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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- Frequency description of fertilizer levels according to pure nitrogen in wheat, corn and rice experiments



1396 yboali 2 oyl 9 alr o5 5y9LiS ol pgy s pii 300

YL (6355 polie 5392 JlSa )3 £ 5ol S 150 b jio oy (s358
A Jgame 93 51 5agumme Cile 4 Slialof] )3 (5955 B pas
9 Jsmame ol 2)50 o 4l JiSa 3 p Sl 90610
93 40 G (6 b (Bloiss 5l Slislejl jd (6365 polie Slgly

(L US5) 392 513,98 b Jgeamo

150 525 oy slajlows litulojl an 3 86 dgus y> 4l

Tokw (gl g didg 03, LS4 ]y (g s S )3 p SelS
£ by Ao 5 50 5,555 200 5 5L i
Sliilojl 13 0jsrid ol aials pu5 3590 53 390 Sl
2oy 84 5 andl g 1S 45 p,59LS 250 U 20 o oy 390

cobw ol 10,595 15 5100 b Jan o (6365 gl livlejl

s 2590 o 33 (59 yid lisro y13lie )3 (gy 9 )3 (0S) Jgatmo duw (5152 axllhan 3,90 Clbio (nilo -1 Jga
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Fig. 2- Description frequency of standard d values for seed yield, Dry matter yield and harvest index from wheat, corn and

rice in articles with d-bar, n and p.
Normal distribution curve fit to the data is also shown in the figure.
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Fig. 3- Comparison of different levels of nitrogen fertilizer on cereals dry matter yield, seed yield and harvest index
Vertical lines is the confidence interval size of weighted cumulative effect in the experiments.
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Vertical lines is the confidence interval size of weighted cumulative effect in the experiments.
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Introduction

Though chemical fertilizers increase crop production, their overuse has hardened the soil, decreased fertility,
strengthened pesticides, polluted air and water, and released greenhouse gases, thereby bringing hazards to
human health and environment as well. Using of chemical fertilizer in agriculture has a history of more than fifty
years in Iran. Recently, nitrogen fertilizer has shared more than 61 percent of the chemical fertilizer in our
country., The role of chemical fertilizers especially nitrogen fertilizers in agricultural production has been widely
studied over the past 50 years and in our country a considerable amount of research in universities has been
dedicated to studying in this field. Meta-analysis is a method for analyzing the results of various studies on a
subject. In fact, meta-analysis is a type of research on other research to re-examine the various studies carried out
on a particular topic, compare them statistically and, using specific statistical techniques, the results of all those
studies combine into a single result. Experiments on the effects of nitrogen fertilizers on cereals yield have a
long history in Iran. However, because of high variation in the results, a final conclusion is not readily achieved.

Material and Methods

In this study, the effect of different levels of nitrogen fertilizers on yield and yield components of cereals
(wheat, corn and rice) over the past 20 years have been investigated. So, 46 papers were selected and the
information was extracted from them. To overcome such a difficulty meta-analysis was used to combine and re-
analyze the data of independent experiments. For this, 46 published papers related to nitrogen application on
cereals including 23, 14 and 9 papers, respectively on wheat, corn and rice were selected based on criteria to
satisfy the required data for meta-analysis. Fertilizer application rates for wheat, corn and rice varied in the range
of 20-250, 25-275 and 10-90 kg.ha™ N, respectively.

Results and Discussion

About 86% of the experiments used treatments between 25 and 150 kg.ha™ nitrogen, and the frequency of
nitrogen levels above 200 kg.ha™ was very low in corn experiments. In the case of wheat, the range of nitrogen
levels in the experiments was between 20 and 250 kg.ha™. In rice, the range of nitrogen uptake was far more
limited than wheat and corn, and it was between 10 and 90 kg.ha™. On average in all nitrogen levels, grain yield
of wheat, corn and rice compared to control were increased by 2477, 4699 and 1509 kg.ha™, respectively. Meta-
analysis results showed that nitrogen fertilizers significantly increased both grain yield and biological yield of
the studied cereals. However, harvest index was not statistically affected. Maximum grain and biological yields
were attained by 50-100 and 100-150 kg.ha™ N, respectively. Meta-analysis was also conducted for each crop
separately. The results indicated that optimal nitrogen levels for the grain and biological yields were 75-100 and
100 kg.ha™ N except corn. For corn maximum amount could be achieved from 50-100 kgha™ N for grain yield
and from 50-100 kgha™ N for biological yield. For rice, maximum of grain and biological yields were reported
by 75-90 kg.ha™ N. The studied cereals harvest index showed no significant response to nitrogen fertilizers.

Conclusion

The results of this study showed that despite the long history of using these inputs in the agricultural sector,
the optimal use is still unclear. In this study, statistical comparisons between fertilizer levels were performed,

1, 2 and 3- Professors, former PhD student in Agroecology (Payam-e Noor University Lecturer) and PhD student in
Agroecology, Department of Agronomy, Faculty Agriculture, Ferdowsi University of Mashhad, Iran, respectively.

(*- Corresponding author Email: akooch@um.ac.ir)
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while the ecological dimensions of nitrogen application were also significant. Further studies can compare types
of efficacy, soil health and environmental aspects of nitrogen use and other chemical fertilizers; provide a wider
range of possibilities for sustainable field management and sustainable management of the country.

Keywords: Corn, Grain yield, Harvest index, Rice, Wheat
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Table 2- Percentage of elements in the fertilizers used in experiment
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Table 4 — Mean comparison of means of simple effects between different organic fertilizer and plant density on some
characteristics of balangu

P B e8P Ol

0355 oS Moge Hmrge 3, Shos &l 3,Slos
b - PRA+ _ _
sl (53 ko) (o5 23 20 o) (U2 )3 0 ,55ks)  (Sa 55 o ,5545)
Treatment 055 53 il e
Swelling Factor Swelling rate per g Mucilage yield Seed yield
(mL) mucilage (mL.g™) (kg.ha™) (kg.ha™)
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Introduction

Recently, the impact of chemical farming and the negative consequences on the environment and human
health are on rise in Iran. Organic farming is gaining attention and increasing globally because it is eco-friendly,
safe and has benefits for human health. The use of organic fertilizers in agriculture improves soil structure. Plant
spacing and fertilizer applications have significant influence on the growth and yield in crop production.
Optimum plant spacing ensures the proper use of land, as well as growth and nutrition in plants. Balangu
(Lallemantia royleana Benth.) is a medicinal plant from Lamiaceae family, containing essential oils and
mucilage. The most important feature of this plant is the mucilage of the seeds. The seeds are a good source of
fiber, oil and protein, and have medicinal and nutritional properties. Using the appropriate plant density and
environmental friendly methods like organic fertilizers can improve the quality and quantity of medicinal plants
production.

Material and Methods

In order to study the effect of organic fertilizers and plant density on the qualitative characteristics of
Balangu (Lallemantia royleana Benth.) as a medicinal plant, an experiment was conducted at the Research
Station of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, during the growing season of 2011-
2012. Soil samples were collected from the 15 cm depth of each experimental plots for laboratory analysis. This
experiment was carried out as factorial layout based on randomized complete block design with three
replications. Treatments were included five levels of fertilizer (cow manure, sheep manure, chicken manure,
municipal solid waste compost and control) and three levels of plant density (20, 30 and 40 plants.m™). The
studied traits were included amount of mucilage, swelling factor, swelling per g mucilage, mucilage and seed
yield. Data were analyzed with SAS software. The F test was used to test the significance of mean squares and
means were compared with Duncan’s test at the 5% level of probability

Results and Discussion

The results showed that fertilizer treatments had no significant effects on the studies criteria except mucilage
and seed yield. Mucilage yield, seed yield and swelling factor were significantly affected by plant density.
Maximum quality yield was obtained in treatment of chicken manure and highest plant density (40 plants.m™).

The highest amount of mucilage (0.19 g mucilage per g seed) was obtained in treatment of municipal solid waste
compost and sheep manure. The highest inflation rate per ml of mucilage was obtained in cow manure treatment
(96.5 ml per g of mucilage). Different levels of density had no significant effect on the amount of inflation per g
of mucilage. Plant density had significant effect on the seed yield (p<0.05). So that the maximum of this trait
(437 kg.ha) was obtained at 40 plants per m? density.

The highest and lowest amount of mucilage yield were obtained in treatments of 40 and 20 plants.m™ density,
respectively. The interaction effect between fertilizer and plant density had significant (p<0.05) effect on the
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seed yield, so that the maximum of this trait (605 kg.ha™) was obtained in treatment of fertilizer application and
40 plants.m™ density.

Conclusion

In general, the results of this experiment showed that fertilizer treatments had no effect on the quality of
Balangao except mucilage, but the organic fertilizers could affect mucilage content. Among the qualitative
characteristics of the Balangao, the swelling and mucilage content were affected by the plant density treatments.
It seems that the mucilage is significantly affected by the effect of plant density on the seed yield. The lack of the
effect of plant density on qualitative characteristics of the Balangao showed that these characteristics are more
affected by genetic, not environmental control.

Keywords: Animal manure, Compost, Mucilage, Swelling factor
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Table 1- Physical and chemical properties of field soil used in the experiment

o) i o Sol  yieod B e i B el oS S asegta
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Clay g Sad TNV Available P Available K pH cagbon (0
%) o) (%) (ppm) (ppm) o EC(@sm)
20 P 28 105 9 200 76 0.78 6.78
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g Lol et cop (pS 1258 Y0 4 p )5 cutin 3 b sl
3,5 o3kl
3 4150 4100 50 4ty 151,35 aw Jols iales] (slajloss
915 255 s red Al CamgraS ol CBlS it s 9 ot
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Table 2- Chemical characteristics of municipal solid waste compost, mushroom bed residues and cow manure
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Organic fertilizers i Organic H J . . 7 7 . .
’ Lo carbon " N s (s o Mg (Omke (o
EC (dS.m™) (%) P (ppm) K (ppm) Fe (ppm) Zn (ppm)
S Al CuvgaaS’
Municipal solid waste 5.33 9.9 7.25 1.33 7500 12500 8.2 7.08 21160 848
compost
By oluls
Mushroom bed 85 - 8.25 1.45 1750 12000 3.9 - 20000 340
residues
o 255 245 31 8.8 1.02 1100 5500 0.02 - - -
Cow manure
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3- Analysis variance (mean of squares) for corm densities and bed types impacts on flower yield components of saffron Table
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YY)

Fresh weight of
flower

J5 dlass

Oyt 2ilio

No. of
Flower

S.0.v

0.0041™

0.0366""

0.0351"

0.0389" 0.069"

0.0618" 0.0532"

0.194"

0.353"

35
Block

(A) & o315

0.018"

0.209" 0.0585™ 0.055"

0.104™

0.168" 0.140"

0.585"

1.155"

Corm density
(A)

0.0123™

0.0417™"

0.0436"

0.102"

0.055™

0.104™

0.117""

0.398"

0.185™

(B) s g5
Bed type (B)

0.0001™

0.001™

0.001™

0.0025" 0.001™ 0.002"

0.0025™

0.0189™ 0.0095™

AxB

s

Error

0.0029

0.0063

0.0067

0.0186

0.0103

0.0104

0.0119

0.047

0.0737

15.98

14.01

13.96

17.19 13.86

12.24

12.3

13.67

11.96

CV (%)

Ol g o>

o) S g iy Jlein] pdaw p3 I gixe iy A e g 8 g I Jae s NS

ns: non significant and * and** are significant at 5 and 1 probability levels, respectively.
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Fig. 1- Correlation between flower number with corm density of saffron
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Flower fresh weight (g. m™)

Stigma dry weight (g. m™)

[ |
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Fig. 2- Correlation between flower fresh weight with corm density of saffron
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Fig. 3- Correlation between stigma dry weight with corm density of saffron
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Table 4- Mean comparisons of corm density effects on reproductive characteristics and flower yield of saffron
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Dry weight of stigma
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Wld SUiS (59
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Dry style weight

Corm
density

(No.m™)

(U
Fresh weight of
stigma and style
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Dry flower
weight (kg.ha™)

(No.m?)

(kg.ha™)

(kg.ha™)

Fresh weight
of style (kg.ha™)

and style (kg.ha")

Dry stigma weight
(kg.ha™)

(kg.ha™)

(PS+1+0) 35,5 LSD (905 (bl yo (5l ime oglis gy p> ailiio Ggy> ()l (layyuSilio ¢
* Means followed by similar letters in each column have not significantly difference based on LSD test (p<0.05).
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1.91°
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0.15°
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Introduction

Saffron is among the highly precious agricultural and medicinal plants of the world and has a specific
placement in Iran exports. In Iran, total cultivation area was 93000 ha in 2017 that from which about 96%
devoted to two main provinces of saffron production including Khorasan-Razavi and South Khorasan with total
production of 351 ton saffron. Saffron has unique characters such as low water requirement. Ease of
transportation, lack of need to special machinery and complex technology, high capacity to use labor in time of
picking flowers, occupation and in the end prevention from immigration and exchange income that have made
this crop becomes superior in those regions that lack of industrial perspectives and having water limitations.
Organic fertilizers have effective role in saffron production such as physical improvement of saffron soil,
temperature relief, penetration improvement, porosity increase, and soil reduction hardiness, and stimulate to
flowering. Several factors like climate, diseases, irrigation, storage, planting date, chemical and biological
fertilizers and animal manure are very effective in saffron quantity and quality. Saffron yield depends on several
factors like soil, crop density, planting method, corm size, geographical location, climatic factors like
temperature fluctuations specially in time of flowering, rate of rainfall, cultural management and utilization
period. The aim of this study was to determine possible effects of corm density and bed type on flower yield
components and stigma yield of saffron.

Material and Methods

In order to evaluate the effects of corm density and bed type on reproductive characters, yield components of
flower and saffron stigma, an experiment was conducted in the form of factorial as Randomized Complete Block
Design (RCBD) with three replications at the research farm of Khorasan Science and Technology Part (KSTP)
during the growing season of 2010-2011.The treatments under study were density with three levels of
50,100,150 corms per m? and flve bed types of 10 t.ha™ urban compost, 30 t.ha™ decayed cow manure, 20 t.ha™
mushroom bed residues,10 t.ha® wheat straw, and control that were applied in planting time. Traits measured
were number of flowers, fresh and dry weight of flowers, fresh and dry weight of stigma, fresh and dry weight of
style of saffron. Statistical analysis of the first year of data was done with SAS 9.1 software and mean
comparisons were as Duncan multiple range test at 5% level with MSTAT-C.

Results and Discussion

Results showed that corm density had significant effect on aII traits under study at p<0.01 but effect of bed
type did not show significant effect on number of flowers per m? but for other traits were significant at p<0 01.
Increasing corm density from 50 to 150 corms.m? increased flower number from 16.8 to 46.8 No.m?(about
179%) and fresh weight by 177% and stigma dry weight by 155%. The hlghest fresh weight and dry weight of
stigma + style were found in wheat straw that were 14.43 and 2.59 kg.ha™, respectively. Interaction between
corm den3|ty and bed type was not significant in all tralts which measured in experiment. Variation of flower
No.m™ had high correlation with corm density per m? that shows increasing trend of flower number due to
increasing corm number.
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Conclusion

Therefore, it is concluded that for more flower production and higher dry weight of stigma in the first year,
corm density of 150 corms.m™ and bed type of wheat straw is recommended. Saffron yield in the first year of
cultivation is not economical sufficient and it seems that by using high density planting, it almost compensates
for low vyield at the first year. Recently, farmers are willing to apply high corms for planting saffron farms.
Saffron is an organic crop and preparing beds with organic fertilizers specially wheat straw due to its
improvement of environmental conditions have positive effect on saffron yield and environmental improvement.

Keywords: Dry stigma yield, Flower number, Organic matter
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Table 1- Uniformity, average density, relative uniformity, relative density, species richness, and
relative frequency of grass species in wheat farms of Khorramabad
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. . 5.5 0.7 1.94 1.23 22.5 14 1.38
B. sterilis
. . 2 0.42 0.71 0.74 10 6 0.50
e oy
Cynodon dactylon
Y y 2 0.12 0.71 0.21 10 6 0.50
b)b 9>
Hordeum spontaneum
P 54 12.72 19.05 22.27 87.5 70.75 13.52
99 9>
H. murinum
s 9.5 2.04 3.35 3.57 275 18.5 2.38
=
H.vulgare
g 12 1.72 4.23 3.01 35 235 3.00
Lolium sp.
. a e s P L. 5 0.46 1.76 0.81 20 12.5 1.25
Cudiyd Al ilg (Se
Phalaris brachystachys
JLS .y y 4.5 0.58 1.59 1.02 175 11 1.13
Poa anua
Is: . 4 0.52 1.41 0.91 12.5 8.25 1.00
Ml e
P. bulbosa
| 35 0.58 1.23 1.02 15 9.25 0.88
Jogle
Secale cereale
A3 315 7.16 11.11 12.54 55 43.25 7.88
%
Sorghum halepens 4 0.24 1.41 0.42 12.5 8.25 0.75
51503 5ymcide 4565 13 Saiucile hirsotum 4 tectorum paS £l 3ms yo Laddusl Syl 9 Sadiadle Cuas g
i oS) (Kot cade s Jlglyd ol odmlie lesiS edlgils sgudio

Slslyd L hirsotum oS 1 i o > 12/441 (tectorum i1 g5 pogde 3uins opl 5l Jobs ol sanlie wlol



1396 yboali 2 oyl 9 alr o5 5y9LiS cwlioh pgy s pii 348

Ll oladl 3gd a1y s Slold o iy ooy 13199 L o)lap iy Yo g duoy> 1125 s
dopn 12195 Lo g ol 5 s 9 (6 pSaiged i opSolse

T 4D Aol )5 BAigS i (Flalsd g Lo Cuod] digh SUE ¢ ommd o155 ¢ i (TIPS Aigr pS 1T (1Sile AigS B 19SG -2 Joua
Rl 95 £l 50
Table 2- Uniformity, the average density, relative uniformity, relative density, species richness, and
relative frequency of grass species in wheat farms of Mashhad
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Table 3- Uniformity, the average density, relative uniformity, relative density, species richness, and relative frequency of grass
species in wheat farms of Neyshaboor
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Fig. 1- Grouping of species of grasses are common weeds in wheat farms in Khorramabad using cluster analysis of species
abundance at the farm level, relative density and relative uniformity
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Fig. 2- Grouping of species of grasses are common weeds in wheat farms in Mashhad using cluster analysis of species

abundance at the farm level, relative density and relative uniformity
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Fig. 3- Grouping of species of grasses are common weeds in wheat farms in Neyshabour using cluster analysis of species
abundance at the farm level, relative density and relative uniformity
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Introduction

Undoubtedly, planning and providing appropriate management strategies for weed management requires
accurate understanding of plant growth. In fact, by identifying plant growth flora and determining the abundance
and distribution of weed species, we can obtain important background information for designing weed
management plans. Usually the composition and density of weed flora reflect the system of production and
agronomic operations. In fact, by identifying the weed flora and determining the abundance and distribution of
weed species, we can provide important background information for designing weed management plans. In this
case, Cheat grass is problematic weed in winter crops like wheat and barley.

Material and Methods

The distribution of this weed as random sampling method in 2012 was surveyed in 40 irrigated wheat farms
in Khorramabad, 27 farms in Mashhad and 28 farms in Neyshaboor. Factors related to relative abundance,
species richness, density and relative uniformity as well as variability and dominance indices were measured.
Sampling in each farm was a W pattern. At almost all fields monitored, sampling was done in the post-stemming
phase of the wheat before filling the seeds. Also, using the GIS technique, the distribution map of grass plots was
drawn in these areas.

Results and Discussion

Results showed that sixteen weed species from poaceae family other than cheat grass were observed. Relative
frequency of hirsotum ecotype of cheat grass (with 8.76%) was higher than tectorum ecotypes (with 4.76%) in
Khorramabad. The Animated animated oat with 19.65% and then Wild barley with 13.52% in mean of 5 samples
had the highest relative frequency. In Mashhad relative frequency of tectorum ecotype with 12.44% was higher
than of hirsotum ecotype with 7.25%. Common wild oat with 13.99 and then Wild barley with 12.95% had the
highest frequency. In wheat farms of Neyshaboor, two ecotypes had similar relative frequency with 10.75%.
Common wild oat with 14.52 and then Secale with 12.29% had the highest frequency. In this case only Johnson
grass and Bermuda grass were perennial and other weed species were annual. The properties of annual plants
are capable of retrieval and rapid reproduction after the destruction occurring in the environment. Therefore, the
abundance of more than one year in agricultural lands that are associated with continuous degradation is not
unexpected. Additionally, most of the crops are annual, and it is normal that annual crop rotations that have the
same growing needs as a crop are more abundant than perennial weeds Similar results were also obtained in thi
sstudy. Furthermore, it was shown that the latitude had no large effect on density of grasses and cheat grass
ecotypes. Shannon-Weiner diversity index in Khorramabad 2.24, in Mashhad 2.16, in Neyshaboor 2.29,
Simpson's diversity index 1.04, in Mashhad 1.31 and in Neyshabour 1.16 and Simpson dominance index in
khorramabad 0.960, in Mashhad 0.764 and in neyshaboor 0.862 was calculated. Also using GIS techniques
distribution map of cheat grass were drawn in these areas.

Conclusion
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The characteristics of annual plants such as grasshopper can be recovered and are capable of rapid replication
after the destruction occurring in the environment. Therefore, the abundance of more than one year in
agricultural lands that are associated with continuous degradation is not unexpected. In addition to theaccording
to the findings of this research, the difference in the indices of species diversity and dominance were associated
with the level and type of management practices on farms.

In general, farms with a higher diversity can be said to be managed with weaker management practices that
minimize the use of agricultural machinery and the inadequacy of chemical inputs such as pesticides and
fertilizers.

Keywords: Diversity, Distribution map, Grasses, Uniformity, Weed
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Fig. 1- Time course (1970-2010) of nitrogen fertilizer application rate in wheat production systems of Iran fitted by

segmented regression
Slope of each segment (b) depending on the signs show the rate of change (kg.ha.y%). R? of the full regression model is also given.
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Fig. 2- Changes over time (1970-2010) in wheat yield over the country fitted to a linear regression
Slope shows yield increment (kg.ha™.y™).
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Fig. 3- Annual increase in N-fertilizer application (top left) and yield (down left) of wheat during 1970-2010

Calculated as percentage of reference year (1970) and fitted to a sigmoid curve
Relative growth rates for N-fertilizer (top right) and yield (down right), the trend lines are also presented.
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Fig. 4- The relation between wheat yield and applied N over the country using four decades data (1970-2010)
Slope of the regression line indicates partial nitrogen productivity (PNP, kg grain.kg™ applied N).
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over time (left) and in response to N application rate (right)

N.y™* or kg™ N) indicates the reduction in PNP.

Fig. 5- Changes in partial nitrogen productivity (PNP
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Fig. 6- Changes in nitrogen use efficiency over time (left) and in response to N application rate (right)
The sign indicates the difference between yields with and without N fertilizer, the intercept of regression line shown in Fig. 4 was
considered as wheat yield without N fertilizer.
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Fig. 8- Changes in nitrogen utilization efficiency (NUtE) over time (left) and in response to N application rate (right)
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Introduction

At global level nitrogen (N) fertilizers had drastic effects on crop yields increment during the last century.
However, high application rates of this input have resulted to environmental pollution all around the world in
addition decreased yields per unit of applied N is also reported in some countries. To fulfill increasing demands
for agricultural crops with conservative application of N fertilizers, increasing N use efficiencies is recognized as
a sustainable management. This calls for systematic studies on N use efficiency and its components at crop, field
and regional levels. However, N efficiencies of agricultural crops at national level are not fully analyzed in Iran.
In this research, forty years (1960-2010) data on yield and N application rate were analyzed for yield trend, N
efficiencies and its related components for wheat (Triticum aestivum L.) production systems of Iran.

Material and Methods

Required data of wheat yield and nitrogen fertilizer application rates during the 40 years study period was
obtained from official web sites of national agricultural statistics as well as Ministry of Jihad Agriculture. Using
these data partial nitrogen productivity (kg yield kg N™): nitrogen use efficiency (kg yield kg™ N, ignoring soil
N), nitrogen uptake efficiency (%); nitrogen utilization efficiency (kg yield kg™ absorbed N); and relative
contribution of Nitrogen to grain yield (%) was estimated based on previously reported methods. Yield and N
fertilizer application rate were subjected to time series analysis and fertilizer rates were predicted for the next
decade over the studied period.

Results and Discussion

The results indicated that during the studied period mean annual growth rate of wheat yield and nitrogen
application were 2.9 and 6.9%, respectively leading to 3.4 fold increase in yield and 9.5 fold increase in N
fertilizers so that fertilize application rate was changed from 25 to 240 kg ha™. However, N fertilizer application
rate in wheat production systems of Iran is reducing since 80’s and prediction based on time series indicted that
this rate will not exceed 250 kg ha™ by 2020. Partial N productivity was estimated as 22.5 kg grain kg™ applied

N which is reduced linearly over the studied period with the slope of -0.19 kg hay™. Mean N use efficiency

(NUE) in wheat production systems over the country averaged over four studied decades was 14.5 kg grain kg™
applied N. Separation of NUE to its components showed that on average 35.5% of applied N was recovered in
wheat agroecosystems of Iran and due decreasing trend of recovery N uptake efficiency was reached to 30% in
the late 80’s. However, mean N utilization efficiency was estimated as 40 kg grain kg™ absorbed N and
increased slightly during the last four decades. Relative contribution of N fertilizers to wheat yield was increased
with a positive slope from 24% in the first decade of the study period to 32% after 40 years. Based on the results
it seems that the decreasing trend in NUE of wheat production systems of Iran is mainly due to low uptake
efficiency which was not compensated for by slight improvement of N utilization efficiency.

Conclusion

Nitrogen application rate in wheat production systems of Iran has increased expansively during the last four
decades. However, nitrogen uptake efficiency in wheat production systems of the country is considerably low
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and has resulted in a decreasing trend in nitrogen use efficiency over the last 40 years despite relative increase of
N utilization efficiency over this period. Increasing N recovery through protecting N losses at field level, genetic
improvement of N utilization efficiency and regulation of N fertilizers price compared to the price of wheat grain
are urgent priorities to sustain wheat yield at national level with lower N application rates.

Keywords: N use efficiency, N uptake efficiency, N utilization efficiency, Partial N productivity
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Table 1- Effect of Imidaclopride, Dinitephorane and Thiamethoxam insecticides on 4™ instars larvae of Colorado potato

beetle
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Table 2- Effect of Satureja khuzistanica, Ocimum basilicum and Mentha spicata on 4™ instars larvae of Colorado potato beetle

» +SDWjg, (b 3l am b (iS0 sl pil o yd (ke
Mean% efficiency essential oils after days+ SD

Eyan
h‘aw.r.tkwl. »
Essential oils (,L:S& 1 3 5 7 9 1 13 15
Usage
dos
a.i.ha'
Satureja
khuzistanica L. 15¢cc  85+35"  88+33%  88+29° 90.2+3.7° 90.2+3.4°  90.2+3.9*°  90.2+4.1° 90.2+3.7°
i 0550
Ocimum
basilicum L. 20 cc 35+2.9° 38+3.1° 42+35° 42+3.4° 48+5.1° 48+2.1° 48+3.3° 48+2.9°
ol
Mentha spicata
L. 20 cc 28+3.1° 30+2.9° 30+3.0° 44+3.2° 44+2.7° 46+3.4° 46+2.9° 46+3.5°
gl
COﬂtl’Ol d d d d d c c c
s 0 5.1+0.3 6+0.2 6+0.4 7.50.7 10+0.8 14+1.1 14+0.9 19+0.7
35,05 bl (613 gxe M) deoyd iy o 0 (S5 yg0j] 5l o3litl b g ya p3 aliie pé By ®
*Mean within each columns followed by different letter are significantly different (P<0.05, Tukey test)
e 4 eSa (6515 pU L s 0L 0 jlas 48,5 & jgo sla o gl 30 Ll 3 1 Al 03lgil olS o jlae il 1SS
Ssgr prla o 95Y 1 g Ao Sl dm S 1 (o0 25 Sr9-bdr Bgd o (Sunjimm SIS Swgu (59)Y Jolye S
Coan a5 Cuwl ALBIASS L;/wls WS gub (uojumw (593,15 JrS gy ¥ Cuzer 7ol o aitn S dlold b ))ST )b dw dn &S

2- Timex 1- Piperaceae



1396 yboasli 2 oyl 9 Al 15 5yalisS wlih pgy a1 pii 384

S0 o (593115 Swgw 0,k (o 9,Y (59, BESE s 5 (ALS (GB!I dunlio -3 Jou
Table 3-Compare the effect of insecticides and essential oils on 4™ instars larvae of Colorado potato beetle
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*Mean within each columns followed by different letter are significantly different (P<0.05, Tukey test)
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Introduction

Natural and human hazards risen due to the use of chemical pesticides to reduce pest damage are
significantly increased. In this manner, tend to use alternatives with similar efficacy and less risk like plant to
control pests has increased. Therefore, it seems that plant compounds can be used as alternatives to chemical
insecticides to protect agricultural products in the future. These compounds have no harmful and negative effects
on nature and are safer than chemical insecticides; they decompose rapidly, do not remain in soil and water and
have no effect on non-target populations. Potato is one of the most important agricultural products around the
world with a major pest of it around the world and in Iran that harm the product is Colorado potato beetle,
Leptinotarsa decemlineata (Say). Nowadays chemical control is the most common method to control of this pest
but causes resistance. According to the Colorado potato beetle resistant to conventional chemical pesticides for
controlling them, in recent year tendency to use insecticide with plant origin become more for this pest. One of
the most important plant compounds are essential oils. Due to the low risk of essential oils to humans and the
environment and their insecticidal effect, we motivated to investigate the insecticidal effects of three important
medicinal plants on Colorado potato beetle for reducing the environmental hazards arising from the use of
chemical insecticides.

Material and Methods

Three insecticides thiamethoxam, diniteforane, imidacloprid were bought and three essential oils Satureja
khuzistanica Jamzad, Ocimum basilicum L. and Mentha spicata L. were gathered in spring then dried in shade at
room temperature and for later use in special plastic bags were stored at -24 ° C. Essential oils were extracted by
Clevenger. In the spring and summer 4™ instars larvae of Leptinotarsa decemlineata Say from potato fields of
Ardabil plain collected. Investigation against this pest was done in a completely randomized block design with
four replications under field conditions. Mortalities were recorded at 1, 3, 5, 7, 9, 11, 13 and 15 days after
spraying insecticides and essential oils. The control plants were treated with water. Data analysis was done in
SPSS16 software and the mean of the data was compared with Turkeys' test.

Results and Discussion

This study results showed that thiamethoxam had greatest effect on fourth instar larvae of Colorado potato
beetle. In 15cc a.i./ha of thiamethoxam in the environment after 15 days 95% mortality happen. Imidacloprid
and diniteforane after 15 days have 68 and 73.6% mortality respectively. Imidacloprid and thiamethoxam are
two most common Colorado potato beetle insecticides that are used by farmers. Diniteforane is not a common
insecticides in country. Also investigation showed that essential oil of S. khuzistanica had greatest effect on
fourth instar larvae of Colorado potato beetle. In 15cc a.i./ha of S. khuzistanica in the environment after 15 days
90.2% mortality happen. O. basilicum and M. spicata after 15 days have 48% and 46% mortality respectively.
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Data showed that essential oils are highly selective and because of their effect (actopamin receptor) usually have
no adverse effect on mammals. These compounds in contrast to synthetic carbamates, organophosphouros, and
pyretroid that has adverse effect on the environment and people are safe for the environment.

Conclusion

Therefore, using plant material is effective step for reducing environmental risk of chemical insecticides that
used for agricultural crop in country. In order to reduce the environmental hazards caused by the use of chemical
pesticides, it could be said:

1- Limit the use of chemical pesticides.

2. Use plant materials that are safe for humans and creatures.

3. Promote and educate farmers for using proposed compounds.
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Table 2- Input application (kg.ha™) for cultivating cereal in Kerman province
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Table 3- Total GHGs emission as affected by chemical N fertilizer for studied cereal in Kerman province

ro.»‘f 9> Q,.‘:
Wheat Barley Maize
ol o S5 S5 S|
‘-’F:“’ A st g - Ol aSTgd T obe ST 6 - Ol
egion . O - . O ; . 095 -
(o) 28 (a5 5k5) (0 55kS) (o) o5 (a5 5k5) (0 55k) (o) s (a5 5k5) (0,5 95)
CO;, (1) oroe CHy(kg)  CO,(t) 2] CH,(kg) CO,(t)  *73° CH, (kg)
N,O (kg) N,O (kg) N,O (kg)
B);r“ég*ir 2924+448* 67+12 83214547 13894611 3249 3955498 49+11 1+0.08 139+13
B;n 702422 17+14 19974365  307+47 742 87352 114474 3+1.02 325423
;fg];’t 1498242245 346459  42641+542 19054233  44+10 54224425 7966875 184421 2267212
R:\‘/)ar 244423 6+0.3 696+11 68+18 242 192+88 55+3 140.2 155+8
Qrid, 34+11 1+0.4 96+16 742 0.2+0.08 21+4 0.8£0.2  0.02+0.01 2+1
Rafsanjan
g:jj);; 1245+99 29+2 35424543 79736 18+8 2268+411 61+4 141 17447
Keut"n{]; . 1113+111 2619 31670£287  641%52 15+3 1823+267 130431 3+0.7 371455
Tﬁf"""otél 21242.1 490.2 60458 51135 118 14553.8 8375.4 193.28 23837.3
3ylsibl olzal
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Table 4- GHGs emission as affected by chemical P fertilizer for studied cereal in Kerman province

ro.»'f 9> () 90
Wheat Barley Maize
Ol s p S| awST 6 s RV DD TSRO
Region =S8 e ot R 359 7% of oS 959 7% ot
- _ = 4 [83) oy _ A [83) oy _
() 05 (e5oks)  (e55kS) () (0,5 515) (@5 5k5) () (o5 1) (05 5k5)
CO; (1) N,O CH, (kg) y CH, (kg) g CH, (kg)
B:; égir 330+32* 33+4 29704623  121+33 1342 1140+498 67 0.58+0.2 52+6
B:m 79+11 8+3 713466 2845 3+1.3 252+41 14+1 1 +0.09 122423
J”:g‘f’t 1691+333  169+18  15221+986  174+22 1743 1563+369  944+111 94425 8494+731
|
79 28+2 3+1.1 248+14 60.5 0.62+0.07 55+9 742 0.65+0.3 58+11
Ravar
o 4+0.8 0.4+0.02 34+4 0.7+0.08  0.07+0.01 62 0.1+0.09  0.01+0.006  0.9+0.09
Rafsanjan
g:; J’; 141+33 1443 1264+189 73+12 7+2 654+66 7+1 0.72+0.2 65+7
ol 126+25 1343 1130+121 58+18 60.7 525+96 15+8 2+0.5 13945
Kerman
T&otél 2397.9 239.8 21580.4 466.1 46.6 4194.7 992.3 99.2 8930.7
5wkl bzl +

*: Standard Error
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Table 5- GHGs emission (kg) as affected by chemical K fertilizer for studied cereal in Kerman province

RV » oy
b o Wheat Barley Maize
O ST 83 S| ST 83 S| ST 83
Region 3k 3o 3593 JawnsS | 4Lo
9 1S e © 1S e o S Q9 o
ol QI CH, ol Q9 CH, o N,O CH,
CO, N,O CO, N,O CO,
B’“’;)’ 20347+2453* 1+0.8 136+31 47491857 0.3+0.06 3216 291+51 0.02+0.004 2+0.2
ardsir
BM 48831551 0.3+0.04 33£11 1049+182 0.1+0.01 7+2 680+93 0.05£0.01 5+0.9
am
;"9)*; 104274+3587 7+1.3 695188 65121742 0.4+0.03 43+8 47482+1421 3+1.1 317144
iro
0 1701+234 0.1+0.05 1142 231+13 0.02+0.001 2+0.3 325163 0.0210.01 2+0.7
Ravar
o > 234180 0.0210.01 2+0.4 2516 0.002+0.001  0.2+0.03 5+1.3 0.001+0.0009  0.03+0.01
Rafsanjan
;’l”“" 8661+821 0.6+0.04 58+10 2723+364 0.2+0.03 18+3 364+31 0.03+0.005 2+0.8
irjan
o 7744+60 0.5+0.06 52114 2189+400 0.2+0.02 15+4 77711 0.05£0.01 5+0.6
Kerman
81_ t. | 147844.0 9.9 985.6 17478.0 1.2 116.5 49924.0 3.3 332.8
ota
5t obxsl <
“: Standard Error
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Table 6- CO,emission (kg.ha™) as affected by chemical pesticides for studied cereal in Kerman province
pxs Pes <yd
Ol jns Wheat Barley Maize
Region osdle S D g oS, oS dle oSt iSE,B oS dle S D i oS,
Herbicide Insecticide Fungicide Herbicide Insecticide  Fungicide Herbicide Insecticide Fungicide
B)w;)’ 27924+4214* 20899+2103 84801944 11412+1111 16794258 70651811 801+121 159+24 -
ardsir
BM 67011587 5016+862 2035£625 25204521 37156 1560+833 1870+58 371+14 -
am
‘“]"9’“; 143103+124 107102423658 43458+5243 15648+3213  2303+369 96871633 130648+6989 25942+999 -
iro
R”') 23341696 1746118 708433 554+99 81+14 343+31 894188 178422 -
avar
olxind,
. 320+55 240£11 9718 61+13 9+1.2 389 133 3+0.8 -
Rafsanjan
;b’w 11887+362 88961880 3610+55 6545+711 963+111 40561611 1002+66 199425 -
irjan
Kob); 10628+1258 7954166 3228+399 5261+811 774189 3257+187 2137+399 424+75 -
erman
81_ t. | 202898 151854.1 61616.7 42001.3 6182.1 26000.9 1373676 27275.9 -
ota
5t olzsl <
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Table 7- Total CO,emission (ton) for studied cereal in various regions of Kerman

&b g

P # @ Egoome
Region Wheat Barley Maize Total
e 33314566 1540430 56+3 4928
Bardsir
~ 799+111 340+33 130+11 1270
Bam
;g‘f’t 170714901 21134522 9114+419 28297
) 278+54 756 62+16 416
Ravar
olred, 3848 8+2.3 0.93+0.03 47
Rafsanjan
Ol e 1418+499 884+36 7047 2372
Sirjan
ol 12674300 710480 149+10 2127
Kerman
Eoezre 24204.0 5671.2 9582.1 39457
Total
sy)kd olztl +

*: Standard Error
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Table 8- Total N,Oemission (kg) for studied cereal in various regions of Kerman

by o » @3 Egoe
Region Wheat Barley Maize Total
7R 102+20* 45+4 2+0.06 148.6
Bardsir
= 2443 10+2.1 4+0.8 38.41
Bam
w’o 522166 62+11 281+20 864.9
Jiroft
) 9+2 2+0.7 2+0.05 12.63
Ravar
OL"‘“’? 1+0.17 0.24+0.02 0.03+0.01 1.44
Rafsanjan
Ol 4345 268 2+0.6 71.33
Sirjan
ol 39+11 2144 5+1.1 64.12
Kerman
€922 739.8 165. 8 295.8 1201.4
Total
> bl olizzl +

*: Standard Error
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Table 9- Total CH emission (kg) for studied cereal in various regions of Kerman

Ol y o » ©)3 Egoe
Region Wheat Barley Maize Total
e 11430+633* 5130+366 193430 16750
Bardsir
™ 2742+588 11324222 451+80 4320
Bam
;g‘f’t 58560+6356 7030+700 31480+4200 97070
) 955+44 249+29 216+16 1420
Ravar
olred, 131+10 2742 340.7 160
Rafsanjan
Ol e 4860+13 2940+366 241450 8040
Sirjan
ol 43504288 23604989 515460 7230
Kerman
Egerxe 83020 18860 33100 134990
Total
syl ol

*: Standard Error
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Table 10- Global warming potential (GWP) (ton CO, equivalence) for studied cereal in various regions of Kerman

Ol y o » ©)3 Egoe
Region Wheat Barley Maize Total
e 3603+601* 1663554 61+8 5326
Bardsir
~ 865+22 367+39 141+41 1373
Bam
;g’f’t 184624833 2280+188 9862+679 30604
) 301467 8119 6848 449
Ravar
oled, 4149 842 1+0.06 51
Rafsanjan
Ol e 1534+48 953+69 75+13 2563
Sirjan
ol 1371+188 767+48 161422 2299
Kerman
Egezre 26176.9 6118.8 10369.0 42665
Total
sy)kd ozl +

*: Standard Error
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Fig. 1- GWP (ton CO, equivalence.ha™) caused by chemical inputs
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Fig. 2- GWP (ton CO, equivalence ha™) for each cereal (A) and the share of each chemical input in GWP (B)
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Introduction

Agriculture is a major consumer of chemical resources. Increasing use of the inputs in agriculture has led to
numerous environmental problems such as high consumption of nonrenewable energy resources, loss of
biodiversity and pollution of the aquatic environment. This environmental change will have the serious impacts
on different growth and development processes of crops. The latest report of the Intergovernmental Panel on
Climate Change (IPCC) states that future emissions of greenhouse gases (GHGs) will continue to increase and
cause to climatic change. This condition is also true for Iran. The three greenhouse gases associated with
agriculture are carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,O). Consistent with the development
of agricultural production systems and move towards modernization in this sector increased dependence of the
chemical resource. There is even less data on CO,, N,O, and CH, gas emission analysis as affected by
cultivating various crops in Kerman province. Therefore, this study was conducted to assess the greenhouse
gases (GHGs) emission and global warming potential (GWP) caused by chemical inputs (various chemical
fertilizers and pesticides) for cultivating wheat, barley and maize in some regions of Kerman province at 2011-
2012 growth season.

Materials and methods

The study was conducted in Kerman province of Iran. Information about planting area of potato, onion and
watermelon in various regions of Kerman was collected. Data were collected from potato, onion and watermelon
growers by using a face to face questionnaire in 2014 for different regions of Kerman. In addition to the data
obtained by surveys, previous studies of related organization (Agricultural Ministry of Kerman) were also
utilized during the study. The application rates of the chemical inputs were collected by using a face-to-face
questionnaire in various regions (Bardsir, Bam, Jiroft, Kerman, Ravar, Rafsanjan and Sirjan) of Kerman
province. The amounts of GHG emissions from chemical inputs in the studied crops were calculated by using
CO,, N,0O and CH, emissions coefficient of chemical inputs. Each greenhouse gas, i.e. CO,, CH, and N,O has a
GWP, which is the warming influence relative to that of CO,. The emission was measured in terms of CO,. The
GWP coefficient based on CO, is shown in Table 1.

Results and Discussion

The results showed that N and P fertilizers had the highest application share of chemical inputs. Maize had
the significant different with wheat and barley based on N application per hectare. P application for maize and
wheat was about 58 and 28% more than barley.

In all conditions, CO, was obtained extremely higher emission rather than N,O and CH,. This issue was due
to the highest coefficient emission of CO, compared to N,O and CH,. Due to higher usage value and coefficient
emission of N fertilizer, GHGs emission for N fertilizer was higher than the other inputs in all three crops and all
the regions. The pesticide inputs had lower GHGs emission in comparison with chemical fertilizers. The highest
emission of CO,, N,O and CH, was gained for wheat fallowed by maize, and barley had the lowest value. Jiroft
and Rafsanjan were obtained the highest and lowest GHGs emission through the studied regions, respectively.
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Higher GHGs emission in Jiroft was due to the higher planting area compared with the others regions. Annual
GWP in studied regions and cereals had the same trend with GHGs emission, whereas, the highest and lowest
values of GWP per hectare were related to Jiroft and Sirjan, respectively. The GWP in maize (504 t.ha™) was
higher than wheat (404 t.ha™) and barley (431 tha™). Among the chemical inputs, N fertilizer brought about

87% of GWP.
Conclusion

Generally, the results showed that nitrogen fertilizer is the most important factor in greenhouse gas emissions
in cereal. Corn cultivation has more share than wheat and barley in the global warming potential. According to
this research, the following strategies can be considered for reducing greenhouse gas emissions:
- Improvement of the nitrogen use efficiency
- Use of crop rotations
- Use of organic (manure, compost, green manure, plant debris) and bio (nitrogen fixation microcrystalline)
resources than chemical fertilizers
- Use of ecological and biological methods for pest and weed management
- Use of intercropping systems

Keywords: Climate change, Coefficient emission, Pesticide, Urea, Wheat
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Fig. 1- Vertical distribution of sweet basil leaf area in presence of clover, mung bean, weeding and no weed control
Vertical bars represent Standard error of the means.
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Table 2- Mean comparison of the effect of presence of weed and cover crops on sweet basil leaf area
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Layers (cm?) Mung bean Unweed Weedy
(cm) (cm? (cm? (cm?)
0-20 o o 4.173333% o
20-40 3.556667° 0° 0.343333° 23.59333°

40-60 18.33° 36.70667° 27.95 13.17333°
S 21.88667 36.70667 32.46667 36.76667
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*According to the LSD test, columns with the same letter are not significantly different at 5 % level.
e k- - =
b4 NGE o -1
g < g I

N, HE EEEE s

Layers (cm)
20-40
Layers (cm)
20-40
Layers {om)
20-40
Layers {em)
20-40

a & 8 g
S 5 g g
+ Weed Unweed + Mung bean + {lover
g 25 50 75 100 9 25 50 75 100 4 25 50 75 100 0 25 56 75 100
% Leaf area % Leaf area % Leaf area % Leaf area

i Sadle JA145 g 5 gladile Bla il (Sl phd jein )3 (2bg)lLjel S e (S3908 @295 -2 SIS
ol 5kl glad &y by yo 0 03l inles slayly
Fig. 2- Vertical distribution of borage leaf area in presence of clover, mung bean, weeding and no weed control
Vertical bars represent Standard error of the means.
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Table 3- Mean comparison of the effect of presence of weed and cover crops on borage leaf area
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(cm) (cm?) (cm?) (cm?) (cm?)
0-20 48.87" o° 98.52° 11.11333®
20-40 9.356667" 26.03333° 43.39333% 21.57667°
40-60 0° 0° 24.42° o°
F 58.22667 26.03333 166.3333 32.69
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*According to the LSD test, columns with the same letter are not significantly different at 5 % level.
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Fig. 3- Vertical distribution of persian clover and mung bean leaf area in presence of borage and sweet basil
Vertical bars represent Standard error of the means.
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Table 4-Vertical distribution of weeds leaf area in neighborig with sweet basil
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Presence of cover crops
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(cm) T o9 Ty o9 Ty e
Fox  Johnson Velvet Pig Fox Johnson Velvet Pig Fox Johnson Velvet Pig
tail grass leaf weed (tail grass leaf weed (tail grass leaf  weed
0-20  36.67°  24.77° 0° 0° 100° 3.13° 0° 0° 51.4°  4.59% o° 0¢
20-40 1523 17.69° o° o° o° 0° 0? 0° 48.6°  5.95% o° 15.34°
40-60 7.53°  57.54° o° 100° o° 30.66% 0? 0° o° 0.48° o° 26.87°
60-80  2.48“ 0° o° o° o° 66.22° 0? 0° o° 45.32° 100 57.78°
80-100  38.08° 0° o° o° o° 0° 0? 63.817 (° 32.9° o° o¢
100-120 o¢ 0° 4527*  0° o° 0° 0* 3619, O 1.75° o° o¢
120-140 o¢ 0° 54.73*  Q° o° 0° 0? 0° o° o¢ o° o¢
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*According to the LSD test, columns with the same letter are not significantly different at 5 % probability level.
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Table 5- Vertical distribution of weeds leaf area in neighborig with borage
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Presence of cover crops
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Cover crop free

Syl paas b
Persian clover Mung bean
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. 3L 4y g5 . 3L 4y g5 . 3L duggb gy gl
(Foblw) (g, o9 dlg, o9 2l
Layer Fox  Johnson Velvet Pig Fox Johnson Velvet Pig Fox  Johnson Velvet Pi
. . . ig weed
(cm) tail grass leaf  weed tail grass leaf weed (tail grass leaf
0-20 91.05%  0.85° 100° 3.99" 20.65° 10.05° 0° 0° 29.86%  2.48° 0° 4.04°
20-40 8.95" 9.29" o° 20.76° 79.35°  89.95% 0? 0° 29.92¢ 501° 0° 35.54°
40-60 o° 14.77° o° 62.77*  0° o° 0 0° 35.12° 16.41° 67.73*  23.54°
60-80 o° 66.49° o° 12.47°  0° o° 0? 0? 5.1° 57.33" 26.26"°  36.88°
80-100 o° 8.6 o° o¢ 0° o° 0? 0? o° 18.77°  6.01° 0°
100-120 o° 0° o° o¢ 0° o° 0? 0? o° 0° 0° 0°
120-140 o° 0° o° o¢ 0° o° 0? 0? o° 0° 0° 0°
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*According to the LSD test, columns with the same letter are not significantly different at 5 % level.
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Fig. 4- Vertical distribution of sweet basil dry matter in presence of clover, mung bean, weeding and no weed control
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Vertical bars represent Standard error of the means.
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Table 6- Mean comparison of the effect of presence of weed and cover crops on sweet basil dry matter
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Layers (cm) Clover (cm?) Mung bean (cm?) Unweed (cm®) Weedy (cm?)
0-20 0.36% 0.226667° 3.763333% 0.476667°
20-40 0.333333° 0.263333° 2.92% 0.366667°
40-60 0.213333° 0.45° 3.153333% 0.386667°
60-80 0P 0P 5.88° 0.203333%
80-100 0P 0P 1.186667" 0P
Tieu 0.906667 0.94 16.90333 1.433333
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*According to the LSD test, columns with the same letter are not significantly different at 5 % level.
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Figure 5- Vertical distribution of borage dry matter in presence of clover, mung bean, no weed controls and weeding
Vertical bars represent Standard error of the means.
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Table 7- Mean comparison of the effect of presence of weed and cover crops on borage dry matter

Ll ol ol 502 b e Bis s sbdile o
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Layers (cm) Clover (cm?) Mung bean (cm?) Unweed (cm?) Weedy (cm?)
0-20 2.51° 1.23° 3.72° 0.88%
20-40 1.79° 1.47° 2.45 0.85°%
40-60 1.99%® o° 1.24¢ o°
60-80 0° o° 0¢ o°
80-100 0° Qv 0¢ Qv
S 6.29 2.7 7.41 1.73
Total
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*According to the LSD test, columns with the same letter are not significantly different at 5 % level.
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Fig. 6- Vertical distribution of persian clover and mung bean dry matter in presence of borage and sweet basil
Vertical bars represent Standard error of the means.
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Table 8- Vertical distribution of weeds dry matter in neighborig with sweet basil
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Presence of cover crops Cal e s

Cover crop free
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Layer  (&ls, v Bl TSR LTY) e

(cm) Fox  Johnson Velvet Pig Fox  Johnson Velvet Pig Fox Johnson  Velvet Pig
tail grass leaf weed tail grass leaf weed tail grass leaf weed
0-20 37.71% 77317  24.88° 48.95° 100° 29.35° 31.14° 42.24* 3348 4332 53.71* 40.07°
20-40 21.55° 13.01° 275° 2536° Q° 23.68%  13.68" 29.03° 17.18° 13.36" 46.29° 25.15°
40-60 21.89°  6.21° 17.3*  2569°  Q° 26.88%°  15.31° 28.72° 22.03" 18.22° o° 20.65°
60-80 3.03¢ 347°  13.48° 0° o° 20.08°  17.76° 0° 27.31%  11.54° oP 14.13¢

80-100  15.82° o° 16.84° 0° o° 0° 22.1% 0° 0¢ 12.97° o° 0°

100-120 0° o° 0° 0° o° 0° 0° 0° 0¢ 0.58° o° 0°

120-140 0° Qv 0° 0° Qv 0° 0° 0° 0¢ 0° Qv 0°
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*According to the LSD test, columns with the same letter are not significantly different at 5 % probability level.
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Introduction

Distribution of leaf area and dry matter are the effective factors that influence radiation absorption,
evapotranspiration of canopy and eventually dry matter accumulation and grain yield in plants. Plant canopy is
the spatial arrangement of shoots in a plant population. In plant canopy, leaves are responsible for radiation
absorption and gas exchange with the environment. Stem and branches somehow arrange photosynthetic organs,
in order to gas exchange and light distribution best done. The effect of canopy structure on gas exchange and
absorption of radiation in plant communities caused detailed study of the canopy structure to be more important.

Material and Methods

In order to investigate the vertical distribution of leaf area and dry matter of borage and sweet basil in
competition with weeds by cover crops treatments, a field experiment was carried out in a randomized complete
block design with eight treatments and three replications in Agricultural Sciences and Natural Resources
University of Sari in 2013. Treatments were cover crops mung bean (Vigna radiata L.) and Persian clover
(Trifolium resupinatum L.) in the rows between the sweet basil (Ocimum basilicum L.) and borage (Borago
officinalis L.). Moreover, in order to evaluate the effectiveness of cover crops to control weeds, pure stand of
sweet basil and borage in terms of weeding and no weed controls per replicates were applied. Each plot was
included five rows of medicinal plants. Cover crop inter-seeded simultaneously among main crop. Estimation of
leaf area and dry matter of each plant in different canopy layers (0-20, 20-40, 40-60, 80.100, 100-120 and 120-
140 cm) were done after 75 planting days, with 1m x 1m quadrate per plot. in this respect a vertical card board
frame marked in 20-cm increments was used in the field as a guide to cut standing plants (crops, cover crops and
weeds) into 20-cm strata increments (Mosier & Oliver, 1995). All samples were transferred to the laboratory,
leaves and stem were separated and for every sample the area of green leaves was measured with a leaf area
meter LICOR- 3000 A (LI-COR, Lincoln, NE, USA). Afterwards all samples were oven-dried at 70 °C for 48
hours and weighted. Analysis of variance (ANOVA) was performed by SAS (Ver. 9.2) application. In order to
compare the average, least significant differences test (LSD) were used. Microsoft Excel was used for plotting.

Results and Discussion

Results presented that vertical distribution of sweet basil leaf area was limited in top layer of canopy (40-60
cm) in all treatments except weeds presence. However, dry matter of sweet basil canopy was distributed in all
layers in weed free treatment. In borage, omitting the competition with weeds, causes leaf area and dry matter
distribution in all three layers. Results showed that mung bean and Persian clover have same distribution of leaf
area and dry matter in all layers in neighboring with sweet basil. Generally, the vertical distribution of dry matter
of weeds in the fields of borage and sweet basil had more uniformity in the absence of cover crops. Planting
cover crops between rows of main plants causes rapid occupation of empty spaces and lack of weed seed
germination and prevent seedling growth and development of weeds.

1, 2 and 3- MSc student in Agronomy, Assistant Professor, Department of Agronomy, Faculty of Crop Sciences, Sari
Agricultural Sciences and Natural Resources University and PhD student in Crop Ecology, Department of Agronomy,
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Conclusion

Shading can cause leaf abscission of sweet basil and borage in lower layers when competing with weeds.
While, presence of cover crop made dry matter allocation to these lower layers in sweet basil. Moreover, borage
allocated its dry matter in presence of Persian clover and in weed free. No applying cover crops caused weed
height increment, so with planting suitable cover crop, weed growing can be decreased.

Keywords: Canopy structure, Mung bean, Persian clover
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a2 100 (sloos )5 ;- latie OI 3 1) ;S5 asiges iy (ECy)
o o) S Sl ol g 6)le S5 aids 15 e 4 ol 5 ke
L La s slié (gl padls wcoles 3 (ECo) 43 (50
(Saneoka et al., 2004) 1 duwlxe 2 alslas I odlizul
e oyl yasls =1 - (Ecy [Ecy)] x 100 2)

Hoasdlan o2 Syl ol Jeily g pSojluil o
Sy Sepg el a ylaie T L gt sy | LS
il polie (3903 BLSL B2y Sl e M oS (6 yito Bl
(S50l Jimiliy b (sl Jolono plaio T 4 8000 J5Sul5 sl b
1/8 1/6 1/4 1712 110 0/8] slacbile Ly Jyloxe 8) cglize
s e b Jghoen 51 S m 5 3 s (JSwblSa [2/2 4 210
O b ol 8 celiw 90 Cido 4y ol (59 Sy diged dalad
039 592 B e 2 9 iy DRIFB aglre (pdm 1> adigel i
039 3 Gt o 39 45 Jofomo Jouslty sl a3l 2alS o]
Wged Sy (el Joiliy ol a1y ot sl (LS (cladiges
(Alizadeh, 2008) 15,5 5,155 ks 5)90

g 0dd (Bpme o) s S Jo-lone slagntoy e
Jodoxe (6595 wis lje cdlB 4 (Bradford, 1976) 5,831,
(Spectronic Genesys 5, yiogigdg Sl olKiwd dlwg 4y Juol>
bl vt jl eslizul b g 505 595 zge Job ;5 U.S.A)

bl g e comlio s uiud Jolds paoj (gjlwoslel Slilas
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18 Gisy o9y dlols b as &g 45 mupe yio ,0 L 115 (S5
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S e 23U Sk S Ablee ool b s § (e
Sy aw a3 ls LAL = (Lo + Lat)/2 X (1/Ga) (1)

du9.o.: 41>).a 99 0 4)9) gf); CJ@":LAZ 9LA1 ;d\]ag‘) u;‘ ).)dS

da e S5 Dgd w2 S sl Jolw slie glul sl
s »Sojlsl (Sairam et al., 2001) 1, Ken g plypls o9y (ol
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* %% and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively.

Sl g mle (b o 2loe plul g clale 00 sl
yiogd wu 1 oS> 3l osliiwl L (Chapman & Pratt, 1982)
88 148 o 350 (Jenway, PFP-7)

3 a9 10 2lass gy o po 10 DL 5 g s sl
oo 9 LBl (holad jolay apdls 1 Bl 5l ey Sle bolas
Hois 9l b Ghis Il oltle]] )3 b el cuns b
23l dy gy iy s 15 (5503101 (3335 (595l oy 4 o]
wlabs s o Gicdg 5 I L olyen oty cpl o 3l (S0l
72 o a5l 5 5l do > 15 clad b oyl 13 g s o8
G5 93l b dagl (g b b g0 3 5 )l el
ool 013 ()15 Sofglon 3 Sdas o @ g cnjg

SAS (Ver 1381 p 5 5l oslizul L laosls (g,lel Lulos g 43520
GMLST JBlis cysail 5 o yeSilis dulio (gl 25 plos] 9.2)
Cygmo 50 400 )8 odlaiwwl b > iy e LSD* My imo
oMaiwsl 51yl S (2B gy 5 e Sl )l ine
2SSl ol ;S S B ne g0 53 (izmen 38
i eSS (ml 9 ()led S 4 las I (B 00
A el lodly g S

ciliste golaw @ Jodo )3 odld Luibylg 4550 ol wlul

S Juis) s 3 oS ) oo iS5 (St 5
o) Lis Lajlows Jolaie il sl 2y y g 4l bixe duoyd
P b LT g i gdn blyd 0 ol glayl b e cogles
dnlio ol (4 Jgan) 18l e S8 pild il polio e
S GRS gy bl 3 48l Lt e Jlize 51 S0l
mdn ol 0l ol glayl by gme (li8l el S als 5 )l
Ot bauly 5 53 )L 15 Syl 530 5 20 sl oS50k
10 5,0,L8 bl gyl auoyd 10/ g LUT Liolssl el Sits i
ot bl 3 sl 2Bl ol (g9 2 s)lsine S SS S
o=l b me ialS ccely S ald calisee jiolae 5y)l8 By

ol 0 S

1- Least significance difference
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Table 3- Means comparison of effects of drought on some physiological characteristics of sweet corn

(s 039 j1 05 2 05 ko) Jome (5009 2

Swid i el chla.w‘,a&u (M).:) GWLS),J%L{,‘,QA'L\:} g
D - AT Leaf soluble protein
rought stress levels  Leaf areaindex Membrane stability index (%0) 1
(mg.g~ DW)
O oo 6.99 90.85° 44197
Without stress
MM" oS a a b
. 6.53 84.63 38.67
Mild stress
S o 5.38" 74.90° 36.62°

Severe stress

35,085,508 L LDS g0il ool o3 s (sl Jlois) o (3 )l e BMS] S jiie gy (gl (slaonSile™
“Within each column, means followed by the letter(s) are not significantly different by LSD (p< 0.05).

Ot O3 oy 32 3590 b (B g g3 (SWlid o5 b )3 Bylowd 51 (235050 -4 Jg
Table 4- Effect of treatments slicing at drought stress levels on some characteristics of sweet corn

S S o (gdlil Ay ol gl S 52 (8 gow! Jawmni iy )BT S 3,5 es
Drought stress levels df Plant height  Leaf osmotic potential Fresh ear weight  Biological yield

U ogk 3 192.1" 0.001" 7005671 " 2707203 "

Without stress
M.O
s o 3 109.6™ 0.007"™ 365304 ™ 9472233 "™
Mild stress
LS i " o - -
3 258.4 0.017 7993410 4093051

Severe stress

D ize pE 9 doyd S gy Jleis] paw ) )l dme sy 4 NS g e

*

*, ** and ns: are significant at 0.05 and 0.01 probability levels and non significant, respectively.

Cudgize ol S5 98Il Jl cplply il (Rals o s
Mo Gl (g5l gixe jobots Sy o doxs )3 9 Wb oo oS
(Gui-RuUi et al., 2004) o),LSan 5 s 555 coiman S o
0ilS 2o oLS (gl oytd JB O dgia oS izl oL
Fawgd Ghals Jd> 4 iyl cpl g B0 e5)) 9 Sy o a3 LS

Ao (BLS Slagey9m (i yodd g (Jaxe dlge g

ol J) ot (K23 5 by 5 S g alS Yless!

05 30 5,8 5 (b 559 5 Ll ool o Yyl &5 ale oY
a2 (515l ot Jlade 065 (gl Lads e olS (S8 s
A8 (o By el Jeuily (Il Al A oo B0
Malakouti et al., ) o,LSen 5 SoSbo , L3 ol 4 g Ll
JoB CO, s Ll j3 Lavasijg, i diws cileay (2005
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Ot O3 (owy 2 3590 Olo (S 31 32 B jlod (ke duglio -5 Jga
Table 5- Mean comparisons of interactions of treatments on some measured traits of sweet corn

c2a s S5 il ols gl )l S 33 (8 o] Jaannilly PRIS) I 5 09 RS IS) Seidam Shes
Drougitw (U2 45 (o) (0 L) (VK 5) (b (s 45
stress Filter Cake Plant height Leaf osmotic Fresh ear weight Biological yield
(tha) (cm) potential (Mp) (kg.ha™®) (kg.ha®)

0 134.3" -1.58° 21630.2° 12600.3°
O Ok 10 142.6% -1.58° 22518.5® 13382.7%°
Without 20 152.2° 1.57° 23981.1° 13628.6®

stress 30 149.5° -1.57% 25073.8° 14889.3°

0 120.5° -1.63° 20970.2% 12600.4°

Mo i 10 130.2° -1.76° 22194.3% 12243.0°
Mild stress 20 127.6° -1.69° 21754.6% 11926.2°
30 117.2° -1.68° 19678.4° 11277.2%

. 0 109.3 -1.717 19240.1° 11371.4°

o 10 107.7° 177 18777.0% 10128.3%
Severe 20 96.3% -1.84 17522.8° 9200.7°

stress 30 89.9° -1.88° 16450.3" 8718.9°

35,185,508 L LDS 905l ol p dops g (sl Jloin] pdaw (3 o sine coglds Co y (sl 5 gaws yo p3 S e gy gyl (clay ySile™
*Within each column in each drought stress level, means followed by the letter(s) are not significantly different by LSD (p< 0.05).

81 a a ab
x b y : v
S 6 — o
=
g 41
8 y =-0.2006x2 + 1.1572x + 4.9167
< 2 Rsg = 0.96
|
0

0 10 20 30
Filter cake (t.ha'l)

Oyt 043 Sy s (ad i w1 SS 5l ol 51 iile du o -1 IS
Fig. 1- Means comparison effect of filter cakeon leaf area index of sweet corn

o=l Jolw slie (g)lul (ad s aoes o g axdly iol58) co! o g (Sud 5 e a8 o lis laesly uil,ly 455 gl
elo L mls ool ccwl abl jials o) e job a4 bylyd slie gylanl (et ld ) o) i pdaw 4 Sl 5y
Ll o gumen (Khan etal., 2012) o\ Kon g o5 islej] 0L g ame Bl e a5 (2 Jgd) Conl 039 o e
ol Joily by ixe ol S ccel (Sid il o] M ime ialS el yas  Sid (15 bl sl slie g Il
S5 2 Sl sine Bl S ild 58 ol b o2 0 S (slo gl bAd (St AT g sled 4 G 2o 1715 e &
A Jois > Laodly o by ol 4 dogi b .ol atily QT PSS ild oy 20 5 10 pslie 5,8 JERCONY .(3 Joda) cuwl
Gz y 3l Mo (a5 5 (5 gl byl pd S s 5yl 12 ialS coel o530 5,0l Lol il o] (g9, 0 6)l3 ne
ol Bl s i buls ) Lol ol a2l Sy (sl Jamsls p @y b2 JSK5) 1,5 S8 ld e sl 4 o o Aoy
d\_m;l.aa CJLu u»l_ml P el 039 )l.)uuw o yd t_gJ CJQ.M: » ))g)l_g 9 ..\)J._M: N L)AM) la)l)m JLl sua>luu wl Ml}u 4]0;‘)
o5 Ll > Sl Jpuslly olizn dislosd Mo S ks olae S oline a5 5 bl o Jis & 5 S5 i oL

ol a8l galS i Gad ]38l L g Hlase oy i (S o bl s )3 b Joke 4 0sd 3)ly ol odimd jlis a8 da Jobuo
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Fig. 2- Means comparison effect of filter cake on membrane stability index of sweet corn
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Fig. 3- Means comparison effect of filter cake on shoot sodium of sweet corn
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Introduction

Environmental stresses are one of the main causes of severe yield reductions. Drought is still a serious
agronomic problem and also one of the most important factors contributing to crop yield loss in arid and semi-
arid areas in the world. Filter Cake is a byproduct of sugarcane industry and experiments on corn showed that the
use of 20 t.ha™ Filter Cake increases crop productivity, total amount of dry matter, protein and forage yield
compared with the control.

Materials and Methods

This experiment was conducted at the Research Station of the Ramin Agricultural University of Khuzestan in
2012. The experiment was done as a split plot based on randomized complete block design with three
replications. Drought stress at the end of the growth period in three levels, non-stress, mild and severe drought
stress, respectively irrigated after 25, 50 and 75% depletion of available water, and was considered as the main
factor. Drought stress was applied in early stage of the male inflorescence of plants to maturity for 35 days, due
to the critical stage of the plant in late spring. Soil moisture was determined by gravimetric method. Different
doses of Filter Cake (0, 10, 20 and 30 t.ha™) were considered as subplot factor and was added to the soil two
days before the seeding. The final harvest as green corn was performed in the first phase of dough by hand in
three times and two midfields of each subplot was considered as the margin of half a meter for each side. Finally,
the data were analyzed using SAS 9.1 and means were compared by Duncan’s multiple range test at probability
level of 5%.

Results and Discussion

In non-stress conditions, Filter Cake is significantly increased plant height, So the amounts of 20 and 30 t.ha™
increased by 11.7% and 10.1% of the plant’s height, respectively, but the use of 10 t.ha™ of Filter Cake did not
have a significant effect on it. In severe stress conditions, the use of different levels of Filter Cake significantly
reduced the plant’s height. Although Mild stress did not have a significant effect on membrane stability index,
severe drought stress reduced it about 17.5% compared with non-stress treatments. The osmotic potential in
normal conditions was the highest, however, it was decreased with increasing stress. Therefore, in severe stress
conditions and treatment without Filter Cake, osmotic potential was -1.71 MPa. Mild and severe drought stress
significantly reduced soluble proteins of the leaf by 12.5% and 17.1%, respectively compared with the control.
Application of 10 t.ha™ of Filter Cake had no significant effect on sodium ion concentration, but using 20 and 30
t.ha™ of Filter Cake increased the concentration by 39% and 44%, respectivelycompared with the control. The
use of 10 t.ha™ of Filter Cake in non-stress conditions had no significant effect on Na, but using 20 and 30 t.ha™
of Filter Cake increased the amount of Na by 10% and 13.7%, respectively compared with the control. In severe
stress conditions, the use of 20 and 30 t.ha™ of Filter Cake decreased fresh weight yield by 9% and 14.5%,
respectively. Under non-stress conditions, the use of Filter Cake led to increased dry matter production. In severe
stress conditions the use of 10 t.ha™ of Filter Cake did not have significant effects on biological yield, but
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Agriculture and Natural Resources University of Khuzestan, Director of sugarcane research and training institute,
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application of 20 and 30 t.ha™ of Filter Cake decreased biological yield by19% and 23%, respectively compared
with treatment without Filter Cake.

Conclusion

The results showed that: (1) Drought stress reduces the growth and yield of sweet corn and economic benefit
in spring planting in Khuzestan province. (2) The use of Filter Cake through physical modification of the soil,
causes uniformity of germination and early growth acceleration of product, and in non-stress conditions
increases economic performance. (3) In drought stress conditions, the use of Filter Cake, due to high salinity and
salt accumulation in the root zone, causes secondary oxidative stress and increases damage to cell membranes
and reduces the economic benefit.

Keywords: Biological yield, Leaf osmotic potential, Membrane stability index, Soluble protein
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** *and ns: are significant at p< 0.01 and p< 0.05 and not significant, respectively.

i 995% 8kl (S jlowi (iSed 1 )3 o g ST gi) (AL Clho (il duglie -3 Jouo
Table 3- Mean comparison of plant characteristics of pinto bean genotypes interact irrigationxgenotyps
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*The means in each column that have a same letter, don’t have significant difference in 5% level based on Duncan test.
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Table 4- Correlation coefficient between seed yield, biological yield, harvest index and yield components in pinto bean
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Introduction

Drought or water deficit stress is the most important environmental factor which has severe negative impacts
on crop yields, especially when the water stress occurs in the flowering stage. Iran is located in arid and semi-
arid areas, therefore, attention to the effects of water deficit stress in different stages of plants growth seems
necessary. Bean (Phaseolus vulgaris L.) is one of the most important legumes that has a major contribution to
human diet and provides an important part of the human protein. According to studies, cultivation areas of
legumes in Iran are about 97300 hectares and its total production is about 208350 tons of grain. Bean is a fast-
growing plant (Tran and Singh, 2002), thus soil water must be sufficiently available to ensure its desirable
growth and yield. The aim of this study was to investigate the effect of drought stress on yield and yield
components of some pinto bean (Phaseolus vulgaris L.) cultivated in Zanjan province.

Material and Methods

An experiment was conducted as spilt plot based on randomized complete block design with four replications
in Zanjan university research farm. Irrigation levels (control and drought stress) and genotypes (Local khomein,
Sadri, Ks21193 and Ks21189) were set in the main and subplot, respectively. Water deficit stress was applied
during flowering stage (50% of the plants were at anthesis). Sampling was performed to measure yield and yield
components at the end of the growth period and final maturity. In this experiment number of pod per Plant,
numberof grain per pod, 100 grain weight, grain yield, biological yield and harvest index were measured.

Results and Discussion

In this experiment it was observed that drought stress, genotype and interact irrigationxgenotyps were
significantly for all traits except biological yield. Drought stress reduced number of pod perplant, number of
grain per pod, 100 grain weight, grain yield, biological yield and Harvest Index. Results indicated that Ks21189
genotype showed maximum number of pod perplant (9.2), number of grain per pod (2.91), 100 grain weight,
grain yield (741.6 kg.ha™), biological yield (2857 kg.ha™) and Harvest Index (27.31%) under drought stress
conditions. In addition, this genotype had the least reduction for all traits under water limitation conditions in
comparison to control. These findings confirm the resistance of Ks21189 genotype to drought stress and
stimulating this genotype to least reduction in Grain yield under water limitation conditions. Minimum number
of pod per plant (4.52), number of grain per pod (1.62), grain yield (503.1 kg.ha™), biological yield (2301.6
kg.ha™) and Harvest Index (22.66%) was obtained in sadri genotype under drought conditions. Sadri genotype
was identified as water deficit stress sensitive genotypes with reduction of yield up to 80.18%. In all genotypes,
water deficit stress reduced grain yield due to reduced yield components (number of pod per plant, number of
grain per pod and 100 grain weight).

Conclusion
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The results of this experiment showed that water deficit stress on yield and yield components of bean
genotypes had a negative effect. The highest and lowest yield and yield components were obtained from normal
irrigation and drought stress treatments, respectively. Ks21189 genotype was more stable in water deficit
treatment than other genotypes; however grain yield reduce in normal irrigation treatment was lower than other
genotypes. Therefore, it seems that this genotype can be used as an appropriate genotype for supplemental
evaluation in water deficit stress conditions. Correlation analysis showed significant and positive correlation
between biological yield, number of pods per plant, number of grains per pod with grain yield. We concluded
that genotypes with higher biological yield under drought stress conditions can produce maximum number of
pods per plant, number of grains per pod and grain yield.
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Table 1- Means of precipitation (mm) during the months of experiment
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year April May June  July  Aguest  September
2012 - - 4 0.7 4.2
2013 12 1.8 0.2 0 0
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Table 2- Some physical and chemical soil properties of experimental site
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S s 7.29 1087 182  0.65 1049 15084 7 1.284 6.304
Sandy loam 9
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Table 3- Chemical jharacteristics of vermicompost used in the experiment
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1- Leaf Area meter (AT), England
2- Gas chromatography
3- Gas chromatography—mass spectrometry
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1- Least significant difference
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Table 4- Means comparison of some measured characters of sage under different irrigation regimes and fertilizer treatments

(o0 stilu) g5 (0 5lw) (29985 B S s il (682 1 op) Kubd 3 SUos
Plant height Canopy diameter Lea.f area Index Dry matter yield
(cm) (cm) (t.ha™)
,log 2012 2013 2013 2012 2013 2013 2012 2013 2013 2012 2013 2013
Treatment Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep.
Ls)lﬁ‘!i *kk *kk *kk *kk *kk *kk *kk *kk *k*k *k*k *k*k **k%k
Irrigation
1 29.06°  25.14*  3558° 33.24° 31.15*  37.89° 1.37 1.08° 2.37° 2.336° 2.179°  3.971°
1, 23.07°  19.19°  29.06° 27.09° 25.18°  31.44° 0.83° 0.73° 1.84° 1.335° 1.222°  3.090°
Iy 16.41°  14.09°  21.11° 16.49° 13.69°  19.40° 0.36° 0.32° 1.09° 0.600° 0.528°  1.833°
395 *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk
Fertilizer
Fo 17.68°  14.96°  23.22° 17.21° 1530° 2171  059° 0.50° 1.43° 0.945° 0.831°  2.389¢
ur 22.83°  19.09°  28.22° 26.31° 23.58°  29.10° 0.81° 0.71° 1.76° 1.447° 1.191°  2.955°
\Y; 2474°  21.02°  30.46° 27.70° 26.00° 32.30° 0.95° 0.77° 1.87° 1.582° 1.268"  3.138"
NFB 21.88%  18.34"  27.56° 26.28° 24.12°  29.37° 0.75¢ 0.63¢ 1.75° 1.219¢ 1.052¢  2.931°
V+NFB 2711  23.94°  33.39° 30.54° 27.70°  35.40° 1.17° 0.94° 2.04° 1.925° 1571°  3.409°
355 X 5yl o
erlizer
1,xF, 23.97% 20207  30.27° 23.33° 20.83%  29.67' 0.97° 0.77° 1.89° 1.583 1.287° 3.1717
1,xUr 29.07° 2483°  35.17° 34.67° 32.60° 38.07° 1.37° 1.24° 2.46° 2.686° 2.065°  4.118°
1,xV 31.40°  26.97°  3753° 35.53" 34.13°  4067° 1.50° 1.07° 2.48° 2.461° 1.775°  4.152°
I,xNFB 27.90°  24.10c  33.97° 34.67° 32.40°  37.50° 1.26¢ 0.95¢ 2.36° 2.078¢ 1588  3.953°
LXV+NFB  32.98°  29.60°  40.97° 38.00° 35.77% 43537 1.76° 1.37 2.66° 2.872° 2272 4.460°
1,xF, 17.80°  14.30"  23.63 16.97" 15.17'°  23.00" 0.60’ 0.54° 1.55" 0.907' 0.896°  2.587"
1,xUr 23137 1917¢  28.97 28.47¢ 25.80" 30.80%  0.80" 0.67° 1.85° 1.208° 11317 3.003
1,xV 2463 2061  31.03° 28.93¢ 28.40°  34.60° 0.91° 0.79° 1.92¢ 1527 1.323°  3.218°
I,xNFB 21.80¢ 17.63"  27.50° 28.67¢ 26.40"  31.33° 0.73' 0.70f 1.79¢ 1.173° 1177 2.990¢
LxV+NFB  28.00%  24.23°  34.17¢ 32.43° 30.13¢  37.47° 1.11° 0.95¢ 2.13¢ 1.857¢ 1585  3.560¢
13xFo 1127 1037 15.77% 11.33 9.90" 1247 021" 0.19' 0.84™ 0.344' 0.309°  1.410"
IsxUr 16300 1327 2077 15.80" 12.33¢ 1843 0.27' 0.23' 0.99' 0.449" 03799  1.654'
I3xV 18200 15509  22.80' 18.63¢ 1547 21.63 0.45* 047" 1.22! 0.757 0.705"  2.043
IsxNFB 1593 13.30"  21.20° 15.50' 13577 1927 0.24™m 0.23' 1.11% 0.405" 0.392"  1.851¢
IxV+NFB  2037" 18.000  25.03" 21.20" 17.20"  25.20¢ 0.62) 0.51%" 1.32' 1.046" 0.856°  2.206'

deop pylin G e 53 )y ae ¥

*

***:Significantat P <0.001
2l o 7D e )3 e Sl stne gl pas il gt o )3 sy By b sloSilke
Means with the same letters in each column indicate no significant difference between treatments at the 5% probability level.
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I, irrigation after depletion of 40% available water, I,: irrigation after depletion of 60% available water, |5: irrigation after depletion of 80%
available water. Fo: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter+Azospirillum+Pseudomonas) and
V+NFB: vermicompost + nitrogen fixing bacteria
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Table 5- Means comparison of some measured characters of sage under different irrigation regimes and fertilizer treatments

(w2 3) uilus! 1o (w2 3) pg2gs W (a2 3) Jomimmw 851 (a2 53) 9008
(Essential oil content) a-Thujone 1,8-Cineole Camphor
(%) (%) (% (%)
o 2012 2013 2013 2012 2013 2013 2012 2013 2013 2012 2013 2013
Treatment Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep. Sep. Apr. Sep.
d)lﬁ‘!i *kk *kk *kk *kk *k*k *kk *kk *kk *kk *kk *kk *k%k
Irrigation
1 0.49° 1.12° 1.07° 27.93°  2369° 29.18°  8.66° 7.38° 8.58° 18.72° 16.48°  19.77°
1, 0.97° 2.42° 219 3412°  31.77° 3578 1297° 11.38°  13.34° 24.81° 22.14%  26.69°
Iy 0.78° 2.18° 1.95°  29.06° 26.73° 33.23° 10.37° 10.25°  10.79" 23.88" 20.40°  23.96°
395 *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk
Fertilizer
Fo 0.66 7 1.60° 1.42°  2965% 27.41° 32.68° 10.23°  9.66° 10.85° 22.16° 19.65°  23.42°
Ur 0.73° 1.85¢ 1.65¢ 30.28° 2727 3275 1031  9.68* 1093 22.33¢ 19.67°  23.48°
Y, 0.77° 2.01° 1.86°  30.67° 27.42° 3275 10.89°  9.67™ 1093 22.60° 19.68%  23.49°
NFB 0.74° 1.90° 1.75°  30.25° 27.42° 3270 10.74°  9.66° 10.87¢ 22.56° 19.66°  23.47°
V+NFB 0.84° 2.15° 201°  31.00° 27.45° 32.77° 1117°  9.70° 10.95° 22.71° 19.69° 23517
355 X (5 )kl
Irrigationx *k*k *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk
Fertilizer
1:xFg 037 101" 094" 2634 23.75° 29.13" 748  7.35f 854" 1863 1645  19.72
. . ge .
1xUr 049 109 106% 2895 23330 2919 8751  741de  860° 1878  1650°  19.79°
11XV 0.51' 1.15¢ 113" 2820  23.76° 29.20°  877i  7.39de  8.60° 18.7% 16.47" 1978
I;xNFB 050 1.11¢ 1.03°  28.19" 2378 2015"  876i  7.37ef  8.56" 18.69¢  16.48%  19.76"
I,xV+NFB 055" 1.24 119" 2847  2381° 2921"  9.56¢ 7.42° 8.61° 18.79 16.50°  19.80°
1,xFo 0.89¢ 1.97" 173" 34.01* 3175% 3573  1267% 1137° 1327 24.60° 22.12°  26.64°
1,xUr 0.93° 2.38¢ 211%  3407°  3177° 3580 12.74° 11.39% 13370 24.89° 2213 26.70°
1,xV 1.00° 257° 232° 3411 3177 3581 13.26° 11.37%  13.38° 24.83° 22.14°  26.70°
I,xNFB 0.93° 2.45° 222°  34.09® 31.75° 31.75"° 12.89° 11.36°  13.30° 24.73¢ 2213 26.68°
ILxV+NFB  1.10° 2.71° 256  34.32° 31.79° 3583 13.29° 11.41°  13.39° 25.00° 2216°  26.73°
13%Fo 0.70° 1.84' 1.59° 28.61° 26.73" 3318  1054" 10.25°  10.74' 23.24' 20.38¢  23.91
gh
IsxUr 0.77" 2.08° 1.79° 28'f32 26.72°  3325¢ 943"  10.25° 10.82%  23.31" 20.38%  23.96°
I3xV 080°  231° 213°  2970°  26.74° 3325°  1065° 10.26° 10.81°  2425° 2043  23.98%
13xNFB 0.78' 2.15' 1.98° 2847 2673 3321® 1057"  10.24°  10.76"  24.27°  20.38"  23.97*
IXV+NFB 087  250° 226" 3020°  26.76° 3327° 10.66°  10.27°  10.84"  24.23"  2042°  23.99°

*

deop pylin G pedaw 53 )y me ¥
***:Significantat P <0.001
b @%5 élzm 52 Lmj‘.w;uu Jbu‘;"“‘ 05‘.55 pae Sy O D uL.S; gy gl JL“’Q‘K’L“
Means with the same letters in each column indicate no significant difference between treatments at the 5% probanitity level.
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11: irrigation after depletion of 40% available water, |,: irrigation after depletion of 60% available water, l5: irrigation after depletion of 80%
available water. Fo: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter+Azospirillum+Pseudomonas) and

V+NFB: vermicompost + nitrogen fixing bacteria
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Table 6- Means comparison of some measured characters of sage under different irrigation regimes and fertilizer treatments
in different harvest times

A S S g
o e L Spgh USRS bl g ey e
Treatment Pl_ant Canopy Leaf area Dry matter Essential oil a-Thujone 1.8-Cineole Camphor
height diameter Index ylelgil content (%) ' (%) (%)
(cm) (cm) (t.ha™) (%)
d)lf"!i *k*k *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Irrigation
I 29.93¢ 34.09% 1.617 2.702° 0.89° 26.93° 8.21° 18.32°
I, 23.77° 27.90° 1.12° 1.882° 1.86° 33.89° 12.56° 24.56°
Iy 17.20° 16.53° 0.59° 0.987° 1.64° 29.68" 10.47° 22.75°
395 *k*k *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Fertilizer
Fo 18.62° 18.07¢ 0.84° 1.388° 1.23¢ 29.91¢ 10.25° 21.74°
Ur 23.41° 26.33¢ 1.10° 1.865° 1.41° 30.10° 10.31¢ 21.83°
\Y; 25.41° 28.67° 1.20° 1.996° 1.55° 30.28° 10.50° 21.92%®
NFB 22.59¢ 26.59° 1.04° 1.730¢ 1.46° 30.12¢ 10.42° 21.90®
V+NFB 28.15°% 31.212 1.38° 2.302° 1.66° 30.41°% 10.61° 21.97°
355 X gkl
I rrigationx *k*k *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Fertilizer
1,xF 24.81° 24.619 1.21° 2.014™ 0.78' 26.41" 7.79k 18.27™
1,xUr 29.69° 35.11° 1.69° 2.956° 0.88¢ 26.99¢ 8.25i 18.36%
I,xV 31.97° 36.78° 1.68° 2.796° 0.93 27.051 8.25i 18.32'
1,xNFB 28.66° 34.86° 1.53° 2.540° 0.88" 27.04 8.23 18.31'
1,xV+NFB 34,51° 39.10% 1.93° 3.20° 0.99' 27.16' 8.53h 18.36"
1,xFo 18.58' 18.38' 0.89¢ 1.463 1.53¢ 33.83° 12.44d 24.45°
1,xUr 23.76 28.36" 1.11 1.811" 1.81¢ 33.88° 12.50c 24.57°
I,xV 25.42¢ 30.64° 1.21° 2.023" 1.96° 33.90® 12.67b 24.56°
1,xNFB 22.31¢ 28.80" 1.07° 1.780" 1.87° 33.86%® 12.52¢ 24.51¢
1,xV+NFB 28.80% 33.34¢ 1.40° 2.334° 2.12° 33.98° 12.70a 24.63
13xFg 12.47% 11.23¢ 0.41" 0.688" 1.38" 29.51° 10.51f 22,51
I;xUr 16.78' 15.52 0.49 0.827™ 1.54° 29.43¢ 10.17g 22.55'
1%V 18.83' 18.58' 0.71' 1.168' 1.75° 29.90° 10.57e 22.89°
1,xNFB 16.81 16.11 0.53 0.883™ 1.647 29.47¢ 10.52f 22.87"
1,xV+NFB 21.13" 21.20" 0.82" 1.369" 1.88° 29.08° 10.59 22.91'
w"bl‘f (Jh’j *k*k *k*k *k*k *k*k *k*k *k*k *k*k *k*k
Harvest time
1391 e 22.85" 25,61° 0.86° 1.424° 0.75° 30.37° 1067 2247
September 2012
1392 cudgens,! 19.47° 23.34° 0.71° 1.183° 1.90° 27.40° 9.67° 19.67°
May 2013
1392 e 28.84° 29.58° 1.77° 2.964° 1.74° 32,73 10.91° 23.47°
September 2013

KKk

Lo )l S e 3 )l sie ¥
***:Significantat P <0.001
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Means with the same letters in each column indicate no significant difference between treatments at the 5% probability level.
5 okl b cogby 1oy3 80 G s I o™ bl 3 ) deng Gos 0 odlitl LB Cugby do)yd 60 G pao 51 o™ MM PRPE dagd Gos y odliiwl hB Cogby oy 40 G s 1 o™ 3 I I
387 03555 s (ol5] s L+ CmgeaS ooyg IVFENFB 5 cnguoS gy 1V wogl Slord 398 IUN 068 G juns pias iFp aity) dags 30
I, irrigation after depletion of 40% available water, I,: irrigation after depletion of 60% available water, |5: irrigation after depletion of 80% available
water. Fo: no fertilizer, Ur: urea, V: vermicompost, NFB: nitrogen fixing bacteria (Azotobacter+Azospirillum+Pseudomonas) and V+NFB:
vermicompost + nitrogen fixing bacteria
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Introduction

Sage is a popular medicinal plant which is widely used in food and pharmaceutical industries. Vermicompost
are a rich source of macronutrients, micronutrients, vitamins, enzymes and plant growth promoter hormones.
Therefore, the use of vermicompost in sustainable agriculture, in addition to increasing population and activity of
beneficial soil microorganisms, causes the rapid growth of medicinal plants. The uses of bacteria (Azotobacter,
Azospirillum and Pseudomonas) as a biofertilizer have causes increasing the efficiency of nitrogen and
phosphorus fertilizers and improving the growth of several crops. Drought stress is one of the most important
environmental stresses that affect the growth and yield of plants. Management of nutrients in plants, especially
during drought conditions and to assess this management on quantity and quality of sage medicinal plant is very
important. Limited information are available about the response of sage under water deficiency conditions in
different fertilizing systems, so the aim of this research was to study the growth, yield and essential oil
production of Sage under different irrigation regimes.

Material and Methods

Field experiments were carried out at the field research station of Faculty of Agriculture of Tarbiat Modares
University in Tehran, Iran during two growing seasons (2011-2012 and 2012-2013).

The experiment was laid out in split plot based on randomized complete block design with three replications.
Three irrigation levels including irrigation after depletion of 40% available water (11), irrigation after depletion
of 60% available water (12), irrigation after depletion of 80% available water (I13) as the main plots and five
different soil fertility systems including control (no fertilizer) (FO), chemical fertilizer (urea=150 kg/ha™) (Ur),
nitrogen fixing bacteria(Azotobacter+Azospirillum+Pseudomonas) (NFB), vermicompost (8 t/ha™) (V)
vermicompost + nitrogen fixing bacteria (V+NFB) as sub plots were allocated. A TDR probe (Time-Domain
Reflectometry, Model TRIME-FM, England) was applied to measure soil water content. Essential oil extraction
was subjected to conventional hydro distillation using a Clevenger-type apparatus in accordance. Essential oil
analysis was performed using a TRACE GC (ThermoQuest-Finnigan) equipped with a DB-5 fused silica column
(30 m x 0.25 mm, 0.25 pum film thickness). GC-MS analyses were carried out on a TRACE MS (ThermoQuest-
Finnigan).

Results and Discussion

The highest plant height, canopy diameter, leaf area and dry matter yield were obtained at no stress and
V+NFB in all three harvests. Also, the maximum essential oil content and essential oil compounds were obtained
at moderate stress and V+NFB in all three harvests. Among the three times harvest, the highest plant height
(28.84 cm), canopy diameter (29.58 cm), leaf area (1.77 m.m-?) and dry matter yield (296 g. m-°) were observed
at third harvest time. The maximum essential oil content (1.90%) was obtained at second harvest time and the
highest a-thujone (32.73%), 1, 8- cineol (10.91%) and camphor (32.47%) were observed at third harvest time.

1, 2, 3 and 4- PhD Student in Agronomy, Professor, Department of Agronomy, Faculty of Agriculture, Tarbiat Modares
University of Tehran, Assistant Professor, Department of Agriculture, Medicinal Plants and Drug Research Institute,
Shahid Beheshti University of Tehran and Associate Professor, Department of Agronomy, Faculty of Agriculture,
Tarbiat Modares University of Tehran, Iran, respectively.
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Reduction in the morphological characteristics and dry matter by increasing drought stress could be the result
of a preferential allocation of biomass production to the roots or a reduction in chlorophyll content and
photosynthesis efficiency.Positive and synergistic effects between vermicompost and bacteria can increase
bacterial activity in the soil and rhizosphere through mechanisms such as production of growth hormone which
increased root growth. Increasing in essential oil concentration under water stress could be due to the fact that
plants produce high terpene concentrations under water stress conditions and low allocation of carbon to the
growth, therefore can be a trade-off between growth and defense. Vermicompost and nitrogen fixing bacteria
by providing more uptake of phosphorus and nitrogen increase the essential oil content.

Conclusion
The results showed that drought stress reduced the growth characteristics (height, canopy diameter and leaf
area), and the highest amounts of essential oil content and quality were observed in moderate stress. In addition,
vermicompost + nitrogen fixing bacteria treatment was the best fertilizer combination among all treatments in
increasing the growth characteristics, dry matter yield, and essential oil quantity and quality.

Keywords: Drought stress, Essential oil, Organic nutrition, Soil fertility
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Table 1- Inputs of olive production system (per 1 t fruit)

L‘hdﬁg)g J>‘5 )|J.‘u
Inputs Unit Amount
Desiel fuel kg
(tlond 35
Chemical fertilizer
°)5‘ P)f?l‘s 62.8
Urea kg
s Slid g PSS 53.9
Triple Super Phosphate kg
prolly Ollgw P skS 46.4
Potassium sulphate kg
S cdl PSS 56
Pesticides kg
Farmyard manure kg
Electricity KW.h?
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Table 2- Outputs of olive production system (per 1 ton fruit)

u’d’9)} »‘9 )L\i«o
Outputs Unit  Amount
() g5 Mg > -
olive produced (ha) .
o 4 aci L
Emission to water
o PSS 0
Nitrate kg
- PSS 0
Phosphate kg
lom & 4,30 51 L
Emission to air
sl 3 )b 51 L] O
Denitrifictation
e kg 15.03

NH; emission
Emission N,O
NOy Lzl
NO, emission
CO, jLas
CO, emission
CO Lzl
CO emission
oSl

Pesticides

N,O lasl kg 0.804

kg 2.5
kg 150.87
kg 1.72

1.7
kg
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Pl Adle Ay s g bame S51 il
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1- Impact assessment



463 ..opgm5 a3 Lo I ol

3oy 6/18 o i8S il g 00y 1016 ols 358 o y> 1416 J 520
0155 ek oo Ayl AL s 015 i 4455 31 adls )3
Slge Uy sl (gl g Alo 085yt bt 5] o0litusl 4y bogypo
sialS |y wlie oyl s oa ] (ola s (o yiwd &S Cunl Sie
.J..m.)uo

Pl 13 9 A 48 3l LS ipen 34855 () ol
Salomone & ) Ll 5 oyo-j gy aliiie oldllas 4 o
5 6y i b (;loppolo, 2012 De Gennaroet al., 2012
S oo o3l 0355 gilio

O9=i) GLEL o i o)Ll adate CLEL 5 (305 Mg
2l ol Bpms (g b Al Sl g olond sladsS L]
e Byae Ol (slageny ) & i o)l (g5 L
4 yoe O sy jae s egde Ll opl o Ol ol e
ol 045 550 Ay 3 OB ume i) 58]

o G e (Notarnicola et al., 2004) ), Sen o ¥4S,bgs
sy cSayio 100 5l 40 dy kol 55 g W55 gl w5
De Gennaro et ) o)}, Kes g g,lis (63.353,8 3y5l55 cy905 o5
o515 L Ll o sj 1y sl o Gpae ylaia (al., 2012
523 a5 (53 5y STl 4 canSle e 1831 W,

,» (Salomone & 1oppolo, 2012) Jeul § geglles cpicmen
350 5940 1y g5 5 S g (sl Ol e Jlake 355 30
3935 pylb byl ys 55 Ol G yme bawgio ainly )15 O o i
Sl G pae e cpl 051 (15125 5y g (sl cxSe o 1316
LIl 3 g Agh b s O] B ppan jlade plp 13 54 590
sialS g ol alal el p)lb 05 g )3 Ol (YL B pae oy
1] gl Lo 5 sl 0 oyl it 5] 38 639y o pes
2 oig J38 4By, o pre el wibaie 3 S35,k Jials
S55b bwgie) pylb ol as (St 4 dog bl ansly o
el ialidl lgie oyl 55 ol b,y pam (2o e 257 a¥Vl
ol )3 g5 g 5yl g 9 3o il 5 (g9 (S
ceel aslBag, ol pials ;o 8,k 5lasl amsly s 4,
Sl oo G381 5 (08 gl el ) 86 ST s
Sl Byae (il i 29500 o Cowd ol 423 5 s,
e yso 13 4 (6958 Yl )l (ygj 5

apylb bl ) 4ol plis yob Gdos I Jobs b

Bgh sy gasly sl Sl alids sl jedls olod oS 29 0
g ol ) Lrb(_'j A B0 Jdeanss Olfvol 9

i) bz j s Codl (g IS 5l d s ey
I ilwdley 5 5l Sy sinaind Jolpe )3 oad ololis
Roy et al., ) 545 o0 dunolio bl 5 asuie oyl (230559 Gosb
(2009

5 Lagbyy (Js—ae g5 & 4ty LCA > Il b)) ol
CML 2 jliadlas oyl 55 )05 5555 blisks sl ljila s
s baseline 2000 V2.04/ world, 1995/ characterization
15 oozl 1 7.2 gplases 5olp

o ) oSl lame sl 0aSiing)y Lawss CML b,
o 3 olil gl yides oS cosl o bs, 5l (S s oased)
Guinée, ) 5,15 (wolb adlais 4 wlaidl 5 ous b Mol
ol 3l aibs 03 ol el il il 05 Joli g, ol (2002
4 .. a3 . e 2. . .
c @B Jeily Coadsnl Jondly Cojs mlie sile (5
4o, 8. ge D sl |
el Cgjel 0¥ EalS Jeaily ¢ lae phale)S Jeily
Bt ol (Ll sl o smdlty < ] (gl Copans
St oo Jpmilty 3 sl Sl (sl Cpm Jpmily

1 - qeo 0 .

tlrordgid ST LS Jieily 57 (SiS claptisS]

Cox g gl

5 S0y ygo ads jo JeoSS g laodls (505l Cwd &l

4o 5edos @l 1.2 glors Jl3blp 5 3 ol (3,5 35 e
ool oanlin B3 Joo g1 IS 5 a8 ael cowd

05 olie a5 5l i ke o8 by i imgy gl

Jlodigan jo ol kg SBBIIT Poleo (y505 o5 S Mg sl

303 2715 a3 dao > 41106 1andgS oS sl L5 amrel

1- SimaPro 7.2

2- Abiotic depletion

3- Acidification

4- Eutrophication

5- Global warming

6- Ozone layer depletion

7- Human toxicity

8- Fresh water aquatic ecotoxicity
9- Marine aquatic ecotoxicity
10- Terrestrial ecotoxicity
11- Photochemical oxidation
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395 oo ) (Rajaeifar et al, 2014) ) Ken 5 3 ol
2 052 059 Mg B bl alg g (5l B pae )
Oyt & aan 38U g olean s (gbodgS” Woly i (S bl
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Oy A iU g (ol d (sLadgS 5 oyl ) (g5 My
Al Sl (iale)S Sl ad ) Gid

1 SIS cLajls ,Linl Jaia (Venkat, 2012) oS
Vaccinium ) (s pols o5 ya il an 1) LS ol oaosio VL)
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Fragaria ) 5s,8c45 Vitis venifera L.) 205) l,—5 5ol
plsLs Medicago sativa L.) 132) a>us @nanassa L.) 337
Juglans cinerea L.) 499) 3,5 Prunus delcis L.) 2479)
Lactuca sativa L.) 192) 415 4 B. oleracea L.) 353) IS5,
355 25l 0 S 3081 Joleo p S olS

51 lake (Salomone & loppolo, 2012) 5ol 5 geglles
Kg 1y co= 4y (wd 5 s sl 0 Sl pele S
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3 o9 Mei g9y a5 sladdllas > 35 (Gennaro et al., 2012
izl Wiyl s (iSe s e, 1500 b 200) Yy o515 b clagl
Kg 1) os=) 05 = lim gasldlS slajls Ll ke
335 3,9, CO2eq.t-1 542

i o (Rajaeifar et al., 2014) l,LSen ¢ ,5 oLs,
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Fig. 1- Contribution of production and use of inputs to environmental impact categories in olive production system
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Table 3- Life cycle indicators per 1 ton of produced olive

JEp sy Js
Impact category Unit Total
okj pé glie ialS ulﬁ"““"" £S5 oLS Jolee 7.89
Abiotic depletion kg Sbeq
O (gl 3565 Aol (43 p)S5lS Jokre 30.6
Acidification kg SO, eq '
e Slinsd p)Soks Jolae 8.25
Eutrophication kg PO, eq
Global warming kg CO; eq
Ozone layer depletion kg CFC eq
ol (sl o O39S 6> Jolre 414
Human toxicity kg 1,4-DB eq
Fresh water aquatic ecotox. kg 1,4-DB eq
Marine aquatic ecotox. kg 1,4-DB eq
B lp Can 05298 (63 Jolas 104
Terrestrial ecotoxicity kg 1,4-DB eq
stlrordgd (gl Ol p S ekS” Jolas
Photochemical oxidation kg C,H, eq 0.27

A 055 o5y Ay (slj) 4 CFCA1L slaeaty Vi oS Lus
2 0939 42Y cBS cge 45 9 oe ydilie Gl
(Jid Co g S b LS pols 5850 gl e o phwgil il
2Ji ol 4y g CFC-11 (slao VT adgs )3 o y> 76
lniS cil g dun 1S ¢ old 395 g duo ) 14/11 loosd gladgS
Comols s 48 win (35 cnyTare o) 9)589)18
Y cuyzs (Guinee et al., 2001) wisl o (959! 4Y o 50
ba)lud 39)5 gy Gloyw Joo S5l el Sl (9l
Ol 8l cde 4y a8 dgd bl 5 LS 4 dods wlge 4y JsSUge
(Bare & Norris, 2003) a3 o ¢, i ¢l yglo anil jgue
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Laags sy o ) oy 5 80 oot S €8 g A5 4013
el Gisl o5 50 1y Bl n e
Lol ol (De Gennaro et al., 2012) ) San 5 5)l> (6>
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Ssly
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L ks ygu8 5 (Iriarte et al., 2010) o, Son g b pl 5540
2 g el ) (b gl Jlade wls a5 2 b5 1 el
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O9esllw 9 (De Gennaro et al., 2012) ) San 5 5)l> (<>
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e ol 7 slatpu ]y Sligl i il cle o 339
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Introduction

Horticulture industry consumes a significant part of the energy and materials and release pollutants into the
environment. Olive (Olea europaea L.) is one of the most cultivated plants in Iran, so the environmental impact
assessment of these production systems is important. However, the consequences and environmental impacts of
olive production systems have not been studied in Iran. Tarom county is one of the most important olive
production centers in Iran. So, this study is performed to evaluate environmental impacts of olive production in
Tarom region.

Material and Methods

In this study, the LCA approach is used to assessment of environmental impacts of olive production. This
study was conducted in Tarom county in 2012-2013. The aim of this study was to determine hot spots of olive
life cycle and offering appropriate solutions to reduce the related environmental impact in Tarom region. In this
research, one ton of Olives was considered as functional unit. System boundary is defined as “from cradle to
farm gate”. Primary data were collected through observation, sampling, and questionnaires completing method.
The climate and soil data were collected from the "Olive Research Center" located in the Tarom county. Data for
the production of used inputs (Secondary data) were taken from the Ecolnvent®2.0 database, and SimaPro
software was employed to analyze primary data. Impact categories were analyzed based on CML 2 baseline
2000 V2.04/ world, 1995/ characterization and SimaPro 7.2 software. CML 2 baseline 2000.

Results and Discussion

The obtained data from inventory were used for LCA calculation. These data includes Inputs and outputs of
olive production system in Tarom olive systems. The results were concluded through analyzing collected data by
using of SimaPro 7.2. The results showed that the production of olive in Tarom region is lead to high
environmental impacts. In this regard, production systems of olive in Tarom county create more than two times
higher environmental impact in seven impact categories (Abiotic resource depletion, acidification, global
warming potential, ozone layer depletion, to freshwater aquatic ecotoxicity, marine aquatic ecotoxicity and
toxicity to terrestrial ecotoxicity) and it has fewer environmental impact in eutrophication impact category
compared to olive production systems in similar studies. Moreover, data analysis showed that fertilizer
production and direct emission have most shares in pollution making of olive production systems. The main
reason for this difference was more use of inputs (especially fertilizers and electricity), not using of improved
varieties and micronutrient fertilizers, inefficient use of inputs and lack of management in the olive gardens in
Tarom region. Therefore, lack of management was due to the low literacy level of olive growers and their
knowledge of the appropriate management in the olive garden in Tarom region.
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Conclusion

The results showed that the LCA approach can use to assessment of environmental impacts of olive
production in Tarom county. Also, data analysis showed that fertilizer production and direct emission have most
shares in pollution making of olive production systems.

Keywords: Agriculture, Emissions, SimaPro
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T3] e Bl 5 L i3 ] s Ll 5
2 pasS b o ,Sles 1 Sko EalS 4 e @l dn )0 lawgio
clale yialisl g ain )3 42 sgas U5 oy el ciliske (glagSTys
Dy oo 3oy 9L dgas U ol Gl 4 oo o9)S ST
Oylys anyd g )8 dSlied clle (Rl (iiSen y (pomen
4 o 2o )3 10 5905 B aily 5, Soe 1 Ske il el 35
9 0] 8l st by 3 5 oyl 30 gn b ol
2 PSS o )l Glie 550he (a8 bl Ll b d o
Olal38l o> 90 290 s pasS ash 0 Slas p calisee slapSTys
=y » L (Zarakani et al., 2014 ) |, Ken 5 S5 .00 o0
A8 3l s e lealp 3 g pAS olaiil yy ol i
e poiln 33,5 o Jpana 3,Shas el el ol
Ol S (i yiem & (Hashemi nasab et al., 2014 ) 1, Ken
oS poliioo) Juo Sl oalitil b (oS sl el Jlo 20 L
izslyy, HAdCM; ' sgas 33,5 Jo s (LARS-WG) oY
LaelSt ) dat 13 Lyl 6Vl uSiko Ltalsél osimo st gl
g Shoy ol G0l ) ()b (Sle ggeome 53 g AL
as,d oail jd a5 Wl Lis (Rahmani et al., 2015) o, Ko
5 ail oo LtalsEl o celbelo aled 5 aity g dtyeS clocs >
S939ls g walgs yii oy B3 sgus 55 wlls o)l lawgie
# 9 PS5 529) CdlS > g e olS 355 5 pFed (0D il
Sls Lagl w093 Jgbo o0 olisS 9 (Hordeum vulgare L.)
(52) 203 522 b (pa5) 203 519 0 oa] 3 &Y guamo
JENER EURPUSTINE TIPS TR
20330 325 il s b o Jguazma 45 090 Jobo (0
28l sals ials
deds y9iS )d g by paw 1391-92 ely5 Jlo 5
o S 5 0oy 13/4 sgus a8 s 344l S galie 1/64
blbe y9tS M s JS Sl a0 1A 5 el Y guae
039 20 )3 D013 (33 o)) waewr g 2o 3 A3IT I (5], o &S

1- Hadley coupled atmosphere-Ocean
circulation model

general
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9 W3,90 joy 423 arlei -1 Jgua
Table 1- Profile of GDD required barley

Sy A o (o185 lw 42,3) (3,1, 5L

Growth phase GDD (°C)

o8l W B 2SS 190-200

From Implant to Proliferation
From Proliferation to paw

PSS b jemy 1 ] 530-535

From paw to Flower

g il Wy b ol IS 51 830-835

From Flower to Shelling

Ay sljey a)d e il (99 Jolye dwle gl
“gex Uboy ol ) slie B o3lisul (2) dlslas 3o (GDD)
IV Canl ol 4255 b oo SOl a2 s
&95 4o )l a2y oyl sl oS (Sfdgr s sho b b o
Foo 92 Sl (Ripdg b yhe oS (nl 3 @) (S olS
.(Quantum, 1975) as a3 a5 o5 olu asyd

TM+Tm

HU=Zf=[ ]—Tt 2

-
=

N b a S g5 o lacl, >a >pol x5 HU
;4}‘)9) Jﬁ‘» u)l).'> a0 ‘Tm ‘DMd)ﬁié&)
o bl @yl do 0 1TM wilje, yiShs @)lps a0 :Tm

il e aseie lojSy 5 g ol N 5 olS S5lss

S3551598 ala yo Sa Jgb Gl 0y,
oobl 2 Siglgid adoso 93 (e Gloje eni pslaied,
Shagivandi, )i sslatwl (3) doles 5l 550 )l doyd witamas

(2009
N=— )
G ) Sa3lsid Ao yo 93 lejnte N boleo eyl 3
ad>po oSS gl p5Y 50 Sl 4250 g0 1A (59
9 idygme k> po (b )3 bz bawgio )l 423 1T g Jlainga
Al Jgpaze 4l yio 1B
POyl an bl 4 asg b olg e daly opl 5l ookl b
D903 (Swoin |y md 2 Sied Jolpe adlass)ge dilate
e 9 2 9 Jgae CudlS loj (p st (e yslaieds
S5 orieemy (jule) Sioles ol Sl S gs8y slaples
Sy slmodls el ) il )3 (Janme (o 2alesyd g (o0

Lo ol g o)k i (slod cainaS’ slod ol Jao ol (29,5
S50 JAo 295 Jde gyl Al po 53 il e BT Clel
se Gly 5l 5 (R%) oy sy 51 oolil b8 S 1,3 U1
slpodly 5 Jio bawg o gilwand slrosls bl 4 pladl
die i)l ey 8 Al )93 )3 3920 (sadosnlie) (Bl
HadCM; 55 050 153, 5 Jio slaodly 53,8 wlidess,
A olazwl

l_g d.))'t_p 2011'2030 0)5.) d])_: Lod 9 U“’)L 45‘}9) )).)LM
s P8l A ay s o 53 el A5 Ag oulBl 15 g3 s 1 o0l
sl b Gaiie 0)9 9 (Slmlia 0)93 (sl ()5 msd (e
i) oyl (laoliun] @sonidy Jlol 5l il 093 )3 gl s
Ay G el odlat ol (o3 2010 L5 1995 cLa JLw
s a3l g3l olie (b gl (suaios 5 Jiliga o
5 e odlawl osly SKes g Cows (4l 103% olas 905
wdlale > Giaile> gly calio Gyls a2 0 4t g b Gudod oyl
i)l ymaie o lah > g2 S Gloj cp pewlie (8L Caa
oy oliwl yo CdlS g o A ok g ol o AT
W oalwl 5l el CudS gy s (gl Siid el

oS ol g, Holo o) Tawe 51 (Sl g9 G2,U
O 3 an gy 033 &8 oy &y oy ytagloo iy 42 (SH)L 2o
b il w2 ¢ i Fu b (Mohammadi, 2007) wils uis
drolee 10,3 15 650 lsebl o s b g (1 alsles) Jgog Jlois]
3 b sla i)l 0yl 5 5 sl (228 Jgmg Jloinl oS
{(Alizadeh, 1992) cul yipy 025 sl Jg0,8 S50
p=—x 100 (1)

nt+1

o350 § 75 Jlatslasy caiS o)l =p alsles ol o
b o Lodld dlaxi =N 5 Caydy oylous =M

man ol 2 ol CtS E)b (298 @l (o) S o

il il 008 dnslme (55955 e s § ol

Koocheki & Nassiri, ) cowl ju5 )84 (s5958 Jolye 10 o>
.(1994

1- Run test
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slpodly &8 ol L gt (cuwl oddadlly] 5,5 o 1,8 oolaiwlsyge
XM 1980-2010 @b 095 oy g ordosnlive Lod g )b
Sl )0y 0 6 e (Staren

2 BB 5 g1 slod R lise o5 slofoges & 25
dls 53 Jb B 5 oine e 3 505 (slaelSiun] don
B )8 18 o 550 oK) dw JBlas g xSlas glod (gl

2 S 5oy ol i |y (Stsad calyis o3 Vb el
900 (ilwas polie o Siuwod ol s oK olos
5o g )l ize 2o y3 0795 slezel pdaw j> JSlus ¢ Slanlive
shalie 0)93 13 (£hj mod (o ) Jae Ul ) Lol

el Cavddy o]

L5 iy s plas b Smada Jl5ble 5 g5k 5l b lis o 5l
Sl 1y o3 oy yiee PeArson type N1 g 505 byl oy 5l 4
98 (e e Sl Bl Jolye plad )3 5 ol plas
3 5 ot Sloygd ln 0,5 dnloe @23 9> i8S (o
Ll o W b oolisl (ol)) magl Guesd sl B9y e
gy slmodls (5] 9 conlio 5 liabl s LARS-WG s
S 5 Ay w8l s gyl bl 52 2011-2030 6,5 51,
>M02011-2030 6,95 clyy cely; w2985 dnmolome 4 plA3] yuupun

85 )58 oS 3)50 (=) masd 93 woled 3 5 A

(shame Bly25]) SD 5 (s ) RY poolie (2) g 52
Jae ey b (L gl &S s g Slalie by 9 o)L

(429915) ol g jlusdnsl 9 (FIdliio (15, R? 9 SD (ad Ul (guw 2 =290
Table 2 -Evaluation of the correlation coefficient R? and SD Observed and predicted rainfall (January)

ol ! ot ey o SD Glaalie  SD g yiv

Station R?
Mo 0.96
Khoramabad
. 0.92
Kuhdasht
Aligoodarz
Poldokhtar
292 0.94
Broujerd

Observed predicted
107.5 100.1
61.1 55.5
62.9 53
71.9 69.9
63.5 60

a315) B0 g slwvdand g  Fladlin Loy R?
) &) w9

sod ol oty 33 =3 J g

Table 3- Evaluation of the correlation coefficient R* Temperature observations and predicted (January)

ol Jilas glos Sl gled
Station R2 R2
minimum temperature maximum temperature
" .
sble 5 0.9996 0.9997
Khoramabad
e 0.9992 0.9996
Kuhdasht
A
325 0.9995 0.9987

Aligoodarz
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Table 4- Mean and standard deviations of observed and simulated data for March

Jilas glod ST glod Jilas cled ,Lo.o 59-‘ Je] SSas glod ,Lo.o 59-‘ pe]
ol | Minimum temperature maximum temperature St‘?‘“dard deviation Stgndard deviation
] maximum temperature maximum temperature
Station Slosalive & slwanmd Slosaliv & slwdnmd Slosaliv & slwdnmd Slosalive & slwdnmd
Observations Simulation Observations Simulation Observations Simulation Observations Simulation
alie 0.58 0.5 11.33 11 0.59 0.50 0.75 0.6
Khoramabad
el -1.5 -1.6 8.8 8.3 1.8 0.85 3.2 1
Kuhdasht
52355 6.3 4.6 3.8 3.4 2.7 1 2.8 1
Aligoodarz
Khoramabad R?=0.9996
25

2

-

= 20

g

ke

£ 4 .

=5y

£ g 10 -

frec S

£ L]

Eé

G 1 H ¥ H 1
0 5 10 15 20 25

Maximum temperature Observed (°C)

(2011-2030 4 1980-2010) sLie s 5 olims] sud s sy 9 (5 Idlino (slod LS Tun i g pud -2 JSUS
Fig. 2 - Rz maximum temperature observations and forecasts Khorramabad station (1980-2010 and 2011-2030)

Khoramabad R?=0.9997
) 40
‘E 35
25 30
£ 2
i -
g ‘é é’:. 25
g =3 20 -
E 15
E 10
5 -
0 T T T 1
0 10 20 30 40

Minimum temperature Observed (°C)
(2011-2030 4 1980-2010) sLleya ;3 olims! 43 i cuwdyit 9 (Fhdlino (Glod JBlus cpnd g -3 S
Fig. 3- RZ minimum temperature observations and forecasts Khorramabad station (1980-2010 and 2011-2030)
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Minimum Temperature
predicted (°C)

|
1%}

. 45

= 40

E . 35

28 30

=

L5 25

=35 20

= 2

=8 15

e

= 5
0

20 4 Aligodarz R? =0.9995

15

10 4

0] 5

-5 4
Minimum temperature Observed (°C)

(2011-2030 4 1980-2010) ;5551 olkimes] 55 bl gty 9 (STl (glod JBlus et gy - 4 M
Fig. 4- R2 minimum temperature observations and forecasts Aligoodarz station (1980-2010 and 2011-2030)

Aligodarz R?=0.9987

10 20 30 40
Maximum temperature Observed (°C)

(2011-2030 4 1980-2010) ;5951 olimns] 55 b gty 9 (bl (Glod ySTus Cptd o d -5 S
Fig. 5- R2 maximum temperature observations and forecasts Aligoodarz station (1980-2010 and 2011-2030)

Kuhdash R*=0.9996
o 40 -
3 35 -
55 301
g 25 -
5=
AR
g & 10 -
% s |
=
0 T T T 1
0 10 20 30 40

Maximum temperature Observed (°C)

(2011-2030 4 1980-2010) cwinagS ol ! ;3 duwi gt st 9 (il (slod SSTuo i g o - 6 S0
Fig. 6- Rz maximum temperature observations and forecasts Kuhdasht station (1980-2010 and 2011-2030)
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Minimum Temperature
predicted (°C)

5

Kuhdasht R*=0.9995
20 +
15
10 -
5 -
T &) T T T 1
5 5 10 15 20

Minimum temperature Observed (°C)

(2011-2030 4 1980-2010) cuiungS alimy] 43 i gt v 9 (Tl glod JBlus comni oy pud -7 S5
Fig.7- R2 minimum temperature observations and forecasts Kuhdasht station (1980-2010 and 2011-2030)
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Rain observations (mm)
L¥¥)
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—
o

o

R2=0.9446

o
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20 30 40 50 60
Rain predicted (mm)

(2011-2030 4 1980-2010) cwiadsgS ol ! 55 8l s st 9 (FTdline (51 oyt o pud -8 S
Fig. 8- R2 rain observations and forecasts Kuhdasht station (1980-2010 and 2011-2030)
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0
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Rain predicted (mm)
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Fig. 9- R2 rain observations and forecasts Aligoodarz station (1980-2010 and 2011-2030)
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R*=0.9524

60

50

40 [ L 4
30

Rain observations (mm)
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Rain predicted (mm)

(2011-2030 4 1980-2010) sUTe y& o] 33 bd s it 9 (Fdlie (b cpantd g g - 10 UG
Fig. 10- R2 rain observations and forecasts Khorramabad station (1980-2010 and 2011-2030)

ladlaisl b s 52 ol 55 Jpiz > gy ledlb

0393 (6l ym LanolSian] SLS& @ i) bl j3 20,5 75 450
b ams o ol |y (oMo 1995-2010 (olo JLo)  Slanlis
Ol Jlasd 10 culS 7o)l o509 Slalie 0yg0 j3 aS ol s

dibate (g yip)S A skt tllioo J Oyl )y Sl (b cuiS
23 OT AVl slod 1550 a8 wil oy s yliaw yod bl
b b g iy 1y cosS el oy 5 g ol 31,5 ke as )y
aibaio oy oy oS sl a3 12/4 SULs clos b 5,051
g G 4> 5 g il o U1 il 9329 (lagliw ol
)Lci )HUA odalin d&ub ;..\d]un é;}:u LY AY )LCT ™29)°

5o 1995-2010 sla Sl b Lol ! SuSE5 4y yliw ) bl 13 (F00,U LT olwl p 023 9o €S G,U -5 Jouo
Table 5- Cultivation on dry barley in the province Lorestan divided stations during 1995-2010

ailvio Jol a5 bl 2 (S0, g9 000 23U
Region Start of rain on the first definition
22,350 Lo > 75
Jlos! 50% 75%
Probability — (59,U &9 &)U (wlul SN g9 E)U el
Based on the date of rain start Based on the date of rain start
oble,= oul 10 oWl 29
Khoramabad 1 November 20 November
Syrs o413 oLi22
Broujerd 4 November 13 November
CamgS oull3 27
Kuhdasht 4 November 18 November
e oul 10 »15
Poldokhtar 1 November 6 December
505! oul 11 Sl
Aligoodarz 2 November 22 November
adl ol 8 oul 17
Aleshter 30 October 8 November




1396 yboali 2 oyl 9 aler o5 5y9LiS cwlih pgy s pis 484

(1995-2010) 2,55 Lol SUS& 4 o1 92 CuiS (59098 Jolpo £989 (yloj -6
Table 6- Phenological stages of rainfed barley in selected stations of Lorestan province (1995-2010)

al> 50
Phase O3 ailgx O 4o oM 5 Wil il
ol Germination ~ Tillering  Flowering Seed filling
Station
N 75 a0y 75 a0y 75 a0y 75 a0y
Possibility 75% 75% 75% 75%
bl o> ;130 oete 21 Cpdy9yh 24 >y 6
Khoramabad 12 December 16 February 13 April May 27
st S18 Cpdy9,9 9 Culiged, 21 w5
Aleshter 9 December 29 March 11 May 26 June
©>5 . ) .
> 30,0 4 i, 15 > ,5 26
Br(ﬁgrd 26 December Zj l\)/f;ch VET/I;y 16)J>une
CadsdgS »126 Jiawl 8 opdy9,9 29 dsys 12
Kuhdasht 17 December 27 February 18 April 2 June
5 w4 Culiged,l 1 Jiawl 28 Culiged, 12
Poldokhtar 25 December 21 April 19 March 2 May
965l Mawl 13 cuigny)l 1 g 28 » 16
Aligoodarz 4 March 21 April 28 May 7 July

2011-2030 (i yins 2593 35 b J (Uil 023 92 CullS (£1)5 paodi =7 Jgo>
Table 7- Calendar crop cultivation dry barley Lorestan Over the forecast period 2011-2030

> 5o CudiadgS 3295 Pl sl s Py 325951
Stage Kuhdasht Broujerd Aleshter Khoramabad Poldokhtar  Aligoodarz
sl ,1 ob128 ob125 Ui 23 ob113 ,S27
%75 Jlois! _ 29 19 16 o= 25 28
Probability%75 Planting November November November 14 November November November
%75 Jleas cuilyy 09, 17 ;;..aeda)lg Cadligd)| 21 Guie(gﬁ)‘l o209, 22 313)56
Probability%75 Harvest 6 April 29 April 11 May 21 April 11 April 27 May

2011-2030 055 )3 v 5> ey 9 cislS slagu,ls a5 7
5 03y5] A po 93l b By cmd o i 1 o9V
LARS- 15,5 olsiey Jie j) o3lizl L &5 el,j pasi
Lol )5 w23 g5 oS Fu,l 4 sl LS del Cund WG
595 10 51 1208 onsosnlie (clacsglis 903,55 puss b j adllassyge
adllas 5y5 0 (claolSiuml 3 oz cudld y gu )l Jg bl o
4 bgiye Olynds oyl 85 (g sy Al oo (L) Sy gyl
Ll 5l ols 9, 00 o caslsy oloj 45 390 y235 b olKis]
Ly A gyl (old o a8 (ol Larg b Jy il
S Aoy 40503 20 & culs ole; b plul LARS-WG  Jas
GL 5395 59y AT 55,29 o] 53 el o 30y
] o Sis] oy 4 LaolKiuwg! ol 5l a8l o

i ael Cowdas ol o ol cuiS m )b oSl 5l sw
L4 (GDD) L, Sjgy a2 Gk jl ) o o> islsd e
0393 53 .l Liles 6 Joan 13 45 sol Cowddy a0 3 T Jlazs|
952995 slaoliul & bgiye (pums) &)b (i Shialie
Slrollil (s (olod L3l ol 93 cpl el oyl
73 ol 4 bguye ji (e )l (5395 9 M (liwl
Jgame ey E0)5 ol il o] (3 5p )5 45031 (o
D)5 okl gt @ ly Ol da )y Jele (18 CllS 7o)l Slen
5 €3l (loj 59y 2 b 48 ) 3 15T S 2l
sl o 558 Jolye plo abes 939 Jguaen (o

Joi2 5% onlple )5 dsle gz (g o yo 4 ()

1- Growth degree days
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Introduction

The results of climate change studies in recent years confirm this phenomenon occurrence in Iran. The
climatic characteristics (potential and limitations of climate) are considered in the long run, to determine the
pattern of cultivation and distribution of different plant species. Unfortunately, the agricultural sector due to the
low speed and power compliance, will suffer the greatest impact of climate change. General circulation models
provide accurate tools to predict future climatic conditions, and the necessary data for the implementation of
simulation models and the development of crops under climate change conditions. The study of the effects of
climate change on the agricultural sector seems to be necessary due to increase the demand for agricultural
production. The aim of this study was to investigate the effects of climate change on the rainfed barley farming
calendar in Lorestan province as an effective pole in cereal cultivation in Iran.

Material and Methods

In order to study the effects of climate change on the rainfed barley farming calendar, outputs from the
HadCM3 model simulations were used. After evaluating the LARS-WG stochastic weather generator model
using performance indicators and ensure the suitability of the model, this model was applied to downscale
HadCM3 model outputs. A, scenario was chosen to evaluate climate impacts for the period 2011-2030. In this
study, due to the suitable temperature for germination in the region, has been emphasized only on the
precipitation to find the most suitable time for barley cultivation. Planting date was calculated by Weibull
probability with 50 and 75% confidence intervals. Growing degree days (GDD) were used to calculate the
phenological stages. For the forecast period, the same method was used to determine the farming calendar.

Results and Discussion

The results showed that in the observation period, the earliest planting date was observed in northern
province in Borujerd and Aleshtar cities, and as we go south, the planting date postponed. The beginning of the
cultivation is a function of temperature, so that the latest planting date was observed in Poldokhtar city as the
warmest region of the province. In the observation period, the latest harvesting date was observed in Aligoodarz
and Aleshtar cities and the earliest harvesting date was observed in Poldokhtar city. In the forecast period, the
beginning of crop cultivation did not change much and remained constant for less than 10 days compared to the
observation period. However, many changes occurred in the harvesting date. So that the most changes with 60
days earlier occurred at the Poldokhtar city. The duration of the growth period reduced at all the stations. The
greatest reduction in the duration of the growth period was observed at the Aligudarz city with 62 days. The
decreasing duration of the growth period was due to changes in temperature and precipitation. This shows that
the fall precipitation, which is related to the cold season, does not change much, but the precipitation of the
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warm season decreases. One of the limitations of rainfed barley cultivation in Lorestan province is temperature

in the tillering stage. This restriction will continue in future. In the observation period, temperature of flowering

and grain filling period was in optimal conditions, but in the forecast period, with increasing temperature, we

will encounter high temperature stress in these two stages. The adaptation strategies are different depending on

the type of farming and the climate change scenario. Among these strategies we can mention changes in planting

date and crop rotation, use of resistant varieties to the warm conditions and irrigation management.
Conclusion

The results showed that at all stations, the planting date will be earlier and the duration of the growth period
will decrease in the period 2011-2030.

Keywords: Adaptability, Agriculture, Climate change, Modeling
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STy 5t Sl CuwgeoS s g obans 9 154395000 31,15 bl pd 3 s (Sa3lsd 90 Cliogad 5yt (ile dumglio -5 Jgan
Table 5- Mean comparison of some morphological characteristics and yield components of garlic under application of
mycorrhiza and different levels of SMC

Pl Sis (459

SMC g . .. ] Sbgw 5 o9 > SEgw > . " . P Ty SS9
(U0 5 o) g gl &g 4 e (0.5) g2 5 Sy Eogw 8 Eow Job Sy
SRR (5 i) (2,5) eI T (Fosil) (o siil) §
Level of at Freshweght  (coS% L) (2,%)
Plant g ros Diameter of Length of _‘°
SMC . shoot Dry of clove per
tha height €M) weight of per et Clove volum3 bulb (cm) bulb cm)  Dry weight of bulbs
(t-ha™) olant (o) plant (g) per plant (cm?®) per plant (g)
0 33.97%" 1.30° 3.65° 11.59¢ 3.39° 3.71° 5.46°
20 35,78 2.14® 3.81° 19.25% 4.47% 4.60% 7.66%
40 39.83° 2.50° 3.60° 23.59"¢ 5.09% 5.15°% 9.54%
60 37.50® 2.05® 2.87% 31.25® 5.18% 5.43 11.28°
80 31.10° 1.68" 2.26° 34.06° 5.23° 5.46° 11.34°
100 33.86%® 1.77% 1.32¢ 37.08° 4.79° 5.14° 12.66°

13 (o)l gime Cglis o b cdeoyd iy (6ol o 53 5SS g0l bl p 35,185 (Sytie By oS olapSle oyt pa 0w
*Means by the similar letter in each column and treatment are not significantly different according to Duncan s multiple range tests
(p<0.05).

25 1 de

Fresh weight of bulbs per plant (g)

0 20 40 60 80 100
SMC levels (t.ha!)
ST &8y SUlly Cuwgre’ iliea ks 3,3, ;1 Coxi yuus A9y )3 Egm 5 (339 ~ LIS
Fig. 1- Bulbs fresh weight per plant of garlic affected by different levels of used mushroom compost application
0 gyl ire gl S e gy (gld sla i Sibe
The means by similar letters are not significantly different.

JS5) w5 oanline 816 wals Jlo j3 digy ,3 SSgu i o30S
Rezvani Moghaddam et al., ) ;,LSen g paio Jlgs5, (2
= Prae G CowgreS il sl 131 (o0 1 (2013
u9)l35 (Crocus sativus L.) lyasj a8 5 oS Sluogas
S 5 (55 60 e ) @poyte o IS alasi i 45 0,8
SO ya a8 wsly Hbl pioed byl il sdalie 7B CasgeeS
10 ali8l el el pa o ,bSa > 5100 480 20 #glaws |

b ABLS ) Cond @peyie y 5 dlaw (a0 ) 13 413

3L Hles 0 g poes odly (uibylg o wlwl
s 3 (3 Jgaz) 1 )l tme (p=0/01) eass 15 )8 oS
3108 L S5 oz (i SMC Ui 5 5 100 5,16
Lol )lass 3 S g mom i (3268 g canSo yio Sl
(5 Jgia) w3 osnlie caSo yio ilw 1/37
P a5y 50 SSgw dlsy a8 ol lis bosly il g 4 500
Jsiz) 1 o gine (pO/0L) s 15 )6 CangpeS 3,018 Mo
5 11/9 LS 55 o5 100 5,08 Jlows y3 S g dlasi oy ydis (4
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Fig. 2- Total cloves per plant of garlic affected by different levels of mushroom compost application
0 gyl ire gl S e gy (gld sla i Sile
The means by similar letters are not significantly different.

Number of cloves per plant

2515l yueS lagsw caop 82 Lials cage SMC 15 51 yxaS olag g (59 4S 3l olis Waodly il g o0
Sbaggw phall s o oy o0 o 405 2ald jlos | duslie (P<0/01) o Sy oo 13 )6 CawgaS 20)85 Jlos )3 25
ez ls seliol Lyl s 4 amls 0 255 15 51 28" 55 L 225515 ) 18 slaggw i oy (4 Jsi) 25 o stme
Peregrina et al., ) a_sb anls jleg 1 ST slge 39 o5 9 S Clagow oo cpyieS g, 55 p,56ks 1618 L aals s
(2009; Polat et al., 2009 290 L SMC,kSa 5 p ks 100 5,15 Jlass 15 p,5 15 51 jie8
s 5 05 10005, 5 (3 JS) 4 samliio JUSa 15 p SolS

Weight of bulbs less than 15 g.ha (kg.ha™)

60 80 100
SMC levels (t.ha™)

STy o st Sl Cuwgra 32,18 o ghans (51 lond ST s JUS2 3 0,5 15 51 e slaggm o)la0 ~3 S5
Fig. 3- Bulbs rate less than 15 g per ha of garlic affected by different levels of mushroom compost application
0 gyl pire gl S e gy (gld sla i Sile
The means by similar letters are not significantly different.
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2008 SRl & cudls s cpl @ plgiee 1y <8l Galidl )8
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35208 sles 13 25 30 51 5L laggms s cppisi (4 Jgi2)
oanlio anli Jlod > o] e 268 g SMC JlSa ,> o5 100
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,» (Polat et al., 2009) ),Len 5 Yo > Lial33l aoy> 72

0 20

40
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100

SMC levels (t.ha™)
153 T8 ot Sl CuwguoS 3,415 iliteo ok (b jlond ;S TCoD pouw Wb 13 0,5 30 51 5V Gaggmw 50 ~ 4SS
Fig. 4- Bulbs higher rate of 30 g.ha™ of garlic affected by different levels of mushroom compost application

0 gyl pire gl S e gy (gld sla i Sibe
The means by similar letters are not significantly different.

e ) (olaidl 5y Slos oS ol L odly il lg & 500
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oanlitie aals jlogs )0, ;5 ,55LS 6616 L (ool 5 Slos
s L dulio ;> SMC 1S 55 5100 50,5 L (6 ) s
- b 0,8 I il 8l as 3 48 oolasl 5 Slas 5 sals
J5 4 SMC 5 )8 isli8l b oolasdl 5 Slas iul38l et
Peregrina., et al., ) asb olis yolie g Luyiwd ;o )58l
(2009; Polat et al., 2009

P iy SLis oole JS a5 0 s bodly yuilylg 4 500

15 I gxe (P<0/05) o 13 2,58 CawrguoS 3,0)8 o y3 S
2 eSS 4125 L sudp SCas oole IS ot (4 Jgie)
Sisd o3bo e pyieS 9 SMC JliSays 5 100 jlos p> ks
ol (5 JS) 1 oanlia 16l Jlag 5 p)55ks 2018 1, cadys
iy s oolo ljee ,lS 55 5 100 5,18 L oS sl oL
b e 0,5 Iy tal8 sald e &) G 203 52
ofl38l Jd> 4 SMC 58" Jles 15 1) gy Sis oole a8l
S sy y i o Candls gl Slge 5 o (6,05 5 (6 plols
3980 SMC 3)LS pae Lo Ly dulio )3yl 03g5cuns )
5 el yislajl > (Wisniewska & Pankiewicz, 1989)

o3le oy iy pdS (59, ,u (Ehyaee et al., 2010) )L Sen
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Fig. 5- Total dry matter production of garlic under different levels of SMC application
0 gyl pre gl S e gy (gld sla i Sibe
The means by similar letters are not significantly different.
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Fig. 6- Economic yield of garlic under different levels of mushroom compost application
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The means by similar letters are not significantly different.
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Fig. 7 - Harvest index of bulbs of garlic under various levels of application of mushroom compost
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The means by similar letters are not significantly different.
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Introduction

In recent years, the effect of exogenous organic amendments on soil properties and plant growth
characteristics has received renewed attention. Although the utilization of mineral fertilizers could be viewed as
the best solution in terms of plant productivity, this approach is often inefficient in the long-term in tropical
ecosystems due to the limited ability of low-activity clay soils to retain nutrients. Intensive use of agrochemicals
in agricultural systems is also known to have irreversible effects on soil and water resources. The use of organic
and biological fertilizers are important strategies to reduce harmful effects of chemical fertilizers in sustainable
management of agroecosystems. Spent mushroom compost is the residual compost waste generated by the
mushroom production industry. It is readily available and its formulation generally consists of a combination of
wheat straw, dried blood, horse manure and ground chalk, composted together. It is an excellent source of
humus, although much of its nitrogen content will have been used up by the composting and growing
mushrooms. It remains, however, a good source of general nutrients, as well as a useful soil conditioner. Most
mineral soils contain mycorrhizal fungi, but often at levels that are too low for adequate colonization, especially
in disturbed soils. Mycorrhizae are host specific and will only colonize certain plants; so in some soils, there are
no native mycorrhizae that will benefit these plants. Therefore, most plants would benefit from mycorrhizae
addition to the soil. Symbiosis begins when fungal spores germinate and emerging thread linke structures, called
hyphae, enters the epidermis of plant roots. After colonization of the root, the fungus sends out a vast network of
hyphae throughout the soil to form a greatly enhanced absorptive surface area. This results in improved nutrient
acquisition and uptake by plant roots, particularly elemental phosphorus, zinc, manganese and copper and water.
In return, the plant provides carbohydrates for the fungi.

Materials and Methods

In order to study the effect of mushroom compost and mycorrhiza on yield of garlic (Allium sativum L.), a
split plot experiment based on RCBD design with three replications was conducted in 2010-2011 growing season
in research farm of Ferdowsi University of Mashhad, Iran. Mycorrhiza gGIomus mosseae) (use and non-use) and
spent mushroom compost levels (SMC) (0, 20, 40, 60, 80, 100 t ha™) were considered as the main and sub
factors. In order to determine the physic-chemical properties of soil, sampling was done at a depth of 0 to 30 cm.
Distance on and between rows was considered 10 and 20 cm, respectively. In order to weeds control, manual
weeding was done three times. At the end of the growing season, economic yield, biological yield, plant height,
shoot dry weight, bulb diameter, bulblet weight per plant, bulblet volume per plant and bulblet number per plant
were measured. Analysis of variance was done with SAS Ver 9.1 software.

Results and Discussion
The results showed that the effect of different levels of mushroom compost was significant on the most

studied traits, but mycorrhiza had no significant effect on yield and yield components of garlic. Based on the
results, highest diameter and length of the bulb and bulblets were observed in application of 100 t ha™* SMC. The
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highest economic yield (12760 kg ha™) was observed in application of 100 t ha SMC, so that the application of
SMC increased economic yield by 48 percent compared to control. The highest dry matter production and
harvest index also were observed in application of 100 t ha™ SMC. Organic and biological fertilizers are among
the most significant resources for development of agricultural soil quality and increase in the yield of different
medicinal plants. It has been reported that this ecological inputs provide favorable conditions for plant growth
and development through improvement of physical, chemical and biological properties of the soil (Cabrera et al.,
2009), therefore, it can be concluded that improvement of the most studied traits in the present study were due to
use of organic fertilizers.
Conclusion

In general, the results showed that it seems use of SMC can improve quantitative and qualitative
characteristics of garlic, thus it can be considered as a suitable alternative to chemical fertilizers.

Keywords: Bulb, Economic yield, Fertility, Medicinal plants, Sustainable management
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Table 1- The results of soil analysis at three 0-30, 30-60 and 60-90 cm depth in two evaluated regions

ﬁs‘”"’.’ Calas e sl gy ) SB T osle cab (30 y3) 5595
(305 Md«i“”) pH (2253) OM (%) Texture N (%)
EC (dS.m™) SM (%)
ol 36 78 424 0.33 e o) 0.043
Kerman Silty clay
2 41 8.1 441 0.28 e o) 0.039
Bardsir Silty clay
- oy 3,555 ; s
! o ,fg.w') ﬁ;;:f) S ﬁ);;“’) 55 o)
(225945 )3 2,5 o) o L (25545 5> 05 o) o o
1 (o594 5 (o594 5 1 (o594 5 (o5 5
P (mg.kg™) B 4 Zn (mg.kg™) B B
K (mg.kg™) S (mg.kg™) B (mg.kg™) Mn (mg.kg™)
ol 75 190.1 6.57 0.67 0.42 10.1
Kerman
73 6.1 179.0 4.32 0.51 0.30 9.2
Bardsir

5o MN 5 3B (95 ZN 3,565 S cumliy K yind P 59,505 N (I o3l OM gluisl cugboy SM (S5 Sl cylan EC
EC: Electrical conductivity, SM: Saturated moisture, OM: Organic matter; N: Nitrogen, P: Phosphorous, K: Potassium, S: Sulphur, Zn: Zink, B: Boron
and Mn: Manganese
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Table 2- The results of analysis of variance (Mean of Squares) for safflower yield and yield components under affected by vermicompost,
micronutrient fertilizer and their interaction
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Alo (555099590 > Clyess ol Il Al o Al ) Ay
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o 1 16256 309.17" 258.67" 142695.06™ 3.19” 463.90”
Place (P)
e 2 Sl 4 3.43 69.28 65.11 30048.29 0.06 33.81
Blockxplace
“‘“”"’S )9 1 21.01™ 473.06™ 564.06™ 104706.17" 435" 141.49™
Vermicompost (C)
(SranS 25 11 487" 152.28" 187.61" 191107.46™ 0.86™ 39.81°
Micronutrient (F)
CxF 11 5.95™ 3.43™ 5.96™ 994.69™ 0.16™ 43.09"
PxC 1 4.34"™ 10.56™ 19.51™ 3296.67™ 1.90™ 16.91™
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CV (%)
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ns: non significant, * and **: significant at 5% and 1% probability levels, respectively.
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Table 3- effect of place and vermicompost on yield and yield components of safflower

SUis adgle &l 3 ,5os
Lo . R R PLEHARIKEY o _ g
£ Bl dlass W1y (e Sl , (@5) als 32 4> 0,5 5kS) P eS9kS)
Branches number per Heads number per ‘-9"]9 1000-seed weight ( (e ( (e
plant plant Seeds number (@) J ) _
per head Dry foreige Seed yleid (kg.ha
(kg.ha™) )

O
Place

oS a a a a a a

11.14 33.75 54.26 29.16 1819.80 1295.46
Kerman
2 9.01° 30.81° 51.58" 25.57° 1522.22° 1232.50°
Bardsir
CwgnoS 509
Vermicompost

a2 ‘{ 6 10.45% 34.10° 54.90% 28.36° 1844.86% 1290.94%
6 t.ha

“‘”ﬁ 09 09 9.69° 30.47° 50.94° 26.37° 1497.22° 1237.01°

0 use

*Means with similar letter for each main effect in each column were not significantly differed based on LSD at 1% probability level.
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Fig. 2- Effect of different micronutrient combinations on heads number in safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, Sy: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Fig. 3- Effect of different micronutrient combinations on seeds number in head of safflower
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, Sy: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Fig. 4- Effect of different micronutrient combinations on 1000-seed weight in safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, Sy: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Fig. 5- Effect of different micronutrient combinations on dry forage of safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, Sy: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Table 4- Effect of vermicompost and micronutrient combination on dry forage (kg.ha™) of safflower in Bardsir and Kerman

S pangS 555 oless 22
Kerman Bardsir
Micronutrient SS» 43 ‘.1}5 6 CuwgroS (09 (194 s> 3 ‘.1}5 6 CuwgroS (09 (194
6 t.ha No use 6 t.ha No use
0 +15.3 1833 +14.4 620 +16.4 1270 +7.8 737
B +27.2 2087 +17.4 1293 +5.9 1487 +21.2 1267
Zn +11.1 1923 +12.7 1477 +13.4 1540 +11.4 1377
B+Zn +16.3 2227 +28.0 2053 +13.7 1633 +21.6 1667
S, +40.0 2027 +49.2 1.393 +14.6 1457 +18.2 1350
S;+B +31.2 2100 +22.2 1440 +23.9 1530 +17.7 1450
S;+Zn +12.5 2047 +18.8 1490 +25.9 1543 +18.3 1233
S;+B+Zn +29.7 2340 +39.3 2143 +16.2 1863 +9.2 2017
S, +17.1 2083 +40.6 1297 +37.1 1517 +9.6 1333
S,+B +15.1 2050 +21.2 1527 +33.1 1640 +13.6 1500
S,+Zn +57.9 2170 +59.2 1503 +12.5 1620 +14.7 1640
S,+B+Zn +14.0 2417 +56.3 2137 +23.2 1873 +19.8 1990

5,)5 13 gine ©oglis (SE) 3 )wlial (sllas ulul y Sy Slgpan 420l b (sloyeSiles
The means with similar overlap range were not significantly differed based on standard error (+SE).
3865 s 9;91:5200 Bpan S, 53,555 LS P)f9l:5100 B yas :S; W59y yud )‘.Jubos Bpan Zn ‘).; Fad 5o )‘.JL;LAZ Bpan B RYSRTRY 0
0: No micronutrient, B: 2 ml.L Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, S,: 200 kg.ha™ sulphur.
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Fig. 6- Effect of different micronutrient combinations on seed yield of safflower plants
2555 JiSe )3 p,55kS 200 Bpao S5 53,55 ,Se )3 p)55kS 100 e Sy ccsg 1) 5 ke 3 Bas 1 ZN o 1) 3 ke 2 Bpae B ogs g0, 0
5,05 I gime Cglis o y> S o] aws j3 LSD 905l ool lasSs Bgpn b (slaygias
0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, S,: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Table 5- Effect of vermicompost and micronutrient combination on seed yield (kg.ha™) of safflower in Bardsir and

Kerman

S 355 okss o3

Kerman Bardsir
Micronutrient SS» 3 ‘.19 6 CuwgroS (09 (194 SS» 43 ‘.19 6 CuwgroS (09 (194

6 t.ha No use 6 t.ha No use

0 1015.0 +42.1 1004.3 +85.8 906.7 +10.9 871.0 +27.7
B 1252.0 +38.0 1215.0 +43.0 1211.7 +14.0 1193.3 +25.7
Zn 1335.0 +40.6 1323.3 +39.7 1297.0 +52.6 1203.3 +42.0
B+Zn 1406.7 +32.5 1356.0 +51.0 1340.7 +55.8 1273.3 +39.1
S, 1195.0 +45.8 1153.7 +43.7 1130.7 +21.1 1070.3 +37.2
S,+B 1323.3 +46.6 1305.0 +33.0 1280.7 +48.0 1217.0 +16.0
S;+Zn 1370.0 +40.6 1288.3 +41.8 1321.7 +26.8 1246.7 +31.4
S,;+B+Zn 1463.3 +36.7 1397.3 +49.6 1406.0 +21.9 1316.7 +33.8
S, 1290.0 +44.4 1212.0 +35.2 1237.7 +43.5 1170.3 +13.7
S,+B 1340.0 +23.2 1298.3 +37.9 1282.3 +17.9 1239.0 +32.1
S,+Zn 1326.7 +25.7 1293.3 +42.0 1330.7 +42.4 1231.3 +28.9
S,+B+Zn 1495.0 +37.6 1433.0 +51.5 1425.3 +35.7 1376.7 +22.3

5,15 13 gine ©glis (ASE) )bl sls bl ; lay Slggas atels b (slo Sl
The means with similar overlap range were not significantly differed based on standard error (+SE).
iS55 pS5kS 200 o 1S5 55,555 Se )3 £S5k 100 G o Sy ey 1) 3 ke B Bpan ZN (3 1) 3 ke 2 e B oS g, 0
DS
0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L™ zinc, S;: 100 kg.ha™ sulphur, S: 200 kg.ha™ sulphur.

L olyon 3,555 039t Byann S (sdgS pme lacsie 5 issy Lolyon 3,555 55 200 plys Lk g U cugeaS 0
4oy (59) OBLS iy ) el 9 5ad gy al sladgS sy s> (LS 53 S5 LS 1495) Loy adlats 5 5
(Altaf et al., 2000) suS' o $5o odes (sl yeiS 5l b pnonS (cladgS Byiae 3g ail> 3,Slas

S5,I5 dild 5 Slos o Suid ddgle b aySlos sl5a] (Nimnor -6 Joua

Table 6- Correlation of yield components with dry forage and seed yield of safflower

aBlu dlaxi 33 b dlani JLHERIKEY]
PRI s b Bl chs wge
Branches Heads Grain 1000-seed o trage
number per number per number per weight
plant plant head
S egle 0.518™ 0.775" 0.889" 0.378™ 1.000
Dry forage
sl - - * *
£ 2, os 0.516™ 0.877 0.897 0.674 0.768
Seed yield

oy S5 g i Jein] zalaw 3 sy A D dxe g # D dxe s NS
ns: non-significant, * and **: significant at 5% and 1% probability levels, respectively.

g0 3y Sdas lialdame b 5 (59) @565 BraceS yolic aS o)l dg g (di e LS 55 b slaimgh 40
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Introduction

Despite the importance of oily crops in development of Iran, there are few studies on nutrition with
micronutrient in these crops, especially for safflower. Safflower, a deep rooted oilseed crop, is grown in many
areas of world because it can be used as oil crop, vegetable, birdfeed and spices. To achieve the acceptable
growth and yield of safflower, it needs the sufficient micro- and macronutrient, so that recently, there has been
an increased interest in evaluation of nutrient role in quality and quantity of safflower. Application of
vermicompost in oil crop production systems of Iran has been increased; which it can improve soil structure by
increasing aggregate stability as well as increase in water holding capacity and aeration. On the other hand,
micronutrients are nutrients required by plants in small quantities to organize a range of physiological functions.
The deficiency micronutrients is widespread in many parts of the country due to cultivation of high yielding
varieties, intensive agriculture and increasing use of sulphur free fertilizers in large quantities with concomitant
decrease in use of organic manures. There is little information on interaction of vermicompost and
micronutrients combination on safflower. thus, this study was conducted to evaluate the effect of combinations
of three important micronutrient consisted of sulphur, zinc and boron on yield and yield components as well as
dry forage production of safflower in different vermicompost treatments.

Material and Methods

In this research, the effect of micronutrient application and vermicompost was examined on yield and yield
components of safflower in Agriculture and Natural Resources Research Center of Kerman Province in two
Kerman and Bardsir regions. The treatments were included vermicompost factor at two levels (0 and 6 t ha™) and
micronutrients combinations at 12 levels (no use, 100 kg ha* S, 200 kg ha* S, 3 ml L™ zn, 2 ml L™ B, four
twofold and two triplet combinations of the 3 micronutrients). A factorial experiment based on randomized block
design (RCBD) was used. Vermicompost and S were used before planting as soil apply, while Zn and B were
applied as foliar application. Dry forage at the flowering early and branch number per plant, head number per
plant, grain number per head, weight of 1000 grains and grain yield at final ripening were determined. Analysis
of variance, means comparisons (LSD at 5% probability level) and correlation coefficient were done in SAS
software.

Results and Discussion

The results showed that application of vermicompost and micronutrient had positive and significant effect on
head number per plant, grain number per head, weight of 1000 grains, dry forage and grain yield in both places.
These could be attributed to improved soil porosity, water holding capacity and aeration caused by
vermicompost. Vermicompost are also known as sources of plant nutrients and can improve soil
physicochemical characteristics. Growth and yield of safflower plants in Kerman was significantly more than
those in Bardsir, which was probably due to better conditions of soil in Kerman. Kerman had greater amount of
nitrogen, potassium and phosphorous as well as higher level of soil organic matter. On average, vermicompost
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application at 6 t ha™ was associated with 347 and 54 kg.ha™ increasing in dry forage and grain yield,
respectively. In the other hand, the highest dry forage and grain yield were obtained from plants treated with 200
kg ha’ S, Zn and B as 2104 and 1433 and 1433 kg ha™, respectively. Stimulated photosynthetic activity and
synthesis of chloroplast and protein in result of micronutrient application might be reason of greater yield in
these treatments. The grain number had the highest correlation with forage production and yield.

Conclusion

In general, the result of this study revealed that in both places, vermicompost and micronutrient application
had positive interaction, so that the greatest forage and grain production were observed in vermicompost
application with triple combination of S, Zn and B.

Keywords: Boron, Organic fertilizer, Sulfur, Zinc
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1- Models

2- Microscopic models
3- Macroscopic models
4- Actual transpiration
5- Potential transpiration
6- Reduction function
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2- Bi-exponential function
3- Modified gompertz function
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1- Modified weibull function
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3- Modified index of agreement
4- Coeficient of residual mass
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1- Solver
2- Modified coefficient efficiency
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Fig. 1- The effect of salinity on relative yield of durum wheat
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Fig. 2- Measured and predicted relative yield of durum wheat by Homaee et al., (A), Dirksen et al., (B), van Genuchten &
Hoffman (C) and Maas & Hoffman (D) models
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Table 3- Predicted parameters of different models with equations of 6, 7, 8 and 10
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Table 4- The obtained statistics to assess different process- macroscopic model performances
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Fig. 3- Measured and predicted relative yield of durum wheat by Modified Weibull Function (A), Bi-Exponential Function
(B) and Modified Gompertz Function (C)
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Table 6- The obtained statistics to assess different statistical-experimental model performances
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Introduction

Salinity as an abiotic stress can cause excessive disturbance for seed germination and plant sustainable
production. Salinity with three different mechanisms of osmotic potential reduction, ionic toxicity and
disturbance of plant nutritional balance, can reduce performance of the final product. Planning for optimal use of
available water and saline water with poor quality in agricultural activities is of great importance. Wheat is one
of the eight main food sources including rice, corn, sugar beet, cattle, sorghum, millet and cassava which provide
70-90% of all calories and 66-90% of the protein consumed in developing countries. Durum wheat (Triticum
turgidum L.) is an important crop grows in some arid and semi-arid areas of the world such as Middle East and
North Africa. In these regions, in addition to soil salinity, sharp decline in rainfall and a sharp drop in
groundwater levels in recent years has emphasized on the efficient use of limited soil and water resources.
Consequently, in order to use brackish water for agricultural productions, it is required to analyze its quantitative
response to salinity stress by simulation models in those regions. The objective of this study is to assess the
capability of statistics and macro-simulation models of yield in saline conditions.

Material and Methods

In this study, two general approach of simulation includes process-physical models and statistical-
experimental models were investigated. For this purpose, in order to quantify the salinity effect on seed relative
yield of durum wheat (Behrang Variety) at different levels of soil salinity, process-physical models of Maas &
Hoffman (1977), van Genuchten & Hoffman (1984), Dirksen et al. (1993) and Homaee et al. (2002b) models
were used. Also, statistical-experimental models of Modified Gompertz Function, Bi-Exponential Function and
Modified Weibull Function were used too. In order to get closer to real conditions of growth circumstances in
saline soils, a natural saline water was taken from Maharlu Lake, Fars province, Iran. This natural and highly
saline water with electrical conductivity of 512 dS.m™ diluted with fresh water to obtain the designated saline

waters required for the experimental treatments. The designed experimental treatments were consisted of a non-
saline water and five salinity levels of 2, 4, 6, 8 and 10 dS/m with three replicates. Three statistics of modified
coefficient efficiency (E'), modified index of agreement (d") and coefficient of residual mass (CRM) were used to
compare the used models and to assess their performances.

Results and Discussion

Comparing the relative performance of models based on statistical indices of Modified Coefficient Efficiency
(E" and Modified Index of agreement (d") indicated that the nonlinear model of Homaee et al. (2002b) is most
accurate between process-physical models and Modified Gompertz Function is most accurate between statistical-
experimental models. Comparison assessment of all models based on statistical index indicated that Homaee et
al. model was the most accurate model for simulation of durum wheat yield. This is while the parameters of
Homaee et al. (2002b) equation is well-defined concept and is easily measurable, but in statistical-experimental
models, parameters of each model have no biophysical concept and the absolute values of each parameter do not
express any information about development status of the plant. So, the nonlinear model of Homaee et al. was
chosen as the optimal model in this research.
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Conclusion

Most of the plants such as wheat, are sensitive to salinity and by increasing the age, their sensitivity to
salinity are reduced. Based on the obtained results of this study, by knowing and quantitative assessment of the
dominant cultivars sensitivity of each region, as well as using appropriate simulation models, one can use
brackish or saline waters to partly compensate fresh water shortage for scientific and extension Agricultural
programs.

Keywords: Environmental stress, Modified Gompertz Function, Saline water, Simulation
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Table 2- Analysis of variance (mean of squares) for effect supplemental irrigation and dust apply on yield and yield

components of chickpea
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Biological - No. of 100-seed No. of Plant
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yield seed/plant weight pods/plant branches height
)|)g) _(R) 2 131.64™ 3.81™ 8.603™ 0.04™ 1.53™ 606.95™ 0.20" 9.66"
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- d Ls)sz’" (I) Kk Kok Hk Kok *ok Hok *ok
Supplemental 1 103592.75 19157.36 32.28™ 216.92 1096.71 1129632.00 89.38 974.70
irrigation (1)
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253 Jlosl(D) 6 7654.64™ 1265.07"  99.98" 15.05" 7.42" 23485.97" 0.49™ 2.62"
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ns, * and **: are non-significant and significant at 5% and 1% probability level, respectively.
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Table 3- Means comparison of simple effects of dust application on yield and yield components of chickpea
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E 67.34° 163.13% 41¢ 7.8¢ 24.57° 7.95¢ 5.58° 26.93°
F 75.79"™ 148.97¢ 51° 7.7 26.12° 7.82° 5.79° 27.09°
G 85.20° 177.32" 50%° 9.85" 24.24° 9.97° 5.79° 28.16°

Sl Joyd gy e )3 (63 dme BB (DUNCAN) (Sil> g0l ol s ciglite Bgys b (sl pSike *
* Means with different letters are significantly different based on Duncan test at P < 0.05.
ML by Al e 53,55, Jlesl D ( 23BN dls o 135,55, Jlesl € ingy ds o 135,55, Jeel B jloss o) salis /A

BIME o dngy dls po Blol 5 g :C g 2IAME nlpe Blol 5 guiiiand F o gy dlsye Blgl 5> g :E

A: Control (non-treatment), B: Dust deposition at vegetative stage, C: Dust deposition at poding stage, D: Dust

deposition at pod filling, E: Washing at the end of vegetative stage,; F: Washing at the end of poding stage and G:
Washing at the end of vegetative and poding stages.
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Table 4- means comparison of interaction effects between supplemental irrigation and dust apply on yield and yield
components of chickpea

I Sdis oobe gasle

5 > &5 dlaws KV AW oy aA LS o
ERCEIRT R et e ouu AP SPTRUR o B .
355 (@ e pps) (eoye %) G S (e S) il Wy =

Dust . . . Number

Supplemental . 2, Biological yield No. of 100-seed No. of

irrigation ?B%’ Seed yield (g.m") (g9.m?) HI (%) seeds/plant  weight (g) pods/plant g‘;;tfgssl
A 76.157 161.4° 47.19°7 6.80° 28.09"™ 278.7° 5.24?
(03) nl B 49.14% 111.5% 44.06°™ 4.17" 29.57%¢ 173.3° 3.89°
~ C 64.96° 168.6% 38.55¢ 6.23° 26.14°“ 246.7% 4.35°
D 54,33 102.6 53.02%® 4.47" 30.76® 184.0™ 4.57°
Control E 46.57° 1125 41.42% 3.83" 30.38%® 156.0° 4.05°
(Rain fed) F 57.76°" 1116 52.05%¢ 4.80%" 30.09%¢ 198.7°1 4.29°
G 66.95% 125.5¢ 53.61% 5.60™ 30.08%%°¢ 229.3%f 4.21°
A 144 .47 341.0° 42.31°1 14.15° 25.64° 562.0°% 7.55°%
B 86.61° 187.0° 46.41° 9.12° 23.76¢ 354.0° 7.11°
a5 C 93.77° 211.1° 44.47° 8.55¢ 27.47°% 351.3° 7.38°
W e D 104.7° 220.6° 47.50°¢ 10.68° 24.53% 420.7° 7.18°
Supplemental E 88.13° 213.8° 41.38" 8.02¢ 27.54°¢ 330.0° 7.13°
Irrigation F 93.81° 186.3° 50.44%¢ 6.85° 34.34° 276.7° 7.30°
G 103.5° 229.2° 45,13% 10.35° 25.10° 418.0° 7.36°

Sl Moy gy g 53 (6l gxe M) (DUNCAN) SSls (9050 bl oglie g b (clapSile *
* Means with different letters are significantly different based on Duncan test at P < 0.05.
2 sttt BN 05 Al yo 33,550 Jlasl D (23N oo 133,55, Jlos C ) o po 13 3,55, Jlasl B (5 ko 455 g (190) ol A
> Mg g Ay Blol 3 9 B g (M Jolye 35l )3 gt i oty aloye Sy
A: Control (non-treatment), B: Dust deposition at vegetative stage, C: Dust deposition at poding stage, D: Dust
deposition at pod filling, E: Washing at the end of vegetative stage; F: Washing at the end of poding stage and G:
Washing at the end of vegetative and poding stages.
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Introduction

Dust storms over Middle East are one of the most important environmental and pollution problems. In order
to assess the effects of dust deposition and supplemental irrigation on yield and yield components of chickpea,
an experiment was conducted at the research farm of Agriculture and Natural Resources Campus of Razi
University, Kermanshah, in 2013-2014 growing season based on RCDB with three replicatins. Treatments of the
experiment included supplemental irrigation as the main plot factor with 2 levels (No-irrigation and irrigation at
poding stage). and dust deposition as the sub plot factor with7 levels (Control, dust application at vegetative
stage, dust application at poding stage, dust application at pod filling stage, Washing at the end of vegetative
stage, Washing at the end of poding stage and Washing at the end of vegetative and poding stages).Supplemental
irrigation and dust deposition had significant effect on yield and yield components of chickpea. Drought stress
reduced yield and yield components. With dust application at vegetative stage (67.86 g.m™), poding stage (79.37
g.m™) and pod filling (79.52 9.m'2) seed yield reduced. With Washing leaves at the end of vegetative and poding
stages seed yield (85.20 g.m™) increased.

Material and Methods

This study was conducted during 2013-2014 at the research Farm of Razi university in Kermanshah state in
the west of Iran (47° 9" E and 34° 21’ N), 1319 meters above sea level. The soil of the research area was clay
loam (36.1% clay, 30.7% silt) and was cultivated with chickpea previously. Treatments included supplemental
irrigation as the main plot at 2 levels (control (non-irrigation) and irrigation at poding stage. Other treatments
included dust deposition as the sub plot at 7 levels (Control (non-treatment, dust application at vegetative stage,
dust application at poding stage, dust application at pod filling stage, Washing at the end of vegetative stage,
Washing at the end of poding stage and Washing at the end of vegetative and poding stages). Experiment was a
randomized complete block design with three replications. The Analysis of variance using SAS softwares was
performed for studied parameters. The means were compared using Duncan test at level of 0.05 probabilities.

Results and Discussion

Dust particles deposited on chickpea leaves resulted in the reduction of the total dry matter and seed yield.
Interaction of supplemental irrigation and dust deposition on biological yield, seed yield, harvest index, number
of seeds per plant, number of pods per plant and number of lateral branches were significant. The highest
biological and seed yield were obtained due to the interaction of Supplemental irrigation and Control (no dust
deposition) with 341 and 144 g.m, respectively. Zia-Khan et al., (2015) reported the mean reduction of yield in
the dusted treatment was about 28%, indicating that the stress conditions in this experiment were relatively
severe. Chaurasi et al (2013) reported a decrease in dry matter of groundnut planted in the vicinity of a cement
factory, and an increasing rate of groundnut dry matter accumulation was observed while the distance of farm
and factory increased. By cleaning the dust particles of the leaves at the end of growth and poding stages, carbon
assimilation and finally grain yield slightly increased. This findings are also according to Zia-khan et al., 2014.
Chouhan & Joshi (2010) reported that the growth of wheat at 0.5km distance from a Cement industry was lesser
than to plants farther from the cement industry. Armbrust (1986) reported a decrease in dry matter accumulation
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after three days of dust application.
Conclusion

According to the results of this experiment, the drought stress and the dust deposition on leaf surfaces, cause
a reduction in light absorption of leaves, reduction stomata conductance, photosynthesis and transpiration and
increase leaf temperature. The results of this study show that yield and yield components of chickpea adversely
affected by dust deposition at different growth stages. Future researches should focus on the effect of dust
deposition on other crops like wheat and the ability of crops to capture the dust deposition in different climatic
regions.

Keywords: Air pollution, Growth stage, Yield reduction
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Table 1- Characteristics of the studied species for seeding rate and 1000-seed weight
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No. Species "“’ el Family Seeding rate (kg.ha™) 1000-seed weight (g)
Persian name

1 Agropyron elongatum Host. Al (odS e Poaceae 10 6.1

2 Agropyron cristatum L. w9y gl o5 (o> Poaceae 5 2.1

3 Agropyron intermedium Host. e (285 e Poaceae 7 3.4

4 Agropyron repense L. odgy (oA pe Poaceae 6 3.2

5 Festuca arundinacea Schreb. KW P Poaceae 6 2.6

6 Bromus inermis Leyss. Sy il Poaceae 7 3.6

7 Bromus reparius Rehmann Slwg> Ale gyl Poaceae 7 35

8 Dactylis glomerata L. &L dile Poaceae 5 1.1

9 Panicum antidotale Retz. &2k o)) Poaceae 5 1.2

10 Secale montanum Guss. 295 gl Poaceae 20 18.2

11 Onobrychis sativa Lam. e Fabaceae 15 13

12 Trifolium pratense L. BISCN) Fabaceae 10 5.2
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2- Pure live seed
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1- Total neutralizing value
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Table 2- Characteristics of irrigation water from combined three walls with different salinity on the studied species

Cumoguat 28 ol> 29 ols 30 ol
Property Well No. 28 Well No. 29 Well No. 30
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4- Least significan difference
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1- Electrical conductivity
2- Total dissolved solids
3- Sodium adsorption ratio
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Table 3- Analysis of variance (mean of squares) for biological and economical yields on the studied species in 2014

LKeY LKeY

Lo 4 . Blofardy  dlofay w02 3 8dos oW M’f e
& >) 3yl o y> A . Q18 3,Slos . s N )
s% o311 Establishment 2904 s $59.b S50 . ol Seed
sov  df percent Number of Number of  Fertility Biological Seedyield  Harvest germination
o fertile sterile percent yield index percent

tillers/stem tillers/stem

de}s_ 10 2763.6*** 127.3*** 145.6*** 2341.5*** 31370901.8*** 321081.7***  6.4*** 6274.8***
pecies

(e 20.7 9.4 5.9 31.3 966805.3 26191.1 0.44 108.2
Error
oyl
Oyt
(s059) 6.5 17.9 37.4 6.5 24.6 34.9 18.7 17.9
cVv
(%)
10 01 Jlazs) o 3 Jlogina
***: indicates significance at p<0.001 probability level.
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Table 4- Analysis of variance (mean of squares) for morphological characteristics on the studied species in 2014
D doey dlawd
3 o d P e
- @y ‘_,p,l;' ’ - & A Job A 43 4o dlaad Al 53 49 39
M &L@ ; ke &Lb)‘ 9{ A i A d A } d
SOV 83! 7 Heiaht Number of Spike Number of seeds Weight of seeds
~ df Purity g tillers length per spike per spike
percent per plant
4;,5_ 10 3440.8***  3023.2*** 30.6*** 163.7*** 87.4%** 0.46***
Species
1229
99 50.3 121.0 2.2 7.1 35 0.02
Error
Ol o pd
(109) 23.3 12.1 27.1 234 59.0 57.7
CV (%)
2oy 0L s 3l gmn
***: indicates significance at p<0.001 level.
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Table 5- Mean comparisons of seedling establishment percent and plant height on the studied species at Mazra-e-Nemoneh of
Astan Ghodes in 2014 and 2015

aig5 w8 U (1392) 18wl duo (1392 « o giilw) gl (1393 o siil) glés !
Species Persian name  Establishment percent (2013) Height (cm, 2013) Height (cm, 2014)
Agropyron cristatum L. g3 gl (odS e 76.3d* 39.2Cder 79.6°
Agropyron elongatum Host. b (iS5 as 89.3" 112.4* 129.2%
Agropyron intermedium Host.  Sle (#85 ex 43.8° 57.8° 101.2°
Agropyron repense L. 0Xg) (oS yex 71.2d 44.1Cde 80.6°
Bromus inermis Leyss. Sy cils 88.8" 47.9%% 101.9°
Bromus riparius Rehmann  (s;lugs (ls o)l> 30.3f 21.9f 62.7d
Dactylis glomerata L. £l il 74.5° 42.9°% 83.8°
Festuca arundinacea Schreb. xl e 81.3% 31.6% 83.6°
Panicum antidutata Retz. <2k o) 12.8 57.8° 80.5°
Secale montanu Guss. 295 gl 98.5% 94.0b 106.1b
Onobrychis sativa Lam. guge 86.8b° 50.5Cd 76.2°
Trifolium pretense L. 5o el 705 32.3%f -
‘l'\’/lfab: 7 53 90

(P0.05)5,15 (g)ls gxe M) duoy> iy Jloin] gdaw ;5 LSD 9051 ol pr cdisnds S jiio Gg o (sl 45 olay ySilso g s 3
*Means with the same letter within each column are not significantly different by LSD test (p<0.05).
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Table 6- Mean comparison of dry matter yield, seed yield and harvest index on the studied species at Mazra-e-Nemoneh of Astan Ghodes during 2013 and 2014

(1¥4YF cas,d)

20 055 o) Suid o3lo 3,5os (UK 3 0,5 9LS) Aild 3 Shos

3 PS5 PS) Suid o3lo 3,5Mos

(yray
Seed yield

(kg.ha™, 2014)

(Yray s
Dry matter yield

(kg.ha, 2014)

(Y¥aY s
Dry matter yield

w8 el
Persian name

Harvest index
(%, 2014)

(kg.ha™, 2013)

Species

4019.0° 1081.5% 26.9%°

10584.0°
3176.3%°%¢

3275.8%°%¢

*
5955

99> B oS e

Agropyron cristatum L.

1.7
10.8%¢

185.5"

3728.7°

Ay (oS ez
Sle (215 e
adig) (45 (e

Agropyron elongatum Host.

346.5de’
2043

790.2°

Agropyron intermedium Host.

6.1“‘

734.2°

Agropyron repense L.

4028.8° 503.8° 15.8%
21.4%

38753

707.3°

Bromus inermis Leyss.

826,8b

187.8"
880.4%°

Golwgr s 5>

Bromus riparius Rehmann

11.9%

7. 6det
10.7%f

2923

2483.0%

&l Gils

aly s

Dactylis glomerata L.

2973

3940.3%

1675.7°

Festuca arundinacea Schreb.

445.0%%¢

577.5%F 41253
1886.8°
2560.5°%
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Introduction

Drought is a natural phenomenon in arid and semi-arid regions of the world. It is created by low
precipitation, high evaporation and reduced soil moisture. Today, they are the major threats to agricultural lands
due to fluctuations in rainfall, limited water resources, wells salinization and subsequently abandoned farming
lands. Iran is located on the world's dry belt and more than 90 percent of its area is located in the arid and semi-
arid climatic regions. It has been reported that the annual rate of soil erosion is up to 33 t.ha™ and 5 to 6 times
more than the standard limit. Also, 90% of the country's protein production comes from animals sources. Due to
the lack of adequate forage production, the main burden of protein production is imposed on the natural
resources and pastures. Therefore, In order to enhance soil stabilization and maintain its fertility, optimum use of
off-season precipitations, preventing the flow of water and protecting the abandoned farming lands from the
flood risk, increasing the water permeability in the soil, and helping to feed the underwater aquifers and finally
the production of forage and seeds, the development of perennial plants cultivation is an important conservative
practice. The aim of this study is to emphasize on the selection of the best perennial forage species with low
water requirements and acceptable yield for renovation of the abandoned farming lands and moving towards
sustainable agriculture approaches.

Material and Methods

In this experiment, 10 species of perennial grasses (Agropyron elongatum Host., Secale montanum Guss.,
Festuca arundinaceae Schreb., Dactylis glomerata L., Agropyron intermedium Host., Agropyron repense L.,
Agropyron cristatum L., Panicum antidutale Retz., Bromus inermis Leyss., Bromus riparius Rehmann,
Agropyron cristatum L.) and two legumes includes Trifolium pratense L., Onobrychis sativa Lam. were studied
at Asatan-e-Ghods Razavi farm in Mashhad from 2013 to 2014. The seeds were sown in early November and
well-watered for twice after planting and then irrigated by the end of rainfall from May to August, every 22 days.
The harvesting time was late August.

Results and Discussion

The results showed that in the first year, the average of seedling establishment was 71% for all species with
the lowest 13% for P. antidutale Retz. and the highest 99% for S. montanum Guss. Also, in the years 2013 and
2014 the average of dry forage yield were 1432 and 3663 kg.ha™, respectively. In the second year, the highest
dry forage yield among the species belonged to A. elongatum Host.and B. inermis Leyss. with 10584 and 4029
kg.ha, respectively. Also, the grain yield of perennial grasses varied between 185 for A. elongatum Host. to
1085 kg.ha™for A. cristatum L. In the studied species harvest index was between 2 and 34%. In the first year of
perennial species growth, emergence and seedling establishment are one of the most important factors affecting
on the increasing seed yield and forage yield. Also, the grain yield was affected by the high number of fertile
tillers or stem per plant and number of grains per spike. Another remarkable point was that some grasses showed
good seed germination and seedling vigor after immediately harvesting time. The highest seed germination
percentage for S. montanum Guss., A. elongatum Host., B. inermis Leyss., A. cristatum L. and B. riparius
Rehmann were 96%, 90%, 58%, 55% and 40%, respectively.
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Conclusion

The results suggest that the yield of perennial species in the first year was very low and weak to compete
with weeds (except S. montanum Guss.). But in the second year, dry forage yield has increased up to 2 or 3
times. Due to limited water resources in Iran, area of abandoned lands (low yield) is increasing. Therefore, the
selection of Agropyron genera as a drought tolerant species with the aim of increasing the productivity of the
land and to prevent soil erosion and to produce forage or grain yield could be considered.
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(Samvati, 2014) s_s awls” (Allium cepa L.) jLy kS sa&
ool 5l ol ol Ji5 4 caws 5 (Glycine max L.) Lgw
= o9dle Ul 34,08 (Karam et al., 2005) wlosgs olus (5Ll
J2le pp laS o She g (o5 Gk J S drwgs Jals
oS 1) Cugh)y JEalS & Sy (g elas G 350> Cllllas
ol G Sy sl talS 1 S &l o0l it Gilieo
(Hayatu et al., 2014; Hamim et al., 2016) s_sb o Ly
S 0055 g odé (59 ol s (i (S S
Saravia et al.,) . (Solanum tuberosum L.) e jum oLS
(2016
Catbye Joge I (5o oollan o515 s S5 el 5o
st 2ol Gl B2 0515 (liee S8k oe olS g5 g 005 5
A > (218 0o g 9 ugb) dlox g2 g0 (Jaee Jelge AL,
Al ieS gy o515 4l 935 o3 )3 ol LS > ogllas
2gu o5 00ldiw] iy 976 4 D3 g0 Jausme LIS 5 bl Cgllas
Amirmoradi & ) 53,5 » oS 0y ialsS ccliag s aS
oglho us jl 5YL 81,5 .(Rezvani Moghaddam, 2011
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01 e alig,y wlidlon sl jially 5l s (o 55 dslxe
ol 5l 9 905 alil o Sitpgies o]
9 5% Al sl g GlaLS 5o 350 Of damlxe Joallygiun
Allen et ) 15 oslitul 56 = 5l cusige = et dlleo 3l g po 355

(al., 1998

4 Kool doul § Ssoged doaol S 558 (5ol L ol e als o
ol 51 31T lse dlo jo 2 p3 g 4 52 200 151 87 Lo
bS8 ooliiwl )50 (258 (Lo, S (sled (sl Jole
ol ool 25l B )3 g8 - Clesl g0 4 ialo
B0 Loy (Sois (i prdaw dw 05 plool S5 aw b (dolas
oo 4oy egliomss anldl Ll yid )3 s ol 5l 00> 100 5 80
50 5 ¥+ ) o a3 o815 51 JpgiSe S 5 5 ool ol
Jole Olgis 4 b 9 290w 93 53 ST g (@perte ) Sy
LLod | (oyp 2)90 g8l 93 biad 48,5, 1o p> e

Ol &3l e Sty s olunnz ] (couldl o0 (sLaidgo 51 (A2 -1 Jgur
Table 1- Some important climate parameters of Semnan's synoptic station

) ) L _ . Lo bawgs
o 2 50) Bl e s 3aSko oy depbuugie ol el gaze o) S (c°)w
ol aide (a6 (08) _omm (ceelw) (%
Climate parameters Mean fwinc; d (m.s?) Mean percentage of Total Precipitation texe:rnaﬁjre
€ano speed (m.s relative humidity (%)  hours of sunshine (h) (mm) F()oc)
Golel e il 29 21 41 3043.3 144.4 185
Long-term period
1388-89 _<l,; Ju 29 43 3044.6 120.4 19.3
Crop year 2009-2010
1389-90 ()5 Jls 21 39 31147 110.9 19.2
Crop year 2010-2011
1390-91 <15 Juo 224 43 3101.3 183.2 17.4

Crop year 2011-2012

3 . 2 ) 1

s Ay ey CGR) © guamo A3y sy (TDM) ™ IS
oAl pgmthiacl 5 (LA) S s a3l (RGR)
OyLSen g a8 odljaen] Lawgi sais 4l g, ;I (NAR)
Sci), 1Ml asl; o (Ahmadzadeh Ghavidel et al., 2016)

23,5 eslatwl
TDM = ?
T (4b=emc) (1)
dTDM @ +h sc=g
CGR = dt _{1+B*g—ff:]: (2)
RGR = diTDM B beg=g tF
© o dt! T 1 4bsed (3)

1- Total dry matter

2- Crop growth rate

3- Relative growth rate
4- Leaf area index

5- Net assimilation rate
6- Slidewrite

b (L e pohs sl oY )l slpe
i 20 OI000L 35 e 55 syt 585 5,550
slaple; )3 5 glacile b oj)le il Juad (o 5 0 Jlos]
Wl pll (s g 4 5L5 39
S g (55051 & bgrya (sl o pdiges s> ySlg) 5
@9 ()70 gy 4 edE SIS g 5 (g 9 S SS 5 5 0 9
it ol Legaomo sy Lo ulgl b ol 5 i Sy & jpo0
y2 5l 4 dw Cagh ) polate (pl (gl 8 Pl (6l pdiges
wlo gyl y3lgl 13 050,58 sl Bolal Gyge 4 @)S
S g 6y iS50 a8 (6 yeSoil] ISy slass 4 lis)
o 3 i plool (Dela-T) g 5y o as olSE b oy
el 48 e 4y calisko sl 4y S 1 s oLS <61 paiges
Sl A5 i s 5SS 25 o 423 10 (glos 3 ol
5 ls slaplil SCis g alie Sl ) slagasls oyl
2l s 3l 53 osal Cusday Sy pas (iman g (05
Siid 0olo lyusd pand (gl b odlatwl ()l pdiged o 1> Hleus
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Table 2- Analysis of variance (mean of squares) of growth characteristics, number of leaves and plant height of two garlic
ecotypes under different levels of drought stress in three planting densities

a [ S1as Slos 5
‘), o 5 (LSO JRVN ’5 Qo5 JSlas adld p2Slas o .
O a5 sl G5 yamw Yasomes! A, j B Gg £lis)
e & ) (7 cand L ) S id sl » bd J
S0V df oAl SR Jpane S 03 S Plant height
RGR max TDM 1 LA ma
NAR max CGR max number
)'_’Q ) 2 0.59" 0.0007"™ 20.19™ 8965.4" 4.877™ 9.12"™ 61.72™
Replication
S 2 2282 0.0013"™ 8222 97709.6" 10498  195®  167.56™
Drought stress (Ds)
ool sl 4 154 0.0003 6.71 9015.3 0.902 152 58.58
Errora
w5 1 0.04™ 0.0426™ 69.07" 17940.1" 0.377™ 17.42™"  189.53™
Ecotype (E)
”‘“K w513 2 11.72" 0.0003™ 17.54™ 454299 6.599" 1.30™ 1.09™
Density (D)

CulS WS X .
K o] 2 0.79"™ 0.0002" 0.93™ 1838.8"™ 0.347" 0.04" 67.11
(E) x (D)

Bl SIS 4 187" 0.0028" 1373 3046.3" 1.659™ 0.49™ 9.56™
(Ds) x (D)

eSS i 2 1.27™ 0.0047" 3.34™ 7596.7" 0.110™ 0.16™ 6153
(Ds) % (E)

Bl S S 4 278" 0.0002" 1.94" 1894.8™ 1.073" 043°  21.46™

(Ds) % (E) x (D)

i 30 162 0.0010 7.96 3994.9 1.341 0.97 18.13

Error b

P95 I gxe = NS (P< 0/001) 5 (P< 0/01) (P< 0/05) 5 s simo iy ay ¥** %% >
*, ** and *** significant at P<0.05, P<0.01 and P<0.001, respectively. ns = non-significant

0 951 93 )3 Sy SIan g 0l (6 501N il ) S (A (0l dulio -3 Jgua
Table 3- Mean comparison of growth characteristics and number of leaves of two garlic ecotypes

Sl Jpasme ad) s g JS1s SUis a3l gead G (sug) Sy slams

ECotype (59, &y0 50 52 05) (@ 5o p5)  Leaves number
CGR g (9.m* day™) TDM 1 (9.M) (No,)
ok 6.975+0.489"" 320.73+18.51° 9.68+0.1645%
Tabas
%k 9.237+0.763 284.28+19.18° 8.54+0.2530°
Toroud

il o 75 o 3 o ime 3MS) 3815 LSD (90l sillas ¢ygim yo p3 S e e 5 Bl (gl (slapSilost
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).

L Lajlogod o plosl do p> iy s ) 1)bulm sl Jlas bsd = g_l:r_rj"';
LAl =a+ ————
B533,5 pay Coly Ml 4ol 5l oslawl (1+e )R @)
NAR = CGR
Cou g b AT Tar ()
gl Sy olass o I CuigST 93 o 35 g9 Baad g EL85) 5 W 455 SAS (g)Lal sl ljile 5 5l ol b aools

el D) J eSSl Slalia s 50 4525 MSTATC
1- Least significant difference (LSD)
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Ji5 e 5lw 37130 4 36/22 polie ay sy s s 10,0100 (65LoT Loyl cuigST (2 Jods) b sanlie (65 sine
ok CgST gli) ) (i s g (Suis i Jlesl Lol wdl ol s 3oy 60 55 0 b cisST g oy o 2T 5L
(4 Jga) caslss g foisize b sk S| )3 wigy £l (4 Jgiz) 292 L |y B3 l65)] (508

g Jlasl 151 )3 (yrewslw 45/15) T 5L 00 )3 100 (6Ll )3

o 8LS g £ )] g (ud My Ca s JS 0 1 oS g (SWiS IS il 3T (il Ao -4 Jgu>
Table 4- Mean comparison of interaction effect between drought stress and ecotype on maximum relative growth rate and

height
5 oy s Slas o sl85
i oS X (Sl i W(‘ ) _r“’rf) ("yét,:)
Ecotype x drought stress 39 % 05 ;41 °r ; Fo
RGR max (9.9”.day™) Height (cm)
omeb ST X 5L 7100 )
Tabas x' ETc )100% 0.09170.0060™ 37.26+1.0701°
e I S 10 0.1184+0.0113" 45.15+2.5021°

Toroud x ETc 100%
o 551X ol S 780 0.0682+0.0073° 35.44+1.3472"
Tabas x ETc 80%
395k caisS1 X T 5L 780
Toroud x ETc 80%
ok I X S 315 760 0.0645+0.0101° 34.72+1.1294°
Tabas x ETc 60%
29k s X o s 760
Toroud x ETc 60%
il oo 75 o 3 I ime 3MS) 3815 LSD (90l sillas ¢ygim yo p3 S e By 5 Bl (gl (slapSibost
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).
1- Crop evapotranspiration (ETc)

0.1191+0.0084° 36.22+1.8891°

0.1554+0.0159° 37.30+£1.4417°

s 05 gy £ 1 Gl 1515 9 oS il T (Lo o -5 g0
Table 5- Mean comparison of interaction effect between ecotype and planting density on garlic of plant height

Ay slay,

o ol

Ecotypexplanting density )Mw

Plant height (cm)

& s p 632 0%l ois] 33.74+1.287°
Tabasx30 plant.m? -

g o S5 A b oS 36.57+0.744™
Tabasx40 plant.m? s

& o 2 3 S0 Xl 5551 37.11+1.278™
Tabasx50 plant.m? A

&y o p S oyl oS 41.94+2.353"
Toroudx30 plant.m?

&y fo 2 40 Xog o s8] 38.22+2.692%
Toroudx40plant.m™

& o 2 53 S0 Lo oS 38.50+1.996

Toroudx50 plant.m™
sl oo 7D gaws y3 53 gxe 3Mi3] 1818 LSD (yg0;l sllas gt pp 13 S e o O JBlis (gl (slapnSile™
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).

1- Crop evapotranspiration
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Leaf area index

o G 2g)b g1 )3 gy EE)] &S Aoy o0 a5 4 (i
L1 5 sl 039 iy ol 5 el (Sitd 15 Jlesl
S)ldisine 9l o815 Ll L iss 90 5l S ya &5
eyt 2 6530 6515 )3 s i sS) 93 lis)l 5 A smlito
33174) £Lis)| oy 48 jgmo s D9 gliio 0S5 b
e 5 @ e 3 453 30 o515 55 (b g1l (20 b
o 455230 (51,5 3 39, s 5l (e ks 41/94) 6l

5 Jstz) 235 Jol> o
P S sl Gl i 3y, 1S w0 e el

A - Tabas Ecotype

- - 31b1C2
— 31b1C3
——— azb]_C]_
—— azbj_Cz
- azb1C3
— a3b1c1
— a3b1¢:2

[E— Eab}_Cg

1 11 21 31 41 51 61 71

81 91 101 111 121 131

Days after germination

Leaf avea index
(5]

B- Toroud Ecotype

A 31b2C1
-— a1b2c2
-—. 31b2C3
—— azbzcl
—t— azbzcz
— azb2C3

- a3b2C1

— aaszz

1: 11 21 31 41 51 61 71

Days after germination

81 91 101 111 121 131

Sl 0515 du by (el Bliro Zobaus )3y GeigST 90 S g pehann (aS LS Ol g, -1 S
Fig. 1- Trend of changes in leaf area index of two garlic ecotypes under different irrigation levels with three planting densities
LEyo o y3 4 0 1Cg g qiyeyio y> aigr 40 1Ch oo 1 g 30 1Cq gyl CaigST Dy (s cuigST Dy ¢ 5L 7 60 a5 o 5L 7 80 tay (ol ks 7 100 jay
a;: 100% ETc, a,: 80% ETc, a3:60% ETc, by: Tabas, b,: Toroud, ¢;: 30 plants.m'z, Cy: 40 plants.m'z, c3:50 plants.m'z.
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Table 6- Mean comparisons for the growth characteristics of garlic in different levels of drought stresses

oA amiPaoaw] S g S 1o Jaamo sy ik g pSTas Suiid o3ko oo S Tas

e Gos » Sr@mpe wes) (5955 @0 o 2 055) (2250 550 3 055) S 5 g (8L Sl
Drought stress NAR 1o CGR 1o _I_D*M »er LAI max
(g.m”leaf. day™) (g.m”.day™) max (9-M°)

! 3t 7100 4.92+0.401° 10.47+0.0914% 387.53+20.45° 5.537+0.266°

ETc 100%

o 3 780 3.71+0.334° 6.31+0.464° 262.60+20.37° 3.74520.305°
ETc 80%

! 3 760 2.660.248° 7.53+0.723° 257.39+14.72° 3.724+0.308°
ETc 60%

sl oo 45 Jlein) gaws 53 55 gxe 35 131 (LSD) 9051 sillas (ygim p 55 S jide B o JBlas eyl (clapSibos
*Means in each column followed by at least one similar letter are not significantly different based on LSD range test (P < 0.05).

Gglio CudlS g ST T 13 gaw iy (MRS A o (ilo Sluglio -7 Joua
Table 7- Mean comparisons for the growth characteristics in different planting densities

ClS oS5 oAB omlionwl s ,{L\a SUis o3l e ,:5!.» 5 3 s ol S Tm
Plant density (395 2 S 2 &0 5o 2 0,5) (@50 S0 2 0,5) LAl
(plants.m?) NAR o (.m?leaf. day™) TDM o (9.M) e
30 4.61 + 0.429" 261.57 + 22.93" 3.861 + 0.380°
40 3.01 +0.223° 287.37  16.69° 4.128 + 0.304°
50 3.67 = 0.416 358,57 + 24.22° 5.017 + 0.326°

Sl o 7D Jlein] g (3l sime 3Mis) 3318 (LSD 905 Bollas ¢ygia yo p3 S jtie By S Bl o) (slapSile™
*Means in each column followed by at least one similar letter are not significantly different based on LSD test (P < 0.05).

lacasssl » Sis osle @yt ) (2 JS) 592 (15 90K
b gl ) Sis odle mosd Linlj8l &S ol Ly calises
J”U)W¢®°5L°MWI)5|~\’9)M$J}’J*§M)
alS s oolo xess s g j My Juad (B9l 1> s g el
05 oS yion i & sl )3 Cul o 4 By Juad 3T 1 g
0l pazd yiblS dond )0 g Jauate My Gy LialS g
Oll38S aw aS L SRl L gy 4 Jg g0 Suis
bt g od SUis 0le oot sy 0lS iiwgid gy il
(Lafarge & Hammer, 2002) b, o i3l

= S ize 51 (p< 0/05) pdaus y> (Sits 35 9 S|
Sl a8 Gy 4 2 Jgs) aiisly Sis odle gezw Sl
1 pyS 284128 | 54,1 551 5 mpeyio o p,5 32073 L Ll
y Sis o3bo geod S ieS g (e CoS P 4 @yt
(3 Jgs) w392 1>

Ep P S g pald Sle 4 i) 3 & (30
sbaylas o byye 23,5 o0 odalie 39)b oigST glaloges
S s (SS9 8 el 13l oe )l ogllae
by JoSS 0 @yl 9 S e (a3 LS pSlas SplSindg;
cdlS (51,5 $ 5 (0= 0/01) s )5 (Suts (25 310 g,
it fainn Syt gl s S (P 0/05) o 3
e (3L S ol 57100 (6 Ll 5 (2 )
Sy ol G 25 g Jlesl by 5 Jols (5/54) S5,
Gl adss sy Gl b (6 Joi) col jials )l ine j5bas
(Lallemantia royleana SJU; oLS Sy o el (S5
alss 10,5 60 Jlows ;5 2/02 & 00340 JLeys ;5 2/68 ;1 55 L)
Maleki Farahani & ) ccél ials «SB oslatwl LB cogb,
S oy g asls iSlis (w515 iy > (Abdollahi, 2014
(7 o) 332 S ablS 515 9 51 ey s o s ot
J5 K23 onle 15 b gl o501 1S S adle rosd

g aldio Galasl slajloss olad el (4 5 algn slopld)
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Fig. 2- Trend of changes for total dry matter of two garlic ecotypes under different irrigation levels with three planting
densities
LBy D Ay 50 C3 grpye D Ly 40 Cy @y y> &g 30 C1 539)10 w5§| :bz sw..:Jo w5§‘ :b1 fuf" )Lu 760 a3 ‘u"" )Lu 780 . s&" )L.\Z 100 a1
a;: 100% ETc, a,: 80% ETc, a3:60% ETc, by: Tabas, b,: Toroud, ¢;: 30 plants.m'z, Cy: 40 plants.m'z, C3:50 plants.m'z.
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(Tedeschi et al., 2011) w0 il ol > Seis
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Fig. 3- Trend of changes for crop growth rate of two garlic ecotypes under different irrigation levels for three planting
densities
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a;: 100% ETc, a,: 80% ETc, a3:60% ETc, by: Tabas, b,: Toroud, ¢;: 30 plants.m'z, Cy: 40 plants.m'z, C3:50 plants.m'z.
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Introduction

Plants may be exposed to various stresses and water deficit is the most important limiting factor of growth
and yield in many parts of the world and Iran. Stress induced growth decrement can be because of cell
development decrease due to decrement of turgor pressure and meiosis and photosynthesis decrease due to
stomata closure. Determination of desired planting density is one of the success factors of plant growth and
production. Garlic (Allium sativum) has been an important medicinal plant over centuries in human life.
According to the importance of medicinal plants and studying the effects of drought stress on them, the goal of
this research is to investigate the effect of drought stress and planting density on growth and morphological
characteristics of two ecotypes of garlic and determining the preferable ecotype and density from the perspective
of these traits.

Material and Methods

This experiment was performed in 2012 in a farm in south east of Semnan. It was conducted on a split-plot
factorial arrangement based on randomized complete blocks design with three replications Three levels of
drought stress with 60, 80 and 100 percent of crop evapotransplratlon (ETc) were the main plot factors and
factorial combination of three planting density (30, 40 and 50 plants.m™) and two ecotypes of Tabas and Toroud
were the levels of sub plot factors. To estimate water requirement of garlic, daily measured meteorology
parameters of Semnan synoptic station were used and water requirement was calculated based on FAO-56
instructions. From mid-January, the sampling of leaf area, bulb and leaf fresh and dry weight was started with
destructive method every other week and continued until middle of Jun. three plant were selected randomly from
each plot in each turn. From middle of May, height and number of leaves were measured. Leaf area
measurement was done by leaf area meter (Delta-T). To estimate growth indices, dry weight of aerial and
underground organs and leaf area from measured samples of treatments were used.

Results and Discussion

The results showed that the highest value of maximum leaf area index (LAI), maximum total dry matter
accumulation (TDM), maximum crop growth rate (CGR) and maX|mum of net assimilation rate (NAR) were
observed at 100% ETc with the value of 5.537, 387.53 g.m?, 10.47 g.m?day® and 4.92 g.m?leaf. day
respectlvely, and by applying the |rr|gat|on treatment of 80% ETc these values decreased to 3.745, 262.60 g.m™
6.31 g.m™day™ and 3.71 g.mleaf.day™ respectively. Drought stress can decrease cell development and leISIOﬂ
and plant photosynthesis, and thus, it can decrease leaf area index and consequently decrease light absorption,
photosynthetic area, dry matter and crop growth rate. Difference between ecotypes in terms of number of leaves,
maximum total dry matter accumulation and maximum crop growth rate was significant. Maximum crop growth
rate (CGR) in Toroud ecotype was higher than Tabas ecotype but number of leaves and maximum concentration
of total dry matter (TDM) in Tabas ecotype were higher than corresponding values in Toruod ecotype. The
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effect of planting density on maximum leaf area index (LAI), maximum total dry matter (TDM) and maximum
net assimilation rate (NAR) was significant. The highest value of maximum leaf area index (5.017) and
maximum total dry matter (358.57 g.m™) concentration were obtained from 50 plants.m density. The highest
value of maximum net assimilation rate (4.61) was obtained from 30 plants.m™ density. It could be because of
having leaves exposed to more light and less shading.

Conclusion

Applying drought stress at the irrigation treatment of 80% ETc decreased studied growth characteristics of
garlic. Therefore, it is recommended that garlic should be avoided from facing drought stress and its water
requirement must be met as much as possible. In general, under drought stress, two studied ecotypes did not have
any preference related to the studied growth characteristics. Higher planting density, due to higher active
photosynthetic area over unit area, increased the dry matter in unit area.

Keywords: Crop growth rate, Dry matter, Evapotranspiration, Leaf area index, Plant height
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