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Introduction to the Persian Journal of Agroecology

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

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

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

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

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

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

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Introduction 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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b Sl 3 il Hody (byled yloj e pladl 51w (2007
3,8 sl 420 10 (los ) 4zl Sts (g 5 4zl Jobo
sy ¢ Sl oy a9 08 (6 50510 (el 48 e @
HSVI) iy asy Ladlis 5 dolme 5y a3l 5 jallen

1- Seed vigour index
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g Udlate 48 0 g (sl plisl 0y (l33) oo colS
ol 04y dgagy |y wloge
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Table 2- Analysis of variance (mean of squares) for quantitative criteria of isabgol under organic inputs application during
two years of experiment

@)

peves gy iy o4 &>, 3e 3 3,5dos S 590am 3,5dos Cuild p ad Wi
S.0.vV ddf) 1000- Seed weight Seed yield Biological yield Harvest index
Joldw  eedJlw  JolJlw e Juw  JolJlw  eedJlw  JolJlw w9 Jlw
First Second First Second First Second First Second
year year year year year year year year
"_’;J ) 2 0.002 0.0012 127 171 39.12 115 0.00001 0.00003
Replication
’?5_ 3 0.004" 0.004" 1650 1991™ 19065~ 17939  0.00002"  0.00004"
Fertilizer
s 6 0.0008 0.002 27 101 490 377 0.000006 0.00001
Error
Oyt s o
(32 3) - 1.91 3.04 0.85 1.63 0.8 0.7 11.6 1.86
CV (%)

S ixe OMEB] dg>g pie g o yd K g gy Jloio] gdaw 3 I3 dme Lo 4 INS 9 *F X
*** and ns: Significant at 5 and 1% probability level and non significant, respectively.

20,3 AT 48165 canlis jlow @ Cannd &5 03 oanliie 2,6 Lo
(3 Jsiz) sbs Lt Gl pg 5 Jl sl sly: s 4
I me gl e (6,505 Slivle] @l b pols Guis ol
Caeliia 05yl )iy 3)Shoe y> salis slas 9 JI 258 (slalos oy
Khandan et al., 2005; Lotfi et al., 2008; Koocheki ) 5

(et al., 2007

b callas laas uiﬁ&iﬁ@bjl{a.\ﬁ Cawd & ol

allas , Lol {Lotfi et al., 2008; Khandan et al., 2005)
b b ol 258 Ciliseo ol o A5 plsie 5)%0
sl les ,3U (Tabrizi, 2004) cusls o il (218 g olS 5, Sles
S5 Seiglan 3Mes bl ojyhul )by 3)Slas  Cilie (0368
CamgpoS jlasd )3 i yio 3)Skes (1 be (i 45 5p5b 4

Oelogl Jlw 93 (b 0l (19,05 LS (o8 lio p1 Hliseo I G255 13T (Kl aunnlio -3 Jga
Table 3- Mean comparison of effects of organic fertilizers on quantitative criteria of isabgol during two years of experiment

o o byl 039 4 3,5kas ERTANEIN
Eertilizer type (l‘;) ()m )'= !‘;91;) ()m )b !‘;91;)
1000- Seed weight (g) Seed yield (kg.ha™) Biological yield (kg.ha®)
Jol Jw @93 Jlw Jol Jw @93 Jlw Jol Jw @93 Jlw
Firstyear Second year Firstyear Second year Firstyear Second year
SR Alj Cowges 1.49%" - 621° 631° 2794 2802
Municipal waste compost
88 Sl Cumgees 1.53° - 628° 645° 2853° 2855°
Spent mushroom compost
13355 1.44P - 503 603" 2755° 2763
Cow manure
ol 1.46° - 578° 588" 2663° 2672°
Control

s By g5 s 3 dme MBI 3l ao > gy Jless] g 3 (Sl (glaels Wi yg05] (ol g 25y Sptie B S Jilis &8 olacySile cpgiw po ¥
* Means in each column followed by the same letter are not significantly different (p<0.05) using Duncans’ multiple range test.
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013 OIS )% 3 5 ST sldgS Bpan b sl et
5 &bl b g Sojglen 3,Sles (Darzi et al., 2006) cul
390 5355 slajlest 3l s ()l gine yobo 4 tulejl Sl g3
WU coos pgs Jlo 5 s cuiby (asls ¢ ais S 5 eoliz

(4 Jgx2) (p=0/05) 6,5 )15 oalisl 390 (sl Loyl sime

wbyly
" Skl ablia bjs a5 b i Gully 48 @b
o5 8 69 Shaslos b cov aled] sla o 5 S
sladg S oS cul o lgie adlllas 5 3. (4 Jgas) (p>0/05)
Moradi et ) cul 4l GU3l, @bl 559 2 )b ine w3t I

G Sl s, l5a 59 b e Ll a5 Js > (al., 2009

I slaodles U Cod Gl Jlw 93 (b &l 29,10 ol (o o (Slas o (aS0e) 41525 -4 Jga
Table 4- Analysis of variance (mean of squares) for quantitative criteria of fennel under organic inputs application during
two years of experiment

a2 . ) .
n 2ol o AI>,05 439 s 3,Sdos SG590m 3,5dos Cuild o yas o
S.0.V ddf) 1000- Seed weight Seed yield Biological yield Harvest index
Joldw el JolJw e Jlw  JolJlw el Jol Jlw w93 Jlw
First Second First Second First Second First Second
year year year year year year year year
R )I‘;Jt ) 2 0.0011 0.005 1039 3817 2309 2309 0.00009 0.0001
eplication
c ’tf 3 0.0001"™ 0.011™ 60094 72323 52253 52253 0.002"™ 0.0025"
ertilizer
Eu» 6 0.0011 0.002 9992 6844 2501 15011 0.0005 0.0004
rror
(M’a)ci"/"(‘:;;”; at g 0.88 1.27 9.94 8.19 1.14 1.13 1.13 8.86
(0]

Bime BB D939 pas 5 do)d S g gy Jlosin] o )3 5 gixe iy 4 INS 4

** *
¢

*,**and ns: Significant at 5 and 1% probability level and non significant, respectively.

ols ol gos (SIS ol d g (S balpd dee b
) M g (o) 0)Sm 8) dgke e ol Sl )00 (lie
sladg S oS cul o lgie dalllas G ) Cpioren L lods 0365
ool 3 5t cov ond a1y abjly eolasl s Slas Ko3glgn
m 039 9 ComgaS lass (g8 lajles (o y3 &S gyeb 4
O (pl g B8 &l 3 Slee o iy Jpas 4 prie CuvgreS
oS 5L 0,50 it jolie (2,05 (sloalil]) el ol e
a3 4 a8 (Moradi et al., 2011) wdges lgie iy b canliio
il 3lo 3 ) Sbla CuavsseS jlasd 350 53 yol (pl sy o
555 plgi 3,8 b 1y bl ks 5,Shes o ptibes 305 e 52
Jain et) 1dges LyliS Al aw islojl j3 J1 368 g olows

(al., 2007; Patel et al., 2003

9 Sejsloa > Shos oolitl 3)50 I slodsS oles Sl oalizd

Ol aals Jles 4 s Gialefl Jlo 93 pn 3 1y wbjly Hd
Jsl Jlo 53 Seidlon 0Slas oyt 29 cal b (0 Jga) o
o )3 ,kSe )3 £S5k 4544 5 494 e &y i pe
4238 5 4188 (lie s ol e (25505 9 @) (SLlh: CungpeS
pis) 12l )l 3 pg3 9 Jgl Sl )3 iy & )i 3 oS5l
Sloslal a8 sl s ol piomed A5 uols (365 b yan
PAS 4 Caund Juoyd s D 1y 4y 3 Sloe )8 6Lle) CungpeS
505 Jsis) o5 I bl o 55 o 5 (3nLd) 35 5,8
WU T ladg S 5,8 a8 canl o iyl ilisce lillae
Darzi et al., ) couwl azil 6bjl, Sojglon 3,Sles p ()l sxo
ST clwdgS 5,18 sy oo ylai 4, .(2006; Moradi et al., 2009
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Table 5- Mean comparison of effects of organic fertilizers on quantitative criteria of fennel during two years of experiment

> £ 2 3ySes S 590am 3,5dos Caild g W
Fertilizer type (U2 53 0,5945) (U 55 0,5 9kS) (x2,)
Seed yield (kg.ha™) Biological yield (kg.ha™) Harvest index (%)
Jol Jw @93 Jlw Jol Jw @93 Jlw Jol Jw @93 Jlw
First year Second year Firstyear Second year Firstyear Second year
S e ALj CugraS 973" 1043° 4420 447 - 22,2
Municipal waste compost
T8 Ll Cuwgras 1188° 1188" 4494° 4544° - 26.1°
Spent mushroom compost
ol 355 1010% 993% 4327° 4377° - 23.8"
Cow manure
wls 846" 812° 4188° 423g° - 19.1°
Control

s By g5 s I3 dme MBI 3l auo > gy Jless] g 1 (Sl (glaels Wi yg05] (ol p 25y Sptie B S Jilis &8 olacySile cpgiw po ¥
* Means in each column followed by the same letter are not significantly different (p<0.05) using Duncans’ multiple range test.

(2006

ailaalaw

ollia (jg d9be panliie B gz ;3 45 4SS lea
bS8 I clasgS 15l cov ped Jlo ,o haid wlisluw
(P<0/05) S_sslsn 5 (P<O/01) i 5, Slae Iy {p<0/01)
38 b cov gylaine sob 4 inlejl Sl 93y 5 liabu
Cod cuiby pasld Jg w38y )5 eslitul 3590 (6355 sbaless
(6 Jsa2) (p>0105) oS5 1,3 (6355 slaylows il

2oyd 2611 lsse as pgs Jlo 53 3 cudbyp (asli o b

@ o Juoy> 36/64 o5 1 Juols 2 )8 (bl cuvgeeS Jlosi
(ais Sy @l el (5 Ugaa) b olas alidl sals e
oy cutlyyy Gasls  g)lsize b 258 Ciliseo (glajles
A Caus 20l jles SH5gon 2ySlas 39 oS cle 4y Lol aizily
Lajless polw 5l pii ol Jlog o catbyy aslis oyl b
ST clmdgs 5l eslizl S5 yle 4 (Moradi et al., 2009) .
b )3 il oy ,d 3 )Slee & i |y (g 28 oljee
by il ccaly esls ials cle 55 (6)50 (diie
Darzi et al., ) u5s,S S5 J1 cladgS & gy > &bl iy,

S geslys il cow Liulejl Jw 93 (b ailadlw (29,13 0LS oS Sliuo (lrs po cmSile) owily g 41355 -6 Jgas
Table 6- Analysis of variance (mean of squares) for quantitative criteria of black cumin under organic inputs application
during two years of experiment

@

i 2l o4 &y, oy3e 349 3 Slos SG590m 3,5dos Cuild p ad W
S.0.V ddf) 1000- Seed weight Seed yield Biological yield Harvest index
Joldw el JolJw  pdJle JolJw v Jle Jol e g Jlw
First Second First Second First Second First Second
year year year year year year year year
)‘_’5‘; . 2 0.002 0.01 637 1017 769 769 0.0001 0.0003
Replication
’?5_ 3 0.001™ 0.04™ 6773 5672" 17052™ 17052™ 0.0004"™ 0.0003"™
Fertilizer
s 6 0.001 0.003 1184 933 1271 1271 0.0001 0.0001
Error
(300 13) Sl puadS g 5 0.98 1.67 5.63 4.72 1.58 1.57 494 4.91
CV (%)

S ixe OMB] d93g pae g o yd K g gy Jloio] gdaw 3 I3 dme Lo 4 INS 9 *F X
*,**and ns: Significant at 5 and 1% probability level and non significant, respectively.
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Table 7- Mean comparison of effects of organic fertilizers on quantitative criteria of black cumin during two years of

experiment
o 5 SByl32 039 7t 35Skos Sjhom >,Shos
Eertilizer type ('b;) ()m )'= u")fslts) ()m )b !‘;91;)
1000- Seed weight (g) Seed yield (kg.ha™) Biological yield (kg.ha®)
Jol Jw @93 Jlw Jol Jw @93 Jlw Jol Jw @93 Jlw
First year Second year Firstyear Second year Firstyear Second year
St U; CowgpaS - 3.6" 626° 625" 2252 2269
Municipal waste compost
88 Sl Cugees - 3.55% 645° 692° 2316° 2333°
Spent mushroom compost
ol 35 - 3.45% 632° 652° 2269" 2286"
Cow manure
ol - 3.33° 541° 587° 2138° 2155°
Control

s By g5 3 dme MBI 3l aio > iy Jless] prdaw > (Sl (glaels Wi yg05] (il p 25y Sptie B S Jilis &8 olacySile cpgiw po ¥
* Means in each column followed by the same letter are not significantly different (p<0.05) using Duncans’ multiple range test.

DL Ll CuvgraS 308 & G pg3 9 Jol o (b oy
SBMs] T clasgS 3,8 b (claddlae p3 (7 Jgio) sb yzals
Khorramdel, ) s saalio ailanlow )3 5, Slee )3 ()l xe
2 b M3 Lilojl clyal slaJlo 5l Sozun 4> .(2008
i odalie (6358 calisee (slajlos (o dilialw sl y a3 ls

6 Js2)

o8 &S sla S andlas

Ao L adllae 3)90 (S Slio b I LS sladss
k8 g (oys 2 i 4 6355 slesd cOmizmen g W0 (Lt gl
Slsne U oy 3590 LS aalllas 3y50 lio S
bne spbo 4 55,k Jsb o (8 Jgae) (p<0/01) cusls
8 Jgs) (p=0/0L) o5 )13 58 5 4558 lite 5 ,5b s

o $S159188 )90 Slao guad (S
Slao (ke i 5l &l jl) olS cadllas 3)50 (SladisS (y 5
ob s gy 0yl g dilialus 4565 93 4y Cuws dalllas 350
oS (o9 Al counle Jds 4yl cpl axdl a8 (9 Jgis)
b ol Ll g dilialu 5 050wl AlwcSy LS b duwslis
o by o 5l ot 45 5505 ek g g 4o 0 Jlo o
3 3905 LT 31 193 oo adllas 3,90 slasisS (S5 glis

s a5 )5 sk b glaaiss o wibie el ol sl

(2,5 316) wlialow ails )i (59 wSbo (i pgd Jlo ,d

AaLd Hlas 4 Coms o5 0 sdalie (50l dbj CungreS o
oS 59y y shaalllan o (T o) o ol aljil a5 8/1
= e 8 iy sadgS & ol s g ailinlow
Opman g Gy il38l ol cde g wlazily il @l 54
ams oS 05,85 I eledgS 3,8 5155 ailualiw Fiuwgd Se
ol 09,0 5 Shes ul38l coles 55 g ab oy59 Gl 50 o
o o pols aiod D90y @l opl (Khorramdel, 2008)
5 0% 3,8es (i ool 3550 (6355 (slaslass &S5 ysbo 4 Con
ORIBl )b xe yob 4 sald s 4 Cuns 1) dilialow S5glon
3929 (5 )b e BB odlaiwl 350 (6355 syl o (g LoD
o ped 9 Jol Jbw 2 SKjglon 0o ke oy S
bl oS ot sl S 3 p5oks 2333 4 2316 s 5
-Jle b ey 4 ) 8125 48132 sg0s a5 wi Jols £,
@ (T Jgie) sb olas (aalj3l aalis jlew 4 Cams a9 ol (sl
5 dagy 1 cuslio (li jolis o OT ()35 oal)d dus o o
2 by SiS o3lo Wdgi b g atsl Jlis 4 1) olS Cgllas il
Wolod . Cawl dzily 5ySlas 5 2g7 dguny 53 (owliol [id) pdaw Ay
o 59 (b i 35 Slas (Sen s S 3550as
Joss sl S 13 2,56l 692 5 645 lje 4 iy @ talo]]
555 28 pas aS gy0b 4y b ol 5B cLle CangeS 558
4 ao s 16117 4 16/12 sqas 1y 4i 5, Shes (uSikio (anls)
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(Amico et al., 1994; Moles & Westoby, 2004)

Syt )l a9 g (Fialgn Cabl iy ol dlge 035

Sl 485518 40l 390 515 (6,505 @lie 3 ol b 55005

I 3 i od alllan 3,90 SladisF 2S5 4y Oluoguas uil,ly 4525 -8 Jgan
Table 8- Analysis of variance for seed and seedling criteria of studied species under organic fertilizer application

. -dilgs o yd S 439 . . A
g s A L
L e b e s ks Wy e Jd wals ” o
35 qbe ; ke ke : LS e ol - 5
N A i Seed inal Seedling dli IV I
S.0.V J . Final Seedling
0. df ISeedh Sg(;adh diameter  germination length dry Germination  Seed (\j/lgour
engt widtl percentage Weight rate Inaex
S“’f 2 36117 143" 5.39" 120.77" 6.93" 1.79" 0.022" 108366/53"™
pecies
c ’tf 3 0277 0.01™ 0.01™ 137.18™ 7.81" 0.93” 0.084” 122050/79"
ertlizer
4ig5Xde5
Fertilizer 6 0.36” 0.006™  0.004™ 1.51™ 0.00000009™  0.000025™ 0.003™ 94.79™
xspecies
E"” 24 0.05 0.05 0.047 4.88 0.04 0.009 0.0021 328.61
rror
ol
&yt - 598  14.50 17.31 2.42 2.61 3.43 1.28 2.48
(M;ﬁ)
CV (%)

I ire BMB] dg3g pie g oy K Jlosn] gaw )3 I3 dxe a4 NS 9 ¥
** and ns: Significant at 1% probability level and non significant, respectively.

LadsS ol 5l osliul pas Lyl & cod GlalS ool ) 5555
ol 045
B 5 o s fisine 1 T stosss J ool S
oS ;53 (g (8 Jgao) cotly adllas 5,90 LS ok
Sl CowgpeS by 4355 baulyd )3 Slio cpl Gl o yden
odimd Uiyl oyl S (Wlodss o3l L5 lmosh) Wi sanlie £,

il 55Ee oS g 455 J lasss 35 et b

o S 9a Slus guad (o
4565 a5 ol 0ad 03l i 9 Jodo 13 45 4565 Lo
Soslaiwl bl > (Sl Lop> (it oy p 290 (DS
395 3l pis bl 3 (il doyd (pyieS g (el 358
SL CungeaS g old 365 3,8 &S (6ol .05 oamlie (Anl)
29 (Sl 1opd (ke Gl o LD jla ) Cos )6

$5303,5 30,3 413 5 8T 5o 0 sy 4

oo 2B SLle CuvgreS 3,8 a8 0 Ll ol piocen

Sz o ab adllas 3590 595 dw 2 )3 Hh Job op i Jpa> &
ol (268 3l eoliul pas g (ol 355 L (gl me B3] &S
Silee (58 (s b Al CungiaS Sl oalitl (9 Jgae) ol
2 dSgyeb a4 ob lis adlles 3)g0 sladisS o 2 1) )4 Job
O s93n Job nSilie )8 Ll CungeeS baugs 0di5 Ll
0oLl (6 yos Al CungueS 51 48 39y Sloj 5l s duoy> 11/93
3y)LS b oalie (slde yi0 bt j> &S jeblen (9 o) i
olS dw )4 3 Slos gy p I))ubu;w 2B Lla CavgreS
-0l a8 (7953 ladgus) cudls o) yaul 9 4l cilanbow
SLley CungeeS I oalatwl Loty ;3 olS oyl Sawlio 43085 odind
Ay o)l dauy 4 e 393 Lyl ol Lblate 45 59y 203
Sloalsil a8 sy co Jlai 4y .Cusl 0d (g5 Hods Job ()l
Glauis byly b os s U jeShe lals 4 oy LJ] oS
e SOl ()l 9 SB olexsle (Anwar et al., 2005)
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Table 9- Means of studied criteria in medicinal plants of black cumin, isabgol and fennel under applied organic inputs

o Job o
- M Jsb M MhE -l sy padle il aals
5 . . . S st . aals
o, & (Fodw)  -o) (o) WS T e . 5 - ) o
35 - (395  31a3) o
N Seed (%0 Seed Final Seed Germination (%0 ()
= length diameter germination  vigour 1 - Seedling
(mm) Sged (mm) percentage index rate (No. day™)  Seedling dry
width length .
(mm) (cm) weight
(@
b 5.75¢ 2.02 2.02 94.16° 829.25% 3.67° 8.76° 3.28
@ Fennel
g shole 2.77° 1.46° 0.97° 91.33" 721.61° 3.59° 7.87° 2.89°
& Black §um|n
IS;E’;‘)I 2.73° 1.38° 0.77° 87.83° 639.78° 3.60° 7.25° 2.51°
oo 2 3.75° - - 96.44° 8735 3.70° 9.02° 3.32°
Cow manure
S @ bl cugeS
= Spent mushroom 3.94% - - 91.55° 769.44° 3.54° 8.38° 2.95°
> & compost
Y2 b Al cegeS
% Municipa| waste 352b - - 88.66° 670.28° 3.70° 7.54° 2.75°
O compost
aals a c d b d d
Control 3.79 - - 87.77 607.65 3.54 6.90 2.56

s By g5 > dme MBIl ao > iy Jless] g 1 (Sl (glaels Wi yg05] (il g 25y Sptie B S Jilis &8 olacySile cpgiw po ¥
* Means in each column followed by the same letter are not significantly different (p<0.05) using Duncans’ Multiple Range test.
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elie (2D Slgi e & (padld plyie ) alS a3y Co g
AMICO ) ol o3y )3 al 5y90 a3l azdly Hiy ©)m8 b)) 5
(et al., 1994; Chandra et al., 2008
2l el Job (ke dliiul 5)00 (5355 sl jloss 4l
5 53 [l aald jlass 4y Capns (y 3)90 29y ol A o
BMB] g 09y b |y s 1yl jlade oy by (pold 3657 28" Jlas
el olel p ol lis eolatul 350 (slaylass plw b gy cxe
b oSl {slLt) 225 slizad J olgg o5 jlej goge
4 Cad iy & o> 8148 4 17166 23/5 (liee 4 aalsS
Jsiz) €l (el b Al 5 @) CusgeeS < o> 355 )18
Cons azalS Jobo o I 35 azmlS S iy e gy (9
ookl 590 (6395 (slojlos 4 s A2l Jlous &S (g y5b 4 )8

ok i a3l Cao s Sl el dw o gl alie gl

Cans |y Hdy ds (asls ol 558 55,8 oS g )5bo 4 s oo
L )b sine B3] g andise dguo I 565 3,08 pae byl
CJL) uul.wl » by S b 9 C)ls sbla wy.o.f bl
(8 2 adb; g 258 sLley CuwgeaS (o> 35S 3l oolawl g e
L le e 4 dald Jlad d cud |) 5l diiy (a3LS (ke
ey (9 Jgios) winh ili3l aw s 10/3 4 26/62 A43/75
9 o 355 35,LS L dalllas 3y50 4565 du yb 43 jody (Sidilen
=~ gk 4Bl (Bl aald e 4 Cons (5 8ed Al CungreS
SR L) CungeoS 5 (o 355 lajles 3 (Sl Caspus oS
4S e blen 39 3ali e 5l i plp 104 5900 Cip @
039 L sio i eel (I sladgs 5l oalinal 3 o,Lal 3
A cplplo b ls s 4 Cuws 58,5 ojll g ab)lia
N sladgs g aslllas 3y50 (25,5 (ol o (olSin oo

polis Jole 52,8 85 (55558 o9 Sl ogdle 545 4k
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2 s Jeb cpyiin ol gals el 358 4 s doy> 28/8
SBWS] din yo dol Cand 4 7,6 (Ll CungeeS Hlowd 5 05yl
2 Jsb Rl 4 o Lol el bajlass plo b (5)bsixe
Job cpyieS L) 368 3,08 pae b dunlio 5 doyd 7/2 590
(L Js2) 135 (o ileo 2064 5o 2 5
by asbjly g o)y wl lialw o5 olSn )y o Ja5 4
b il lalS ol e ey balys wind ads JI clasgS
polie Pl o3 Bib jlg 0l Hised 4 b ok Wi 4 e
595 3yl pae bayly b cud Jols jody o calises olie
Jsie > 2lie pole Soalio Jabs Yien!.caul 039 eulio
el 2g 8 oS oid 09yl LS ol axalS e by 4 e
ol 013,35 aals Hlo 4 Cond )] SS9 9 Job Lol
slaass jl (ool lp & Ad Glyis 3 S @l (ell

Lo )3 b yds ol (e ()b dme g Cuto bLS)I gy 390 (BLS

Moles & Westoby, ) 5,5 3¢9 axalS it 5 A3, ¢ Sjaile
(2004

Seed length (mm)

Mushroom
compost

Cow manure

Municipal waste
compost

o ol Gl w9 39 L |y (s S 0mly womalS s g
395 33)5 ) o iy 4 o )3 619 4 13/22 22/89 50
W35 4 6 ysb 403,56 b Allj g ) bli CungaeS (b
9 SR 4l ComgraS (ol 395" Loy adlllae 390 (LS
Ois o381y Uyt i & )8 (bl CungiaS
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Fig. 1- Means of seed length of isabgol, black cumin and fennel under organic fertilizer application
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Introduction

During the last decades interest in organic production of seed specially for medicinal plants take into
consideration because of higher quality of organic products (Hermes, 2010). Seed germination is one of the
principal stages in the plant life cycle and seeds with higher quality and vigour resulted in more pronounced
seedlings growth and development. Therefore, investigation of agronomic practices specially nutrient
management in the field is important because of its effective role in the promotion of plant growth, yield and
consequently seeds with good quality criteria.

Materials and methods

In order to investigate seed quantitative and qualitative criteria of black cumin (Nigella sativa L.), isabgol
(Plantago ovate Forsk.) and fennel (Foeniculum vulgare Mill.) under application of organic fertilizers including
cow manure, spent mushroom compost, municipal waste compost and control, an experiment was conducted in a
complete randomized block design with three replications at Agricultural Research Station of Ferdowsi
University of Mashhad, during two growing season of 2010-2011 and 2011-2012. Consequently, their seed
quality criteria were evaluated in a factorial experiment based on completely randomized design with three
replications in Laboratory of Seed Technology at College of Agriculture and Natural Resources, University of
Tehran. Criteria such as biological and seed yield, harvest index, 1000- seed weight, length, width and diameter
of seed, seed germination percentage and rate, seed vigour index, length and weight of seedling were
investigated.

Results and discussion

Results indicated that organic fertilizers caused a significant increase in seed yield and biological yield in
which spent mushroom compost had the highest effect on mentioned criteria compared to control in both years
of experiment. Harvest index was not affected by fertilizers in isabgol and black cumin in both years while
showing a significant effect in fennel. Application of spent mushroom composts in the first year of experiment
and municipal waste compost in the second year of the experiment affected 1000- seed weight of isabgol and
black cumin, respectively. Also, seed germination percentage and rate, seedling length and weight and seed
vigour index were affected by organic fertilizers in three studied species, in which cow manure performed better
and caused the highest amount of seed criteria compared to control. Based on the results, application of cow
manure, spent mushroom compost and municipal waste compost resulted in an increase of 43.75, 26.62 and 10.3
% in seed vigour index in comparison with control, respectively. Non-application of organic fertilizers caused
23.5, 17.66 and 8.48% reduction of mean seedling length compared to using cow manure, spent mushroom
compost and municipal waste compost, respectively. Also, seedling dry weight had a similar trend like seedling
length. Interaction effect of species and organic inputs affected seed length significantly, in which, spent
mushroom compost caused the highest amount of seed length in studied species. Fennel seeds by using spent
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mushroom compost showed the highest seed length (6.19 mm) among different studied species and organic
inputs. It seems black cumin, isabgol and fennel under organic nutrition showed more pronounce growth and
yield in which resulted in production of seeds with higher vigour and germination criteria. Probably adequate
balance of nutrients in seeds caused better growth of seedlings and consequently increased their length and dry
weight compared to non application of organic fertilizers.

Conclusion

In general, the results of this experiment revealed that application of organic fertilizers such as cow manure,
spent mushroom compost, municipal waste compost promoted both yield and seed quality characteristics of three
studied species, black cumin, isabgol and fennel, which seems a promising result in production of organic
medicinal plants.
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2- Root mean square error
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1- Current

2- Climate change

3- Early sowing

4- Earlier maturity cultivars
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Introduction

Chickpea (Cicer arietinum L.) is cultivated on alarge scale in arid and semiarid environments. Terminal
drought and heat stress, among other abiotic and biotic stresses, are the major constraints of yield in most regions
of chickpea production. The study of the effects of climate change could help to develop adaptation strategies to
promote and stabilize crop yield. This research was aimed to assess adoption strategies in rainfed chickpea in
response to Zanjan province’s climate change using a crop simulation model along with providing simulated
yield maps using geographical information system (GIS).

Materials and methods

To study the effects of climate change and simulation the adaptation strategies, the model of Soltani and
Sinclair (Soltani & Sinclair, 2011) was used. This model simulates phenological development, leaf development
and senescence, mass partitioning, plant nitrogen balance, yield formation and soil water balance. For each
location, a baseline period of daily weather data was available (Table 1). Investigated scenarios were historical
climate (control) and future climate scenarios that included both direct effects of doubling CO, (350 to 700 ppm)
and its indirect effects (10% reduced rainfall, 4°C increase in temperature). The crop model was performed for
the different years of baseline period for current and future climate under typical management and cultivar and
also under three adaptation strategies in the future climate including Management adaptation (M), Genetic
adaptation (G) and a combination of both Management and Genetic adaptation (M & G) as described below
(Table 2):

Management — In various studies changing the planting dates as the simplest and least-cost adaptation
strategy has been emphasized (Luo et al., 2009); hence a shift in planting dates i.e. sowing 15 days in advance
was explored in this study to reduce the risk of the late season drought.

Genetics — Changes in genotype have been suggested to be the most promising adaptation option in the
world. Earlier maturity cultivars may be needed to match future drier conditions. Thus alternative genotype was
a cultivar with 20% lesser of the required biological day from emergence to flowering.

M & G - The third adaptation practice was an attempt to combine both earliness and early sowing date (15
days).

A randomized complete-block design was used for data analysis in which climate condition with considered
treatment and years was considered as blocks. When it was necessary, mean comparison was done using a Least
Significant Difference (LSD) procedure at 5% level.

Results and discussion

The results showed that in future climatic change, mean yield for Zanjan province will reach to 1036 kg.ha™
with 38.4% increasing which was statistically different compared to current situation (760 kg.hal). The
possibilities for gathering more benefits of grain yield were tested by changing traditional management and
genetics of the locations in the future climate which involved three management options as adaptation strategies
(Earlier Sowing, Earlier maturity Cultivars and combination of these two options). Applying earlier sowing date
in comparison with conventional sowing date, increased mean yield by 67.7% (1268 kg.hal). In addition,
applied earlier maturity cultivar led to 1212 kg.ha™ (63.9% increase in comparison with current cultivar). Results

1, 2, 3 and 4- PhD Student of Ecology, MSc Graduate of Agroecology, Professor and Associate Professor, Department
of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran, respectively.
(*- Corresponding author Email: ahajarpoor@gau.ac.ir)
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revealed that using earlier maturity cultivars in combination with earlier sowing date will increase mean yield up
to 1452 kg.ha™ (94.5% increase),whichwasthe consequence of a shift in growing season to a wetter part of the
year and reduced the risk of late season drought stress. Furthermore, breeding for earliness by reducing the
vegetative period would save more water to be used for grain filling. Under these circumstances, according to
decreased environmental risks, yield sustainability will increase up to 28.4%.

Conclusion

The Results of this study can also be extended to water-limited regions of chickpea producing with similar
climatic and edaphic conditions. New varieties should be released with shorter growth periods than current ones
and their sowing dates must be advanced if possible. Other management practices such as conservation tillage or
keeping residue on the soil surface in order to save and increase soil water content were not included in this
study which is suggested to evaluate the effects of these factors on the yield of crops in the future climate change
studies.

Keywords: Chickpea model, Doubling CO, concentration, Reducing rainfall, Yield stability
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Fig. 1- The trend of variation in dry matter accumulation in 3(A), 4(B), 5(C) and 6(D) castor (plants.m™) densities with
redroot pigweed densities (0(4), 5(m ), 10(a ) and 15(x) plants.m)
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Introduction

Growth analysis has been widely used in breeding programs to identify the important plant developmental
phases and components related to higher yield under a particular set of environmental conditions. Castor bean
(Ricinus communis L.) is an important commercial crop. Castor oil based by products is used in manufacturing
of several commercially important commodities like surfactants, coatings, greases, pharmaceuticals, cosmetics,
polyesters, polymers, etc. Interference (Interactive effects among species on inter-species populations) is one of
the main issues on the eco-physiology of plant populations where weeds impose negative effects by approaching
the plant to compete in light, water and nutrient elements availability and results in reduced growth and yield
(Shinggu et al., 2011). Growth indices are useful for interpreting plant reactions to the crop and weed density.
Various reasons have been attributed for the low productivity among the most important is weed competition
(Radosevich, 1987). The aim of the present experiment was evaluating the interference effects of redroot
pigweed on growth indices of castor bean in northwest of Iran.

Materials and methods

This experiment was conducted in Urmia, Iran (Agricultural Research of West Azarbayjan, Saatlo Station
(37°44°18” N Latitude and 45° 10" 53" E Longitude, at 1338 m above sea level)) in 2012. The soil of the
experimental field was sandy - loam, with pH of 7.2. Competitive pattern of experiment was in two-factor based
on a randomized complete block design (RCBD) with three replications arranged in four castor plant densities
(3, 4, 5 and 6 plants.m?) and four redroot pigweed densities (0, 5, 10 and 15 plants.m™). Redroot pigweed and
castor seeds were simultaneously directly planted on the 22" May in 2012. Redroot pigweed plants were weeded
at the times related to the treatments level. Irrigation and intercultural operations were performed whenever
necessary. Plots were 3mx5m with 60 cm between rows. Seven times during plant growth stage castor plants
were harvested from each plot considering marginal effects. The plants were transferred to the laboratory for
evaluating of dry matter. Excel (Microsoft Office, 2007) was used for drawing of diagrams.

Results and discussion

The results showed that the highest dry matter (DM), leaf area index (LAI), crop growth rate (CGR) and
relative growth rate (RGR) of castor were observed in pure stands of castor. Among pure stands, the highest and
the lowest DM and CGR were achieved in castor densities of 5 and 3 plants.m™, respectively. The highest (4.06)
and lowest (0.90) of castor LAI were observed in 6 plants.m™ of castor den5|ty and 3 plants.m™ of castor with 15
E)Iants m2of pigweed at 1046 GDDs, respectively. The Maximum (0.317 g.m?g.d.d}) and m|n|mum (0.114 g.m

.g.d.d ) of crop growth rate for castor plants were achieved at the same GDDs in 5 plants.m™ of castor, and 3
plants.m of castor with 15 plants.m? of pigweed, respectively. These parameters were decreased by increasing
pigweed densities. Therefore, it can be concluded that DM and CGR are decreased, due to increasing pigweed
density; these parameters are slightly affected by castor density. Measurement results of pigweed characteristics
indicated reduction in LAI, DM, Weed Rate Growth (WRG) and RGR of pigweed in presence of castor bean.
Increasing in castor density caused a greater reduction in the mentioned characteristics whereas in the highest
density of pigweed (15 plants.m), increasing in castor density caused 44, 40 and 134 % decrease in LAI, DM,
WRG, respectively.

1, 2 and 3- Former PhD Student, Associated and Assistant Professor in Agronomy, Department of Agronomy, Faculty
of Agriculture, Urmia University, Iran, respectively.
(*- Corresponding author Email: Jafarzadeh.naser@gmail.com)
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Conclusion

The results of this study showed that increasing plant density to 6 plant.m™ increased LAI, DM, CGR and
RGR. Therefore, it (6 plants.m? of Castor bean density) can be recommended for reducing redroot pigweed
damage in Castor bean field.
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Table 1- Number of fields surveyed in each county in Kermanshah province based on the area under irrigated wheat
cultivation

. .‘.s ﬂ} EhM’
(,USa) dilaio 2 3 ol oS

The area under irrigated

wheat cultivation in each county (ha)

i 390 Eylje dasi

Number of fields surveyed

1S 500 51 ye8
Less than 500 ha
5 1000 1 500
500 to 1,000 ha
5l 5000 & 1000
1,000 to 5,000 ha
;s 10000 & 5000
5,000 to 10,000 ha
;i 15000 & 10000
10,000 to 15,000 ha
1k 300001 15000
15,000 to 30,000 ha
;i 60000 & 30000
30,000 to 60,000 ha
{1 60000 51 2

More than 60,000 ha

11

15
15 4blsl 15 ) 450 G S 10000 50
One field added to 15 for each
10000 ha

F = 21 100 (1)
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6- Canonical correspondence analysis
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8- Detrended correspondence analysis
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3- Mean field density
4-Cation exchange capacity

5- Electerical conductivity
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Table 2- Scientific name, mean density, frequency, uniformity, abundance index between the suryveys conducted in irrigated
wheat fields of Kermanshah in 2012

SiE SIS w) o1 ke

wole U i b Codle yadld
(22) (2,2) (&30 550 5
Scientific name Persian name Freg;sncy Unn;g/tl;r)mty “?:IE;] gerr:;’;y Ab:Jnr(lj(iince
Convolvulus arvensis L. oo Sony 3.40 58.54 27.52 89.46
Galium tricornutum Dandy. e 3.43 56.1 26.87 86.4
Avena ludoviciana Dur. (g Y gy 3.74 43.9 29.32 76.96
sinapis arvensis L. g J3 0.81 32.14 19.87 52.82
Hordeum spontaneum C. Koch. 0 o> 6.51 30.49 15.8 52.80
Glycyrrhiza glabra L. ol cp b 0.58 36.59 14.5 51.66
Polygonum aviculare L. A dle 0.67 30.49 8.14 39.3
Secale cereale L. Mgl 191 21.95 15.31 39.17
Vicia assyriaca Boiss. oo Silo 0.65 24.39 11.73 36.77
Carthamus oxycantha M. B. (g 5,8 19.51 8.63 0.34 28.48
Chenopodium album L. o ydalw 0.86 19.51 11.73 32.1
Cardariadraba L. Desv. Kol 15.85 5.54 0.5 21.89
Hordeum vulgari L. 995 £y; o 13.41 6.19 0.49 20.09
Phragmites australis Cav. Trin, ex iy 11.9 6.19 046 18.55
Steud.
Euphorbia aleppica L. Sz O3y 14.63 3.75 0.09 18.47
Vaccaria gj:SglgosrgaIZﬁch. ex DC. Sionie 122 591 022 17.63
Euphorbia helioscopia L. O9sdyd 8.54 8.47 0.16 17.17
Lithospermum arvense L. &l K 9.76 5.05 1.28 16.08
Vicia villosa Roth. Sladgs 5 Sl 9.76 5.05 0.24 15.05
Solanum nigrum L. Szl 8.54 4.23 0.53 13.3
Xanthium spinosum L. &5 8.54 3.75 0.93 13.22
Polygonum convolvulus L. Ay Soxg 7.32 4.56 0.52 124
Phalaris brachystachys Link. jpregeit 8.54 3.58 0.21 12.33
Anthemis cotula L. Lok 8.54 3.26 0.25 12.05
Sorghum halepense L. Pers. ks 6.1 4.56 0.18 10.84
Myagrum perfoliatum L. SeS 6.1 3.58 0.13 9.81
Lolium rigidum Gaud. pe 6.1 2.44 0.11 8.65
Geranium tuberosum L. (i g (Glradd 4.88 3.09 0.3 8.27

Physalis alkekengi L. 0y Caddy o9 yE 3.66 1.14 0.01 4.81
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Table 3- Eigenvalues of CCA axes that explained of the variation in weed species distribution affected by environmental
factors in irrigated wheat fields (2012)

Jol alge 09> alge o allie  o,lea allie

;\.]_ ;\.2 ;\.3 ;\.4
_°3*" »3lie 0.359 0.132 0.136 0.097
Eigenvalues
ipdle 5 oeldl Jelye (Fousan 0786 0762 0549 0.532
Species- climate correlations
45 by e 2 48 9 10.9 12.2
Cumulative percentage variance of species data
ke Jole 5 sf G by e 20> 342 64 76.9 86.1

Cumulative percentage variance of species- climate relation

(1391 JLw) ooalil Jole g 50 slacile oo b5 )| (3392 13 20 (PSO/05) 5l,18 Cge Camss =4 Sy
Table 4- Monte Carlo test (p<0.05) of significance relationship of weed species and environmental factors (2012)

095!
Test

Jliks! Jake i F
P-value F ratio

S gl jome (1391 )b gtan Loy ke

0.04 2.514

Eigenvalues: test of significance of first canonical axis

S5 loygome plad (1391 4l fime

0.004 1.33

Test of significance of all canonical axes

Sl gt STy il gl oS Bblie 5 5 4l
e Jalge (595 25 L s jobo 40 (b o gl
Wb Gosb 5l s el jobo &y g ylys a4y ials wile (6,550
Khadem al ) 5,li5 s ;51 alS gl 0 SLs JSits o
Phalaris canariensis ) ¢,L:3 <L .(Hossieni et al., 2007

ot 35 (Physalis alkekengi L.) o3y oy (woye g (L.

Euphorbia ) (¢ s ;53,3 {Polygonum convolvulus L.)
3=eS {Hordeum wulgari L.) 9,595 o> {aleppica L.
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Fig. 1- Biplot from the first two canonical variates describing the relationship of weed species fields and environmental
factors (p<0.004) over 2002-2012
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Table 5- Eigenvalues of CCA axes that explained of the variation in weed species distribution affected by edaphic factors in
irrigated wheat fields (2012)
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Cumulative percentage variance of species- climate relation
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Table 6- Monte carlo test (p<0.05) of significance relationship of weed species and edaphic factors (2012)
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Fig. 2- Biplot from the first two canonical variates describing the relationship of weed species fields and soil characters

(p<0.038) over 2002-2012
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Avlu: A. ludoviciana, Soha: S. halepensis, Glgl: G. glabra, Phau: P. australis, Hovu: H. vulgari, Euhe: E. helioscopia, Coar: C.
arvensis, Coax: C. oxycantha, Sece: S. cereale, Vagr: V. grandiflora, Liar: L. arvense, Xast: X. strumarium, Siar: S. arvensis, Hosp:
H. spontaneum, Lori: L. rigidum, Gatr: G. tricornutum, Vivi: V. villosa and Cadr: C. draba
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Table 7- Eigenvalues of CCA axes that explained of the variation in weed species distribution affected by edaphic and

climatic factors in irrigated wheat fields (2012)
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Table 8- Monte carlo test (p<0.05) of significance relationship of weed species edaphic and cilimatic factors (2012)
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Fig. 3- Biplot from the first two canonical variates (CCA) describing the relationship of weed species fields, soil characters
and environmental factors (p<0.004) over 2002-2012
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arvensis, Coax: C. oxycantha, Sece: S. cereale, Vagr: V. grandiflora, Liar: L. arvense, Xast: X. strumarium, Siar: S. arvensis, Hosp:
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Introduction

Kermanshah province, Iran, comprises an area, of 24640 km? and is located between 33°37'-35°17'N and
45°20'-48°1'E. The average annual precipitation is 450 mm. Most of the fields surveyed in this study lie between
542 and 1554 m a.s.l. Among the factors decreasing the wheat yields, weeds have an important role. The results
of some researches show that the weeds flora depends on climatic conditions, temperature and amount of rainfall
in spring and in summer. Environmental factor splay a key role in the weed cover. These differences affected by
climatic conditions, latitude and longitude. Multivariate statistical methods that have been addressed in this study
area powerful tool to study the relationship between environmental factors and ecological weed community
composition (Hassannejad & Pourhaydar Ghafarbi, 2013; Lososova et al., 2004). Correlation and regression of
data floristic and environmental factors were used in the CCA (Canonical Correspondence Analysis) technique
(Legendre & Legendre, 1998).

Materials and methods

A survey was conducted to study the effects of soil and climatic factors on distribution of weeds in 85
irrigated wheat fields in 11 counties based on its area under irrigated wheat. An Experiment was conducted in
Kermanshah province during 2011-2012. After choosing the field to be surveyed, the surveyor followed a “w”-
designated set pattern to enumerate the weeds in each type of field. The pattern and number of 0.25 m? quadrats
varied according to the size of the fields. The field surveys were made during the wheat tillering to stem
elongation stages. Frequency, density and mean density index of species in each county were calculated. After
weed species were collected in the fields, we arranged the samples into the first matrix where weed species are
represented by columns and fields of different districts by rows. Also, in the second matrix, environmental
factors are represented by columns and fields of different districts by rows. Data on weed communities and
environmental factors of all districts were analyzed through with ordination methods like canonical
correspondence analysis (CCA) and weed species distribution and environmental factors displayed in ordination
diagrams. These ordination methods were done with mean density of 29 abundant weed species for CCA using
CANOCO (Version 4.5). Ordination plots were produced for both sampling sites and weed species associated
with environmental factors. For CCA, we used site elevation, humidity for 10 years period, daily raining for a 10
years period. Soil characteristic included calcium, phosphor, potassium, nitrogen, sodium, magnesium, pH were
determined. Sand, clay and silt in soils were measured and elevation of each field was gained by GPS.

Results and discussion

162 weed species belonging to 33 plant families were identified in these fields. Multivariate analyses with
canonical correspondence analysis (CCA) showed that changes in the weed species distribution were due to soil
characters (pH, Calcium, Magnesium, Phosphorus, Nitrogen, Sodium, Potassium, silt percent, clay and loam in
soil tissue, cation exchange capacity, EC) and environmental conditions during former years. The first and
second RDA axes described 64% of variations in the weed populations affected by climatic factors. Winter wild
oat (Avena ludoviciana L.), ryegrass (Lolium rigidum Gaud.), wild mustard (Sinapis arvensis L.) and canary seed

1, 2, 3 and 4- Research Instructor, Agricultural and Natural Resources Research Center of Kermanshah, Professor,
Department of Agronomy, Faculty of Agriculture, Tehran University, Associate Professor, Weed Research Section
Research, Institute of plant protection Tehran and Assistant professor, Department of Agronomy, Faculty of
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(Phalaris brachystacys Link.) in areas of high temperature and low altitude, had a wide distribution. High
evaporation increased wild barely (Hordeum spontaneum C. Koch.), Corn cleavers (Galium tricornutum Dandy.)
and Vetch (Vicia assyriaca Boiss.) density during last decade. Where the soil nitrogen and phosphorus rates
were high, Wild barely (Hordeum spontaneum C. Koch.) density was found frequently in wheat fields of
Kermanshah. In the wheat fields of Kermanshah, Bindweed (Convolvulus arvensis L.) and wild safflower
(Carthamus oxyacantha M. B.) were more abundant in clay soils. High Corn cleaver (Galium tricornutum
Dandy.) density was found in alkaloid and sandy soils.

Conclusion

Generally predict that if the temperature rise over the next few years, weed density and abundance of wild
oat, ryegrass and wild mustard will be increased in irrigated wheat fields.
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Table 1- Planting area, species richness and dominant species of different agricultural productions in Isfahan

province
=i ol SELplls
Crops Horticultural plants
Low - . on . s N
O Gaf sk deay  SEHT s HE agF el ) g
Region ¢ — (,bsx) ; . (yLsa)
Species Dominant I, Species Dominant I,
richness species Pla”?h”b% area  richness species Pla”?h”a% area
o) 29 = 13429 13 M 5550.3
Ardestan Barley Pomegranate '
ool puS It
Isfahan 29 Wheat 532516 16 Pomegranate 2786.3
Sy ol > Ay
Aranobidgol 22 Barley 104817 3 Pistachio 2303
dose B pus s
Borkharomeymeh 22 Wheat 14324 14 Grapes 761
s pus phl
Tiran 21 Wheat 4329.7 15 Almond 4595.5
OBl ps phb:
Chadegan 18 Wheat 17487.5 1 Almond 1051.3
R (o S0 oy
Khomenishahr 20 Potato 33225 13 Pear 1685
Sl ps 955
Khansar 15 Wheat 23676 12 Walnut 21305
Sl 5 555 9 b
Khorobiabanak 1 Barley 1082 8 Date 860
oble> P paS s
Dehaghan 15 Wheat-barley 5165 13 Grapes 1546
P o i e
Sermirum 16 Wheat 21825 11 Apple 23535.2
A el i g
Shahinshahr 22 Wheat 13375 14 Pistachio 1714
e ol puS Jit
Shahinshahr 22 Wheat 13375 14 Pomegranate 3611
oMb ps phb:
Fereidan 20 Wheat 25982 1 Almond 1767
Religh pus phl
Fereidonshahr 15 Wheat 11994 10 Almond 1899.7
Oy Ty pS so
Felavarjan 15 Wheat-rice 8883 9 Peach 1621.4
sl e Jit
Kashan 26 Barley 8001.1 17 Pomegranate 6073.4
s g "9 phb:
Golpayegan 24 Barley-alfalfa 17411 12 Almond 11525
ol T phb:
Lenjan 19 Rice 4074.2 17 Almond 2594.1
)b # IS
Mobarakeh 24 Barley 11189.8 15 Grapes 1385
omb pais oy
Naien 15 Wheat 1132 10 Pistachio 1276.7
Jun_oJu F.L'f F‘JL.
Najafabad 21 Wheat 3624.5 14 Almond 2172.8
s b Sl
Natanz 19 Barley 5918 17 Pomegranate 43718
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Table 2- The percent of planting area of different agricultural productions in different regions of Isfahan province

SEL bl Eyj bls
Obw s Horticultural plants Crops
Region &y )5 Jize ol o Sldgle Olbuiw gl Olgs oW
Tropical Temperate Medicinal Industrial Forage Vegetable Vine  Pulses Cereal
hews) 23.449 2.121 1.217 4.865 5.438 1.033 12.665 3.502 5.310
Ardestan
ol 7.549 2.382 1.305 34.409 19.89 12.193 13.225 0.000 21.75
Isfahan
S 5 ]
Aranobidgol 12.514 0.000 2.790 9.275 2.421 0.714 22.079 0.000  4.095
sl 2 1.701 0.764 0.473 10.205 7.066 0.814 17.489 0.000 5.035
Borkharomeymeh
ﬁl’:ﬂ 0.372 7.719 1.478 0.086 2.673 1.056 0.171 2124  1.440
oS3k 0.000 1.793 0.118 0.162 4.485 9.482 1712  7.693 7.309
Chadegan
A L‘“’ 0.168 2.820 0.017 2.443 1.353 3.940 1.867 0.115 0.737
Khomenishahr
Sldls 0.000 3.633 0.105 0.086 1.463 0.461 0.000 0.086 0.879
Khansar
S 5 595 4537 0.043 2.198 0076 0329 0077 0000 0000 0.503
Khorobiabank
oBle> 1.842 2.058 0.085 0.141 1.166 0.551 0.794  6.889 2.311
Dehaghan
Powew 0.000 40.129 0.406 10.010 3.702 10.377 0.078 48.797  7.402
Semirum
*““”L” 4,554 1.494 2.841 8.886 5.865 1.133 3.407 0.000 5.410
Shahinshahr
Loy 8.765 3.407 0.000 4.302 4.156 0.376 4466 3559  4.747
Shahreza
o2 0.000 3.013 0.338 2.605 8.700 25.139 1.478 10.357 8.308
Fereidan
M”\i’é 0.000 3.239 0.440 0.043 4.153 9.255 0.218 9.989  3.967
Fereidonshar
O\?”w 0.337 2.659 0.203 0.000 3.569 9.620 2209  0.287 2.624
Felavarjan
oLl 15.937 5.355 59.692 6.540 1.036 5.499 7.422  2.641 1.818
Kashan
LKL
O 0.027 1.957 0.609 2.476 13.81 0.964 0.825 3.445 5.497
Golpayegan
“w 0.496 4.267 0.007 0.335 0.781 0.572 0.778  0.057 2.124
Lenjan
ke 0.571 2.182 14.704 1.676 2.955 3.840 0.000 0.459  4.935
Mobarakeh
Nﬁ:n 3.536 1.067 2.029 1.189 0.198 0.357 0.047 0.000 0.472
JL:‘ e 3.732 3.557 2.418 0.005 2.791 1.732 1.696 0.000 0.887
Najafabad
s 9.913 4.344 6.527 0.184 1.997 0.814 7.375 0.000 2.436
Natanz
S 23.884 76.116 1.097 3.431 20.83 9.657 2.383 3.230 59.36

Total
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Sl 1y S plls ol cole (Altieri, 1999) (¢ 1 5 (1995
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eSS paw dop> Sy 390> b (29)b plals
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5 Sl jas el SV guass «Slige) il o plalS il
(2 Jg2) 052 (ginto il

pAS ledol bl 5l i s 14 55 a8 cnl S5 4 p5Y
Hordeum ) o= .54 JJl& ¢ly; 4355 (Triticum aestivum L.)
95, (Oryza sativa L.) g5y ¢yl s can s (vulgare L.
—weju—w ¢ (Medicago sativa L.) asug g by
—=lyj slwdsieS yliw s 5> (Solanum tuberosum L.)
OlSel frzman 5 bl gbS dlis ol (1 Jga2) w05 I
Ol )3 (o) Y guamo Ay & Gl g2 g pAS iy it
I plas 93 392y & 5 K> plilixe (riren Cul (el
A2, S ST ol g g S S kg oS lnl o )
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o w > dilio Colus g IS slie &S sl S5 &y p3Y
lada s oliws 9 0 )8 Al reod Gyguo 4y byl ppd
A jalaie (glieS (slis dpule (o S yine uf 5 S e

S o e cpypieS g o ICalS g ol
3945 b s & (3laie oS5 ) ool Gl 53 (£L Y e
(L Joas) 29 ,LiSa 761 sga5l dose g jlg5 9 1S 23535
ol 6y )S g Aline 0900 ()53 095 9 4 (EL Y guazee
S ;5 maw S5 5 oo )d 1612 adaine oLis s oS i
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Table 3- Evenness index of different agricultural productions in different regions of Isfahan province

SEL ol £y bls
Obw yhenss Horticultural plants Crops
Region F oGS Az s 9. e gldge Clmpws gl Olge oM
Total Tropical Temperate Total Medicinal Industrial Forage Vegetable Vine Pulses Cereal
o) 0.570 0.659 0.715 0.614 0.852 0.526 0.570 0.748 0.472 0871 0.713
Ardestan
IsOfL;(;;‘n 0.830 0.809 0.842 0.513 0.912 0.697 0.506 0.724 0.810 - 0.347
S 5 Ol 0311 0311 ; 0616  0.488 0.046 0792 0781 0443 - 0575
Aranobidgol
s )l 2 0.524 0.738 0.263 0.606 0.797 0.874 0.443 0.997 0.550 - 0.509
Borkharomeymeh
'It)l‘r:n 0.602 0.487 0.653 0.594 0.298 - 0.611 0.561 0.684 0.865 0.489
o3k 0.664 - 0.663 0.564 0.985 - 0.694 0.045 - 0.798 0.926
Chadegan
MU':’ . 0.761 0.526 0.818 0.763 - 0.073 0.594 0.549 0.811 - 0.897
Khomenishahr
s 0.646 - 0.645 0.595 0.708 - 0.490 - - 0.836  0.942
Khansar
Sesss  geg0 0.931 0.744 0604  0.961 0.863  0.636 ; ; - 059%
Khorobiabank
oBle> 0.742 0.556 0.689 0.594 - 0.961 0.642 0.780 - - 0.726
Dehaghan
Powe 0.196 - 0.196 0.580 0.979 - 0.404 0.008 - 0.825 0.270
Semirum
*“WL“’ 0.704 0.656 0.662 0.578 0.996 0.711 0.545 0.789 0.685 - 0.536
Shahinshahr
Lones 0.679 0.223 0.750 0.556 - 0.160 0.637 0.780 0.761 0982 0.724
Shahreza
")’\":’"a 0.583 - 0.583 0.620 0.729 0.352 0.733 0.136 - 1551 0.960
Fereidan
Aedighs P 0.539 - 0.538 0.689 - - 0.728 0.038 - 0.863  0.962
Fereidonshar
")\?”M.B 0.884 - 0.890 0.828 - - 0.715 0.914 - - 0.953
Felavarjan
olsts 0.773 0.567 0.821 0.718 0.342 0.069 0.360 0.751 0.922 0987 0.636
Kashan
oLl 0.807 - 0.827 0.537 0.964 0.377 0.493 0.563 0.313 0566 0.954
Golpayegan
“\"J 0.638 0.580 0.677 0.544 - 0.872 0.484 0.550 - - 0.748
Lenjan
Sike 0.610 0.567 0.618 0.647 0.700 0.690 0.535 0.599 - 0.985 0.854
Mobarakeh
Nﬁsn 0.645 0.423 0.564 0.712 0.999 0.850 0.787 0.723 - - 0.725
’L;‘ e 0.817 0.673 .706 0.583 - 0.540 0.738 0.909 - 0.763
Najafabad 0.783
s 0.758 0.391 0.833 0.645 0.659 0.977 0.515 0.794 0.548 - 0.812
Natanz
oSk - 0.569 0.672 - 0.762 0.569 0.585 0.598 0.659 0921 0.722

Mean
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Table 4- Shannon index of different agricultural productions in different regions of Isfahan province

SEL ol £y gbls
" Horticultural plants crops
Ol e -ad
Region F o G S PARVEY) 5 =29 SR | Gl sl Olgs oM
Total Tropical Temperate Total Medicinal Industrial Fofage Vegetable Vine Pulses Cereal
)| 1.462 0.724 1.646 2.066 0.591 0.729 1.022 1.204 0.655 1.207 0.989
Ardestan
IsOfL;(ﬁ;‘n 2.302 1.121 2.094 1.727 1.002 1.122 0.908 1.166 1.304 - 0.559
S g ol 0342 0342 ; 1904 0677 0051 1009 1083 0615 - 0797
Aranobidgol
dore lgS 2 1.383 0.810 0.632 1.873 0.876 1.407 0.713 0.691 0.604 - 0.705
Borkharomeymeh
T‘T‘r/:n 1.630 0.675 1.566 1.808 0.328 Rare* 0.984 0.777 0.474 0950 0.537
ooy 1.591 - 1.591 1.631 0.683 Rare 1.117 0.049 Rare  0.876  0.642
Chadegan
Aed (e 1.951 0.578 1.883 2.285 Rare 0.050 0.956 0.985 0.562 Rare 0.985
Khomenishahr
slelys 1.605 - 1.604 1.611 0.491 Rare 0.879 Rare - 0.579  0.653
Khansar
Sesus g 415 1000 1.032 1448  0.666 0598 0699  Rare ; - 0654
Khorobiabank
Qe 1.902 0.385 1.654 1.608 Rare 0.666 0.706 1.082 Rare Rare 0.798
Dehaghan
Poos 0.470 - 0.470 1.608 0.679 Rare 0.560 0.006 Rare  0.907 0.187
Semirum
/‘“‘“’WL" 1.857 0.721 1.588 1.785 0.691 1.144 0.877 1.094 0.475 - 0.743
Shahinshahr
Loy 1.793 0.245 1.799 1.811 - 0.222 1.142 1.397 1.055 1.078 0.796
Shahreza
oh2 1.398 - 1.398 1.857 0.801 0.244 1.180 0.189 Rare 1.704 0.665
Fereidan
Aelis b 1.240 - 1.240 1.866 Rare Rare 1.172 0.026 Rare  0.948 0.666
Fereidonshar
Q\?”M.é 1.942 Rare 1.850 2.242 Rare - 1.151 1.267 Rare Rare 1.048
Felavarjan
Kéfh\;n 2.188 0.913 2.040 2.339 0.376 0.047 0.501 1.562 1.278 0.684 0.698
oSl 2.004 Rare 1.984 1.708 0.668 0.415 0.959 1.008 0.217 0.392 0.661
Golpayegan
L‘ém\’_‘;n 1.808 0.934 1.6827 1.601 Rare 0.958 0.943 0.381 Rare Rare 1.038
)k 1.653 0.913 1.423 2.055 0.971 0.758 0.959 0.831 - 1.082 1.185
Mobarakeh
Nﬁ:n 1.485 0.681 0.907 1.927 0.693 0.934 0.864 1.002 Rare - 0.796
’L:‘ cazd 2.157 0.740 1.879 2.150 0.404 Rare 1.050 1.187 0.999 - 0.839
Najafabad
i 2.148 0.629 2.070 1.899 0.457 0.677 0.924 0.872 0.602 - 0.892
Natanz
ﬁ?:; - 0.650 1.547 - 0.503 0.456 0.929 0.777 0.442 0.694 0.762
Rare = Sl
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O g Ko il (0/6) (cladgle @Y gae ¢ (1/95) 2L
Sl 1y yug =gl sasls 95 ,bae (Meng et al., 1999)
253)S )5S aw B yShe ol)j slaplaieg,
slaliwynd » b oY g mmo gl (sl ol e
21148 s 4 (2/157) sbiciss (2/188) oLals (2/302) el
4SS I sl e lagol bl lagy b o adds 51 5V
9 (0/342) J5 s 5 o slaslionsaed )3 Sl ol o (32208
b)Y gaze o 3 yug = opld padld (SSbe (o)
il (0/929) (ladle lals o ciao ) 5ip Sil
sl 5 (0/442) 3l (lals o (asls ool lise cnpieS
023l 5l oy (4 i) 15 eaalio (0/456) xio
Ol clisee sla b ped o > (25 QLS clr oPls g8
sbagliopd 4 @late (gld g5 cpyiie 4 b L Gledol
sl o (2/339) oLsls (2/242) oy gM6 (2/285) o siwes
an e 5 o ol i %S (4 Jg2) 052 (2/15)
& liie | By g U8 :Sile b SSLly 5 )55 i
OPLd g5 9 (BlSy el m Vb g Cute (o 3929
Koocheki et al., 2011; Koocheki et al., ) Alen S o, Ll
ol £55 02Vl 4 bl g 55 oS ol o (2004c
5 LS (Lo yg Mo (pid sined) Al olys lalS 3,90 3
(4 53 (ol Jodn) 559 dieo s 3 (31985 cp YL 1 (oLl
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24 24 24 23 24 24

21
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Region
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Fig. 1- Total Shannon index of different agricultural productions in different regions of Isfahan province
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L ;o (Nassiri Mahallati et al., 2005) ,Kan g (5 o 0525
9 (19) oyt )5S il aiz (sl b 5 W 505 aolllns
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Koocheki et al., ) l,LSen g SogS .003,S (5)55 Lu)ls
2 Sl sl Loy g Ll 65 lie (my b 30 (2013
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£95 (Josd ogboye g Jaine L) it yl3)55 52 (6 yitr ool
ol 33155 e I3l b oS Js )3 g Sul kg9 g 2L W
o0 03933 Ly 55 9 005 arls Wl g5 1 (198" osiz 4 l)
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Table 5- Alpha (o) and Beta (B) diversity index in different
climates of Isfahan based on species richness

ol R? z C
Climate

P U 093 0014 1327
Hot desert

Jue e o5 0043 1041
Moderate desert

eSS 083 0032 2125
Cool dry

Jme 0.92 0007 22.41
Moderate

£55 5l 523l e & (1ase 51 15.2) C o 032 (5) dholas s Z 5 C

. Y g T e Le . i

St o6 55 R g b 95 5 62,900 (g 5y bad o) Z 5 W
il o dholeo

C and Z are equation (5) coefficients which C, Z and R? are
Alpha diversity, Beta diversity and correlation coefficient of
equation, respectively.

S 5 4o
5 o JS 5l o yd T6/2 daine (i y> a8 3y ol guls

T U i Sl yig — ol g55 (sl olie 5 olbopl ]
b sLab e )3 Vg ams g5 (VU sk § Ablse pite
ol Wy o k5 4 (Ejtehadi et al., 2008) »g.5 o osnlie

bl o0 5l0y95 0 (orlin (i 45 51 e

Ly o Wl gs
il claeildl o by 5 Wl 55 slagasls Gl oy
9 Jimo mudBl 3 a8 Ola i o oS ob L leasl ol
oy 455 21025 5 22141 b L sy )8 5 pe St
£ bl eldl 1o Bly (sl liuond g 32 Lo 1, Wl 935 5
le (5 Jgz) w548 Jolis (13/27) 1, jaslis o lise o se8
ol g w55 LIAL L ply 55 Jaies SUly waldl ol W g4
Ue e & 2ib o cllae ploaimd Lt (093 4 395 £990
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Ol 3 48 a0 5 Bl el il Sla Bl S0
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g5 Glom g o lulyd (22 s 4 25 Sllo w8l 5 o5
g cuiS @ pB ol 2l laaiss ks oSl S5k
cdbe ol oaima Ui oS Ly g9 Gliee 503 Bl It e
255 ol 4yl SO jl eSS s L oS il o
Ll glaseS slie ay dis 48 slaw de i (glapd]
a8 Jitne @aldl )3 g cpyidiy Jaine (Sl @Bl )3 2900
P a8 Ay e L padge ) (0 Jgaz) 4 Jalis | 5o
ol 4 ool S Sl S o il 4 Juime 5 Jaiee Sble slagsl]
aibio claigS sle @ s 455 0/007 4 0/043 Csy & Koo
35 0y St g 28 Slle gblie 3.5 Jpiz) cud 01 il
et A el o Colue GLIBIL (s Gls Gl e
ol Jixe waldl )3 b g4 09 YU 3¢ 435 0/032 4 0/014
2 (Ll g55) GlsS GLid oliee oo Yl 3g2g L oS am3 0
o Ol b Sl &S alSin el ) 5> ly slaglie i
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Introduction

Agricultural biodiversity has spatial, temporal and scale dimensions especially at agro-ecosystem levels.
These agro-ecosystems that are used for agriculture are determined by three sets of factors: the genetic resources
(biodiversity), the physical environment and the human management practices. Most agricultural areas can be
returned to their natural landscape after subsequent generations. Studies on spatial patterns of species diversity
are fundamental to biological conservation. Agricultural biodiversity is essential to satisfy basic human needs for
food and livelihood security and it is active lymanaged by farmers and many components need human
interference (Maguran, 1996).

FAO estimates that 75% of crop varieties have been lost during the last 100 years. One third of the 6.500
domestic livestock races are endangered. The genetic erosion of crops and livestocks threatens food security.

Plant diversity of usually evaluated by many indexes of which Shannon index is the most important ones.
This index in agroecosystem rarely exists. Koocheki et al. (2004) and Nassiri Mahallati et al. (2005) in
comprehensive surveys evaluated agrobiodiversity of agricultural systems at species variety and cropping
systems for Iran and they found that the diversity at all levels have been declining due to introduction of new
agricultural technology. In consideration to the lack of studies, this study was conducted in order to evaluate the
biodiversity of agronomical and horticultural productions in Isfahan province and to assess relation of
biodiversity and climate.

Materials and methods

This study was performed for Isfahan province in 2014. For this purpose, 24 regions of the province were
selected. Planting area, species richness, species evenness and alpha and beta diversity of different agronomical
and horticultural productions were determined. The information about agronomical and horticultural planting
area for different regions of Isfahan was gathered. Agronomical crops were classified to seven groups; cereal,
pulses, vegetable, forage, industrial crops and medicinal plants and horticultural plant classified into 2 groups;
temperate and tropical fruits. The Shannon index was calculated based on the cultivated area as equation 1. For
determination of distribution condition of the crops we used from evenness index. Alpha and beta diversity was
calculated by spices richness- area equation for different climate of province.

Results and discussion

The result showed that tropical fruits (76.2%) and cereal (59.36%) showed the highest planting area and
medicinal plants (1.09%) were included the lowest planting area in Isfahan province. Semirom and
Borkharomeymeh regions had the highest and lowest horticultural planting area, respectively. The highest
planting area of agronomical products was observed in Isfahan and the lowest amount of the trait was gained in
Khorobiabanak. The highest species richness in horticultural plants was in Kashan, Lenjan and Natanz (17
species) regions and the lowest was obtained in Aranobidgol (with three species) regions, respectively. This
condition was in line with climate of the regions. Ardestan and Isfahan regions were contained the highest (29
species) and Khorobiabanak had the lowest (11 species) species richness of agronomical plants. The highest and
lowest species evenness of horticultural productions was gained in Isfahan (0.83) and Semirom (0.192),
respectively. Felavarjan, Khomeinishahr, Kashan, Nain and Najafabad regions had the highest and Isfahan
region was contained the lowest species evenness of agronomical productions. Many study demonstrated that
there is a positive and high correlation between species evenness and diversity. This condition was true for our
study. The forage and vine crop showed the highest (0.929) and lowest (0.442) Shannon indices, respectively.

1- Assistance Professor, Department of Plant Productions, Agricultural Faculty of Bardsir, Shahid Bahonar University
of Kerman, Iran.
(*- Corresponding author Email: r.moradi@uk.ac.ir)
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The lowest and highest alpha diversity were observed in moderate and desert-hot climates, respectively. It
because that the planted crop in moderate climate was higher than desert-hot climate. Desert-moderate climate
was obtained the highest beta diversity.

Conclusion

The results showed that tropical fruits and cereal were content the main planting area and medicinal plants
were included the lowest planting area of Isfahan. The highest species richness in horticultural plants was in
Kashan, Lenjan and Natanz regions. Ardestan and Isfahan regions were contained the highest and
Khorobiabanak had the lowest species richness of agronomical plants. The highest and lowest species evenness
of horticultural productions was gained in Isfahan and Semirom, respectively. The lowest and highest alpha
diversity was observed in moderate and desert-hot climates, respectively. Desert-moderate climate was obtained
the highest beta diversity.

Keywords: Alpha diversity, Beta diversity, Evenness index, Richness index, Shannon index
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Table 2- Treatments of the experiment
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Table 3- Analysis of variance of light interception, soil moisture content and soil temperature of different intercropping of
maize and cowpea in additive series
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Table 4- Effect of cropping system on light interception (%), soil temperature (°C) and soil moisture content (%)

Cwils’ ol SB sl SB Cugb, glgize JEYFERTS
Cropping system Soil temperature Soil moisture content Light interception
as s s als s s
Jgl dl> 5o d T ey g e > f ” >
s, 92 P s, S, P Js 92 P
Sz Sg Sg S]_ Sz Sg
M 25.0° 28.3° 32.7° 25.8° 20.5° 23.1° 23.6° 43.9° 52.3°
T, 21.7° 24.3° 28.3" 20.6° 19.4* 20.1° 38.7° 60.0° 76.9°
T, 21.3° 23.0° 27.0° 20.4° 19.0® 18.6™ 46.6° 62.0° 79.2%®
T 19.7° 21.0% 27.3% 19.3° 17.5° 12.6° 48.9% 74.4% 82.2°
T, 17.3° 18.0° 22.7° 18.9° 11.1° 10.4° 51.5% 76.6 82.5%
cP 25.0° 27.7° 33.3% 28.5°% 20.1° 29.6 33.7° 57.5° 69.5°

) 5SS gl bl yuyl sime M i 1o 53 alie Ggys gl (slauSils *
* Means with similar letters in each column have not significant different based on Duncans' test.

50) bt Lol 5 (103 100) )3 atl3al bolsce cusS Ty oyd 25) bt Lol 5 (203 100) )3 atuldl bglses caiS Ty wyd Lalls cois M
i ICP 4 (103 100) bt Lugl 5 (40> 100) )3 (33l bgloe S Ty g (daoyd 75) b Loyl g (o> 100) @)d oiul5dl bglseo oS T oy
b iz Lyl IS
M;: Sole maize; T,: Additive intercropping of maize (100%) and cowpea (25%); T,: Additive intercropping of maize (100%) and
cowpea (50%); Ts: Additive intercropping of maize (100%) and cowpea (75%); T,: Additive intercropping of maize (100%) and
cowpea (100%) and CP: Sole cowpea

{Cucumis sativus L.) jLs g <3 blse cuiS )5 piscen

Anethum ) w45 o (Trigonella foenum-graceum L.) allas
@ byl cuiS )3 9 Lls 45 A3 sanlie 35 (graveolens L.
L g dllid jalls S ) i 0oy 65 427 sqas iy o) sLaassl, (Ghanbari et al., 2006) 15 Gl olS 45 ]

2 e ol suiss s L oS (Yousef Nia et al., 2015) sq by lste i )3 )b Slesed yols o0 gl b lajings
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ol ilal @l b gaios ol clnaisl, (Aharama, 1985
Syh calls

S pals glacuis U bk cuis slapllas duslio gl
g o3l jl (ae mle Bpas il (Lheda Loyl 5
ol ol (eaae Jhde oS S yeo 0 A ool s 3 Sles
CalBy ) oS (558 e oy 45 33 50 0L 29 Sl
Elie Brmas 3 by be S (lial g adl e chigS g2
Eskandari & Ghanbai, ) 1S’ o Jes JoSo &g 45 oo
Lot (i (o 3 Slos ggamo ol Gidos 1> (2011
Eene (Solse (0 Jgaz) del s 4 Sl iy bl
ol Lis a8 590 2146 (Lglsee cutS piamw Hlz 53 (o 3, Sdes
@ G yudr )5 o 146 L 1) daxe wlio bgle cuss
Siblom g bg e S )5 0l )3 eolaul 5yg0 allB cuis
e 4 (Mohsen-Abadi et al., 2007) (Vicia villosa L.)
Shaygan et ) (L. Alopecurus sp.) abg,ps o3, g <> byl
cuiS Cuje a5 oS5l YL s 3,Sles g4 3 (al., 2008
- oo ol laore ol (e 5 |y Lalls S &y Capnd bgloke
Arachis ) —uejphls g )3 bgdste cutS p3 .08 (315 wms
oAlS ciS 4 s bglsee cuiS ey o (ypogaea L.
(Rahaii et al., 2016) x5 5,15

Cllae Lalls coiS 4 cans bylse culiS )3 )9 i il
23y
2 Eyb e yob 4 S gy L pns oS ob LS il 4
Syl an {1 Jsaz) 5 glite cudls iliseo (clatue
o bt b g 03 (Al cts > SB b (lgme
ol (4 Jgse) 59 bgle ot lagius 5| 5YL ()b sne y5b
shob plis 1y babw slacais™ jp SB cuob)y i Bpas ol
bglsco ot clapius (alS Gbsy 2 0 SB slod & L]
Jade cplplin 4 Jgie) o9 1S palls cass > S5 (sloo
b anslio ) bl cuiS glajlad o SB gb) (ggme yie8
sl SB mdaw 1 it pwsed Jds 4 Wilgi b @yd alld culs
Ol 25,08 godptd (gladyy e S 4 blee slacass’ asly
2 S gy Sss el g S Gl S dilie glaaY I,
S gl gdly o ail s LAl S S | duylis
gl ohrg 4 sl Sluogad Jai I bolse i (il o
bl cuiS glapllas )0 dgu o el 5l 2959 iy Bas
e 40 3 9 29 o3kl O Ll (gl SB (g yni poe
Peteretal., ) wil jalls (clacais 5 o S 5l cogby il
{Lens culinaris L.) joie g pasS bylsw coiss 55 .(1999
Csl ghdy) Slogad ylai jl byl oS (lial ol
Ahlawat & ) s 3y Slas il o Ol eslazal oS i3s3l

ilojl 350 balsee S srollas ;3 Suid o3lo wgi (611 omns 3y5as Eg000 =5 Jgu
Table 5- Relative yield total of intercropping systems for dry matter production

b’lé(& Cuss W“ “ @Mﬁ; J,slﬁc &9&9{9‘
Cropping system Relative yield total
T, 2.25
T, 2.47
Ts 2.56
T, 2.58

bgle cutS Ta {103 50) bt L) 5 (10,3 100) )3 ]33l bglseo oS To o3 25) bt Lug) g (203 100) )3 i3l bogloee s Ty
(153 100) oy Logl 5 (10 100) 3 (ol bl S T 5 (30 75) ot Lo 5 (309 100) <3 sl
T,: Additive intercropping series of maize (100%) and cowpea (25%); T,: Additive intercropping series of maize (100%) and cowpea

(50%); Ts: Additive intercropping series of maize (100%) and cowpea (75%) and T,: Additive intercropping series of maize (100%)
and cowpea (100%)

0515 00,3100 § 75 L Lbeis Lug) s Lol el 5 039
s9 sblpia Lugh 5 €55 (el S 5l a8 (T o T) ogllas
1)

Podd s jye sale JS S yie 0b Ll ol

U cov Glsiine sgb & B Jga2) (655 @ Jolt) inle]
059 Eg—oxe 45 (5 sk & (p<0/01) 6,5 1,3 oS (sl
4) bl cuiS Gl 3 0dd cul 5n sladile JS Sis
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Table 6- Weed species recorded in the experiment

o908 oU wole ob (o,;) odlgils
Common name Scientific name Family
o9 b Amaranthus retroflexus L. Amaranthaceae
Amaranth
3
. 925 Echinochloa crus-galli L.  Poaceae (Graminae)
Pigweed
e Portulaca oleracea L. Portulacaceae
Purslane
‘?ﬂ’?b Solanum nigrum L. Solanaceae
Halikakabon
‘”‘t Xanthium strumarium L. Asteraceae
Xanthium
700 A
00 4
f:lE 500 4
o
£ 400 -
g
=
] -
g 300
T
) A
=
100 4
D -
M T; T, Ts T, cp
Cropping system

(@050 32 05) 55 Sladile JS St (59 pt CdlS Glaellss 513,90 )3 Lo dunliio -1 S0
Fig. 1- Effect of cropping system on weeds dry weight (g.m)
5 5SS igml bl I sine VST gty 53 alie gy gl (slaSile
Means with similar letters in each column have not significant different based on Duncans' test.

50) Lbets Lol 5 (103 100) )3 (atlj3l bglsee cutS Ty oyd 25) bt Logh 5 (303 100) )3 atulél bglses oS Ty w3 Lalls coiS M
i ICP 4 (103 100) bt Lugl 5 (40> 100) )3 (a3l bgloe S Ty g (daoyd 75) b Logl g (o> 100) &> oiul5dl bglseo oS T oy
kb iz L) (RS
M;: Sole maize; T,: Additive intercropping series of maize (100%) and cowpea (25%); T,: Additive intercropping series of maize
(100%) and cowpea (50%); T,: Additive intercropping series of maize (100%) and cowpea (75%); T,: Additive intercropping series
of maize (100%) and cowpea (100%) and CP: Sole cowpea

P A bl Lo g 03 pald CllS @ Cod i sl 2o sladile (Susas ol sl S S |
cdl galS o) 28-42 4 21-36 930 21-36 @3 LAl criS a4 cans bl slacuss

Lol (clacuiS olod )3 s 3,Skes ggeme &5 bl ] Aol Cowd @ sy 2842 s Loy el cuiS 4 s

CitS (il oS 295 00 418 ) 4 D Jg2) 292 Sl ey @ btz Lagl 08 039331 b %03 ©yle 43 5 2 (sl JS3)

335 Jos oS o s s ilis Bpme 3 dbglie il K2 g oy (ol Lgloe e38) €3 alls ez
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WSE (%)

10 4

T1 T: T3 T4
Cropping system

Suid (59 o 3 ©5 (AE ClS dy Cannd bgldes CuiiS bawgd (WSE) 52 ladile Suisais of,5 -2 UKW
Fig. 2- Weed smothering efficiency (WSE) of intercropping compared to sole maize in terms of dry weight
bolse cutS Ty 10,3 50) ibeatis Log) 5 (403 100) )3 s3] bogleo et 1 To oy 25) Lbwais Lug) o (303 100) )3 a3l bgle cuzs 1Ty
(1052 100) ibiputy Log) 5 (102 100) )3 il bogloa catS Ty g (100 T5) ebiir Lug) 5 (003 100) )3 ol
T,: Additive intercropping series of maize (100%) and cowpea (25%); T,: Additive intercropping series of maize (100%) and cowpea
(50%); T: Additive intercropping series of maize (100%) and cowpea (75%) and T,: Additive intercropping series of maize (100%)

and cowpea (100%)

50 -

40 4
?\3 30 -
=
9@
= 20 4

10 4

0 T T T

T Tz T3 Ta

Cropping system

S (59 o 2 et g (aAllS CulS' d G bglne €S bawgi (WSE) jpo sladile  Saisais o )15 -3 U
Fig. 3- Weed smothering efficiency (WSE) of intercropping compared to sole cowpea in terms of dry weight
bgle i Ta {103 50) bt L) 5 (40,3 100) )3 ]33l bgleo S To o> 25) bt Lug) g (203 100) )3 i3l bogloee s Ty
(103 100) Lbieaia Logl g (20> 100) )3 aialial bglove S 1Ty g (4> 75) ubemdis L) ¢ (403 100) )3 il
T,: Additive intercropping series of maize (100%) and cowpea (25%); T,: Additive intercropping series of maize (100%) and cowpea

(50%); Ts: Additive intercropping series of maize (100%) and cowpea (75%) and T,: Additive intercropping series of maize (100%)
and cowpea (100%)

e i A onligy 08 dnles Cudgize b 1) bgle s bl cuss o laoe mlio 1 odlatul 39, o0 Hlaml plply
e Jole 93 plgie 4 bgle i ) alS i g5 5 S 2 i glacile 4y gl (e o5 2l (el iS5l iy
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Loy 9 0 Lusols balswe oS ) cpioan (al,, 2009
S > e @l plin Bpae & L5 1S 5 Jhbeds
Sg jyd slaca le SLis (59 (il D ape Jole bl
oalS 55,505 wladss ) (Eskandari & Ghanbari, 2010)
e Lo Lo S (llie | (o plgie 4 jp slacile i,
Pogio, 2005; Banik et al., 2006; Seyedi et al.,) Cowl 00
)b Slgen pols suivs muls b oS (2012

Portulaca ) 45 « gy gl 5,n clacile i (59
5 (Echinocloa cruss-gali L.) 5,4 {oleraceae L.
WU e ()b —me y5b 4 (Solanum nigrum L.) sj o b
SS9 CodlS i )5l (Jg €85 18 Ctls gt
Josz) 295 )b e (Xanthium strumarium L.) o5 ;,acile
(7

50 cslncile 15, ialS cely 45 Bload 5o bgle cutS
Jeslye ol Joloe ol ly; . (Pogio et al., 2004) x4 o
S ) b dgame MUS (g dgdome |y ya slacile (ly (Jarme
Willey, ) ol osids (5 yme o (slacile w3y (5ol )3 oo Jole
2l o Cs gl eyl b )b G pimgh cnl (1990
593 ik il g 09 e (e aw 3 95 LS )3 as)ie (LS
s G ity iy 5 395 ki J53lo b Loy Loy
Ol ca b i ¢iolisS 5y (slacile (sl 1y )9 (cenld
Ol pre Jole S Ta 5 Ts slajlo > (LS oS5
mdile SUS g e GRS a3 g e plie ) oolinl
Slayles o & Cons bgloe culS 53l lajlos 3 52 slo
Lug) 5 5,5 bglsks S )3 391 Lalls (slacuS 5 balseo cutS
slecale gy ) mdnds GialS L oS15 iolidl a8 A sdaline
Rostami et ) 3,5 aslge galS bl byl i 59 9 23y 2

392 S 1655 S 5 1 CuiS il Soalls 1 il ly 4375 T Jga
Table 7- Analysis of variance of the effect of cropping system on the composition of weed species.

utd 2abio ;3 sy QT}I’A ""“is"“w
ean o
50.v df squares
Gy Sp2b 48,5 SBojgw Al
XS PO EC AR
IS
T 2 113.08 954.61 27.93 540.74
Replication
Culs ol . " " "
Copping 5 12.58 673.06 1847.56 2515.23 19532.6
system
s 10 24.42 270.94 101.99 849.65
Error
opd
e 25.94 21.9 15.9 18.94
(M;=)
CV (%)

2oyd S5 g gy Jloin) o (0 )b me s 4 KK o F
*and **: Significant at 5 and 1% probability levels, respectively.
AR: Amaranthus retondus; EC: Echinocloa cuss-gali; PO: Portulaca oleraceae; SN: Solanum nigrum;
XS: Xanthium strumarium

Lg) o515 &8 T1 losd 3,90 13 o &) 22 alls (slacaS 5l a8
byl et o €85 axti oy (st oml of 2 bbiwtz
G50 50 sladile plo JuS )3 (357 jpacile 3)00 53 > &
L) ol Bl bglste culiS glajlod 13 S0> &jle 4 0905 oo
a2l e sladle 2Rk cudly Lheds

T 3 jyaile Gilise sladisS Sis (g Sl By,

Lo s b sopdile S spsbo @ 358 (L byl S glo
035 DRLS e 5 e i 4 2oy O L a8 S 4 76
5 sladile St e & ool L8 Jgaz) Ko b 1y Sas

bglore S (gt )3 2l 5 Sgjgw @8 S (g &b
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bolee cuiS ) jym lacile (gligs cuS 5 il 3)90 ) (el oSe alaly @3 Ly (clame mlie By )3 S & &S5k
(Ghanbari et al., 2008) 1& )i ;s 5 &) b o9 55 gl Jgaxe My lp 295 e &b cub

&0 3 05 o g 5 b il G145 CuS 5 g CudlS Sl 513590 53 W ile dunlio -8 Jgaa
Table 8- Effect of copping system on the composition of weed species (g.m™)

CudlS

. o9 gl By g0 4,5 Spab
Copping AR EC PO SN
system

M 25147 90.59° 100.7° 53.47°
T 133.4° 93.9° 88.73° 37.98"
T, 137.0° 47.28° 50.6° 33.82%
T, 88.37 40.11° 59.72" 21.89"
T, 61.72° 26.64° 46.99" 20.32"
cp 251.6° 82.6° 1007 55.28"

) S pgnl bl yuyl sine M gt 1o 53 alie Ggys gl (slacpSils *
* Means with similar letters in each column have not significant different based on Duncans' test.
50) bt Lol 5 (103 100) )3 atl38l bolsce cusS Ty oyd 25) bt Lol 5 (303 100) )3 atuldl bglses oS Ty wyd Lalls cois M
i ICP 4 (103 100) bt Lugl 5 (40> 100) )3 (a3l bgle S Ty g (daoyd 75) b Logl g (o> 100) &> oiul5dl bglseo oS T oy
b iz Lyl IS

M;: Sole maize; T,: Additive intercropping series of maize (100%) and cowpea (25%); T,: Additive intercropping series of maize
(100%) and cowpea (50%); Ts: Additive intercropping series of maize (100%) and cowpea (75%) and T,: Additive intercropping
series of maize (100%) and cowpea (100%) and CP: Sole cowpea
AR: Amaranthus retondus; EC: Echinocloa cuss-gali; PO: Portulaca oleraceae; SN: Solanum nigrum;

XS: Xanthium strumarium

SCis 59 bl byl cris (K5 Gyl b ials d);d"‘k‘““
dros 3390 o9y gl g Gl @S Byjpw jp slacils

i ) oS Lglsn i 3 lng] K5 g S 0 350
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Introduction

Weeds are main factors reducing crops yield, especially under organic farming conditions (). It has been
reported that weed populations are more in organic farming compared to conventional cropping systems,
resulting in more reduction of growth and yield. Although the chemical control is a fast and effective way for
controlling weed populations, some negative impacts of the recent weed management on public health and the
natural environment, increased the concerns of using weed chemical compositions. Thus, non-chemical weed
control is in high importance. Intercropping, an agronomical operation in which two or more crops are grown
simultaneously in the same field, is one of the most important methods for increasing biodiversity in agricultural
ecosystems (Amosse et al., 2013; Rostami et al., 2009; Yuan-Quan et al., 2012). Therefore, the current research
was aimed to evaluate the possible non chemical controlling of weeds in a maize-cowpea intercropping system.

Materials and methods

A field experiment was conducted in the north of Khuzestan during the growing season 2013-2014. The
experiment was based on a randomized complete block design with three replications. Maize and cowpea were
planted in two sole crop systems and four intercropping systems based on an additive series, including T;:100
percent maize+25 percent cowpea, T,: 100 percent maize+50 percent cowpea, T3: 100 percent maize+75 percent
cowpea and T4 100 percent maize+100 percent cowpea. No chemical materials (fertilizer and pesticide) were
used during growing season. Environmental usage by intercropping patterns was evaluated by measuring
photosynthetically active radiations (PAR) (mean of five points in each plot, selected randomly) and soil
moisture content at three stages. At harvest time, all plants of each plot were harvested and grouped and weighed
according to their species type. Complementary effect of intercropping in using environmental resources was
calculated using relative yield total (RYT) index. Weed smothering efficiency (WSE) was used to evaluate the
effect of intercropping on reducing weeds the dry weight.

Results and discussion

Results indicated that soil moisture content, PAR interception and soil temperature were affected by cropping
patterns. The lowest and highest values of soil temperatures were observed in intercropping and sole crop
systems, respectively. Intercropping systems exploited soil water more than sole crops. PAR interception was
higher in intercropping compared to sole cropping. However, sole cowpea showed lower PAR interception
compared to maize sole crop. Relative yield total (RYT) index was more than unity in all intercropping systems.
Weed smothering efficiency (WSE) showed that dry weight of weeds was reduced by 21-26 and 28-42
percentages in intercropping systems compared to sole maize and sole cowpea cropping systems, respectively.
The growth of weeds (in terms of total dry weight) in intercropping systems were reduced in which from five
recorded weed species, the dry weight of them, including amaranth (Amaranthus retondus L.), pigweed
(Echinocloa cruss-gali L.), purslane (Portulaca oleraceae L.) and Halikakabon (Solanum nigrum L.) decreased
in intercropping compared to sole cropping systems. Intercropping components showed a complementary
relation in consuming environmental resources including soil moisture and PAR. Since the soil temperature was
lower in intercropping compared to sole cropping, lower soil moisture in intercropping cannot be resulted from
higher evaporation in intercropping, but also the widespread root system in intercropping resulted in higher
efficiency in soil moisture consuming. Relative yield total more than unity, showing the advantages of
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intercropping in environmental resources consumption. Soil covering and higher biodiversity are two main
factors reducing weeds growth in intercropping because the two recent factors lower PAR availability for weeds
which can reduce weed. The current research, taller maize absorbed incoming PAR and shorter cowpea
intercepted PAR at ground surface, resulting in lower PAR for weeds. Higher plant populations in intercropping
have been reported as a main factor for reducing environmental resources availability for weeds reducing their
growth.

Conclusion

The Relative yield total was more than unity, indicating the complementarity of maize and cowpea in
intercropping systems for environmental resources consumption which was resulted in lower weeds growth.
Thus, intercropping can be used as a non-chemical method for weeds control.

Keywords: Density, Environmental resource consumption, Relative yield total, Sole cropping, Weeds
smothering efficiency
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Table 1- Some physical and chemical characteristics of soil in experimental site
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) "
Loamy- 7.6 3.39 0.65 0.055 10 300
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Table 2- Some chemical characteristics of used vermicompost
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Table 3- Analysis of variance (mean of squares) of effect of vermicompost and nitroxin on quantity and quality of essential oil

of dragonhead
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ns, * and **: Non-significant and significant at the 5 and 1% levels of probability, respectively.
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Table 4- Means comparison of intraction of vermicompost and Nitroxin on some traits studied of dragonhead
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G..a.l; |>.LC *
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e b gl bc ab a a
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. b dls
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G..a.l; |>.LC
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10 A b il b a b ab
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* Means, in each column followed by at least on letter in common are not significantly different at 5% probability level, using

Duncan’s multiple range test.
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Introduction

Dragonhead (Dracocephalum moldavica L.) is an annual herbaceous aromatic plant and belongs to
Lamiaceae family. It is native to south of Siberia and Himalayan hillsides. The essential oil content shows great
variation due to plant origin. The main constituents of dragonhead essential oil have been reported as geranial,
geranyl acetate, neral and geraniol. Using organic manures and biofertilizers such as vermicompost and nitrogen
fixing bacteria contain azotobacter and azospirillum has led to a decrease in the application of chemical
fertilizers and has provided high quality agricultural products. Several studies have shown that organic and bio-
fertilizers application such as vermicompost and Nitroxin can increase quantity and quality of essential oil of
medicinal plants of dragonhead, anise and thyme (Darzi et al., 2013; Mafakheri et al., 2012; Mohammadpour
Vashvaei et al., 2015). Therefore, the main objective of the present field experiment was to investigate the
effects of vermicompst and Nitroxin biofertilizer on quantity and quality of essential oil of dragonhead.

Materials and methods

An experiment was conducted as afactorial experiment in the base of randomized complete blocks design
with six treatments and three replications at research field of Agriculture Company of Ran in Firouzkuh of Iran
in 2013. The factors were Vermicompost in three levels (0, 5 and 10 t.ha™) and Nitroxinbiofertilizer (inoculated
seeds and non-inoculated). Inoculation was carried out by immersing the dragonhead seeds in the cells
suspension of 10 CFU/ml for 15 min. The required quantities of vermicompost were applied and incorporated to
the top 5 cm layer of soil in the experimental beds before planting of dragonhead seeds. Each experimental plot
was 3 m long and 2.28 m wide with the spacing of 10 cm between the plants and 38 cm between the rows. There
was a space of one meter between the plots and 2 meters between replications. In this study, quantitative and
qualitative traits of dragonhead essential oil content, granial percent, granyl acetate percent, neral percent,
graniol percent and neryl acetate percent in essential oil were evaluated. For determine the essential oil content
(%), about 100 g dried herb of dragonhead (dried in shadow) as sample from the each plot were selected and
then were subjected to hydro-distillation (Clevenger type apparatus) for 2 till 3 hours. For identifying the
essential oil components, essential oil fraction was collected and subjected to GC and GC/MS (gas
chromatography and gas chromatography-mass spectrometry) analysis. Analysis of variance by using SAS
software and mean comparisons by Duncan’s multiple range test (at the 5% probability level) was done.

Results and discussion

The present resultsshow that the highest essential oil content in applying 5 t.ha™ vermicompost and the
maximum geranyl acetate in essential oil in applying 10 tha® vermicompost were obtained. Nitroxin
biofertilizer showed significant effects on geranyl acetate in essential oil only, as the highest geranyl acetate
were obtained by using the Nitroxin (inoculated seeds). Also, the intractions effect of factors on essential oil
content, geranyl acetate, graniol and neryl acetate in essentlal oil were significant, as the highest essential oil
content and neryl acetate percent at treatment of 5 t.ha™ vermicompost and without appllcatlon of Nitroxin and
the maximum geranyl acetate and the lowest geraniol in essential oil at treatment of 10 t.ha™ vermicompost and
application of Nltroxm were obtained. According to the results of this study, the maximum essential oil quantity
at treatment of 5 t. ha vermicompost and without application of Nitroxin and the highest essential oil quality at
treatment of 10 t.ha™ vermicompost and application of Nitroxin were obtained.

1 and 2- MSc Student of Agronomy and Associated Professor, Department of Agronomy, Faculty of Agriculture,
Islamic Azad University, Roudehen Branch, Iran, respectively.
(*- Corresponding author Email: mt_darzi@yahoo.com)
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Conclusion

Vermicompost application positively influenced on quantity and quality of essential oil dragonhead, as the
highest essential oil content in treatment of application of 5 t.ha™ vermicompost and the highest essential oil
quality in treatment of integrated application of 10 t.ha™ vermicompost and Nitroxin were obtained. On the base
of research results, organic and bio-fertilizers application such as vermicompost and Nitroxin in a sustainable
agriculture system can be caused in improvement of qualitative characters of dragonhead.

Keywords: Firouzkuh, Geranial, Geranyl acetate, Organic fertilizer
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Table 2- Energy equivalents of energy input and output for traditional units

oy syl Jgje o
Title MJ.unit? Reference
(cole) sl g5
) 1.96 Kraatz, 2012
Labour (hr) (Kraatz )
(ceebe) @lgal 5 npuislo i )
. . 62.7 Singh & Mittal, 1992
Machines and equipment (hr) (Sing e )
shed slacdgn
Fossil fuels
(’:*'J? y”’? 47.8 (Kraatz, 2012)
Gasoline (Liter)
(oo o) ol S5 495 (Kraatz, 2012)
Natural gas (m®)
(cebo ©lgols) i Sl )
S . D tal., 2012
Electricity (kwhr) 11.93 (Divyaeta )
(p55ks) o Sys>
Feed (kg)
(ps5518) ol 6.3 (Sainz, 2003)
Concentrate (kg)
(ps5515) s 2.2 (Yaldiz et al., 1993)
Silage (kg)
(p,55L5) i 15 (Shortall & Barnes, 2013)
Alfalfa (kg)
(0,5345) a5 oIS 12,5 (Sainz, 2003)
Wheat straw (kg)
o ol
Output
(’%’J) s 7.14 (Coley et al., 1998)
Milk (L)

200 3dgF )3 (B e odles IS (gl Uil ] pb -3 Jga

Table 3- Greenhouse gas emission coefficients of used inputs in milk production

odlgs ol SIS 8 L] ey &
Input Unit Greenhouse gas emission Reference
coefficient
[J3ls0 (2 )5 2mS1 55 2,5 545)
(wa1q
(kg Co, eqg.unit™)

(Us9318) b guo N 2.76 (Dyer & Desjardins, 2003)
Fuels(gasoline) L

W S| el Syl 0.608 (Liang et al., 2013)

Electricity kwhr
Sy g bpwile Jose 0.071 (Dyer & Desjardins, 2003)
Machines and equipment MJ
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Table 4- Energy input and output in traditional units
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Output
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Table 5- Indicators and types of energy for one liter of
milk production

S5 eSS g L yas L RS
Indicators and types of energy  Value
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Total energy input (MJ.L™?)
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Total energy output (MJ.L?)
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> . 0.257
Energy efficiency (MJ.L™)
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Energy productivity (MJ.L™)
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Specific energy (MJ.LY)
()"‘J » Jﬁ)&") (.55)5‘ °>5}i -20.605
Added energy (MJ.L™)
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Indirect energies (MJ.LY)
() 2 JoilKa) nignaos slacss ! 13.39

Renewable energies (MJ.L™Y)
Non-renewable energies (MJ.L™)
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Table 6- Greenhouse gas emissions in traditional production unit of dairy cow

Boales S5 s il S 8131 0 (25 demS 163 55k Jolao (Silen 203
Inputs Mean per kg of carbon dioxide equivalent in per liter of milk  Percentage
s 5 laoile 0.45 72.3
Machines and equipment

St 0.16 25.7
Diesel fuel

gt 5 0.012 2
Electricity

slalls dl.m)'\f )L;}J}\ Egoe
Total greenhouse gas emissions

0.622 100
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Introduction

Energy is one of the most important commodities that make up a large proportion of international trade.
Among all the countries in the world, Iran is known as semi-industrial developing country which is rich in
energy such as non-renewable energy in particular fossil fuel. Use of energy affects the environment in various
forms of pollution. In the agricultural sector, the FAO report states that livestock production has a major
contribution to the world’s environmental problem (Sutton et al., 2011).

Materials and methods

This study analyzes energy flow and greenhouse gas emission in conventional dairy farms in Mazandaran
province. The required data for this study was collected by conducting interviews and filling up questionnaires
from 26 cattlemen. From the questionnaires, information on five inputs such as labor, livestock feeding, diesel
fuel, electricity and technical equipment and machines as well as milk product for 159 dairy cattle was collected.
Finally, energy productivity, efficiency and emissions of greenhouse gases were calculated for Methane (CH,),
Nitrous Oxid (N,O) and Carbon Dioxide (CO5).

Results and discussion

The results indicated that total energy which has been used to produce one liter of milk was 27.745 Mega Jul.
Livestock feeding and fuel were energy inputs that has been extensively consumed. In this relation, 47.4% and
28.5% of the total energy consumption were drawn from the livestock feeding and fuel, respectively. In the study
conducted by Sainz (2003), livestock feeding with 70% of the total energy consumption was also found as the
largest input in terms of consuming energy. Technical equipment with 22.8% of the total energy consumption
was found the third place. A low proportion (0.8%) of the total energy consumption was drawn from labor.
Electric power with 0.5% of the total energy consumption was placed at the last. Energy efficiency was
measured at 0.257. The proportion of renewable and non-renewable energy in one-litter milk production was
measured by 48.2% and 51.8%, respectively. The total greenhouse gas emitted toproduceone litter of milk is
equal to 0.622 kg of carbon dioxide that is higher than the amount of carbon dioxide generated from dairy farms
in the United States (Sainz, 2003), but lower than the amount produced by dairy farms in Portugal (Castanheira
et al., 2010). For the European countries, the average of greenhouse gas emission generated from dairy farms
was calculated about 0.45 carbon dioxide equivalent. Technical equipment, machines and fuel with generating
0.45 and 0.16 kg of carbon dioxide equivalent were the most contribution to greenhouse gas emission. According
to the calculations, the two inputs emitted 72.3% and 25.7% of the total greenhouse gas emission in producing
one litter of milk. Only 2% of the total greenhouse gas emission that is equal to 0.012 kg of carbon dioxide
equivalent was created from electricity generation. In the United States, diesel fuel and electricity with a
contribution of 27% to 40% of the total greenhouse gasemissions were realized as the most polluted inputs.
Furthermore, in Ireland and Britain, the diesel fuel and electricity with producing 0.03 and 0.002 of carbon
dioxide equivalent were realized as the most polluted inputs for producing one litter of milk. This suggests that
diet re-formulation with special consideration to the output is an effective solution to the problem mentioned
above. Considering technical equipment and fuel as the most pollutant inputs, transferring equipment from
natural gas consumption to diesel consumption decreases both energy consumption and negative-environmental
externalities.

1, 2 and 3- Graduate MSc, Assistant professor and Professor, Department of Agricultural Economics, Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran, respectively.
(* - Corresponding Author Email: |.abolhasani@um.ac.ir)
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Conclusion

Considering that the livestock feeding has the largest amount of energy consumption, thedairy cow feed
formulation should be considered as the most important concern. In relation to diesel fuel, replacement of natural
gas with diesel fuel can reduce greenhouse gas emissions at a large extend.

Keywords: Energy efficiency, Input, Output, Productivity
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Lol co] Cowd 4 Ll cusS” 5l ilanlus g 5956 (So5elgm 3,5les
Cans jl dilinliw uolul Joyd g 3950 dily (1l duopd o YL
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Table 2- Analysis of variance (mean of squares) on quantitative and qualitative traits of black cumin in different
intercropping patterns with ban and basil

gt 2abio il an,d Al a,Slos SUjglgm 55 les owlwl sy ol 3,Sdos
S.0.vV df Seed yield Biological yield Essential oil percentage  Essential oil yield
"_’;J_ 2 6816.22" 83810™ 0.004"™ 1.58™
Replication
e 5 18966.49™ 433700 0.15" 551"
Treatment
Uas
10 2269.39 56383.38 0.015 111
Error
(M)") [ JIVE ENPW: R 7.1 9 11.65
CV (%)

20y3 o Jlss! g 13,5 e gy et w4 ¥ F g NS
ns and **: Non significant and significant at p<0/01, respectively.
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Table 3- Means comparison of effect of different intercropping patterns on quantitative and qualitative traits of black cumin
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s~ ( “ ( “ Essential oil (@227 2 )
Cropping pattern é’”‘_’“ . é’”’“ Essential oil yield
Seed yield Biological yield percentage 2
2 2 (g.m™)
(g.m™) (g-m™)
ol s 80.6% 356° 1 0.8°
Monocropping
iy ot log) cany SOt ahalos ) S
o 65.1% 272.3% 1.6° 1.38°
1 Row black cumin+ 1 row bean+ 1 row
basil
@) SOt Loy @) 90t aillw ) S
o, 64.2" 289" 1.55% 0.99
1 Row black cumin+ 2 row bean+ 1 row
basil
@) 93 F Logd a3y s T alialus (i) 9
o 68.7° 304° 1.43%° 0.98°
2 Row black cumin+ 4 row bean+ 2 row
basil
@)y dw o) (o) Lid T alalu @) 4w
oy 70.3 308.3° 1.33" 0.93%
3 Row black cumin+ 6 row bean+ 3 row
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gt oy ) cuin t ailalu ) 5l
. C
Oy i, 56.6 243 1.2¢ 0.68°
4 Row black cumin+ 8 row bean+ 4 row
basil

A Loy 7 Jleis] a3 (65l gixe BMB! glyls Sl (g0l (bl 2 (giw p 45 S e g > A8 glaySilo *
* Means with different letters in each column are significantly different based on Duncan’s at 5% probability level.
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Table 4- Analysis of variance (mean of squares) on quantitative and qualitative traits of basil in different patterns in
intercropping of ban and black cumin
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Table 5- Comparison of means the effect of different intercropping patterns on quantitative and qualitative traits of basil
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Fig. 1- The effect of different intercropping patterns of black cumin, bean and basil on total dry matter of the first and
second harvest of basil
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A: Monoculture of basil, B: 1 Black cumin+ 1 Bean+ 1 Basil, C: 1 Black cumin+ 2 Bean+ 1 Basil, D: 2 Black cumin+ 4 Bean+ 2
Basil, E: 3Black cumin+ 6 Bean+ 3 Basil and F: 4 Black cumin+ 8 Bean+ 4 Basil
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Means with different letters in each shape are significantly different based on Duncan’s at 5% probability level.
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Fig. 2- The effect of different intercropping patterns of black cumin, bean and basil on total essential oil yield of the first and
second harvest of basil
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A: Monoculture of basil, B: 1 Black cumin+ 1 Bean+ 1 Basil, C: 1 Black cumin+ 2 Bean+ 1 Basil, D: 2 Black cumin+ 4 Bean+ 2
Basil, E: 3Black cumin+ 6 Bean+ 3 Basil and F: 4 Black cumin+ 8 Bean+ 4 Basil
5 203 gy sl s 3 S el ol s fosine TS 5m 53 S e By S slaSibs
Means with different letters in each shape are significantly different based on Duncan’s at 5% probability level.
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