer is an
optimal cultivation method, which improves adsorption of nutrition by plants and decreases soil salinity, and
environmental contamination caused by indiscriminate use of chemical fertilizers.

Materials and Methods

In order to evaluate the chemical and bio-fertilizer effects on yield, yield component and some physiological
properties of Quinoa under water deficit in saline soil, an experiment was conducted as split plot factorial layout
based on the randomized complete block design with three replications in 2018-2019 crop season at Dastgerd
area in Isfahan province. In this experiment four levels of irrigation (25, 50, 75 and 100 % of field capacity) as
the main factor, and the combination of biofertilizer including control (without bio-fertilizer), Nitroxin,
Biophosphorus and combination of Nitroxin, Biophosphorus and chemical fertilizer in two levels of no
application and integrated application of nitrogen and phosphorus fertilizers as sub-factor were considered. The
average amount of water used in treatments of 100, 75, 50 and 25% of field capacity was 4204.1, 3427.2, 2665.6
and 2828.8 m?, respectively. Chemical fertilizer treatments (250 kg urea and 75 kg triple super phosphate
fertilizer per hectare) were based on the results of soil test and fertilizer recommendation by the laboratory.

Results and Discussion

Results showed that in all fertilizer treatments with drought stress increment, measured physiological traits
(total chlorophyll and leaf area index), and seed yield component including the number of clusters per square
meter, seed number in cluster and seed thousand weight decreased, and consequently seed yield and Quinoa
harvest index decreased. Under severe drought stress (25% field capacity irrigation treatment), grain yield and
harvest index decreased by about 76 and 22%, respectively, compared to non-stress conditions (100% field
capacity irrigation treatment). However, in all stress levels and both application and non-application of chemical
fertilizers, simultaneous inoculation with both Nitroxin, Biophosphorus bio-fertilizers made the largest
contribution to decreased stress influences and significantly increased all traits studied. The nitrogen fertilizer
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resources had the most effect on decreasing osmotic stress consequence in chlorophyll content, leaf area index
and spike number per square meter. Therefore, since spike number is the main part of seed yield, it could be
stated that nitrogen fertilizer applied in this experiment had the largest contribution to increase of seed yield.
Phosphorus fertilizer resources available in this study also showed the highest influence to decrease in stress
effects of 1000-seed weight. This could be attributed to nitrogen influence on vegetative growth and
physiological role of phosphorus to generate flower and seed production.

Conclusion

Our results revealed that despite soil salinity of surveyed area, Quinoa can complete growth period even in a
25% level of field capacity (severe drought stress) and produce seeds. This highlights the high resistance of
Quinoa to severe environmental stress conditions.

Keywords: Biophosphorus, Chenopodiaceae, Leaf Area Index, Nitroxin, Osmotic Stress
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1- Additive series intercropping
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Table 1- Physical and chemical characteristics of experimental field soil
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Texture H EC (dS.m™) Organic Available P Available K
P ) matter (%) (mg.kg™h) (mg.kg!)
i 9 7.5 0.76 0.9 11 210
Clay loam
¥ 150 em . 50 em 150 cm
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i 50 50 50 cm 75
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Intercropping (100P:60B)

Intercropping (100P:40B)
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Fig. 1- Diagram for the implementation of the sole cropping and intercropping of bean and pepo
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Table 2- Competition indices in intercropping

ol dalzo
Index Equation

el
Reference

35S o) Sl s
7o O X LERp = ¥pb/Y
Pepo land equivalent ratio of pepo P pofYe
Leg) (o (el o
Bean land equivalent ratio
8 owej nln s
Total land equivalent ratio

LERL = ¥bp/Vh

TIER = IFRp + IFRh

XS By Cos .
97 T CRp = (LERp/LERb) x (Zbp/Zph)
Pepo competitive ratio Rp = (LERp/ ) % (Zbp/Zpb)
bag) By G
Bean competitive ratio
v 5 ooy Joleo s
Area time equivalent ratio

CRb = (LERb [LERp) % (Zph/Zbp)

ATER = ¥pb [(Yp X Tp) + (Vbp Vb x Th)T

e 3l ealawl oI,
00 o LUE (%) = [(LER + ATER)/2]® 100
Land use efficiency (%) = [ /2]
95 (ol plodjl o
Pepo relative crowding coefficient
log) (s P23l o 5o
Bean relative crowding coefficient
5w plo3l o
Relative crowding coefficient
i 6908 0ASLS
System productivity index
TS g 03jL Ll RElc=Kp[Kh
Cumulative relative efficiency index Kp = ¥pbt2/YPbtl; Kb = Ybpt2 /Vhptl
codl asls
Aggressivity
935" Jaleo 3 Slos
Pepo equivalent yield
(e O] Egeme
Relative value Total
N Gpan S
Water use efficiency

Kp =¥pbh xZbp/(¥p — ¥pb)Iph
KEb=¥bp xZphf(¥h — ¥bp)Ibp
KE=FKp x Kb

SPI = (Yp[VB)¥bp + Ypb

4Gp= 2 ¥ (LERp—- LERK) = —AGh
PEY =Y¥pb + Yop % (Pb [Pp)
AVT = (¥pb x Pp +Ybp = P0)fYpFp

WUE = Grain viold /Water concumption (kg/fmm)

iers Spas )

MUE = vield /(N consumption)
Nitrogen use efficiency yieta/( paan)

XV ohlSen 5 s y5id
Lithourgidis et al., 2011

(Y1) ol 5 (e y5d
Lithourgidis et al., 2011

(0ava) Lly
Willey, 1979

(YY) ohlen 5 Ko
Singh et al., 2013
(Veo2) ohlSen 5 S
Banik et al., 2006

(Ve-F) ohlon 5 gt
Agegnehu et al., 2006
(VAAY) Jgils
Connolly, 1987
(122Y) eyl
Snaydon, 1991
(Y++5) ohlSan 5 St
Banik et al., 2006
(Y1) ol 5 (a5
Lithourgidis et al., 2011
(YY) oo g alie — i
Al-Mefleh et al., 2012
(1Y) ohiSen 5 Jse
Moll et al., 1982

Ypb and Ybp: Yield of pepo and bean in intercropping, respectively.

Yp and Yb: Yield of pepo and bean in sole cropping, respectively.

Tp, Tb and T: Growth duration of pepo, bean and intercropping,
respectively.
Zpb and Zbp: Proportion of pepo and bean in intercropping,
respectively.

Pp and Pb: Price of pepo and bean, respectively.
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Table 3- Analysis of variance for the effect of intercropping pattern with bean and inoculation with mycorrhiza on yield and
yield components of pepo

152,950 b gl Slagyo pSibe
Inoculation with mycorrhiza M S
(+M) ean of squares
5 abe )’ digs 4D Dgme dlaxs gme 4D &ld dluas MO39 sl L jod o 4D
A 31 Fruit numbers per  Seed numbers per Seed " Symbiosis
S.0.V. . . Seed yield
d.f plant fruit weight percentage
R ;"&t 2 0.11* 347ns 800.89* 519.00* 76.47"
€plication
- ‘TS ‘591 3 0.14* 209 705.15% 1214.99%* 283.92%%*
anting patter
s
E 6 0.02 1337 114.65 97.13 23.91
1101
ug:(:;)’” - 10.37 17.06 7.20 11.16 9.32
0
¢ ‘}5’#?;)’”5 i 4g) 4D dgao dlu Dga0 4D Al dlua PRORST 1 3,1 LS joBd o 43
. . d.f Fruit numbers per  Seed numbers per Seed s Symbiosis
Without myacorrhiza . B Seed yield
lant fruit weight percentage
)‘)ﬁ * ns sk % ns
Replication 2 0.13 509 446.27 764.19 0.18
Pl TMS d’i‘ 3 0.23%* 29" 362.84** 935.01** 0.52"
anting pattern
s
E 6 0.03 585 3541 74.72 0.64
Iror
et - 14.23 10.85 4.49 12.78 18.72

CV (%)
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Table 4- Mean comparision for the effect of intercropping pattern with bean and inoculation with mycorrhiza on yield and
yield components of pepo

5850 Ll boldtwo CulS (o)1 gy 3 ogmodland ogae pdaild i,k PR Sles S jed b2y
Inoculation with Intercropping Fruit numbers Seed numbers  Seed weight  Seed yield Symbiosis
mycorrhiza pattern per plant per fruit (mg) (g m?) percentage
™ 100:00 (P:B) 1.44 208.52 160.90 101.42 41.51
100:20 (P:B) 1.50 206.83 159.05 100.32 47.35
100:40 (P:B) 1.48 216.89 147.12 92.89 62.57
100:60 (P:B) 1.04 224.96 127.55 58.68 58.42
LSD (5%) 0.28 ns 21.39 19.67 9.77
-M 100:00 (P:B) 1.31 220.27 141.75 82.58 3.72
100:20 (P:B) 1.27 227.42 141.55 79.34 4.73
100:40 (P:B) 0.94 221.57 127.00 64.80 4.31
100:60 (P:B) 0.73 222.66 119.65 43.83 4.28
LSD (5%) 0.30 ns 11.89 17.27 ns

B: Bean : x> Ly

P: Pepo : ciels cusgy 918

bl doyd gy Jlesis ! pdaw 3 (gl gxe pis o LS S
ns: is non-significant at the 0.05 of probability level.
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Table 5- Analysis of variance (mean of squares) for the effects of intercropping patterns with bean on resource use
efficiency, equivalent yield, sysbiosis percentage and seed quality of pepo

134 3950 b gl Slay po il
Inoculation with Meal{ of s ) a;‘es
mycorrhiza (+M) qu
oS alio i Spae @) Sl dpae )5 98 DlaedSles Lo of e
P d.f Nitrogen use Water use Pepo equivalent A 0il
S.0.vV .o . . Oil yield
efficiency efficiency yield percentage
"’SJ 2 5.29ns 0.37"s 1722ms 361.27** 17.20"s
Replication
"MS 5 3 11.84* 0.83* 38.36* 395.31%* 38.83*
Planting pattern
e 6 1.57 0.11 506 32.70 8.08
Error
R ahaad - 16.19 16.17 16.18 14.36 6.39
CV (%)
0J9 Spae @) Dl Span @S 98 BladSles g 0o
M d.f Nitrogen use Water use Pepo equivalent Oil vi Oil
.o . K il yield
efficiency efficiency yield percentage
"’SJ 2 4.41* 0.31* 1430* 114.51* 9.18"
Replication
"MS 5 3 3.10* 0.23* 1002* 236.43%* 19.83"
Planting pattern
s 6 0.64 0.04 208 12.36 12.15
Error
e hacad - 14.20 14.38 14.21 12.30 8.31
CV (%)

Al e oy S g g Jloin ] o )3 Jb dxe g I3 dme pE s ja FF 9 F as

ns, * and **: are non-significant and significant at the 0.05 and 0.01 of probability level, respectively.
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Table 6- Mean comparision for the effects of intercropping patterns with bean on resource use efficiency, equivalent
yield, sysbiosis percentage and seed quality of pepo

. 305 ] 1, (I 3
‘ﬂ;%‘e.@-ﬁb eSS «"“"hf“ W Span 2B Jatae 3, Sl ’g‘“‘ gy by
Inosvuiltziltlon Planting o9 zztgzl:lcse Pepo equivalent "99’ 0il
. pattern Nitrogen use 24 yield (g.m) Oil yield percentage
mycorrhiza efficiency (kg.kg™) (kg.mm™) (g.m?)
+M 100:00 (P:B) 5.63 1.49 101.42 47.26 46.59
100:20 (P:B) 8.12 2.15 146.10 47.62 47.49
100:40 (P:B) 10.29 2.72 185.26 41.27 44.50
100:60 (P:B) 6.88 1.82 123.71 23.18 39.45
LSD (%5) 2.50 0.66 44.96 11.43 5.67
-M 100:00 (P:B) 4.58 1.21 83.58 36.15 43.80
100:20 (P:B) 6.41 1.70 115.34 34.42 43.49
100:40 (P:B) 6.61 1.75 119.06 27.02 42.31
100:60 (P:B) 4.97 1.32 89.46 16.64 38.22
LSD (%5) 1.60 0.42 28.83 7.02 ns

bl o dopd gy Jleis] pdaw )3 gyl gime pas odima L NS
ns: is non-significant at the 0.05 of probability level.
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Bedoussac & Justes, 2011; Bedoussac et al., ) cul balsw
L bl cusS (0 2590 (sladisS o Cuwl o asuie (2015
Sgd e ) (glisS o oy (oS 5l plidy comnnsilSes I oolial
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L cdoe)d 5 D9 oo (5100 50 OT Slas (S e il
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o kS Galisee slagSJl 5. (Zegada-Lizarazu et al., 2006)
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WS Slae s ieS o (Vo/VR) g diyeSee 2,8 s
5> Pl Lglsin cai S ity (BIFF) 35355 e

oy Fro ain]idl balore CuiS b dunlio jd 98" alld cuis
s o ob ials sy FOIVE 1) a8 Joles 5, Slos 508" L Lug)
= S WVF) G ol jlade o it 365 1950 218 pas
sel Cuwday 525 gl a0 > ¥ (a8l bgls <ot 5l (g p0 5t
09y5 S 2 9d S L Loy mopd Ve iylisl bolswe cuis' by oS
= S AVIOA) ciio ol Jade cpyseS g o8 S 5 bl
o> YAA 908 L Ly o n ¥ iolisl bglses kS duglis
ab lis adsd mls J(F Jade) b Lials ]y 908" Jolee 3 Slas
SBL, oS5 ey a3l Sl L g (3] gl a8 55
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Table 7- Analysis of variance for the effect of planting pattern on yield, yield components and sysbiosis percentage of bean

1525950 b il ey yo cSileo

Inoculation with
mycorrhiza (+M) Mean of squares

)’

JRETIN Wgr > AV dlani VS ,d Aild Dy G Yo 49 &ls 5.5 LSt JoB a0 4D
“é o V &3 Pod numbers Seed numbers Weight of Seed vield Symbiosis
U d.f per plant per pod hundred seed y percentage
IS 2 13,770 0.420 47.34% 5567% 107.32%
Replication
S (555 3 15.48% 0.020 47.05% 15175%* 413.82%%
Planting pattern
s 6 2.95 0.16 6.37 1049 18.96
Error
R - 17.82 14.17 8.18 18.21 7.33
CV (%)
. Ags , BYE dlaxs UL > Alld dlaw &l Yer oy . S JoB 2 )3
1349500 339,15 pas af lz):i b g d’ b Weight ";9 ails 3 os Symbiosis
(-M) od numbers eed numbers eight o Seed yield percentage
per plant per pod hundred seed
el 2 13.58* 0.08" 68.45% 6647 2,88
Replication
S 555 3 15.02%* 0.03™ 42.24% 13495+ 1.69"
Planting pattern
s 6 1.38 0.19 8.18 328 0.94
Error
R - 14.25 16.08 11.03 15.05 16.68
CV (%)

Al e doyd S g gy Jlein] pdaw )0 I gxe gy gxe pE i ey

k%

9 * o8

ns, * and **: are non-significant and significant at the 0.05 and 0.01 of probability level, respectively.

2 g (s jod M2y g 4l 3ySdes 3,SMes (slial 1 ulS (G T (Sl Ao —A Jg>

Table 8- Mean comparision for the effect of planting pattern on yield, yield components and sysbiosis percentage of bean

305550 £S5y Wgr > AU Blawi YL > Aild daws Gl Yee 49 Wl aSlos dujod duoyd
M el . Pod numbers per Seed numbers Weight of hundred  Seed yield Symbiosis
ycorrhiza PP 2
plant per pod seed (g) (g m?) percentage
+M 00:100 (P:B) 7.96 2.71 32.00 265.14 44.92
100:20 (P:B) 12.12 2.85 33.48 91.55 54.87
100:40 (P:B) 11.01 2.95 32.81 184.74 70.17
100:60 (P:B) 7.48 2.82 24.93 170.05 67.64
LSD (%5) 3.43 ns 5.04 64.72 8.69
-M 00:100 (P:B) 6.68 2.74 28.24 219.52 498
100:20 (P:B) 10.87 2.67 28.79 72.00 5.92
100:40 (P:B) 9.31 2.85 26.09 98.51 6.79
100:60 (P:B) 6.12 2.62 20.57 91.26 5.62
LSD (%5) 2.35 ns 5.71 26.18 ns

bl oo dopd gy Jleis] pdaw 3 ()0 gixe pas odimd LS S
ns: is non-significant at the 0.05 of probability level.
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«(Rezvani Moghaddam & Moradi, 2012) allii g juw 05

5o minlibl balswo cuiS 05 ol )sSes e LS o s
coldy ol cde o 59 (+/2Y) 25y 5l yieS LER 98 b Lug) sy
25 aliie Lo ;0 (xdly o .l Log (oYL o815 43l o 0L

(V) cwsl aw cp 5omb 3 LER s e alin)58ee plalS

I525950 b gl G Coul Lug) g 945 bglbo CulS (iodgan (sloed L gl -4 Jga
Table 9- Result of advantage indices of pepo and bean intercropping affected as mycorrhiza inoculation

bolso culs’ 5o w5 Sy Comnd Coldy Cond T s B33
Intercropping LER CR REI
patterns &y
PXCR VT R 95 by /Wy 9 Ly 955/ .y
LERp LERb LERt CRp CRb CRp/CRb  REIp REIb  REIp/REID s RV"T*’”
+M .
1(0})0_].32)0 099 034 133 2200 991 222 213 145 1.49 1.44
1(0})0_]:;1)0 092 069 1.6l 2136 1440 148 215 152 142 1.83
1(0}’0_]:36)0 058 049  1.07 18.09 1639  1.10 172 165 1.05 123
-M .
1(0P0_].32)0 096 032 128 1956 889 220 193 135 1.44 1.41
1(0})0_]:;1)0 079 049 127 1846 1270 145 187 150 126 1.44
I(OPO_]:;O 051 040 091 1557 1582 098 146 1.60 0.93 1.06
o @351 g 905 Cullé (sl o S el padls
K AG Jolxe MR
25 by B S by g, ol g 95 by
Kp Kb K AGp AGb . o}l g MRp  MRb MR
ATER LUE SP1
+M  Monoculture - - - - - - - - 2535.5 3314.2 -
I(OPO_]:;)O 406 265 671 093 -093 126 120.67 13528  2508.0 11444 36524
100:40
o) 0.11 356  3.67 064 -0.64 147 15427 16346 23222 23092 46314
100:60
oi5) 085 055 14 028 -028 097 10230 107.67  1467.0 16256  3092.6
-M  Monoculture - - - - - - - - 2064.5 2744.0 -
I(OPO_]:;)O 034 216 250 090 -090 122 12486 10527 19834 9000 28834
100:40
o) 154 145 2.9 059 -050 117 12230 10518 16200 13563 29763
100:60
078 030  1.09 027 -027 083 87.18 7727 10958 11408 22365

(P:B)
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Introduction

Demand for food in the world is likely to be nearly two times the current level by 2030, while the amount of
new land for cultivating area is very limited (Marzban et al., 2014). Therefore, the design and implementation of
systems with stability and performance are highly felt (Hosseini et al., 2016). In agriculture, there are different
perspectives for imitation of nature, one example of which is sustainable agriculture. Intercropping is defined as
a sustainable agricultural operation in which two or more species grow simultaneously during a season on a
piece of land (Amani Machiani et al., 2018). By the way, the use of bio-fertilizers is a method to revive the
natural flora of the soil and it is considered as a path to sustainable agriculture (Baqual & Das, 2006).
Unfortunately, most conventional agricultural systems based on the high consumption of chemical fertilizers, are
deprived of the benefits of coexistence of useful microorganisms with the plant, such as mycorrhiza coexistence.
Therefore, it seems that using the intercropping and bio-fertilizer inoculation can be an effective step towards
sustainable production in the agricultural lands.

Materials and Methods

The experiment was conducted as factorial mode based on a randomized complete block design with three
replications at the research farm of the Faculty of Agriculture, Bu-Ali Sina University. Using and non-using of
mycorrhiza and 5 cultivation patterns including the pure crop of pumpkin, pure bean cultivation and additive
intercropping of 20, 40 and 60% beans with pumpkin were the experimental treatments. The cultivation of both
species was carried out on 9.3.2017. At the end of the growth period, harvest was done from each plot after
removing the marginal effect, and oil percentage, oil yield, Pepo equivalent yield (PEY), water use efficiency
(WUE) and nitrogen utilization efficiency (NUE), the percentage of root clonization, as well as the usefulness
indices of the intercropping were measured. The data were analyzed by SAS9.1 and the means were compared
using LSD test at a probability level of 5%.

Results and Discussion

The results indicated that the effect of crop pattern in both application and non-application of mycorrhiza
were significant on the number of fruits per plant, seed weight, seed yield, oil yield, equivalent yield, water use
efficiency and nitrogen use efficiency in pumpkin, as well as number of pods per plant, the weight of 100 seeds
and grain yield of the bean. The percentage of oil in pumpkin and the percentage of root clonization in both
plants were also significant in the case of mycorrhiza application. The highest amount of pumpkin equivalent
yield, water use efficiency, and nitrogen use efficiency were obtained from additive intercropping of 40% bean
with pumpkin under mycorrhiza application. The partial land equivalent ratio in the pumpkin was higher than
that of bean, which can be concluded that the pumpkin cropping is influenced positively by the intercropping
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with the bean. The highest values of land equivalent ratio (LER), relative value total (RVT) and
Cumulativerelative efficiency index (REIc) were obtained from 40% bean incropped with pumpkin treatment.

According to the results of CC, CR, and AG, it can be concluded that the bean is suitable for intercropping with
pumpkin. ATER values of more than 1 were obtained in all treatments, except for the additive intercropping of
60% bean with pumpkin in both application and non-application of mycorrhiza. The highest amount of LUE and
SPI in the case of application and non-application of mycorrhiza were obtained from additive intercropping of 40
and 20% bean with pumpkin, respectively, indicating the ability of the mycorrhiza to modify the competition of
pumpkin with beans.
Conclusion

According to the results of this study it was indicated that in the case of mycorrhiza application, the amount

of all traits in the same treatments increased, and the 40% bean intercropped with pumpkin together with the

application of mycorrhiza was determined as the superior treatment, which could be considered for the
sustainable agriculture development and maintaining the ecosystem health.

Keywords: Biofertilizer, Equivalent yield, Nitrogen use efficiency, Planting pattern, Water use efficiency
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Introduction

Intercropping agriculture is one of the pillars of sustainable agriculture that it has become popular in many
countries for reasons such as increasing in the quantity and quality of agricultural products (Pakgohar &
Ghanbari, 2014). Currently in Iran, because of the lack quality fodder, the development of the livestock industry
requires a serious approach to animal feed, which seems to be very important planting of these crops with
intercropping in sustainable agriculture (Nasiri et al., 2015). Intercropping cereals and legumes is one of the kind
intercropping that based on the results, it can increase the quality of forage produced (Javanmard et al., 2015).
The purpose of this study was determination the total yield and forage quality obtained from intercropped Tepary
bean and two millet cultivars.

Materials and Methods

The field experiment was done in a randomized complete blocks design with 30 treatment and three
replications in Jiroft during 2015-2016 growth season. The treatments included combination of Tepary bean
(Phaseolus acutifolus L. Gray) and two cultivars of millet (cv. Pishahang and cv. Bastan) and replacement
intercropping ratio 75:25, 50:50, 25:75 Tepary bean- Bastan millet, sole cropping of Tepary bean, Bastan millet
and the same intercropping ratio of Tepary bean and Pishahang millet. The two plants were cultivated
simultaneously and manually. The intra rows and inter rows were 50 and 10 cm2 respectively. The traits
evaluated were dry forage yield, fresh forage, ash percentage, dry matter digestibility, water soluble
carbohydrates, percentage of calcium, magnesium, sodium, and potassium. The total dry matter yield per plot
was calculated from 1 m? and the forage quality traites of the dried and milled samples in each plot was
measured using infrared spectrometer such as Acid detergent fiber (ADF), Dry matter digestibility (DMD) and
Water soluble carbohydrate (WSC). The amount of Na and K of forage was determined in the extracts prepared
from samples of each treatment by flame Photometer and The amount of Ca and Mg in the extracts was read by
atomic absorption. Data analyses were conducted using SAS ver. 12 and analysis of means was done with the
Duncan’s test in significant at 5% probability level.

Results and Discussion

The results of this study showed that the highest total dry matter yield was obtained from 50:50 t of Tepary
bean- Bastan millet (with 87.57 and 12.59% increasement than sole cropping of Bastan millet and Tepary bean,
respectively) and the same ratio of Tepary bean and Pishahang millet. It seems that the better utilization of
resources, morphological differences of plants and type of cultivar in intercropping system produced more dry
matter yield than sole cropping.The most of Ash, DMD, WSC, Na, K, Ca and Mg, was obtained from
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intercropping treatments. Also the highest Relative Yield Total (RYT) in evaluation of total dry forage yield was
obtained from 50:50 Tepary bean- millet treatment (2.16). Highest level of competition was observed in the
relative yield of total dry forage from 75:25 Tepary bean- millet (1.36). In evaluating the benefits of sorghum
and bean mung bean intercropping, the researchers reported more than one relative yield total in all intercropping
treatments (Shaker- Koohi et al., 2014).

Conclusion

According to the results of this study the highest total forage yield obtained from 50:50 Tepary bean- millet
treatment. Also the quality traits of forage such as Ash, DMD, WSC and amount of Na, K, Ca and Mg were
increased in intercropping treatments. Total RYT increased in 50:50 Tepary beant+ millet. Totally this result
showed inter cropping of bean and millet was better than sole cropping and Therefore, it is possible to introduce
intercropping of cereals and legumes as one of the effective methods for producing high quality forage.

Keywords: Ash, Dry matter digestibility, Relative yield total, Water soluble carbohydrate
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Fig. 1- Relationship between seedling leaf area and CTU based on greenhouse experiment
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Fig. 2- Minimum and maximum temperature of weather station of Hashem Abad from March to February (2000-2015)
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Table 1- Analysis of variance for the effects of planting date on days to maturity, biological yield, seed yield and harvest index

Ol po (ke
Mean of squares
RS Sy U 5, S5909m 2y &> 5,Shos Caild g yad b
d.f Days to maturity Biological yield Seed yield Harvest index
Jol il o,
First planting date
CM?K & 4 1589.63** 1327.76" 473.92ms 1.54ns
Planting type
ks 75 26.48 11428.32 3450.60 1.008
Error
Py CudlS )b
Second planting date
CM?K & 4 2716.33%* 1273.14™ 833.66" 0.10"
Planting type
e 75 38.11 82.15386 4730.47 1.04
Error
Py CudlS’ o)
Third planting date
CM?K & 4 21.95% 208140.82%* 650203.39%* 622.61**
Planting type
ks 75 6.90 17041.20 12672.36 10.78
Error
pilez <l &b
Fourth planting date
CM?K & 4 ons" 526072.04** 685759.10%* 815.98**
Planting type
- 75 0 25402.65 19057.83 20.65
Error

TN g 70 Jlain] gaws 53 )5 dre ol jds s g # > dre pd OIS
ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
g1 Sy Bl sl g gl 3 (St 59y 3 gl 4 ety g b 28 o e sl 5o
": Since harvest time was occurred after 22 November for fourth planting date, days to maturity have been considered the same for all
planting types.
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Fig. 3- Simulated days to maturity for transplanting (s1, sz, s3, s4) and direct seeded (seed) treatments at different planting
dates (2000-2015)
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It is notable that due to impair of all treatments at fourth planting date and the treatments including direct-seeded, s; and s; at third
planting date for next crop cultivation, these treatments are not recommended.
ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Table 2- Days to maturity and harvest date for different planting types at planting dates of 9*" June, 24'" June, 13" July and
26 July and evaluating the impair in each of them.
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Fig. 4- Simulated yield (g.m?) for transplanting (s1, s2, 53, s4) and direct seeded (seed) treatments at different planting dates
(2000-2015)
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It is notable that due to impair of all treatments at fourth planting date and the treatments including direct-seeded, s; and s; at third
planting date for next crop cultivation, these treatments are not recommended.
ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Table 3- Analysis of variance for the effects of planting date on irrigation amount, irrigation numbers, evaporation,

transpiration and cumulative evapotranspiration
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ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Fig. 5- Simulated irrigation volumes (mm) for transplanting (s1, sz, s3, s4) and direct seeded (seed) treatments at different
planting dates (2000-2015)
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It is notable that due to impair of all treatments at fourth planting date and the treatments including direct-seeded, s; and s; at third

planting date for next crop cultivation, these treatments are not recommended.
ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Table 4- Economic evaluation of transplanting and direct-seeded method for Maize based on price list 2018 (Toman per

hectare)
o
Treatments &5, SBW
Wy 5 Direct-seeded Transplanting
Costs
o) ol 2500000 2500000
Field rental
o sl 547200 617200
Filed preparation
et 474444 10081479
Cultivation
oa o el 4128898 4085134
Costs Management
by, 500000 500000
Harvest
O e s 1222194 2667230
Circulating capital gain
&9 9370151 20448767
Total
_ oA el 11946000 11946000
el > Gross income
Incomes oAl el 2575849 -8502767
Net income

ol 035 dpnlieo banal 1 g 4ugs AV Jlo 13 559liS b wlis, 8 Yo jlagnge (loanja
* The data has been estimated based on information obtained from 20 farmers or experts in 2018.
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Fig. 6- Trend of leaf area and daily growth rate changes for transplanting (s1, sz, s3, s4) and direct seeded (seed) treatments at
different planting dates (2002)
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Fig. 7- Simulated evapotranspiration for transplanting (s1, sz, s3, s4) and direct seeded (seed) treatments at different planting
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It is notable that due to impair of all treatments at fourth planting date and the treatments including direct-seeded, s; and s; at third

planting date for next crop cultivation, these treatments are not recommended.
ns: non-significant, * and **: Significant at 5% and 1% probability levels, respectively.
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Introduction

Method include seedling size and planting date. Since field experiments are usually laborious and costly, the
simulation models could be used as a useful tool for investigating such factors. Due to climate change affects the
outputs of crop models, the crop growth simulation models should be widely evaluated with empirical data to
ensure that simulation of crop growth under a different management strategy or future weather conditions is
reliable.

Martials and Methods

In the present study, the effect of direct-seeding and four seedling sizes (13, 16, 19 and 22 leaf area
cm?plant! and at 200, 250, 300 and 350 °C cumulative temperature) for transplanting method at four planting
dates (10 June, 25 June, 14 July, and 27 July) was simulated in Gorgan environmental conditions for 16 years
(2000-2015) using SSM-iCrop2 model. In this simulation, it was supposed that the corn should be harvested on
22 November to provide sufficient time for cultivating the next crop. Also, the economic evaluation between the
two methods of transplanting and direct-seeding was carried out using a questionnaire from farmers and experts
in the field to evaluate the costs of these two methods

Results and Discussion

The simulation results showed that at early planting date (10 June), in transplanting method, the crop
matured earlier between 16 to 26 days compared to the direct-seeding, depending on seedling size. In addition,
the average yield of 1331 g m? and average net irrigation requirement of 435 mm ha'! were obtained. At this
planting date, transplanting had no effect on the yield and net irrigation requirement. In the common sowing date
(25 June), the crop matured earlier between 19 to 33 days (early harvest) in the transplanting method compared
to direct-seeding, however, the planting method had no effect on the yield and net amount of irrigation. At this
planting date, the average yield and water requirement were 1329 g m?> and 416 mm ha’!, respectively. In late
planting date (14 July), transplanting with large seedlings (leaf area of 19 and 22 cm? plant!) were able to
complete their growth period before 22 November. Average yield and irrigation requirement were 1273 g m?
and 381 mm ha’!, respectively. It should be noted that in late planting date, direct-seeding and transplanting with
small seedlings (leaf area of 13 and 16 cm? plant') were not able to complete maturity to 22 November,
therefore, this planting date is not recommended. At the last planting date (27 July), all types of cultivation are
not recommended as crop growth period are not completed before 22 November.
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Conclusion

In general, it can be concluded that transplanting method would be only recommended for late planting date
with using large transplants (leaf area of 19 and 22 cm? plant!). However, transplanting did not significantly
decrease the amount of net irrigation requirement at any of the planting dates, and also had higher costs and
lower profit.

Keywords: Cultivation method, Production, Productivity, Simulation, SSM-iCrop2
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Fig. 1- Simulated versus observed values for (a) days to harvest maturity of barley based on the extracted reported data for
model parameterization; (b) grain yield of barley based on the reported experiments for model parameterization; (c) grain
yield of barley based on data of independent experiments that were used for evaluation
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The +10 and +20 percent ranges of discrepancy between simulated and observed days to harvest maturity(a) and grain
yield (b and c) are indicated by dashed lines, respectively. Solid line is 1:1 line.
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Fig. 2. The buffer of reference weather stations (RWSs) within designated climate zones (DCZs) of irrigated barley harvested
areas in Iran during 2014-2016
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Table 2- Designated climate zones (DCZ) in irrigated barley production areas, the Numbers of Reference Weather Stations

(RWSs) and the values of harvested area (ha) in each climate zone, the percentage of total national irrigated (734993 ha)
harvested area in the DCZs during 2014-2016
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Climate The harvested area in each The number of RWSs in each DCZ The pe reentage of irrigated bz}rley l.mr.vested
area in each DCZ to total national irrigated

zone code DCZ (ha) of irrigated barley harvested area barley harvested area (%)
3102 18684 1 2.54%
4002 19582 1 2.66%
4003 108059 9 14.70%
4102 27223 1 3.70%
4103 43060 6 5.86%
5002 71515 5 9.73%
5003 160023 8 21.77%
6002 42465 5 5.78%
6003 118489 8 16.12%
6102 12648 1 1.72%
7003 9262 1 1.26%
8003 27908 2 3.80%
& 658918 48 90%

SUM
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Fig. 3- Irrigated barley actual yield (kg.ha') in Reference weather stations (RWSs) (the name of the RWSs which were
identified as a No. in the map, is located in table (3) (a); the average actual yield (kg.ha?) of the country reported by Ministry

of Agriculture versus the actual yield of the country calculated by the GYGA method for irrigated barley. Time period is
2000 to 2014. (The +20% discrepancy lines are indicated by dashed lines. Solid line is1:1 line (b))
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Fig. 4- Relationship between mean annual Growth Degree Day (GDD) in designated climate Zones (DCZs) and growing

season (day) (a); Cumulative received daily solar radiation during growing season (Mj.m2.day); actual yield (kg.ha*) and
the relationship between growing season and Cumulative received daily solar radiation in DCZs of irrigated barley harvested

areas

0=l 0P gdandS e i <8l ) Goen (351 ol (el
gids 8L (lie) ;505 Bblie b auslie )3 colil adlais
ooy Feoogas AveY ol ddlate > udy Juad b 2oo0
26N 3 o3 58 ey (oouldl ble ) S5 (5S0Lee
sl Bl oy 00 2502 Jpmsiliy ,Slos
Sles 0393 sl y3i8 53 2l g2 3,Slos M5 ke (Sl
(7 Jgin) 4 035 (050 LS 53 p)S oS ¥oAY il 55
s olStu] 13 JUS 53 p S5k YA 5 Sl M6 ko iy
ol 0)lod) (o oKl 3 (125208 9 (VA oBan] o)led)
S (A JSas) 05,8 oaaliie S 55 o8 sk VAFY lada L (Y
AU gl Hlade Jas 5l calises gblio )d sddbdpulow 3 Slas

s e ) b Ll g |y o] Us o8 asly e ool

2 Jeiliy 0,80es (e (it b @2y slaoliun] (iST,

5 o s oty et T 505 solS]
2 9= (i g 5951 00,8 o cdgng)| olRn] ko) 5928
5 ez ) & bly ol 3 Jeily 3 )Sles (208" o5 b
Lt ool GhLie i (8] 5 (1501) 4] 135 1 oy
2 (Y Jedn) ab esalie 2,8 lw 4 yd Aev vl i GDD
i (5 5Vl GDD &Yl basgio (shls 45 yip S osldl blia
@l 5395 (Sl 3l Farre ool Jidaes oS (Sojglsis oy
Jo ol > Mg e Jole b (b ploj Sl oe &S g oo
2 s 1 a0 Jgk) 3 alS |yl 43 g0 g
Bblis JS mSho 3l 508 aopd Ve dgas Ae oY oulBl ddlais



Voo bl « Yo loid Y o> (g 5)alias’ (cwbis pg 49 pis  YYF

5 (YD) dgame pubinats baylyds (o uyd July 3 Slas ¢ pizron
e e y9lS ol enlil adhaie Yo, (YW) 29000
3pShoe M5 e il 05 3y9 1,8 3 5 VIV g VFIY
9 XY oty ©pd w23 g ol S Lyl ) adlate cpl 4 (Mo ,d)
5 ol lales b agalse ol zols .l o0 dpwloxe doyd YO
Jsloe 511y 0y 093 Jobo p3 5 (sdedygs i L)
(Liu et al., 2017) wlodgad iyl55 )3 auns 3)Slos yials
o5 VA s9as Ll 5 a8 3 Shee B e (6,505 oy b
o i 48 el 00 3,91 5 s a3 Yo Jolae S 5
Ml 1528 ) > (a2 (5 VI 31 s Yl Bl 3,Sle
(Van Wart et al., 2013)

Jesdlygiws ¢ WOFOST Jus jl eolaiwl b )55 aalllas o
d9dme Ul Laslys 33wl 5,Shes g (YP) Jumsilis 3,Skes K5
adlaio Y5 390 5) YU oulil g5i5 (gl Jlog) jouiS jo puiS
adlbe oyl zols (Knol, 2016) coul odds 5l (calisee oyl
cew el S & (b o Slee Juily lawgie o8 db olis
3 50os g LB pAcer B Do Sl Lol glae,s]
2D PSS VITA L OVe e o dgucme O Jumniliy
Ll 0w 351 1 alllaie (y

aS ey o s ool o paiS 5 Slas QPR FaLy
YA o) S 50 p,S5LS FYVL U VFYS odgioee )3 yolae lawgio
Joloe oy caalllao ol y3 asl o yuiio (3)Skos Mo doy> DA b
bes fly Cuteo pulS Jeuilly 3 )Shoe p qiindt 9 (S350 3l ¢ ol
3,80 o 1y 3B iy (S)L 35 Loyt ol (o )3 292 ke
(Koocheki et al., 2017) cusly pui8 Jumsls

ol K3 Joallygiwd (bl y adlllas 3| ols gl « pimon
ob 4 ool (o paS 0a 5l 5 ,Slas sl o5 3
o8ly 3 )Slas oS Jls j3 il o bSa )3 p)SolS AYY (1 Slee
s jlacfe coplplis g HlSa 5 p)SokS YYVA oad dploxe
Ol sl e 53 p,S kS OFFY buwgio job 4y o puiS 3 Slas

ol 005 3)91)).

Cad) (Ao )d) (o 3 S jlade sy dilaie o )d glate
o 0385 Lol (slarall 5 ( Syl 3,Slas & (8l > Slae
39y 5988 1 ol 93 sl Moy ¥V pSbe b o> B4 B VY
9 y9iS > ol g3 3 ,Sles s o y3 OA odiad s a8 3,8
2 Jeuiliy bulyd (o 3Slae S @lyis BV 1 (S (Y Jg2)
2 ol edds 58 Bl sl Slos 4 el oS calises bl
Copies Pl gm0 b A8 oo g LS| f))liS” )30 oda
=5 LSl sgrge 3,Sles Wo g5 o dilaio 2 > o))
sl b gals ely; eV game ol cutS byls by cilise
ghw 3 (Jpa> J 5Slos) Jouly 3 Shos 20> A ey i
DEVY an Yo R (4 Sle Il (ably 3, Slas e o ] 4> )50
;Alosia_sm)wvu,wﬁ),‘zscm); S )5 p,55LS
il Copae LB s ol (b ogse

5 (¥ Joiz) (lool (oulll sblin et ) aw ol
5 M 5 Bly 155 palie (1 Sils 948 IS & gl e
poLde ool 000 3y90 0 o5 Cygalee VAR g VYN dgds i
32 OF o edb bl anldl ddlaie VY > Wg Juwsly bawgie
(@Y oulsl adlaio) 5 youdeo VNV B (Voo ¥ auldl adlaio) o
21y M i a8 g (e oo sl 0 201
LENY 5 5 Cyacdeo +/F lawgio L 02+ Y aulil 3blis jo ol ey
Oygo Sluloee Gubs g o 0dabline Sl j3 o lia Fr lawgis
25 N o3 e baagio Jpuiliy 5 Bly 15 4y 2 48,5
Lo OA bugio L YS B0+ o j65he oulil sblio o ol 9>
=y Copde plool b ol camday ols wloly il o ko
S 3 Mg Jgax BB ke 4 (s b 0l o0 cunlie
Copice JoB S o5 Cysabee VA0 Ly o5 (yoalen TNV 390
3330 clymer 1y (g 1B a5 51 (oly adgp 531 Juols)
=) e Jgmae ol 19 0 (LS aw 4 ) 55a8
b ) pte s5hy; oBLS 3,Skee s ylie sy 3,8 5Sun5
S oS jaiiS )0 gl Cumdg yipg cAld 4 Ll o Lid calise
.8

o b 3 paS 3, Shee W g Junsly 5,Slas dwloes
0Slee jlaod Ay obiwos 6] (8,8 Jla 3 Ly aS o lis
Oliean Olgoe 1y adlaio ol 3 (A8ly 3 )Shos (S0ke < il
(Lu & Fan, 2013) sl (ili8l o VA L LS 3 5 O



YYV S gy ool 2 055ae S Bl b 51 ol 00 (o 922 g Shal381 cand 5 939 1 (S0 g (!

z 41°28'0"E 46°30'0"E 51°32'0"E 56°34'0"E 61°36'0"E 66°38'0"E Z
a &
Ny L
= N F
g z
H 3
Potential yield (kg.ha-1) i
x
5074 - 6311 b4
2
6312 - 7053
7054 - 8177
I 5175 - 9840
Buffer (Code within indicated selected RWS)
& &
$ 2
n o
& &
—_— e Kilometers
0 125 250 500

41°280"E 46°300"E 51°320"E 56°340"E 61°36'0"E 66°380"E
A A 5D i el 05 o pod 4y Lolim] oU (515) jouiS o 95 CulS g g0 orlinilg (gLRoISu] 53 5 yShos iy duids — 0 JSW
(o9 axal o ¥ Jour
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Introduction

Barley (Hordeum vulgare L.) is considered as the second most important grain crop after wheat, due to 1.75
million hectares harvested areas and 3.2 million tons’ production in Iran. The irrigated fields are contributed up
to 45% of total barley harvested areas (equivalent to 1.7 million ha) and 70% of total barley production
(equivalent to 2.2 million tons). Based on the statistics reported in recent years, about 2.5 million tons of barley
imported from other countries. According to the impossibility of extending the barley cultivated areas and even
the necessity of reducing fields in some parts of the country, increasing productivity per unit area of cultivated
lands is recognized as the only practical way to boost the production of barley in Iran. In this regard, this study
was conducted to estimate barley yield gap (Y,) and the potential of increasing barley production in irrigated
condition as the first step to promote the yield and production of barley over the country.

Materials and Methods

Firstly, the main production zones of barley are determined; the zones which were contributed in more than
85% of barley production. The Designated climatic zones (DCZs) were identified using GYGA climatic zones
(Global Yield Gap Atlas) and the distribution of barley harvested area raster layers. Subsequently, the Reference
weather Stations (RWSs) within the DCZs were selected based on the values of the harvested area, and the types
of soil in each of RWSs were determined by using of HC-27 soil map. SSM-iCrop2 as a crop simulation model
has been employed to estimate the potential yield (Y,) in the RWSs of cultivated areas, which has previously
been parameterized and evaluated, and the results have indicated the robustness of the model for simulating
barley yield over the country. For estimating Yy, the data of actual yield (Y,) and the agronomic management
data for estimating Y, during 15 growing seasons (2000-2014), were collected at RWSs scale. Using A bottom-
up approach, the yield, and production gap values were calculated at RWSs and subsequently aggregated to
DCZs and finally, extended from DCZ to country-level according to the spatial distribution of crop area and
climate zones.

Results and Discussion

Based on GYGA protocol, 48 RWSs within 12 DCZs of irrigated barley harvested areas were demonstrated.
Aggregation from the RWSs results to DCZs illustrated that the average of potential yield in DCZs of irrigated
barley was estimated 7090 kg.ha! and the range varied from 5283 to 8286 kg.ha'!. Nevertheless, the Y, range in
these climate zones was calculated between 1406 and 3723 with an average of 3009 kg.ha!. According to the
results, the DCZs which confronted to higher temperatures during the growing season have lower yields and also
a significant reverse correlation between the potential yield and the growth length period (R? = 0.88 and p <0.01)
were shown. The correlation between total received daily solar radiation during the growing and Y}, in the DCZs
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was significant, positively season (R? = 0.98 and p <0.01). At present, the range of difference between actual and
potential yield varies between 3237 to 4697 kg.ha! with an average of 4081 kg.ha'! (equivalent to 58% yield
gap). In other words, just around 24 to 50 percent (on an average of 42 percent) of estimated Y, in irrigated
barley fields can be attainable. According to the irrigated barley harvested areas, the actual and potential
production gap are calculated about 2.21 and 2.99 million tons in the country, respectively, and under the best
management condition can lead the production to be about 4.17 million tons.
Conclusion

According to the results, it was demonstrated about 58% relative yield gap between the averages of actual
yield (3008 kg.ha') and potential yield (7090 kg.ha'!), which can be reduced by improving the production
management in irrigated barley cultivated areas. For this reason, the current production of barley in irrigated
lands can be increased from 2.12 to 4.17 million tons. This increase in production (1.96 million tons) could
provide a significant part of the country's need to the barley and bring the country closer to achieve full self-
sufficiency.

Keywords: Actual yield, Crop simulation model, Global atlas, Potential yield
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Table 2- Analysis of variance (mean of squares) for the effects of irrigation regimes and soil fertilizers on growth indices,
yield components and yield of balangu
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i o sl EEpPY Al SO 9 em 1000 &g A3l Cuwld
S.0.V. af Plant Root Biological Seed see d- Seed No. Root length Harvest
: height length yield yield weight per plant to stem index
length ratio
"’SA . 2 3.16"s 0.045"s 0.01"s 0.05"s 0.01"s 991.21s 0.001"s 4.07"
Replication
d)l:%j Tokaw
Irrigation 3 10.90* 1.42" 47.23" 2.40™ 0.36™ 5766" 0.06™ 520"
levels (I)
a gk 6 7.57 0.021 0.03 0.01 0.001 1542.88 0.001 0.36
Errora
~oaiS jdols
Skl 3 042 7.92% 51" 122" 058" 1600.6" 0.01° 31.43"
Soil
fertilizers (F)
IxF 9 12.01"s 1.36* 0.58™ 0.06™ 0.01" 17388.1" 0.002"s 9.56™
b lls 24 6.99 0.03 0.02 0.02 0.001 411.1 0.001 0.34
Error b
et 5.13 1.73 1.97 2.59 4.67 5.3 8.38 2.89
CV (%)

oy S g gy Jlein ] pdaw j3 )b dze BB g )b dme OB dgag pie oy ki ok NS

ns, * and **: represent non-significant and significant at 5% and 1% level, respectively.

SR 59N oL 3 )Shos 9 3, Shos glial iy Gluogad 1 gyl gobaw 03Lw ST (Siko dmglio —Y Jooa



Y¥a . gaild o, Slos g 0,Klos gl3! S ‘Slba..\.l.}S}.p’d..obg‘s)LgT Tobw yI O Kad g 6 Sl

Table 3- Mean comparison for the simple effect of irrigation levels on growth criteria, yield components and yield of balangu

. Job o
. &m)‘ J# =)ﬁ0‘c )‘}h 059 &515 dlaxs Py uA&Lw
Sl zobw Gy Ay S2iglam 3 Nlos FHI ol G T <5l
Irrigation levels Plant Root Biological yield Seed % Blw et
(mm evaporation)  height length (g.m?) yield 10(?0-seed Seed No. Root ) Harveost
(cm) (cm) @m?) weight (g) perplant  jepgthto  index (%)
stem ratio
35 34.75%" 8.65¢ 328.4° 882 2.03 1091° 0.31° 21.76%
53 33.85° 9.25¢ 2920 78° 1.78° 1082 0.32° 20.612°
71 32.80° 9.55% 284.8% 70 1.61% 1084° 0.30% 18.54°
89 30.17° 10.59° 266.4° 58¢ 1.54° 929¢ 0.35° 19.63¢
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* Means followed by the same letter in each column have not significant difference based on Duncan’s test at p<0.05.
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Table 4- Mean comparison for the simple effect of soil fertilizers on yield components and yield of balangu

o Job s 5,Sdos I s PHE Ky Jsb X LS
GoniS ol Sy W, Sos e Pon T aad, 0%
SB Plant -4 Soieem &ld ¥ aBlw Coild
height Root . . Seed Seed No.
Soil fertili lensth Biological eld 1000-seed Root Harvest
off fertriizers (cm) eng ield (g.m?) V'€ weight (g)  PF index (%)
(cm) Yy 8- (g.m?) ght (g plant length to
stem ratio
C S d 33.74%" 7.49¢ 386 942 1.94% 1206* 0.30¢ 22.95
OwW manure
D oS 32.70° 8.74¢ 322.4° 81.2° 1.81° 1114° 0.31% 21.21°
Mushroom compost
SRS A Cagras
Municipal waste 31.09% 10.45° 261.6% 65.2% 1.66% 986 0.33° 20.27%
solid waste compost
L 29.04¢ 11.36° 201.2¢ 53.2¢ 1.55¢ 860¢ 0.36° 20.10¢
Control

sl s oy gty Jleis] s 53 )l dme BB (glls (Sl g0l wliol yr ygier s yd aliie gy (sl (slapSile
* Means followed by the same letter in each column have not significant difference based on Duncan’s test at p<0.05.
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Fig. 1- Mean comparisons for the interaction effects of irrigation levels and soil fertilizers on growth indices of balangu
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Means followed by the same letter in each figure have not significant difference at p<0.05.
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Fig. 2- Mean comparisons for the interaction effects of irrigation levels and soil fertilizers on yield of balangu
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Means followed by the same letter in each figure have not significant difference at p<0.05.
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Fig. 3- Mean comparisons for the interaction effects of irrigation levels and soil fertilizers on quality criteria of balangu
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Means followed by the same letter in each figure have not significant difference at p<0.05.
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Table 5- Correlation coefficients between yield components and yield of balangu affected as irrigation levels and soil

fertilizers
Wy Job 3 Slos 3 Slos 53 03 53 &> daxs Job Cuus oW
olae Gy Al S 59gm FH Gy Bl & duiy Cadlla g
Traits Plant Root Biological Seed 1000-seed Seed No. Root length to Harvest
height length yield yield weight per plant stem ratio index
“2 éh?)‘ 1 -0.17% 0.227 0.21™ 0.45" 0.51" -0.61" 0.28™
Plant height
ade) Jb 1 -0.93™ -0.85™ -0.78" 0.65" 0.88"" 0.09™
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b Jla o
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weight
Gy, ab ol
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plant
4 ady) Jobo Cand
a8l 1 (0.32ns
Root length to
stem ratio

Harvest index
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ns, * and **: represent non-significant and significant at 5% and 1% probability levels, respectively.
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Introduction

Balangu (Lallemantia royleana Benth.) is one of the medicinal plants of Lamiaceae family that contains
essential oils as well as mucilage. The most important feature of this plant is the mucilage of the seeds which
widely used in industrial sectors. On the other hand the seeds are a good source of fiber, oil, and protein and
have medicinal and nutritional properties. Medicinal plants are rich in secondary metabolites and are potentially
useful to produce natural materials. The biosynthesis of the secondary metabolites, although controlled
genetically is affected strongly by environmental and agronomic factors. This plant can be grown under a wide
range of agro-climatic conditions, but it is mostly confined to the arid areas due its low water requirement and
high water use efficiency. It has been used as medicine since ancient times, but it has been cultivated as a
medicinal plant only in recent years. The application of soil organic fertilizers is important for sustainable
agriculture, healthy agricultural production of medicinal plants especially in arid and semi-arid regions and
resorting soil quality. In this study the effects of irrigation regimes and soil fertilizers on qualitative and quality
characteristics of balangu as a medicinal plant were evaluated.

Materials and Methods

The experiment was done as split plot based on a randomized complete block design with three replications
at the Agricultural Research Station, University of Torbat-E-jam, Khorasan-e Razavi, Iran during 2019 growing
season. Main factor was four irrigation levels (including 35 (as control), 53, 71, and 89 mm evaporation) and sub
factor was four fertilizer types (such as cow manure, municipal solid waste compost and mushroom compost and
control). Organic fertilizers were applied equal to 10 t.ha'.The fertilizers were applied before sowing time.
Studied traits were quantitative traits (such as plant height, root length, biological yield, seed numbers per plant,
1000-seed weight, seed yield and harvest index), and quality criteria (including mucilage percentage, swelling
factor and mucilage yield). General linear model ANOVA was used for soil fertilizers and irrigation regimes on
quality and quantity criteria of balangu. Duncan’s test at p<0.05 tested the significance of differences among
means.

Results and Discussion

The results revealed that the irrigation regimes and different fertilizers had significant effects on the
quantitative and qualitative characteristics of balangu as a medicinal plant. Compared with irrigation regimes,
the highest and lowest values for seed yield were observed in 35 and 89 mm evaporation, respectively. The
maximum and minimum values of seed yield were recorded for cow manure and control, respectively. Higher
seed yield in cow manure+35 mm evaporation is due to number of seeds and 1000-seed weight. Also, the
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maximum mucilage content as an important factor was related to cow manure+35mm evaporation and the
minimum was for §9mm evaporation+ control.

Conclusion

Results of this study indicated that cow manure as organic fertilizer could improve plant height, biological
yield, seed yield, 1000-seed weight, seed No. per plant, harvest index, and quality criteria such as mucilage
content, swelling factor and mucilage yield of balangu. The importance of cow manure is being realized and its
long term adverse effects on soil chemical properties. Besides supplying micronutrients and micronutrients,
organic fertilizers also improve the physical and chemical properties of soil. They are also useful in improving
the efficiency of fertilizer recovery thereby resulting in higher plant yield. So, to prevent the environmental
impact from extensive application of chemical fertilizers, the biological fertilizers could be recommended to
insure the society health and a sustainable agriculture. Therefore, 35 mm evaporation and cow manure
application is recommended for balangu cultivation under Torbat-e-Jam climatic conditions. Future studies
should be conducted to evaluate the influences of different organic fertilizers and irrigation regimes for various
climatic conditions.

Keywords: Cow manure, Mucilage content, Sustainable agriculture, Swelling factor
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