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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- The variation of total weed weight in different plant vegetation during different sampling stages and years
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Fig. 2- The variation of total weed density in different plant vegetation during different sampling stages and years
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Fig. 3- The variation of weed richness in different plant vegetation during different sampling stages and years
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Fig. 4- The variation of weed shannon index in different plant vegetation during different sampling stages and years
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Fig. 5- The variation of weed Margalef index in different plant vegetation during different sampling stages and years
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Fig. 6- the variation of weed simpson index in different plant vegetation during different sampling stages and years
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Introduction

Nowadays, with increasing tendency to monoculture of medicinal and horticultural plants, the
range of genetic diversity in agricultural ecosystems has decreased. Conventional agricultural
activities with simplification of ecosystems makes ecosystems more unstable and more sensitive to
environmental hazards. Therefore, the promotion of biodiversity in these systems is effective for
their recovery and sustainability. The purpose of designing sustainable agricultural ecosystems is to
integrate ecosystem components in such a way that maintains and strengthens the biodiversity,
productivity and self-regulatory capacity of the agricultural ecosystem. Functional diversity is
achieved by using different functional species with different roles in agroecosystems. The role of
weeds in increasing diversity in agroecosystems is very important because they are closely
associated with many of the crops and genetic exchange between them. The presence of weeds in
the crop ecosystem reduces genetic vulnerability through strategy of environmental diversification
as well as the occurrence of resistance mechanisms.

Materials and Methods

In order to investigate the effect of some medicinal plants on weed density and diversity, an
experiment was conducted based on a complete randomized block design with three replications at
the agricultural research station, Ferdowsi University of Mashhad, Iran, during 2012 and 2013.
Treatments included 13 medicinal species (Origanum vulgar, Hyssopus officinalis, Tanacetum
parthenium, Echinacea purpurea, Ruta graveolens, Althea officinalis, Hypericum
perforatum, Trigonella foenum-graecum, Oenothera erythrosepala, Malva sylvestris, Securigera
securidaca, Achillea millefolium and Digitalis purpurea).After tillage, land preparation and
leveling, each plant was cultivated in strips of 10*3 meters. After complete establishment of the
plants in order to achieve the desired density, thinning operations were performed on each strip. The
distance between the test strips was 0.5 m. Seeds of all studied plants were sown in April 2012. In
both cropping years to study the diversity of weeds, a part of each plot with dimensions of 0.5 m
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was separated and remained without weeding and in all plots of medicinal plants, density and dry
weight of weeds was determined at two stages of vegetative and reproductive growth of medicinal
plants. Also, physiological and morphological characteristics such as height, leaf area and dry
weight of plants in each plot were measured. In order to calculate the diversity of weeds, the type of
weed species and their density were determined in quadrates with dimensions of 40*40 c¢cm. Then
the weeds in each plot were harvested separately and transferred to the laboratory and were placed
at 70 °C for 48 hours to determine the dry weight. Shannon, Margalf and Simpson diversity indices
were used to quantify weed diversity.

Results and Discussion

The results indicated that the effect of medicinal species on total weed density and weight was
significant. The highest and the lowest dry weed weight was obtained in Digitalis purpurea (39.4
g.m?) and Tanacetum parthenium (3.2 g.m?), respectively. The highest total weed density was
observed in Malva sylvestris, Securigera securidaca, Digitalis purpurea and Hyssopus officinalis.
Malva sylvestris had the highest weed richness (four species) that it was not significantly different
with Securigera securidaca and Achillea millefolium. During different sampling years and stages,
the highest Shannon index was obtained in Achillea millefolium (0.48) that it was not different with
Malva sylvestris, Securigera securidaca, Hyssopus officinalis, Hypericum perforatum, Digitalis
purpurea and Echinacea purpurea, significantly. Also, the highest margalof index was obtained in
Malva sylvestris, Achillea millefolium and Hyssopus officinalis (4.05, 4.03 and 3.33, respectively).
Studied medicinal species for weed diversity divided to 5 groups in 75% similarity level.
Despite the importance of biodiversity for the stability of natural ecosystems and agroecosystems,
increasing species and functional diversity, simultaneously, is necessary to improve
agroecosystem’s function. Keep the limited weed population in field increase functional diversity of
agricultural landscapes but, this profit must reach equilibrium with the risk of decreasing crop
production due to competition with weeds.

Keywords: Dry weight, Margalof index, Shannon index, Simpson index, Species richness.
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Introduction
In recent decades, agricultural production has largely relied on the use of chemical inputs, which has led to major
environmental problems. Destruction of water and soil resources, deterioration of agricultural biodiversity, air and
water pollution by chemical fertilizers and pesticides are only part of the environmental problems caused by
common agricultural use of chemical inputs. One of the solutions to this problem is to apply sustainable farming
principles in agricultural ecosystems. Soil management is one of the main factors in achieving sustainable
agriculture. Therefore, the gradual replacement of chemical fertilizers with organic and biofertilizers will help to
meet the nutritional needs of plants, improve the physical, chemical and biological conditions of the soil and prevent
the adverse environmental effects of chemical applications. Organic matter has been recognized as one of the
nutrients of plant nutrition and fertility due to its constitutive effects on soil physiological and biological properties.
Organic fertilizers are the most important source of organic matter in the rhizosphere of plants. Black seed is an
annual, dicotyledonous, herbaceous, medicinal plant belonging to the Ranunculaceae family. Environmental
conditions and soil fertility are one of the factors affecting grain yield, quantity and quality of essential oil and oil
produced in black seed. Since there is not much research on the effect of humic acid and fulvic acid on black seed,
therefore, attention to the management of nutritional needs of black seed with emphasis on the use of biological and
organic fertilizers in the successful cultivation of this plant is inevitable.
Materials and Methods
In order to evaluate the effects of organic, biological and chemical fertilizers on yield, yield components and oil
yield of black seed, a field experiment was conducted at Research Station, Faculty of Agriculture, Ferdowsi
University of Mashhad, Iran, during the growing season of 2011-2012. The experimental layout was factorial based
on randomized complete block design with three replications. Experimental treatments included all combinations of
organic and biological fertilizers factor in four levels (biosulfure + 100 kg.ha! sulphor, humic acid (7 kg.ha), fulvic
acid (7 kg.ha'') and control) and chemical and animal manure factor in three levels (chemical fertilizer (NPK
(80:40:30 kg.ha'!, respectively), animal manure (20 t.ha'!) and control). In order to determine the oil content, 5
grams of grain were randomly selected from the grains harvested from each plot and then oil content was
determined by Soxhlet. Analysis of variance (ANOVA) and regression analysis of the data from the experiment and
drawing of shapes were performed using SAS and MSTAT software's. Comparisons of means were performed at 1
and 5% probability level using Duncan multiple range test.
Results and Discussion
The Results showed that studied factors and their interactions had significant effect on number of seed per plant,
seed weight/plant, seed yield and oil yield. The highest plant height, number of branch per plant, number of follicles
per plant, number of seeds per follicles , number of seeds per plant, seed weight per plant, seed yield and oil yield
(59 cm, 5.8,7.8,72, 594,1.075g, 2.2 (t.ha'!), 517 (kg.ha'), respectively) were observed in chemical fertilizer +
biosulfur biofertilizer treatment and the lowest mentioned traits (49 cm, 3.01, 3.92, 39.8, 194, 0.445, 0.935 (t.ha!),
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221 (kg.ha') respectively) were observed in control treatment. The highest and lowest harvest indexes were
observed in animal fertilizer + humic acid (49%) and control (25.6%) treatments, respectively. The highest and
lowest oil percentages were observed in animal fertilizer + humic acid (49%) and control (25.6%) treatments,
respectively. The results indicated that the use of humic and fulvic acids, and biosulfur biofertilizer alone or in
combination with chemical fertilizers and animal manure improve the quantity and quality of Nigella sativa
characteristics.
Conclusion
The results of this study revealed that considering the positive response of the black seed to application of
organic and biological fertilizers, applying these fertilizers while reducing the use of chemical fertilizers as well as
having no adverse environmental effects is an appropriate method for sustainable production and environmental
protection.

Keywords: Animal manure, Biosulfure, Fulvic acid, Humic acid
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Table 2- Jackknife species richness calculated for elements of the landscape structure
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.
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Fig. 1- diversity indices of 7 structural elements of the landscape
$eS ) TW.GT s boolSi; U Jlozad sloanils INLF.E ¢ oib i sloyes INP.D (il (slayes P.D ool 1R oy cywoj 93 (o soaitls :W.F.E
=5 lagwe; TFl g (5553 s
W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.
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Fig. 3- diversity indices of agrotolerant (AT) species for structural elements of the landscapeields
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.



YA o) sloplss pe () £95 3 Wil jomw a8y 13T 50 oyl Ko g (oo

a Camargo Evenness

0.8 -

0.6

0.4 -

0.2

o : : R I i

W.F.E R PD NPD NFE WGr Fi
b Smith & Wilson Evenness

0.8 .

o M fmi] E ‘
W.F.E R P.D

"WGr F

aalllan 390 juleuts oamm S yolis el Josio slodisS (sl o0 dpbre (2316 o jasla —F K5
Fig. 4- evenness indices of agrotolerant (AT) species for structural elements of the landscape
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.
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Table 3- Sorenson similarity index calculated for structural elements of the landscape

W.F.E R P.D N.P.D N.F.E W.Gr Fi

W.FE 1

R 0.46 1

P.D 0.32 0.29 1

N.P.D 0.32 0.4 0.28 1
N.F.E 0.5 0.406 0.19 0.36 1
W.Gr 0.26 0.33 0.27 0.25 0.405 1

Fi 0.65 0.33 0.31 0.55 0.57 0.21 1

W.Gr (b cloolSins; b jlppn sloauils INJFLE (b e sloyns INLP.D ¢ odls glayes (P.D daoly iR elyj opnj 95 o sloacsls :W.F.E

=5 slagee; Fl 5 (53 5 Slaas)
W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.



Voo sl e Yoslasd AT il 0g5y9lcS cwlid poy as pii O

a Simpson Daiversity

0.8 -
0.6 -

0.4

0.2 -

WFE R PD NPD NFE WGr Fi

b Shannon-Wiener Diversity

WFE R PD NPD NFE WG F

¢ Brillion Diversity
B
2
1
0

WFE R PD NPD NFE WGr Fi

adlas 350 jluloia orims S yolie (b 3103 sladisS (sl 0ad dpalome ) g5 slaali -0 JS3
Fig. 5- diversity indices of nature-value (NV) species for structural elements of the landscape
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.
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Fig. 6- evenness indices of nature-value (NV) species for structural elements of the landscape
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W.F.E: within field edges, R: road verges, P.D: permanent ditches, N.P.D: non-permanent ditches, N.F.E: non-crop field edges,
W.Gr: woody greenviens and Fi: fields.

5 IV ety (b eyl ladiss YL sLiE) Loy sl
sladS) 5 () Joosio saaiss YL sld) (ohj slapss)
455 Sl g oxmdoliS o+ IVY (liseds (53 jew
oz oxims JSis 585U polie (lp (b siadj)l sl
g (Lol bias sl)j Jomcio slodisS 45 caiys cp bl oo
e sLoa Sy g (ol 5Ly Bites b wiat)) sbaaisS
o $adS) L5 03 (goe iz o e ) (5
slaass ogllas Laolin plyied oib slajys 5 (5

(YY) 28b oo Ol b Mot

S 5 4o
Gl cpyiio b g)ldle yolic a8 ob lis adlles oyl s

04,3300 48 gy olic Dyg 0 40 N9y > 5D (Sow

Dl 9 05 35 Ml (il (ol Miaidl (slaaigS SV (gL
SLadS)y (g yom AU (adld Gliee (Jle sl 29800 0
5 /¥ b sloolSing; b Jliren sladnsls 5 (3550 jow
b gloelSinj L jleres slaantls 5 ol slapne; alis
o)l codieS (s plzun i )0 pled dlius oyl Lladl o +/0Y
Jozes slaantls 5 ol lague) 1) 9ilees 39, |y b
5 =5 Jeote sladisS 09,5 93 o Jlai I (anbo (slrolKin; b
Olas oo dabdl 3 I iz YU g4 gyl (rub diadsi)l glgil
2 B Gl Gy oS AL Gl o 903 4l (i
B e SS9 ((s)) Jeie laaisS (YL (slig) Lol
<0 5 aoly VY l5edy (sm M) slodisS (oYL (sk)



Iee sleg Vo yloud IF il 65ygliS ol pgw a5 QY

Byt sy () sl 5 b ol j b e
s cgmarme p> aimib |y Al o (o)) slomes 9
=hi Jozie sdisS (o i sl ghyls &S g polic S
So lsisd g Egerme > Mied i (b LIS Gl s
pebail (LSel ©yg0 3 b g cblis oy oo (S (6 S amss
s slosS) polis 4 (65)5liS” slajluleia 5l i o)
=hi slapllipgy 3 (i) ggid onmdlil Jolse lgica,
sl 1l o adlls (@l 5148 gbplen 58 sletiy
e blyaen laadls (o g (353 o SaeS) (o
L olsopp 5 wlo bulid ccogb) 551 Joay ol gay pbS o
S 3> ) (b el SaisS I aag LB ol (gl
Jroos (Saail g Jaecon ) CuisS Cyne die oyl 11 55kl
ol g oS o)l 5l g CnlmolSin j gg5 ol )3 yieS 003
~ 0365 6yl Sl g 208 EYM] 5 Szadl Ll b gla
loplsipg 5 bl jsis ccudd (6505 | et § plus sl

235 o dhals 551 L o5

&)l

SLal il 255 (GI)ad g b Cilye dlie cpl (B0t gs
ol pgyliys b 5 linied))l SaS bliay adlaio pyixe
Wy o pMel (sl (gL assS olulid p> &S (g5,

References

abe (659l lles 5 aU Skl glise g 3,818 Ll )
laassS dlwgds ¢ olond (odlys I odliiul 5 poud lles
JUdl 555 oo 5 sely5 Joxio HaLS 09,5 53 ias 45 aliee
(B3 pSTpte by Sl )lgs polis S0d s I35 oo
DB lszpn ale (Soluan 5 a5 gl 5 oy sk bulyd
slaa il 5 b slapi (30 jew bdS) dile )l
ladasMe JoB (glasss Gle b gloolin; L le>pn
OS5 oy o 0D gl 253 3 1) xub el sladisS
laas5e8 LS L bl )3 ok dusloes £555 (elbmsls oliee
5 =hj o) 93 Om Sl 4 bgje C i 0990 (LS
2 00d Al uw gai slaadld Hlade oy iy g Lol
o 9 6Fhi 0 92 Om slaandle > (el Jeote (LS 05
=5 o) 5 b ool b e ladusls o
sy elyj Joztio (LS 09,5 )5 2LS £l eSOy
oy 3 (BIsSy it 5 15 diles ol ol 51 Gy g e
—OPLd 95 (i (b Madjyl Gl 09)5 )3 gy (se3h
ol L ylaed (slaanils 5 ool slacme; 5 oz 9 s
5 so5h sbayd 3 gt slapadls polie ()5S g (b sl
2 e A Bl LS g0 5 (laisS slis b dpwloee el
2 peS Bl Ll g YU 30 juw Sy 5 S slaps
Cabyyn 855 2y Calle 5 s o 5 S S i
¢y you Ly el Blod 5ol el Sy g5 sl
sboaails el GLagmej g (=5 o 92 Oomle sloandls

Aavik, T., Augenstein, L., Bailey, D., Herzog, F., Zobel, M., and Liira, J., 2008. What is the role of local landscape
structure in the vegetation composition of field boundaries? Applied Vegetation Science 11: 375-386.
Aavik, T., and Liira, J., 2009. Agrotolerant and high nature-value species—plant biodiversity indicator groups in

agroecosystems. Ecological Indicators 9: 892-901.

Aavik, T., and Liira, J., 2010. Quantifying the effect of organic farming, field boundary type and landscape structure
on the vegetation of field boundaries. Agriculture, Ecosystems and Environment 135: 178-186.

Akbarinia, A., Ghalavand, A., Sefidcon, F., Rezaee, M.B., and Sharifi, A., 2004. Study on the effect of different
rates of chemical fertilizer, manure and mixure of them on seed yield and main, compositions of essential oil of ajowan
(Trachyspermum copticum). Pajouhesh and Sazandegi 61: 32-41. (In Persian with English Summary)

Aude, E., Tybirk, K., and Pedersen, M.B., 2003. Vegetation density of conventional and organic hedgerows in
Denmark. Agriculture, Ecosystems and Environment 99: 135-147.

Barbour, M.G., Burk, J.H., and Pitts, W.D., 1999. Terrestrial plant ecology. 3 edition ed. Benjamin/Cumming

1- Specialist species



OF  (oely) Glopllss pa (s £95 3 Wil jows g0aS ) 13T S50 iyl Ko g (ot

Publication Company. Menlo Park, California, USA.

Boutin, C., Baril, A., and Martin, P.A., 2008. Plant diversity in crop fields and woody hedgerows of organic and
conventional farms in contrasting landscapes. Agriculture, Ecosystems and Environment 123: 185-193.

Daneshian, J., Rahmani, N., and Alimohammadi, M., 2012. Effects of application nitrogen and fertilizer manure on
physiological characteristics of calendula (Calendula officinalis L.) under water deficit stress. New findings in
agriculture 3: 230-240. (In Persian with English Summary)

Falinski, J.B., and Canullo, R., 1985. La recolonisation des champs abandonnesparl’especeforestiere Anemone
nemorosa L.: I-Distribution etdynamique. Giorn Botany of Italy 119: 1-26

Flohre, A., Fischer, C., Aavik, T., Bengtsson, J., Berendse, F., and Bommarco, R., 2011. Agricultural intensification
and biodiversity partitioning in European landscapes comparing plants, carabids, and birds. Ecological Application 21:
1772—-1781.

Grashof-Bokdam, C.J., and Van Langevelde, F., 2004. Green veining: landscape determinants of biodiversity in
European agricultural landscapes. Landscape Ecology 20: 417-439.

Green, R.E., Cornell, S.J., Scharlemann, J.P.W., and Balmford, A., 2005. Farming and the fate of wild
nature.Science 307: 550-555.

Heck, K.L., van Belle, G., and Simberloff, D., 1975. Explicit calculation of the rarefaction diversity measurement
and the determination of sufficient sample size. Ecology 56: 1459-1461.

Herzog, F., Steiner, B., and Bailey, D., 2006. Assessing the intensity of temperate European agriculture at the
landscape scale. European Journal of Agronomy 24: 165-181.

Holzschuh, A., Steffan Dewenter, 1., and Tscharntke, T., 2010. How do landscape compo-sition and configuration,
organic farming and fallow strips affect the diversity of bees, wasps and their parasitoids? Journal of Animal Ecology
79: 491-500.

Hurlbert, S.H., 1971. The non-concept of species diversity: a critique and alternative parameters. Ecology 52: 577-
586.

Jongman, R.H.G., 1996. Ecological and Landscape Consequences of Land Use Change in Europe. ECNC, Tilburg,
the Netherlands.

Khodakarami, Y., 2003. Evaluation of vegetation in Ghalageforst area, Kermanshah.Gilan Nature Department, 95
pp. (In Persian)

Kleijn, D., Berendse, F., Smit, R., and Gilissen, N., 2001. Agrienvironmental schemes do not effectively protect
biodiversity in Dutch agricultural landscapes. Nature 413: 723-725.

Ma, M., Hietala, R., Kuussaari, M., and Helenius, J., 2012. Impact of edge density of field patches on plant species
richness and community turnover among margin habitats in agricultural habitats. Ecolindic 31: 25-34.

Ma, M., Tarmi, S., and Helenius, J., 2002. Revisited species—area relationship in a semi nat-ural habitat: floral
richness in agricultural buffer zones. Agriculture, Ecosystems and Environment 89: 137-148.

Milady, M., 1995. Climatic classification: west of Iran. Paper based meteorology publication. Meteorology of Iran
3: 34-43.

Milsom, T.P., Sherwood, A.J., Rose, S.C., Town, S.J., and Runham, S.R., 2004. Dynamics and management of plant
communities in ditches bordering arable fenland in eastern England. Agriculture, Ecosystems and Environment 103:85—
99.

Muskens, G.J.D.M., Wegman, R.M.A., and Braak, C.J.F., 2002. Boommarters en Wegen: eeneersteanalyse van de
relatie ‘wegbermen-verkeersslachtoffers’. ALTERRA Internal Report, the Netherlands.

Opdam, P., Grashof, C., and Wingerden, W., 2000. Groene dooradering.Een ruimtelijk concept voor
functiecombinaties in het agrarisch landschap. Landschap 17(1): 45-50.

Paoletti, M.G., 1999. Using bioindicators based on biodiversity to assess landscape sustainability. Agriculture,
Ecosystems and Environment 74: 1-18.

Partel, M., Helm, A., Roosaluste, E., and Zobel, M., 2007. Biological diversity of Estonian semi-natural grassland
ecosystems. In: Punning, J. (Ed.), Problems of Contemporary Environmental Studies. Tallinn University, Institute of
Ecology, Tallinn, pp. 223-302.Pollock, M.M., Naiman, R.J., Hanley, T.A., 1998. Plant species richness in riparian
wetlands: a test of biodiversity theory. Ecology 1: 94-105.

Poorbabee, H., and Ahani, H., 2004. Biodiversity of woody species in Karkaf, Gilan. Rostaniha, 5:147-158. (In
Persian)



Voo sk« Yoslod IY Al og3oldS ol poy 4 pii  OF

Sharifi, M., Mirzakhani, M., and Sajedi, N.A., 2012. Effect of nitroxin, nitrogen and manure application on yield,
nitrogen use efficiency and some crop characteristics in sweet corn. New Findings in Agriculture 2: 139-149. (In
Persian with English Summary)

Simberloff, D.S., 1972. Use of rarefaction and related methods in ecology. In: Dickson, K.L., Cairns JrJ, Livingston
R.J., (Eds.), Biological data in water pollution assessment: quantitative and statistical analysis. American Society for
Testing and Materials (ASTM) Philadelphia, STP 652: 150-165.

Tao, L., Keming, M., Hongwei, N., Bojie, F., and Jieyu, Z., 2008. Variation in species composition and diversity of
wetland communities under different disturbance intensity in the Sanjiang plain.Acta EcologicaSinica 5: 1893-1900.

Tarmi, S., Helenius, J., and Hyvonen,T., 2009. Importance of edaphic, spatial and management factors for plant
communities of field boundaries. Agriculture, Ecosystems and Environment. 131: 201-206.

Tarmi, S., Tuuri, H., and Helenius, J., 2002. Plant communities of field boundaries in Finnish farmland. Agriculture
Food Science Finland 11: 121-135.

Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, 1., and Thies, C., 2005. Landscape perspectives on
agricultural intensification and biodiversity—ecosystem service management. Ecology Letters8: 857-874.

Verboom, B., 1998. The use of edge habitats by commuting and foraging bats IBN Scientific Contributions 10. DLO
Institute for Forestry and Nature Research (IBN-DLO), Wageningen, the Netherlands.



Journal of Agroecology j=x $329LaS (sl oo 4y pid
Vol. 13, No.1, Spring 2021, p. 39-56 A3 YA-0F (o AFee Hlog & ojledd Y wl>

Greenveining Elements of the Landscape Structure as the Main Supporter of
Biodiversity in Agroecosystems

R. Rostami", A. Koocheki?”, P. Rezvani Moghaddam? and M. Nassiri Mahallati?

Submitted: 01-11-2015
Accepted: 05-03-2017

Rostami, R., Koocheki, A., Rezvani Moghaddam, P., and Nassiri Mahallati, M., 2021. Greenveining elements of the
landscape structure as the main supporter of biodiversity in agroecosystems. Journal of Agroecology 13(1):39-56.

Introduction

Natural and semi-natural features including those as patches and marginal elements, construct a network of
habitats referred to as green vein elements. In the green veining, the linear elements connect the different parts of the
network, while the patches have a role as nodes within the network. These networks potentially place a vast range of
biodiversity and play an important role as a refuge for sensitive organisms as well as some habitat specialist species.
With regards to crop production and pest management in agricultural fields, pollinators and biological control
agents, like predators, are among the most beneficial organisms mostly found in green vein elements. As the
biodiversity in agroecosystems is considerably declining, this study was conducted to address the important role of
natural and semi-natural elements of the landscape in biodiversity conservation.

Materials and Methods

The study area was an agricultural landscape located in Gilane-Gharb County, Kermanshah Province, Iran with a
Mediterranean climate. The level of agricultural intensification (AI) was surveyed through interviewing the farmers
and considering the indicators such as chemical and organic fertilizers (kg N.ha! per year), pesticide input
(utilization frequency of e.g. herbicides, insecticides and fungicides) and the number of tillage operations and
mechanical weed control by providing the geographic map of the area and frequent field observation, seven different
types of patches and marginal habitats were identified, including: 1) arable and horticultural fields (Fi); linear
elements adjacent to the fields including: 2) within field edges (W.F.E) and 3) non-crop field edges (N.F.E); 4)
roads; ditches including 5) permanent ditches (P.D) , 6) non-permanent ditches (N.P.D) , and 7) woody greenvein
(W.Gr) element. 87 sample plots (2 m X 2 m) were recorded in all the elements. Vegetation data from fields were
recorded using 18 sample plots; woody green vein 19 sample plots; and other marginal habitats including within
field edges, non-crop field edges, permanent ditches, non-permanent ditches and roads, were sampled by 50 plots.
Sampling was done based on systematic-randomized method. Two emergent groups of plant species were
introduced regarding their response to land use intensification: Agrotolerant and Nature-value species. The
calculated biodiversity indices were: Jackknife species richness, Shannon-wiener, Simpson and Brillion diversity
indices, Camargo and Smith-Wilson Evenness, and finally Sorenson Similarity index using Ecological Methodology
software.

Results and Discussion

The calculated agricultural intensification index (AI) was 49.56; this score was at the range of high intensified
agricultural utilization (High AI). Mean observed value of nitrogen input was 211.36 kgha'!, the weighted
frequency of tillage operations and pesticide application per hectare was the same as 2.36. Apart from crop species,
a total of 87 vascular plants were recorded in the agricultural landscape. The highest species richness was for
agricultural fields (43 species), which followed by non-crop field edges (37), woody greenveins (32), within field
edges (30), permanent ditches (26), non-permanent ditches (23) and roads (22). Sorghum halepense (L.) Pers.
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(46.56% of the total frequency of individuals existing in the field sample plots) was the most frequent species in the
landscape. 21 species were recorded as agrotolerant species. Jackknife species richness was 48.7 in the fields as the
most, and 23.8 in the road verges as the minimum. Woody Green veins (W.Gr) had the most number of unique
species. The most Shannon-wiener and Brillion diversity indices were recorded for agrotolerant and nature-value
species in within field edges (Shannon-wiener: 2.03 and Brillion: 1.85) and fields (2.52 and 3.08) respectively.
Sorenson similarity index revealed that the elements inhabiting high number of agrotolerant species had a similar
spatial condition especially regarding being adjacent to the agricultural fields. Studies reported the outstanding
benefits of greenvein elements in promoting plant biodiversity and as a result enhancing diversity of organisms
which inhabit in such elements.
Conclusion

The study indicated the effect of agricultural intensification and types of land use throughout the landscape on
biodiversity. Elements with high connectivity to natural or seminatural habitats had the most positive effect on
biodiversity of plant spesies. To gain the targets of sustainability in agroecosystems, providing as much as possible
natural and semi-natural habitats and corridors are suggested.

Keywords: Agrotolerant species, Biodiversity indices, Nature-value species, Semi-natural elements.
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Table 3- Coefficients of polynomial full quadratic regression for dependent variables.

(yi = a0+ a1x1 + a2xz + azxi? + asxa? + asxix2)

ao a1 a2 a3 a4 as
iz 2 Ko 77.6 0.442 24.5 -11.3 -8.99 1.96
Root Yield
A 3Sles 14.5 -0.050 420 2.68 -1.93 0.300
Sugar Yield
s 555 38 122 -0.050 3.35 2.09 -1.89 0.250
White Sugar Yield
orae 09y 249 0098 0527  -0.662 0.442 0.077
o-amino nitrogen
ol Spae @;"F 1.32 -0.287 0.394 -0.161 -0.188 -0.069
Water Use Efficiency
|9 e uf"‘{g 76.8 -1.25 229 -15.4 481 2.35
Nitrogen Use Efficiency

A8z axllls 3y90 Wlio 519 ME g RMSE 4506 - € Joan
Table 4- Values of RMSE and ME for studied traits of sugar beet

bd Olaygo (ko yia Jao 2,
RMSE (%) ME
aizy 3)Ses 5.14 0.96
Root yield
258 38ac 513 0.96
Sugar yield
S 55 3)des 4.56 0.97
White sugar yield
oy L9 7.22 0.89
o-amino nitrogen
<l drae 5.39 0.97
Water use efficiency
0358 Srae 2hE 3.98 0.97

Nitrogen use efficiency
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Fig. 1- Observed and predicted values of RY, SY, WSY, N, WUE and NUE and comparison of the 1:1 line (solid line) against

the fitted regression between observed and predicted data (dotted line)
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Table 5- Results of the t-test for comparing the slop (b) and intercept (a) of the 1:1 line against the fitted linear regression
between observed and predicted data (Predicted = a+ b x Observed)

(a) faso 31 o555 (b) o . Ao oo
. Intercept (a) Slope (b) (HO)
- 31 ol 31 ol t th
. . Sl oo . Sl oo a
Trait . . .
Slade Lo Slade Lae P Glpt e lpt e | (a=0), (b=1)
Value = Value = e :f .
SE SE o o
ey 3,5kos 2.32 3.87 0.966 0.055 0.602 0.625 s
Root yield Accepted
b3 yShes 0.409 0.693 0.967 0.054 0.600 0.624 s
Sugar yield Accepted
e )55 3 Sa 0.285 0.592 0.972 0.049 0.547 0.563 s
White sugar yield Accepted
oy Oja 0.269 0.234 0.887 0.095 115 1.17 s
o-amino mtrogen Accepted
U Gy S o
Water use 0.034 0.061 0.971 0.050 0.570 0.638 ~
. Accepted
efficiency
3grs Spas 2l o
Nitrogen use 1.94 3.61 0.973 0.049 0.535 0.550 :
o Accepted
efficiency

SE: Standard Error.
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Fig. 2- Response- surface of sugar beet traits included RY, SY, WSY, N, WUE and NUE affected as independent variables of
nitrogen fertilizer and irrigation
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Fig. 3- Overlapped plot of layers for optimum level of dependent variables of sugar beet included RY, SY, WSY, N, WUE,
and NUE
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Table 6. Target and simulated values of dependent variables along with optimum values of independent variables in sugar

beet.
Saa o gilwdmas e gl
Target Simulated Optimum
adyy 3,8es
~ 80 80.1 -
Root Yield (ha™)
5 0,Sles
)iw. 15 14.94 -
Sugar yield (t.ha'!)
St ;S5 3 Sles
() iy i e S5 B 12.5 12.49 -
g e White sugar yield (t.ha™)
Dependent R
variable a0 2 2.56 -
a-amino nitrogen (meq.100 g
oo I,
T 1.4 139 -
Water use efficiency (kg.m™)
39 Span LS
. .. 80 74.24 -
Nitrogen use efficiency (kg.kg!)
LS)L.A.J
- - 10667
(X) e e Irrigation (m3.ha™!)
Independent Syt 355
variable I - - 133
N fertilizer (kg N.ha'!)
Cas sl
sigllae ot 0.833

(DI




PFee sl Vo ploud IF il (65yglieS ol pgp 1,85 PA

9 0390 P OkS Ver d90) oS Gl —haw (g 53 ba)lews
clio 5 odel Canday polis 51 (kS > Ol CaSoyio Yoo L.,)m
I O sl 03 ) gy oll 2 mizmen 0035 Sl
S opid 2B (gt el p & 2i8)aie (595 368
adyy 55 A ooyl sty sl (5950 355 Jlke @95 o0 Ao
@ p5Y el Candds HSa 5 (595 p 5ol VAY L ply (e y
S e WAL ply SB (o pos BB (595t (e Consl 55
Jide S35 plsie (g s @ 4295 b oy SBp Sl
PR (hy) 93 Ao S Gl —haw (hy) )3 oAb dpogi Al
o) 31 00litl L nyless dingy e cymasd clrlis €4 ymbs
laatun S Sogl (il g diyse il nogdle g,
ol ol oly endy 30 ) mlis sl (i Bpuas I iU
> L gl —da (29 53 baylass dinge 5o cnlpogMe
2l paSJls S dog adlhae 3)50 Clao plos (8,5
2 g2y bnylass Ao polie deogi (sl el cul bashg,
iy Jlosd a5 350 o 4yt )5S )b > (S)ls
Oiaris bl 2 59y 395 S g 3 29 Sl oglite
355 Omed SHo LS )5 audy ) 3)Skes s 3 S oy LB

Dy o0 S ()59

&)l Fwlpw

=Y NSV YY oled 4 Cgie 05l )b cnl g
P ag g ol Gliios e ()9l 9 (gl Coglas Y-FY
01 ol (65,988 g g Lbisel linis (ylojle 1Btk
P98 ()il dlpwgindy oS Cud

References

2 s e > gy 5l edlitel b yless (gjlodins gls
£S5 e LS WYY 5,8 iy (ol j0 &S Cuwl o 00y LS £ Jgus
e plsisay OF aoyio V- FFV olyamay S 53 (359520 38
b (ool dinge polie (bl a8 Slaidiy byylos gy
© pde 595 Olise e S g SB ) 3 Slee e < Je
oL 3 o5 AN Jalae gy (59 9 2l Bpae S
o VI0F LSy ,LiSa jo 45 VW/FA Gl j> o5 VF/AF
5l oo ;1 S pSe LS VYA )5 Vee 5 Yy 5]
{8 Jgaz) 4b 25l (59, p)SelS 2 S5 0 SolS VEIVE
Sboyles S 5 s ) Jdo €83 liae S0l Cangllae el
o=l hde a8 Wil o Bun 5 Slee 4y oliwd ly wyp 350
Jie YL s snimd lis il g5 S 4 jlis b adld
Jis (b ysite 15l cou atuly b puize ke (cjludud
Ot sl e s gy 50 Cagsllas a3l jlade bl e
JoB cdy (Sl oS sol Camdas SJAYY Ll Loyl aiugs jlide
£ J92) 352 ol dige sl 3,0 1> o caslio g S5

(5 35 o
53 45 b G gl e oo ) oS o ssbey
» SU Ul 5 o8 jl 65550 «She b g Gk~
395 slajlo il cod wB s Clio Giludnd 5 i
0855 a0 b g Jue @l el 2092 5By OT g 035
Olgean ;LS )3 O CaSoyio VoFFY 5 1S ,d 59,50 5
L 03r 995 Byae jlaie il dlaiuiny Jio bawss dige sba)loss
olen 5 ookl 3590 @lie )3 a5 o958 (o ylel )b 3l oalisl
o LS )3 (05958 )T kS VY Gpae Jolee cad ()15
Ao polie a8l LS gt g e 1 e o VYAY S L

Aslan, N., 2007. Application of response surface methodology and central composite rotatable design for modeling the
influence of some operating variables of a Multi-gravity Separator for coal cleaning. Fuel 86: 769-776.

Bannayan, M., Mansoori, H., and Eyshi Rezaei, E., 2014. Estimating climate change, CO2 and technology development
effects on wheat yield in northeast Iran. International Journal of Biometeorology 58: 395-405.

Box, G.E.P., and Hunter, J.S., 1957. Multi-factor experimental design for exploring response surfaces. Annals of

Mathematical Statistics 28:195-241.



PA i yuiiz 30 O 9 (y5aid 095 B pan (g5 ledints o502 3 (53300

Box, G.E.P., and Wilson, K.B., 1951. On the experimental attainment of optimum conditions. Journal of the Royal
Statistical Society: Series B (Statistical Methodology) 13: 1-45.

Hills, F.J., Winter, S.R., and Henderson, D.W., 1990. Sugar beet. In: Stewart, B.A., Nielsen, D.R., (Eds.). Irrigation of
Agricultural Crops. pp. 795-810, Madison, Wisconsin, USA.

Hossain, M., and Mohona, M.J., 2018. Shoot-root traits of broccoli (Brassica oleracea var. italica L.) as influenced by
different irrigation schedules. International Journal of Horticultural Science and Technology 5(1): 11-18.

Hosseinpour, M., 2008. Water and radiation use efficiency of winter sugar beet affected by nitrogen, irrigation, and
growth duration management. Final Report of Sugar Beet Seed Institute. Karaj, Iran. (In Persian with English
Summary)

Jahan, M., Nassiri Mahallati, M., Khalilzade, H., Bigonah, R., and Razavi, A.R., 2016. Optimizing of nitrogen,
phosphorus and cattle manure fertilizers application in winter wheat production using response-surface methodology
(RSM). Iranian Journal of Field Crops Research 13(4): 823-839. (In Persian with English Summary)

Jahedi, A., Nourozi, A., Hassani, M., and Hamdi, F., 2012. Effect of irrigation methods and nitrogen application on
sugar beet yield and quality. Sugar Beet 28(1): 43-53. (In Persian with English Summary)

Kalavathy, H.M., Regupathib, 1., Pillai, M.G., and Miranda, L.R., 2009. Modelling, analysis and optimization of
adsorption parameters for H3PO4 activated rubber wood sawdust using response surface methodology (RSM).
Colloids and Surfaces B: Biointerfaces 70: 35—-45.

Koocheki, A., Nassiri, M., Moradi, R., and Mansouri, H., 2014. Optimizing water, nitrogen, and crop density in canola
cultivation using response surface methodology and central composite design. Soil Science and Plant Nutrition 1: 1-
13.

Kwak, J.S., 2005. Application of Taguchi and response surface methodologies for geometric error in surface grinding
process. International Journal of Machine Tools and Manufacture 45: 327-34.

Laufer, D., Nielsen, O., Wilting, P., Koch, H.J., and Mérlénder, B. 2016. Yield and nitrogen use efficiency of fodder
and sugar beet (Beta vulgaris L.) in contrasting environments of Northwestern Europe. European Journal of
Agronomy. 73: 124-132.

Mansouri, H., Bannayan, M., Rezvani Moghaddam, P., and Lakzian, A., 2014. Management of nitrogen fertilizer,
irrigation, and plant density in onion production using response surface methodology as optimization approach.
African Journal of Agricultural Research 9(7): 676-687.

Mansouri, H., Bannayan, M., Rezvani Moghaddam, P., and Lakzian, A., 2015. Management of nitrogen, irrigation, and
planting density in Persian shallot (4/lium hirtifolium) by using central composite optimizing method. Agricultural
Science and Sustainable Production 24(4): 41-60.

Masri, M.I., Ramadan, B.S.B., El-Shafai, A.M.A., and El-Kady, M.S., 2015. Effect of water stress and fertilization on
yield and quality of sugar beet under drip and sprinkler irrigation systems in sandy soil. International Journal of
Agriculture Sciences 5(3): 414-425.

Mirzaei, M.R., and Ghadami, A., 2005. Evaluation of quantity and quality of sugar beet under furrow and tape irrigation
systems. Final Report of Sugar Beet Seed Institute. Karaj, Iran. (In Persian with English Summary)

Mohammadian, R., 2016. Determination of the best plant population and nitrogen amount of sugar beet under tape drip
irrigation system. Final Report of Sugar Beet Seed Institute. Karaj, Iran. (In Persian with English Summary)

Mohammadian, R., Taleghani, D., and Sadeghzadeh, S., 2010. Effect of different irrigation managements on quantity
and quality of sugar beet. Sugar Beet 26(2): 139-156.

Montgomery, D.C., 2001. Design and Analysis of Experiments, fifth ed., John Wiley & Sons, New York. 734 p.

Nassiri, M., Koocheki, A., Kamali, G.A., and Shahandeh, H., 2006. Potential impact of climate change on rainfed wheat
production in Iran. Archives of Agronomy and Soil Science 52: 113-124.

Noshad, H., Abdollahian-Noghabi, M., and Babaei, B., 2012. Effect of Nitrogen and Phosphorous Application on the
Efficiency of Nitrogen Uptake and Consumption in Sugar Beet (Beta vulgaris L.). Iranian Journal of Crop Sciences
43(3): 529-539. (In Persian with English Summary)

Obeng, D.P., Morrell, S., and Napier, T.J.N., 2005. Application of central composite rotatable design to modeling the
effect of some operating variables on the performance of the three-product cyclone. International Journal of Mineral
Processing 769: 181-92.

Topak, R., Siiheri, S., and Acar, B., 2011. Effect of different drip irrigation regimes on sugar beet (Beta vulgaris L.)
yield, quality, and water use efficiency in Middle Anatolian, Turkey. Irrigation Science 29(1): 79-89.



Voo sl Vo ylods VY ol ¢(65,9LiS bl pgy &y pi6 Y

Wenxue, L., Long, L., Jianhao, S., Tianwen, G., Fusuo, Z., Xingguo, B., Peng A., and Tang, C., 2005. Effects of
intercropping and nitrogen application on nitrate present in the profile of an Orthic Anthrosol in Northwest China.
Agriculture, Ecosystems and Environment 105: 483—491.

Zulkali, M.M.D., Ahmad, A.L., and Norulakmal, N.H., 2006. Oryza sativa L husk as heavy metal adsorbent:
optimization with lead as model solution. Bioresource Technology 97: 21-25.



Journal of Agroecology j=x $329LaS (ol pg 4y pi
Vol. 13, No.1, Spring 2021, p. 57-72 A3 OY-YY (o IFer Hleg o) o)leuid IY al>

Optimization of Nitrogen Fertilizer and Water Consumption in Sugar Beet by
using Response—Surface Method

H. Mansouri'*, H. Noshad? and M. Hassani'
Submitted: 17-03-2019
Accepted: 11-11-2019

Mansouri, H., Noshad H., and Hassani, M., 2021. Optimization of nitrogen fertilizer and water consumption in
sugar beet by using response—surface method. Journal of Agroecology 13(1):57-72.

Introduction
With respect to this issue that Iran is located in semi-arid conditions and limited by water resources, so water
conservation in agricultural systems plays main role to increase production and determination of water optimum
amount is first step to gain this purpose. Nitrogen is one of the main effective factors on quantity and quality of
crops. According to the studies, only 40-60% of nitrogen fertilizers is used by crops and this value decreases with
increasing of fertilizer application. There is complicated interaction between amount of irrigation water and nitrogen
fertilizer, thus it is necessary to consider optimum level of them simultaneously. To obtain acceptable economical
yield and reducing environmental pollutions, used inputs in farms should be applied as optimum with respect to
expected target. One of the important methods to gain optimum level of inputs is response-surface method. There is
no study to investigate usage of this method for inputs optimization in sugar beet. Therefore, the purpose of the
study was optimizing of nitrogen fertilizer and irrigation in sugar beet via the response-surface method by using a
central composite design.
Material and Methods
We used available data and information from studies which had been accomplished about nitrogen fertilizer and
irrigation in Hamedan, Iran to determine optimum levels of these treatments. So needed treatments were designed
based on high and low levels of nitrogen fertilizer (0 and 240 kg.ha!) and irrigation (8000 and 14000 m’.ha!) by
Minitab software ver.16 as central composite design (CCD). CCD is one of the response-surface methods and the
number of treatments in this design is calculated by equation of 2¥ + 2k + r, where k is the studied factors and r is
number of replication for central point. Number of replication for central point under two factors has been reported
as 5, thus for central composite design with two factors, 13 treatments is needed. To fit data, regression equation
was used and evaluated based on regression variance analysis. In general, the full quadratic polynomial equation
was tested to determine the significance of the model and the components of the model. RMSE, ME, R? indexes,
and 1:1 line were used to judge the difference between simulated and observed data.
Results and Discussion
ANOVA results showed that regression model was significant to estimate all dependent variables based on F
test. Correlation coefficient of dependent variables including root yield, sugar, and sugar white, water use efficiency
and nitrogen use efficiency determined as higher than 96%. It implies that the high proportion of the variability for
these traits was explained by the fitted regression model. According to the lower values of RMSE than 10 and higher
values of ME than 0.89, it could be concluded that the model had acceptable and suitable results to estimate studied
traits in sugar beet. The results of t-test to compare fitted regression with line 1:1 illustrated that slope and intercept
values in fitted and 1:1 line had no significant difference. The results showed that root, sugar and white sugar yield
were increased by increasing nitrogen fertilizer under all levels of irrigation. Response-surface curve of a-amino
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nitrogen as affected by irrigation and nitrogen fertilizer indicated that a-amino was elevated by increasing nitrogen
fertilizer application. As data, water use efficiency decreased by water consumption. In the other hand, nitrogen use
efficiency was decreased by applying nitrogen fertilizer under all levels of irrigation. Optimum range of treatments
were obtained as 9500-12000 m*.ha'! for irrigation and 110-130 kg.ha! for nitrogen fertilizer treatment based on
overlaid plot method. The results of treatments optimization by using analytical solution method illustrated that
applying 133 kg.ha'! and 10667 m3.ha"! were suggested as optimum amounts of treatments. Based on these optimum
levels of treatments, root yield, sugar and white sugar yield, a-amino, water use efficiency and nitrogen use
efficiency were estimated as 80.1 t.ha'!, 14.94 tha'!, 12.49 tha!, 2.56 meq.100 g', 1.39 kg sugar.m and 74.24 kg
sugar. kg'!, respectively.
Conclusion

As result, to optimize treatments including nitrogen fertilizer and irrigation, response-surface method had
acceptable adequate to predict variables in sugar beet based on statistical indexes. Optimum value of nitrogen
fertilizer and irrigation were predicted as 133 kg.ha'! and 10667 m?.ha'!, respectively by using analytical solution.
Therefore, the results indicate that the application of optimum values can reduce environmental hazards and
produced acceptable sugar yield.

Keywords: Central Composite Design, Optimum Treatment, Sugar Yield, Water Use Efficiency, Nitrogen Use
Efficiency
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Table 4- Means comparison of the simple effect of fertilizer treatments on main oil components of catnip ( Nepeta cataria L.)

oil
slowd (Y yog3f) ygsWly - WIY TV T-F-€ (¥ pogi!) oypS¥lw — L WY T Y by -1 £ L LST lidgs I
Treatment 4-a-0, 7a, 70p- Nepetalactone (Isomer 1) 4-a-B, 7a, 7ap- Nepetalactone (Isomer 2) Caryophyllene oxide

C 28.49 ab%k 47.39° 3.792

Az 29.85¢2 59.912 3.08°

Ph 22.49°¢ 59.85% 3.66*°

M 26.95 60.08 * 2.01°

Ch 24.21 % 62.03 ° 1.85°

lord 355 1Ch «Sjgdgm 365 £55 90 385 M V= y5,1 lawd Ph - y5,L5531 :AZ calis C
C: Control, Az: Azetobarvar-1, Ph: Phosphatbarvar-2, M: Combination of biofertilizers, Ch: Chemical fertilizer.
Sl e oSl (elaiely w93l Lolsl oy g Jleis] gaws 53 )b dxe BMS] (gl wglie g b (slapSile *
* Means with the different letters have significant difference at 0.05 probability level based on Duncan's multiple range test.
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Table 5- Means comparison of the interaction effect of fertilizer treatments and humic acid on main oil components of catnip
( Nepeta cataria L.) oil

S Oldg )5 il 5 O B 1= 6!

Treatment trans- Caryophyllene (E,E)- Farnesene
C- 1.94 b 1.39 2k
C+ 1.27° 1.19abe
Az- 3.29¢® 1.21 2be
Az+ 1.20° 1.45 abe
Ph- 1.94° 0.98°¢
Ph+ 1.27° 1.65%
M- 1.71° 1.71%
M+ 4.08° 1.12°%
Ch- 1.61° 0.88°¢
Ch+ 3.34¢ 1.83°

St 2ol 35 e () Sargn 25l 375 : (1) s 35 N oSl o5 £ 2 3ol M Xy Sl Ph A5 AZ canls C
C: Control, Az: Azetobarvar-1, Ph: Phosphatbarvar-2, M: Combination of biofertilizers, Ch: Chemical fertilizer, (+): Application of
humic acid, (-): without application of humic acid.
sl e oSO elately ain igefl ol deoys gy Jloi] s )3 B sine BT (ghls wglize gy b (clayeSilis #
* Means with the different letters have significant difference at 0.05 probability level based on Duncan's multiple range test.
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Introduction

Catnip (Nepeta cataria L.) is one of the most important medicinal plants belonged to the Lamiaceae family that
referred to considerable pharmacological, antimicrobial, antibacterial and pesticides activities of its essential oil in
most of the literatures. The harmful effects of chemical fertilizers on the environment and human health and lack of
soil organic matter in arid and semi-arid regions have resulted in an increase in the use of chemical fertilizers in
these areas. Excessive use of these fertilizers has led to serious environmental pollutions during the last decades.
With respect to the hazards of chemical fertilizers and the importance of medicinal plants, researchers have recently
considered the application of biofertilizers and organic materials. According to literatures, the application of
biofertilizers and organic fertilizers can be recommended as a proper alternation for the improvement of the quantity
and quality of essential oil in Catnip.

Material and Methods

This research was conducted as factorial layout based on a randomized complete block design (RCBD) with
three replications at the research farm of the faculty of agriculture, Shahid Chamran University of Ahvaz, Iran. The
first factor was included fertilizer treatments in five levels (Control (C), Azetobarvar-1 (Az), Phosphatbarvar-2 (Ph),
Combination of Az and Ph (M), chemical fertilizer (Ch) included 150 kg.ha'! granular urea (46% N) and 100 kg.ha!
triple superphosphate (46% P»0Os)) and the second factor was comprised humic acid in two levels (0 and 20 kg.ha'").
The studied traits in this research included soil microbial respiration and biomass carbon and soil organic matter
contents, leaf nitrogen and phosphorus amounts, number and size of secretory trichomes, essential oil content, yield
and composition. Leaf nitrogen and phosphorus concentrations were measured at the beginning of reproductive
stage by Kjeldahl method and colorimetric method using a UV-2100-Unico spectrophotometer, respectively.
Moreover, the soil microbial respiration and soil biomass carbon were determined by alkali absorption and the
fumigated extraction, respectively, and soil organic matter was estimated by the modified Walkly and Black’s
methods. Furthermore, the number and size of secretory trichomes was registered using Binocular microscope and
essential oil was extracted by Clevenger-type apparatus and analyzed using GC and GC-MS at full bloom stage.

Results and Discussion

According to the results, the sole application of fertilizer treatment was positively affected on soil microbial
respiration and biomass carbon, leaf nitrogen and phosphorus contents. The number and size of secretory trichomes,

1- M.Sc. Graduated of Medicinal Plants, Department of Horticulture Science, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Ahvaz, Iran.

2,3- Associate and Assistant Professors, Department of Horticulture Science, Faculty of Agriculture, Shahid Chamran
University of Ahvaz, Ahvaz, Iran.

4- Associate Professor, Department of Soil Science, Faculty of Agriculture, Shahid Chamran University of Ahvaz,
Ahvaz, Iran.

(Corresponding Author Email: m.mahmoodi@scu.ac.ir)
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PFeo sl Vo ploud IF il o(65yglieS (ol pgr a5 AA

essential oil content and yield and essential oil composition were significantly influenced when fertilizer treatments
and humic acid were applied simultaneously. The highest amount of soil microbial respiration as well as biomass
carbon was detected in M and the lowest was observed in control. The application of Ch and humic acid was
significantly improved the soil organic matter. However, no significant difference was found between these
treatments and biofertilizers treatments. The lowest amount of soil organic matter was detected in control. The
maximum content of leaf nitrogen element was observed in plant treated by Ch and minimum was registered in
control. The highest level of leaf phosphorus element, the size of secretory trichomes and essential oil content were
obtained when Ph was applied while there was no significant difference between this biofertilizer and Ch and M.
The maximum number of secretory trichomes and essential oil yield was detected in plant treated with M. The most
amounts of isomers 1 and 2 of nepetalactone and caryophyllene oxide was observed in Az, Ch and control,
respectively, and least was in control, Ph and Ch, respectively. The highest level of trans- caryophyllene and (E,E)-
Farnesene was obtained in the oil of plant treated with M+ and Ch+ and lowest detected in Az+ and Ch-.
Conclusion

According to the results, to improve the quantity and quality of Catnip essential oil, the application of biological
fertilizers instead of chemical fertilizers is recommended and further research is also required to investigate both the
effects of applying humic acid alone and in combination with biofertilizers on some traits.

Keywords: Azetobarvar-1, Nepetalactone, Nitrogen, Phosphorus, Phosphatbarvar-2, Secretory trichome
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Table 1- Traits of soil of experiment location
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Table 2- Analysis of variance for studied traits in experiment
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* and **: significant at 5% and 1% probability level, respectively.
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Introduction
Medicinal plants are of the most valuable reserves of natural resources in Iran, and if there is correct recognition
of them, these plants can play an important role in the health of the community, employment, and non-oil exports.
Fennel (Foeniculum vulgare L.) is a perennial herb that is one of the most important and is widely used as medicinal
plants that is mainly cultivated for the purpose of using essential oils in various industries of pharmaceutical, food,
cosmetic and sanitary. Therefore, this research was carried out with the aim of investigating the effects of different
concentrations of salicylic acid on the qualitative and quantitative characteristics of fennel under drought stress
conditions at phonological stages.
Materials and Methods
The experiment was conducted as a split-plot based on a randomized complete block design with three
replications. The main factor included five levels of irrigation regimes: full irrigation, irrigation at stemming stage,
irrigation at a budding stage, irrigation at flowering stage, and irrigation at seed filling stage. The subfactor included
four different concentrations of salicylic acid: zero, 3, 6, and 8§ mM. In the treatment of irrigation regimes, irrigation
proceeded until the end of the growth period after irrigation was discontinued at the growth stage. At the end of the
growing season, in order to evaluate the yield components, ten plants per plot were selected randomly, and the yield
components were measured. In the southern half of each plot, seed yield was measured after collecting plants and
seed separation. The essence of the seeds was extracted by the water distillation method, and the essential oil content
was calculated.

Results and Discussion

The results showed that two treatments for non-application of salicylic acid in irrigation in the grain filling stage
and application of six mM of salicylic acid at irrigation at flowering stage obtained the highest number of sub-
branches per plant with 21.3 and 20.3 sub-branches in the plant, respectively. Treatment of application of 8§ mM
salicylic acid in irrigation at seed filling stage revealed the largest number of umbrellas per plant and weight of 1000
seeds. The largest number of umbellet per umbrellas belonged to six and eight mM salicylic acid applications in the
treatment of irrigation at the seed filling stage. The lowest amount of seeds in the umbellet was observed at different
levels of salicylic acid in irrigation at the flowering stage. Treatments of application of 8 mM salicylic acid in
irrigation at budding stage and application of zero and three mM salicylic acid incomplete irrigation conditions
obtained the highest seed yield by producing more than 790 kg per hectare. Application of zero and three mM
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salicylic acid at irrigation in seed filling stage showed the highest amount of essential oil by 3.83 and 3.73%
essential oils, respectively, and after those, two treatments of application of 8 mM salicylic acid at irrigation in the
flowering stage and at the time of seed filling were placed at the next rank.
Conclusion

In general, it seems that the occurrence of drought stress at the flowering stage compared to stress in other stages
of development, had the greatest effect on reducing the yield components and grain yield of fennel. Also, the
application of salicylic acid in conditions of irrigation removal in the budding stage improved seed yield, as well as
at stemming and flowering stage, increased the amount of essential oil of fennel seed. However, its effectiveness did
not follow a particular process. In addition, the highest amounts of essential oil were observed at the time of drought
stress in the grain filling stage. The results showed that application of zero and three milliliters of salicylic acid
produced the highest amount of essential oil at irrigation interruptions in the grain filling stage.

Keywords: Irrigation regime, Quantitative and qualitative traits, Foliar application
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Table 1- The mean temperature and cumulative rainfall during the growing season of maize for baseline and future periods

in late- (SC704) and early-maturity (SC260) cultivars and irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-
time irrigation per crop season) in summer sowing season
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Mean temperature during the growth
season baseline period and its increase
in the future period

alboy9 RCP4.5 (%) 4k 0y99 RCP4.5 (°C)
Baseline (mm) Baseline (°C)
IR10 55.38 134.07 279 217
SC260 IR12 56.25 +25.63 27.9 +2.2
Slgal IR14 56.25 +25.63 27.9 +2.2
Ahwaz IR10 149.81 -6.61 233 +2.6
SC704 IR12 149.81 -6.61 233 +2.6
IR14 149.81 -6.61 233 +2.6
IR10 63.86 19.15 252 125
SC260 IR12 59.72 -10.38 252 +2.6
ol IR14 59.72 -10.38 252 +2.6
Bostan IR10 147.12 -16.89 21.1 +2.7
SC704 IRI12 146.62 -18.50 21.1 +2.7
IR14 146.62 -18.50 21.1 +2.7
IR10 109.99 +5.84 256 2.5
SC260 IR12 106.93 +13.23 25.6 +2.4
Jois» IR14 106.93 +13.23 25.6 +2.46
Dezful IR10 277.86 -8.59 213 +2.8
SC704 IR12 277.86 -7.60 213 +2.9
IR14 277.86 -7.60 213 +2.9
IR10 180.60 3297 22.04 +3.66
SC260 IRI12 180.20 3337 22.06 +3.64
ol IR14 180.20 3337 22.06 +3.64
Izeh IR10 482.03 34.41 17.8 +3.5
SC704 IR12 476.77 33.94 17.9 +3.4
IR14 476.77 33.94 17.9 +3.4
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Fig. 2- Grain yield of maize for baseline and future periods in late- (SC704) and early-maturity (SC260) cultivars and in

irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-time irrigation during the period of crop growth) in summer
sowing season
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Fig. 3- The effect of irrigation and cultivar treatments on maize water use efficiency for baseline period and its changes in the

future period in late- (SC704) and early-maturity (SC260) cultivars and in (IR10, IR12, and IR14 are 10-, 12-, and 14-time
irrigation during the period of crop growth) in summer sowing season
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Fig. 4- The actual evapotranspiration of maize for baseline and future periods in late- (SC704) and early-maturity (SC260)

cultivars and in irrigation treatments (IR10, IR12, and IR14 are 10-, 12-, and 14-time irrigation during the period of crop
growth) in summer sowing season
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Introduction

Today, rapid population growth and economic development have increased demand for food, and climate change
has affected food security worldwide. Climate change processes, including increasing the atmospheric carbon
dioxide concentration, rising temperature, and fluctuation of precipitation, could directly affect agricultural products.
Climate change also causes drought, which indirectly influences agricultural systems as water is the most important
for grain yield and its quality. Arid and semi-arid regions are limited in terms of water resources and they are the
most fragile regions faced with drought caused by climate change. Khuzestan province is one of the hot and arid
regions in Iran which its agricultural crops (especially maize) are very sensitive to climate change. Irrigation
schedules and various cultivars can be considered as the adaptation strategies according to the climate change
conditions. In agricultural ecosystems, water consumption should be reduced, and grain yield should be increased as
much as possible. Optimizing water consumption by improving water use efficiency (WUE) is essential for
achieving agricultural sustainability in arid and semi-arid regions. Accordingly, modelling approach has been
considered as a time-saving and low-cost way to study the effects of climate change and different treatments. The
current study was conducted to investigate the effects of different irrigation management practices on maize grain
yield and WUE under climate change conditions in order to optimize water consumption and WUE by using
modeling approach.

Material and Methods

The current study was carried out in several locations of Khuzestan province, including Dezful, Izeh, Bostan,
and Ahwaz. The long-term climatic data of the studied locations were collected from the Iran Meteorological
Organization. These data included minimum and maximum temperatures (°C), rainfall (mm), and solar radiation
(MJ m2) from 1980 to 2010. Angstrom equation was used for calculating the radiation based on sunshine hours. The
climatic data were modified using WeatherMan software embedded in the DSSAT package. The future climate of
Khuzestan province (2040-2070) was predicted by the MIROCS general circulation model under the RCP4.5
climate scenario and using AgMIP methodology. According to the previous studies, the MIROCS climatic model
showed the highest accuracy in predicting the future climatic data of Khuzestan province. Two adaptation strategies,
including cultivar and irrigation regime, were considered to mitigate the negative effects of climate change. The
cultivars consisted of SC704 (late-maturity) and SC206 (mid-maturity), which had the highest area under cultivation
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in Khuzestan province. Irrigation regimes included three levels: 12-time irrigation (as farmers’ common practice),
10—time irrigation, and 14-time irrigation per growing season.
Results and Discussion
The results of the current study indicated that climate change had negative effects on maize grain yield as well as
positive effects on average temperature during the growing season, evapotranspiration, and corn water use efficiency
across the whole province. The results showed that the average grain yield and corn WUE in Khuzestan province in
2050 under the RCP4.5 scenario was -2% and -5.7%, respectively, compared to the baseline. In addition, mean
temperature during the growing season and evaporation and transpiration increased by +12.6% and + 0.9%
compared to the baseline. The results also showed that with the application of an optimal amount of irrigation
regime (10-time irrigation), an increase in WUE and decrease in evapotranspiration were observed, which resulted
in acceptable grain yield. Results also portrayed that applying the optimal irrigation level (10-time) along with a late
maturity cultivar (SC704) showed the best performance in terms of grain yield (9433.9 kg ha') and WUE (19.57 kg
ha! mm!) in the province Khuzestan.
Conclusion
The results illustrated that by 2050, the average grain yield and WUE were reduced compared to the baseline
period. However, the mean temperature and evapotranspiration over the growing season were increased. Totally, the
results of the current study revealed that an optimal irrigation level 10 and suitable cultivar SC704 could mitigate the
negative impacts of climate change on maize in the agroecosystems of Khuzestan province.

Keywords: Evapotranspiration, APSIM model, Irrigation regime
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Organic carbon (%) Total N (%) Available P (mg.kg!) Available K mg.kg!)

SIS R e TTERN N o
Texture pH EC (dS.m™)
Py Gl“” 8 1.86 0.65
Loam silty

0.057 26 197
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Table 2- Weed characteristics observed in weed management treatments

B el wsole o odlgils by S5 SFhwghE ymuo gy 2
Persian name Binomial nomenclature Family Growth form  Carbon fixation pathway Growth cycle
o3ligl oy Sl Amaranthus retroflexus L. Amaranthaceae S ok Cy s,

Pigweed Broad leaf Annual
ool Chenopodium album L. Chenopodiaceae S Cs Als
Lambsquarters Broad leaf Annual
5 M )bl e e Al
223 PR 229 Cyperus esculentus L. Cyperaceae SRR Cy i
Yellow nutsedge Narrow leaf Perennial
©r> Portulaca oleracea L. Portulacaceae Sro CAM sy
Common purslane Broad leaf Annual
Gk Sorghum halepense L. Poaceae St Cy oz
Johnson grass Narrow leaf Perennial
= Setaria viridis L. Poaceae St Cs Alss
Green foxtail Narrow leaf Annual
ol 530,85 Solanum nigrum L. Solanaceae S RO Cs R
Black night shade Broad leaf Annual

Pyl )3 50 ladile SWES (459 9 0515 32 (oimigy GLLS g 5, sladile Co e byl J1 (Sl o (Kile) il g 415005 - Y Jgua

Sl piged Alitee Jolye (b (K 840 g5
Table 3- Analysis of variance (mean of squares) of the effects of weed management treatments, cover crops and tomato

cultivars on weed density and dry weight at different sampling stages

i Jol )13 yraiges P93 (8125245903 P (513 p1iged
pove iy ¥ ) 1 First sampling Second sampling Third sampling
3l; - e . - . N e .
S.0.V. fi ; o1y SWid (439 o1y SWid (339 o1 SUd (339
) Density Dry weight Density Dry weight Density Dry weight
,\,S; . 2 0.888 67.090 1.147 6.599 5.126 8.625
Replication
(i olS g jyn slacile cy e
(A) 5 4004.404*  8735.315* 752.814* 1754.298** 312.988** 886.334**
Weed management and cover
crops (A)
el u; ot 10 13.693 60.670 5.307 19.870 0.550 4.003
Main error
(B) éﬁ)é“%s ) 1 749.117* 819.105** 335.378* 1444.127* 173.449** 557.590**
Tomato cultivar (B)
A xB 5 64.775** 36.432% 9.397* 15.415* 5.956* 23.436*
P s sl 12 5.030 15.867 4.790 6.254 1.230 13.161
Sub error

ol 20 )3 S g o gy o] o )0 )b e 0aBd S (s gy s g

*and **: represent significant at 5 and 1% probability levels, respectively.
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O Third sampling

Control (no Control (no Fenugreek Chlckhng pea Hairy vetch
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Cover crops
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Fig. 1- Mean comparisons for simple effects of weed management treatments and cover crops on weed density at first to third
sampling stages
W) o> gy Jlats] s 53 (S (ghatels Wz g3l bl p2 ()b gime Sl gyl isal Cagi o 3 S e By S ek #

* Means followed by similar letters in each sampling stage are not significantly different at the 5%]level of probability level based on
Duncan’s test.
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Dhima et al., 2006; )a.S o 5;Ssds> jy» slacale
Samadi & ) Cewgd fezwe g (sdewo (Kobayashi et al., 2004
aS 135S 45)l5 5 (Mohammaddoust Chamanabad, 2014
il o S15 (a8 aud o TpAS gl (odsy lalS cudls
)9 e b gy LS yuiored Db Lials as)d YAD ) 5
48 Sgdb e SIS a4 od) )98 CabS S G s,
iy )5 53t oy 5y (slacile gos g A5y 5 (il Ll e
5o sladile Sl 6l 5k o cosl o3y (Lt (oL slagiolej]
38l 5l Blo )93 50 )3 595 5 3505 jo )3 y95 Sl Sl ol
Boyd & Acker, 2004; Malik et al., 2010; ) 545 lzz,OT

1- Triticale sp.
2- Triticum aestivum L.
3- Trifolium pratense L.
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.(a; Burgos & Talbert, 1996 b; Ahmadi et al., 2010
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2000; Cherr et al., 2006; Hiltbrunner et al., 2007;
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Fig. 2- Mean comparisons for simple effects of weed management treatments and cover crops on weed dry weight at first to
third sampling stages
Wl o> gy Jlais] s 53 (S (ghatels w93l bl g2 (63 gme Sl gyl peisal Cagi o 3 S e By S ek #
* Means followed by similar letters in each sampling stage are not significantly different at the 5%]level of probability level based on
Duncan’s test.
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1- Hordeum vulgare L.
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Table 3- Analysis of variance (mean of squares) for the effects of weed management treatments and cover crops on tomato
fruit yield at first to third harvesting stages

0ga0 3 Slos
i ol AT Fruit yieldo
S.0.V. df Jol o2 9 o PYRIRNCS S5
First Second . .
. . Third harvesting Total
harvesting harvesting
)‘)S; . 2 506207 301303 901506 2652352
Replication
by olS g 5y slacile Copie
(A) 5 2577314** 1023990* 704416 11528379
Weed management and cover
crops (A)
el u; gl 10 366138 220215 154994 537864
Main error
(B) ufu‘;%sf o) 1 1605188 1120532 1527626* 12684187
Tomato cultivar (B)
A xB 5 55531* 11689 * 104521 * 294897 *
Gep f s 12 43776 19431 196352 213346

Sub error

ol 20 )3 S g o gy o] o )0 )b e 0aBd S (s gy sk g
*and **: represent significant at 5 and 1% probability levels, respectively.
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Table 4- Mean comparisons for simple effect of cultivar on tomato fruit yield at first to third harvesting stages

o) Jol e @93 e P9 (e 5
Cultivar _ First harvesting (g.m?) Second harvesting (g.m?) Third harvesting (g.m® Total (g.m?)
SHATY - 4940.59b* 2122.18° 866.86" 7930.32

Falat-8320
©H-FOND 5362.91¢ 247573 1278.85¢ 9117.4°
Falat-6515

B, o> g Jlein] a3 5SS glately din geil olul 6y e gl (gt o yd S yide By (gl)h slapSilie
* Means followed by similar letters in each column are not significantly different at the 5%level of probability level based on
Duncan’s test.
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Table 5- Mean comparisons for simple effects of weed management treatments and cover crops on fruit yield of tomato at
first to third harvestings

L . Jsl cm P93 O PP O
i dile Co e gl lo First harvestin Second Third K
Weed management treatments (g.m?) J harvesting harvesting Total (g.m?)
i (g.m?) (g.m?)
= 5624.79*" 2572.31° 1273.94% 9471°
Fenugreek
Py 5192.96° 2277.44¢ 957.89% 8427.9¢
Rye
. )l> 5613.332 2338.72¢ 1199.88% 9151.9°
Chickling pea
lads J5 Sale 5760.982 2896 1563.51° 10221.3°
Hairy vetch
Sl + (b oS 0g) sld 4562.48¢ 1967.86¢ 841.03b 7371.44
Control(no cover crops) + irrigation
el g (st ol 09) 20l 4156.32¢ 1742.65¢ 600.90¢ 6499.9¢

Control(no cover crops) + no irrigation

S5 o> g Jlein] a3 5SS slately s 905l olul pr 6y e gl (gt o yd S yide By (sl slapSile
* Means followed by similar letters in each column are not significantly different at the 5%level of probability level based on
Duncan’s test.

Ayl IS 5 o canl oad 00l L & Jgao p3 &S jebjlen

3 g oS Bjlesd plo & S )bgla o 3 (5584265
cuss )'I o ) il ‘_gcl))' C;\Jym 5 Slas u:;mlf Sladss
"= = Jym » )|>9l% bl col 5 Qlﬁfﬁ sg C*‘)jl
Burgos & Talbert, 1996 a; Burgos & Talbert, 1996 ) sl
dadra (Lol oS oy Slae il s ayls onde S ardl (b
2 sty olS ol bl gy a8l 0395 sl (SLlhy (gl 5
(> 9 (Eckert, 1988) cuul oas J3145 sloy] cely S mlaw
Syt yut Jdday ST (g0 d9eS |y 5 Shes ialS” e
L (25 plyisas jhgle o Gte b 13 (Sdme (g (A
Blevins et al., ) 1led, S laie a5 4 (0,5 YU Cod
(1990; Ebelhar et al., 1984; Vaughan & Evanylo, 1998
ol 53 34 (bsy S L Lol ol SudlS lojan a2
b Slgi oo (2 polic g )95 cCughy sl o) Jddar 43) 093
Lwly ek jd bl adl Jsa 1) 5 Slas auws ialS (g390>
De Haan ) )5 5 o6 o (Ateh & Doll, 1996) > 5 1
olals coals 1§ asess calise wlallles L (et al., 1994

s Culd)y cely il il (ool Aby oS ablae D g

2- Zea mays L.

sLebsl (Samarajeewa et al., 2006) -, Son g Iga Lol

2 Plgw 3 Slas dgun carge iy HlalS j edlitl a5 ainily
5+ (Ranjbar et al., 2007) )l 5 po0; i aald b duglis
ST iy 0 Sas dgu0 cage by QLS & N3ge 1S
ot sglaiedy o bl 3 S (SpansS ogee S5 g Wigy
425 ol (e 5,Shae e 5 by ol sl
105 G Sile (sl o3ze 3, Slae sy YA sl
iy 0LS duoy o 4l 4y ypiren J(Campiglia et al., 2010)
Sizd o3lo 5 Sy e 5yp (slacile (05 fow 3 3L 3L
Jbsas 1y o Sles ioli8l el jo oS dad o iuliel ) Lol olS
-y oS ysbay (Haj Seyed Hadi et al., 2007) ol azilb
Doy p (sudiibay ulmhfw)»l;u;w &S ol o3 LS o
il g 8y p jpp sladile (ate Gl Gials )b 5l o)Ses
2ol 3es Gl b 5l S ol sz ye Lol elS
b cov SB (g gudols de0 <)) (S laid Lo 3900 S5
CdsS 39st0 9 (0jingS) 03lgils (ol 3590 1) (98 s

Campiglia et) Kb o =l); LS 5, Sloe iulisl el (S
al., 2010; Haj Seyed Hadi et al., 2007; Ranjbar et al.,
.(2007; Samarajeewa et al., 2006

1- Glycine max L.
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Table 6- Analysis of variance (mean of squares) for effects of weed management and cover crops on brix index tomato at first
to third harvesting stages

Mean of squares

i 2lie &3 a3 Jol o P9d O P O
S.0O.V. d.f First harvesting  Second harvesting  Third harvesting
(g-m?) (g-m?) (g-m?)
)‘)SJ . 2 0.2419 0.3633 0.760
Replication
(A) iy o5 5 32 sladle e 5 0.5071m 1.7813° 2.809"
Weed management and cover crops (A)
e u; ol 10 0.4256 0.3787 0.185
Main error
(B) oS o) 1 14.9511° 10.027" 3.776"
Tomato cultivar (B)
AxB 5 1.1058" 0.3804" 0.403"
Gp ef sl 12 0.4417 0.2667 0.301
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Fig. 3- Mean comparisons for Brix index of tomato cultivars affected at first to third harvesting stages
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Means followed by similar letters in each harvesting stage are not significantly different at the 5%level of probability level based on
Duncan’s test.
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Means followed by similar letters in each harvesting stage are not significantly different at the 5%level of probability level based on
Duncan’s test.
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Introduction
Cover crops have the potential to improve soil physical, chemical, and biological criteria and crop yield,
especially in vegetable production systems. Enhanced organic carbon, organic matter, total nitrogen, and
improvements to soil functions and services are documented benefits of crop residue; reduced soil erosion and
decreased nutrient leaching, especially nitrate, are other benefits of a cover crop. Along with soil moisture and
temperature, the plant carbon to nitrogen (C/N) ratio is a determinant of residue decomposition that also depends on
the plant growth stage and cover crop species. Cover crops have several features that can inhibit germination and
decline emergence, growth, and establishment of weeds.The objectives of the study were to take an integrated
approach to assess the effect of using winter cover crops on tomato production in terms of 1) weed density and
biomass due to the cover crop and 2) fruit yield, quality of two conventional cultivars under Mashhad climatic
conditions.
Materials and Methods
The experiment was conducted as a split-plot based on a randomized complete block design with three
replications at field conditions in Khorasan Razavi Agricultural and Natural Resources Research and Education
Center during 2017-2018. Four winter cover crops (WCC) [such as chickling pea (Lathyrus sativus L.), hairy vetch
(Vicia villosa L.), fenugreek (Trigonella foenum-graecum L.) and rye (Secale cereale L.)], irrigation (tilled soil
without WCC) and control (tilled soil without irrigation) were considered as the main factor and subplots were two
tomato cultivars (including 8320 and 6515 from FALAT Co.). WCCs were converted into mulches in spring.
Studied criteria were relative density, density, and dry weight of weeds per unit area and the number of weeds in
three sampling stages (such as 30 days after planting time, 50 days after planting time, and before harvesting time)
and fruit yield and Brix index of tomato in three ripening stages. To analyze the variance of the experimental data
and drawing of diagrams, MSTAT-C 8 and Excel software were used. All the averages were compared according to
Duncan’s multiple range test (p<0.05).
Results and Discussion
The results showed that species of weeds controlled varies widely between WCCs and weed management
treatments. The minimum density and dry weight of weeds belonged to hairy vetch and rye, and the maximum was
for control. Hairy vetch and rye are allelopathic plants with better efficacy against annual dicots than grasses. The
simple and interaction effect of WCC and cultivar were significant on fruit number, fruit yield, and Brix index. The
highest and the lowest yield for the first, second, and third ripening stages were observed in hairy vetch and control,
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respectively. The total yield for the cultivar of 6515 was 15 percent higher than the other cultivar. Fruit yield of
tomato was greatest for hairy vetch; The highest and the lowest fruit numbers of tomato for the first, second and
third ripening stages were related to hairy vetch (with 75.31, 37.78, and 22.3 fruits.m) and control (with 54.33,
22.78 and 8.85 fruits.m2), respectively. The Brix index for the cultivar of 8320 was higher than the cultivar of 6515.
The lack of cover crop (in control treatments) suggests the limited impact of adopting cover crops into tomato
production operations.
Conclusion

As a general principle of sustainable soil management, leaving plant residues in the soil has a positive influence
on crop production. None of the cover crops tested had a negative impact on fruit yield and quality of tomato. In
general, annual, biennial, or perennial weeds are suppressed by WCCs. This research indicates that WCCs could be
used successfully in integrated weed management to decline weed infestation in tomato production. Cover crop
impact on tomato yield to enhanced soil microbial carbon and nitrogen associated with incorporation of cover crop
residues. Therefore, all of the cover crops evaluated can be considered potential autumn-sown options prior to
tomato production, especially hairy vetch and rye.

Keywords: Allelopathy, Brix index, Weed dry weight, Weed establishment, Weed management
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Table 2- Description of input and output amounts in irrigation and rainfed wheat production based on farm size in the
Boushehr region

e sl ()M) d»iw.s ()m) 0SS
I ten; Unit Irrigated (ha) Rainfed (ha)
<2 2-5 510 10-15 >15 <2 2-5 5-10 10-15 >15
1o 03l
F“‘”" o % 16 43 21 13 7 12 38 27 14 9
arm size
5399
Inputs
4 PSS
S) .d ey 240 225 215 205 190 135 130 118 110 104
ee
kg.ha'!
CT}W # 275 245 220 205 195 175 160 150 140 135
Diesel 1
Br o el Slgels
s 650 600 575 525 500 475 445 430 425 400
Electricity kWh
Y ile o clgal 5
o 5 =9 el 65 58 52 49 44 48 42 40 36 35
Machinery kg
PSS
Ni”"* S 220 200 180 165 160 180 165 150 150 145
itrogen
g kg.ha!
.. PSS
Ph )‘:3 JiEces 142 123 112 108 85 120 85 80 75 70
orphorous
P kg.ha!
L P eSS
P tm-“’ N ey 105 95 86 80 80 100 100 95 95 90
otassium
kg.ha!
P eSS
Z‘,‘” s 30 20 15 10 10 27 24 20 15 10
inc
kg.ha!
lo i ] le p 55k
Pesticides S, 0 350 10.2 9.8 9.2 8.5 8 8.5 83 8 7.5 7
kg a.i. ha!
o g5 PSS
Outputs Jioes
&by 5 Slas 1
kg.ha 2900 2700 2570 2450 2350 970 950 870 830 780

Grain yield
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Fig. 2- Comparsion of irrigated and rainfed wheat in different farm sizes by impact categories of ecological footprint model
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Table 6- Life cycle assessment of irrigated and rainfed wheat production based on farm sizes by impact categories of
Ecopoint 97 models in Bousher

e D
Treatment Emission into air (g) Emission into water (g)
Pb Cd 7Zn  Hg Cr 7Zn  Cu Cd He Pb Ni
&l cwss
Irrigated
< ha 132 01278 5393 00323 255 372 135 02382 02127 1.12 1.07
2-5ha 128 01239 39.19 00312 245 360 127 02226 01983 105 1.0l
510ha 121 01180 3125 00297 236 347 122 02131 01899 1.00 097
10-15ha 118 0.1146 2247 00290 236 343 123 02150 01919 1.00 0.97
>15ha 114 01121 2320 00281 213 316 105 01793 01585 085 0.83
I\V’/I*mﬁ" 123 01193 3401 00301 237 348 123 02136 01903 100 097
ean
’)‘”L‘S”‘gw 003 00029 584 00007 007 009 005 0009 00089 004 0.04
Shefeerd 594 543020 3838 5.6312 657 599 905 1010 104360 9.68  9.20
C.V. (%)
Rainfed
<2 ha 313 03030 14438 00766 577 867 328 05940 05335 277 2.64
25ha 282 02775 13083 00701 481 746 250 04391 03802 208  2.02
510ha 287 02796 11959 00713 490 7.64 255 04505 03997 2.14 2.07
10-15ha  2.88 02852 9507 00717 482 758 252 04433 03929 211 2.04
>15ha 293 02905 6896 00729 485 7.61 251 04412 03905 210 2.03
;’flﬁ" 292 02872 11177 00725 5.03 779 2.67 04736 04212 224 216
ean
”‘”Z‘“‘Ew 005 00046 1342 00011 0.8 022 015 00301 00281 013 0.12
Shefcerd 4 35511 2684 34636 825 636 1279 1423 1494 1330 1246
CV (%)
Fofe 508 02032 7289 00513 370 563 195 0343 03057 162 157
Total mean
”‘”Z‘“‘Ew 028 00281 1468 00071 045 073 025 00458 00409 022 021
Shefcord 4330 4372 63.69 4381 3870 40.86 40.96 4217 4233 4218 4171

C.V. (%)
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Introduction

Nowadays, agriculture plays a major role in environmental pollution, and knowledge regarding reducing input
utilization in such systems can help us to decrease the limited input resource consumption and the consequent
greenhouse gas (GHGs) emissions and environmental impacts. Environmental assessment is one of the accepted ways
for achieving sustainable agricultural goals. Hence, life cycle assessment (LCA) is an appropriate way to study the
environmental impact of a crop plant producing in its whole life cycle in production systems. Moreover, life cycle
assessment (LCA) is an appropriate method for studying the environmental impacts of a crop product throughout its life
cycle in production systems. Therefore, this research was carried out with the aim of evaluating the life cycle of
irrigated and rainfed wheat productions based on the farm size in Bushehr region in 2016-17.

Material and Methods

To conduct research, at first, 200 wheat fields were identified which 100 farms belonging to rainfed cultivation in the
Genaveh region and 100 farms belonging to irrigated cultivation in the Dashty region were monitored. After data
recording, farms in each method were classified into five groups in terms of size level, including very small (<2 ha''),
small (2-5 ha''), medium (5-10 ha'), large (10-15 ha') and very large (>15 ha"). For each impact category, correspond
characterization factors were used based on cumulative energy demand (CED), cumulative exergy demand (CexD),
greenhouse gas protocol (GGP), IPCC 2013 GWP 100a, ecological footprint (EF), and water footprint (WF) methods in
SimaPro8.2.3 software.

Results and Discussion

The findings of this study demonstrated that all impact category of cumulative energy demand (CED), cumulative
exergy demand (CexD), greenhouse gas protocol (GGP), IPCC 2013 GWP 100a, ecological footprint (EF), and water
footprint (WF) in rainfed cultivation were significantly higher than irrigated cultivation. In addition, the impact category
indices associated with the CML-IA non-baseline model, such as global warming 500a, acidification, eutrophication,
ionizing radiation, malodorous air, ozone layer depletion 40a, human toxicity 100a, freshwater and marine aquatic
ecotoxicity 100a in rainfed cultivation, were significantly higher than irrigated cultivation. Moreover, impact category
of heavy metals emitted into the air (Pb, Cd, Zn, and Hg), heavy metals emitted into water (Cr, Zn, Cu, Cd, Hg, Pb, and
Ni), nitrate into soil, metals into soil, pesticide into the soil, and emission of NOx, SOx, NH3, dust, COD, phosphorous
and nitrogen in the rainfed method was much higher than irrigated cultivation. In irrigated planting method, with
increasing farm size from very small to very large, all of the pollutants revealed a decreasing trend, but it was varied in
rainfed cultivation, with the largest amount belonging to very small farms. According to the results, it is possible to
improve productivity by reducing nitrogen and fuel consumption as well as mechanization of agricultural crops. Based
on the findings, it can be argued that farmers in both systems consider economic efficiency in production and are less
likely to pay attention to environmental sustainability. It seems that by reducing the government subsidies related to
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chemical inputs and promoting conservation planting systems, the gap created could be offset to increase economic and
environmental productivity in wheat cultivation in the region.

Conclusion

The variability of these indicators based on farm size level in rainfed cultivation can be due to lower variation in output
(yield) and all inputs from very small to very large fields. Therefore, these results show that the share of pollutants in
irrigated cultivation is lower than in rainfed cultivation in the Bushehr region. This issue is of great importance from the
ecological point of view because the source of non-renewable energies, which are mostly fossil fuels, and the reliance
on these resources in the future, is fraught with great risks.

Keywords: Cumulative exergy demand, Ecological footprint, Eutrophication, Global warming
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Fig. 1- Irrigated canola production share in different provinces of Iran (percent)
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Fig. 2- Rainfed canola production share in different provinces of Iran (percent)

40°0'0"N

35°0'0"N

30°0'0"N

25°0'0"N



VPoo 5l Voslods Y ale (6359l ol pg 4 pits \Fo

Jede 3 clinlejl opl b gl sl IS saiS'a) s e (slaylind

o o 481 )

s oildubs

by (gilwand gly SSM-ICrop Jao jLs 3y50 (slaosls

2 0as ool laimggy 5 i 51 S (ol Sl 5 2,8les csad

SSM-ICrop (gU ;! 9 b yolyl (5l 03lius! 5,90 Slile;T-9 Jgun
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Table 2- Required weather, soil and crop management input to run SSM-iCrop
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Fig. 3- Simulated versus measured days to harvest by SSM-iCrop model based on data used in model parameterization
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Table 3- Estimation of phenological parameters for early, Medium and late maturity cultivars

PR o8, PR
SiPeS b iol,b i s Y093 vy ey w3 ¥R
Definition of phenological parameters Abbreviation Early Medium Late References
maturity  maturity  maturity
(51)3 Ll 4 y3) 903 (sl b (slod Soltani,
TBD 0 0 0
Base temperature for development (°C) 2009
(318 il 4 13) 9o (sly Sl gllas (slod Soltani,
TP1D 25 25 25
Lower optimum temperature for development ("C) 2009
(31,3 Bl 4 13) 905 sl (B gllan (slod Soltani,
TP2D 28 28 28
Upper optimum temperature for development ("C) 2009
(31,3 5l @ )3) 9o (gl i (glod Soltani,
. TCD 40 40 40
Ceiling temperature for development ("C) 2009
(595 3,35 ol ) (13m0 sl (5l ol Soltani,
tuEMR 160 200 216
Temperature unit for emergence (°C) . 2009
(595 2,5 ol anyd) &by 05y g9 sl )l S0l Soltani,
tuBSG 1200 1500 1620
Temperature unit for beginning of tuber growth ("C) Y 2009
(595 3,5 5l 4 d) &by (b bl ly 5yl 3ol Soltani,
. tuTSG 1800 2250 2430
Temperature unit for termination of tuber growth ("C) Y 2009
(595 2,5 5l doy3) Cudlyyy Sty sly ()l 1y Soltani,
tuHAR 2000 2500 2700
Temperature unit for beginning leaf senescence (°C) . 2009
(39 35 Blo 42)3) S A5 g 950 Sl Gl g uBLS 1200 1500 1620 Soltani,

Temperature unit for harvest (‘C)

2009
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Table4- Estimation of the parameters of development and senescence leaf

#ol5k Sl o3 o3
Parameter Abbreviation Values References
Relative LAT at emergence stage ' 2009
(595 23 ol d2y3) (b o b cadlS” 51 ol sl AEMR 04 Soltani,
Fraction of temperature unit from sowing to emergence ("C) ' 2009
aw (als 1Sl 5l o3 A8 4 olS (] 3 &S s go5 dlnye 3 Sy praw adlis Soltani
dy 0 3¢5 Sy RLAIL 0.99 2009 ’
Relative LAI from sowing to 96% of maximum LAI
395 Sy pdaw adls gl jl o A8 4 ol ] 1 45 s ges dlaje 3 oled sl
(555 31,5 ols dy3) duwy o0 FMLAIT 0.65 Soltani,
Fraction of temperature unit from sowing to 96% of maximum 2009
LAI(°C)
. . Early maturity=2.2
X Ls 1
,ﬁ ghe o> ﬁsfb Medium maturity=3.2
Maximum leaf area index Late maturity=5
Sy s g o Soltani,
SRATE 1
Leaf senescence rate coefficient 2009
((C) 2980 Sy S yo g 3Loel el a8 glos / Lo JBlus alzeo] FrzTh 10 Table 1
Low temperature/freezing threshold for leaf death (°C)
(em2"C 1 sbesul / Jslas (Lo dsuti b ey pay S Sy Jlg5 ey Frrl DR 0.01 Table 1
Leaf death rate per “C below FrzTh (cm2.°C™")
(C) Sy sy sy Lo Sl il
HeatTH 30 Table 1
Heat threshold temperature for leaf death (°C)
(em2C) wliad (slod 51 5Vl 42,3 52 &0 S S 6 SIS et HLDR o1 Table 1

Leaf death rate per “C above HeatTh (cm?."C™")
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Fig. 4- Simulated versus measured yield by SSM-iCrop model based on data used in model parameterization
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TableS- Estimation of the parameters of dry matter production and partitioning

Pl Jaisl o3 o R
References Abbreviation Values Parameter
(C) i ol gy lp aly sloo TBRUE 0  Soltani, 2009
Base temperature for dry matter production ("C)
(C) 523 osbe sy (sl S ogllao slod TPIRUE 10 Soltani, 2009

Lower optimum temperature for dry matter production (‘C)

(€) 52 03le 255 g2 8 oglon (slod TP2RUE 25 Soltani, 2009

Upper optimum temperature for dry matter production(’C) ’
(C) Stz o3lo g5 (gl s (slod

- e TCRUE 35 Soltani, 2009
Ceiling temperature for dry matter production (" C)
o - PAR (gl cayd o KPAR 0.65  Soltani, 2009
Extinction coefficient for photosynthetically active radiation
(& MIY) sy aigo bl yd 53 (5imgnd Jlad autiats 51 oolisol ol)l8 IRUE ) Soltani. 2009
Radiation use efficiency under optimal growth conditions (g.MJ") ’
, iy pabl g5l , HImax 0.5 Table 1
Maximum harvest index/linear increase in harvest index
by padl Blo Himin 025  Table1
Minimum harvest index
(dS.m) 3,800 sl 555 sl SaltTH 1 Table 2
Salinity threshold for yield (dS.m™!)
-1\ e ] o & PP
(AS.1m7) il 5Vl 698 s 3,5bes o 06 SaltSlope 13 Table 3
Slope of yield decrease per dS.m™! above SaltTh
800
CV=18 %
700 { 1=0.87 }p=0/0001)
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fig. 5- Simulated versus measured yield by SSM-iCrop model based on data used in model evaluation
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fig. 6- Simulated versus measured days to harvest by SSM-iCrop model based on data used in model evaluation
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Table 6- Parameter estimates relating to plant in canola that is used in soil water balance.

PER o8, PR
&% i o995 oy bwgie (W
Description Abbreviation Early Medium Late
maturity  maturity  maturity
oM e gl ey yl Gos iDEPOR 200 200 200
Initial depth of roots at emergence (mm)
i Eard a5 ol p S Dl el tuBRG 160 200 216
Temperature unit for beginning root growth ("C)
. e L 50 .
i g iy 15, 0l S Sl el wTRG 1200 1500 1620
Temperature unit for termination root growth (°C)
aisy bug S 5l O glpaal e s Sl
. . . MEED 1 1 1
Effective depth of water extraction from soil (mm) 000 000 000
5 W
. TEC 4.5 4.5 4.5
Transpiration efficiency coefficient (Pa)
sl Sl g ol 5l S o & SB s BB O 8
. . WSSG 0.3 0.3 0.3
FTSW threshold when dry matter production starts to decline
Moo 8IS S s yin o J a2 88 S5 ogis B T oS
. L 4 4 4
FTSW threshold when leaf area development starts to decline WSS 0 0 0
SIS QIS 4 (A gy g 905 Sl oy
A coefficient that specifies acceleration or retardation in WSSD 0.5 0.5 0.5

development in response to water deficit
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Fig. 7- Simulated versus measured evaporation and transpiration by SSM-iCrop model
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9 38) gilwand gly Jao (bl g 2Ll Job s
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Introduction

Due to limitation of water and soil resources resulted from geological and climatic conditions of Iran as well as
necessity of self-reliance in infrastructural issues, efficient usage of water and soil resources available in Iran is
inevitable. Climatic changes, reduced biodiversity in the region and concerns about food security are regarded as
important issues; hence, evaluation of conditions to attain improved crop production seems essential. To investigate
yield improvement methods, yield potential and yield limiting factors (climate, soil, water, and genetic factors)
should be determined and evaluated in the first step. Simulation models may be used as scaled-up designs of field
experiments to overcome limitations such as time and costs. Crop simulation models are mathematical
representations of plant growth processes as influenced by interactions among genotype, environment and
crop management. Using crop simulation models can be an efficient complement to experimental research.
Models are being used to understand the response of crops to possible changes in crop, cultural management, and
environmental variables. Crop models use various plant and environmental parameters to simulate crop growth and
should be calibrated and evaluated before usage.

Materials and Methods

SSM-iCrop model predicts phenological stages as a function of temperature, day length. Calculation of
phenological development in the model is based on the biological day concept. A biological day is a day with
optimal temperature, photoperiod, and moisture conditions for plant development. Leaf area development and
senescence is a function of temperature, provide nitrogen for leaf growth, plant density and nitrogen
remobilization. To simulate leaf area expansion, the first step is to determine on each day the increase in leaf
number on the main stem using the phyllochron (temperature unit between emergences of successive leaves)
concept. In this model biomass is estimated as a function of the received radiation and temperature. Daily increase
of crop mass is estimated as the product of incident photosynthetic active radiation (PAR, MJ m2d'), the
fraction of that radiation

intercepted by the crop (FINT) and efficiency with which the intercepted PAR is used to produce crop
dry mass, i.e., radiation use efficiency (RUE, g MJ-!). Yield formation in the model is simply simulated as total
dry matter production during seed filling period plus a fraction of crop dry mass at BSG (as mobilized dry
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matter). Modeling seed growth rate and yield formation in the current model is based on a modified linear
increase in harvest index concept as described by Soltani and Sinclair (2011).

The model needs daily weather data, i.e. maximum and minimum temperatures, rainfall, and solar radiation.
The model can be run under multiple scenarios/treatments over many years.

Results

As a result of the SSM-iCrop model parameterization, three early, medium and late maturing cultivars were
determined for canola, which their cumulative degree days (GDD) for growth period completion were estimated as
2000, 2500 and 2700 °C days. After determination of the required parameters, the model was run based on sowing
date, management, and meteorological statistics of the region using the data from the papers which were not used
for parameterization, so as to validate the model. The average of the simulated data for days to maturity and yield
were 222 (days) and 383 (g.m?), respectively, whereas observed values for this traits were 223 (days) and 359
(gm?).

Conclusion:

Based on the 1:1 line and statistics of r=0.87, CV=18% and RMSE=67.04 (g.m?) for grain yield and r=0.97,
CV=5% and RMSE=10.68 (days) for days to maturity, it may be concluded that simulation canola growth using
SSM-iCrop model has been satisfactory and indicates accurate estimation of the model parameters, as well as
serving as a verification of the model efficiency in prediction of canola yield under climatic conditions of major
canola production regions of Iran.

Keywords: Evaluation, Parameterization, Plant models, Simulation.
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