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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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< (Foeniculum vulgare Mill.) 4L 1, o (Plantago ovata Forsk.) syl (Nigella sativa L.) ailaabws o9,
153-168:(2)8 (g ;,9uiS owliogs &y puii . Sl ) CuiS Ly i

$329LS (ol ooy & i
153-168 . p 4395 w2 o kot 8 ulr

2>

L3, 4 (Plantago ovata Forsk.) o;,a.l (Nigella sativa L.) alialu og)b oS ok a5 g o la Sig adllas jslate 4
Jols (6395 jlewi Yoz b (Blaai JolS slacSsh gyl g0 4 ialojl o JT slmosles 38" Loyl s s (Foeniculum vulgare Mill.)
o8l (659lisS 0aSuialy il deyjo 13 5,S5 dw )3 (555 3,08 pac) wali Jlewi g 2y (bl CaungueS (s e Al CawgraS (solS 355
oSl o lie g (55)9LS d gy yr olStlol )3 )15 o g Jlos 121 ol Sels b B sl ©jg0 4 y555e (o )logs |l
Gy g 40 b g 4oye sl Jold )y (S Glagadls (B g cutlyy a3l @b lin b9 ok g Sojglan 3 Slee B0 (b)) R
9290 gl lul w85 )13 adlllas 5)50 AL jl) 5 alialews 0jydul 29yl olS aw walS SuiS 19 9 Job b 4 a3l (Sjale
CowgraS (Jluw 93y b 50 &S gy0b 4 Lad oLS dw o So5glan 5 5h 0,Sloe (iuli8) Caw (5l bze job & ds)ie )0 )y 3yse slajles
Jlo 93 (b p> wlialow g 0kl bl (a3 ls y (6055 (sbrodlys cuibly aald oy 4 Cuws Slas op) ilisl 1) ),)b Onide 7B ble
b Ay CusgaeS 5 Jgl o 53 2B (sblis CamguoS 3l olimul caiils o ime w3l ailjl, olS cilyy e li p a8 Jls )3 widgs IS 5k
039 9 Jsb (Sl Co g 103 (iee (6355 Sl jlas comimen 0315 )13 58l o ]y linli 5 05kl aldlie (59 o 4 pod Jlo
5leslazul b sdnlie (old 365 Hlaus )0 Slas oyl Hlade oy iy 5 310 (El58] Mald jlog 4 Coms olS daw o j0 1y Hh 4y g aalS Sis
oy @B Ll CunguaS 2l b bl 5ol b aalllas 3)90 slodisS 1o Hh Jobo (1SSbe o i Jga> 4 oo ) (Ll CungaeS
0ol L eolatwl y90 (6365 sl jless g dieS (o yd 1y ,h Jsb

ol 355 iuwgraS ldld p et L« iailen ey ol 4y 1 goIS (gWlg

sl 03l paljdl s Lo & (5)5liS byl plls S g

95 by g bds lp o8 polie B oo Copte
5 I wlis jl oalil 4 (RS ab piig plla pl ol diuly
wlbord baagS Wl egiae cbaosles 5l g 5yl a8t o3glgm
sLapllss ) (Lebaschi et al., 2001) 5,5 0 010 disg J> 5
oSele glse o Sl 5 (I sledsS Glal yslis
cle 29 SLE Sl copde 3 ute S (plesd sladgS

doddo

a8y wely; 09,3 byl (i IS (gom il g Sl cus 4 =4 91
Agudio (gugdyd oSl (g5 yoliss”

kit 5 pole 025l G (5Lad g Sl pole (ukins 09,5 sl -2
Ol ol (b @lie 5 (6)ygliS (a3 559l

025l el 09,8 oy (&39I 5 pole A5yl Loslis S aibgel il -3
Ol oKl (b lio 5 (659l (a2 45559l (pwdine g pole
(Email: akooch@um.ac.ir e odimggs = %)
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015 plosl 29 LS Sy S 5 o Sluogas o] 556
AuS 0, Slee glial g 0y Slas 35 0p0 48 (5)5 b 4 Cudl
Oghonna & ) £ ,e 555 3,,LS L (Sesumum indicum L.)
Lo ogae 3,Shes g ailyl5a 559 Lyiwli3l (Umar-Shaaba, 2011
CuoguaS a9 3,5 L (Anethum graveolens L.)
9 S5l Loy )k 5, Sles 390 (Damjanivic et al., 2005)
915 358 5l skl L (Coriandrum sativum L.) 555 4 a0
Darzi & Haj Seyed Hadi, ) g yoyi0 )3 p,5okS cutin o5 4
CoS S iy (5545l oy g 5k 3ySkes 133l (2012
Vasmate et al., ) pls yus 398 )l y3 o5 20 5 ool Laslys
Nigella ) sl yio ab,lia 59 ¢ s 3,Sles 3900 (2008
S 53 5 15 3900 U (0 albj CawgaeS 50,18 L (sativa L.
0j il yi 5y Slas iul;-3 {Akbarnejad et al., 2011)
(Plantago psyllium L.) psskus 4 (Plantago ovata Forsk.)
abyl5a 59 d9s0 9 (Koocheki et al., 2007) ol 358 3,5 L
9 b 555 3,,,LS L (Calendula officinalis L.) ,l aisen
ol 013 b,l5S (Tabrizi et al., 2012) cusgeeS oy
Jbs sy 45 el T Sin )y ool g aLS o5
ahb il gl o ol atwg g 50 3 29250 e
oyome (Hansol et al., 1992) sl s (sdaxto (slasp,lS
LS sie 4 (Khattak et al., 2008) “a¥T oslgls 5l wlinls
D’ANLUONOD ) 3,5 o 55 oslitwl 390 (29, 9 clugal ¢ iég,
oS (et al., 2002; Khattak et al., 2008; Mehta et al., 2009
odlgls 4y §-lxieo (Foeniculum vulgare Mill.) «bjly o)l
5 oslizl yolate & baes 55 (Damijanivic et al., 2005) %l,jg
5 ool (bl g Cilize glio ;5 o 1 Jols il
S oslitul o cpl &y dagi b3S (o0 58 )1 5 CutS 350 (bl
CiS daogi gl (Sgiae (aliend dlge Sl 5)le 5 SHB A
B Wl jlhyssp slagy cosal jl 295l (LS S
S in g Glp calie arlyd (390 malid Giulefl )
slessS id dalllae 5 ailyjly 5 alimbus 0wl g)ld doS dw
sl g ol b 3 sadg sk (&S Slogad dgp ]

1- Plantaginaceae
2- Ranunculaceae
3- Apiaceae

T slgo g Ladgs (Jahan et al., 2008) a5l pllsipg (s kb
)b S gpodols 5 ely; ol ais &S i p 0gMe
3 Lol cucal o8 a8 aiiiso o d90 |y S cuaS 5 lesdlo
ool o Lol sl 3l oo SIS (S5 slo Sy S
Kamkar & Mahdavi Damghani, ) 3L e oS olié slajls
5 A slaall; Las (I looss adg (sl 55 (2008
dlge d iy slse o1 515 &8 ceslag] e g S35 U3g) (5
Spas & Wgd oo Joas Lol Sl e g 238 polie I a2
S Sogan o mlard «Sosed Sluosad dpgs el lag]
Moradi et al., 2009; Nadi, 2005; Vahabi Mashak) dgdi o
(et al., 2008
@ ol gl Mg ) Sl 3509, ] Jlo s (b
Slaobey @y )L an g slul 5 SEBl slaplss il cow
Sl (6555l a5 el gl osde | ol )] e
(Griffe et al., 2003) 43S o cpomdi |y 29 LS cuis
b b LS » ogas 4 SO L Wgr ¢ pioren
L85k QBN g (uliiore I (5)lm drg8 3)90 3] sla s
a oS D oo S ()4 4 SOB) L IS el Ll a8
Sy Aoy 4 g (i b SO slaoged 5oyb 5l oS ok
Sl sl e sl Cglis 13950 g 005 oalsS Sliles
LS5 3 (Eghae (plend dlgo 3929 pie ) syl plo
S5l S ol a5 b .(Hermes, 2010) col &Y gaxo ]
el Caz 3 ol (S5 a3 n (lul 5 oo ol dlex 1)
adld plois 4 od 038 Gl (l 3 9 3980 Cguee 2alS
b g 9 CBIES 5 @ (08 e i s Ul ]
5l ilise Jolge w9500 5| (Ghaderifar & Soltani, 2010)
68 Culas )0 g (Sidilen p Wlen a8 oLS 4in baylys ales
CuvgpaS g (o 355" 39 daled ol Plo cddl 550 oLS )l il
slapllss )5 bl jloolitul a8 wizwn JI ladgS plio dlos |
Cawl o 5,135 b3 ol 50 bl o pamye S L Copie
)_’a.v.: 9 L's'~)~9)|'> ullbhf b}';ﬁ 4 uYyaDu ngS QMA‘)S‘ LS‘)‘.’ &
18l oo lerd s3g8 2 )18l iaslio T slaagS” 3l oalisd
g I sdgS 3,8 Joguas 3 (edaxie lilllas (Karla, 2003)
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5 30) ol 558 Jolis 558 s Jlaz ptaleil slo o
adbj CowgpeS (S 53 5 20) )8 (SLlis CungraS {HUSa 5
o 5 (S )3 5 10 e > (SO 5alls ) ord 4d) (e
03 yols gyl olS 55 dws (sl (T 3657 ) ookl pas) amlis
gt oalatwl 5yg0 (sladsS cunls aS oyl 4 dogi b L0gy 00
o IS W15 s S L, oy ] ol 11 5L
560 <l 400 o5l iy L5 yn ol 55 i
3 5k 090 polie s 483 s 1> e e ) digr 200 wlualow
b g odd pisy (ealojl 05 5o o) CudlS Sl 8 (6398 Lo
byt e £y 515 L i 4 sy 30 3o
P9 EBS Oypo lacady g g Ojgo 4 Sl B8
s olln o515 Jpan ke &3 S5 Cllas S 5 Aoy
O Gub jlalsye 93 (b e ladile JpuS 088 plosl olS
3 om olel olsl 28,8 plosl sy Juab baudgl 5 gl 5 o
ol B L gy cin o 1 5l 53 slags )l 5 cails
5 (110) olaidl > Slas s jlain 4085 ©yg0 1) 0)93
©yS o @yeie 93 5l bl gl (St oloj 2 «Sujolsn

L3S O)g0

W yig, g dge
whalow g)b obLS S, 435 b oy Hslate 4
92 OLalS (2l hodor (S g (o8 Sluogad p &Ljl) 5 055kl
Il g (2lb pjops & (2Bl 5 le)ie ©)ygo 4 Hinle]]

38hes p calises I slangS 15U o)l Bus b ilejl oyl

B > wbjly g 050l cilialun o9yl 655 daw > Slas 4linl o
2 Slp el 9 LSS aw b (Bolas oS slaSol 4l )b
g3 8 oSl (g))sluiS oaSiih  Slidsd dacyje 10 olS dw
59728 Lidlye Job) tautio 50 (s5taghsS 10 5 oBly st
o 5l 520 985 glisyl g Jlas 36 ° V0 oLl oye o By
Jolpe aal y3 1214, 1389-90 4 1388-89 _<ly5 Jlo g3 o (L
Slom] (izrad g (e kand cadgl o3 Jold (e (sjluooslal
-3Lo] o a8 )5 plooil ole widal > cuslS 51 L caniy 5 g9
D53 sLol @oyeyie 3X2 slal jd islojl (clacs S pwe; (5l
L 5o ) LacS sy elold 5 o o 5008 J oS ol
sl 3l s s 4 )3 L ) e 93 o)l slasgs Oluas]

o2kt 3,50 (1 (52355 5 ilojl Joro S o lionuisS b Cloguad -1 Jgo
Table 1- Physicochemical characteristics of soil and applied organic fertilizers

N . - S Colan
-~ "y 5 O iy phd < )
Wgod cél | | " ege ) !
sample Texture To(thKfim tfﬁ;ﬁ) éﬁ(ﬁﬁ; (e pH
(0)
EC (mmoh.cm™)
; o =g
Jl_) Loam- 0.09 121 90 2.67 8.03
Soil :
silt
Tl - 0.89 222 190 6 6.07
Cow manure
SR Al CawrgoS
Municipal waste - 1.20 135 110 6> 7
compost
T8 Ll Cowgpes
- 0.82 230 170 11.7 7.1

Spent mushroom
compost
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Abdul-baki & Anderson, ) 15,5 s (1) dslse 1 oslazal b
(1973
SVI = (s6bs Job xSt 3l Jib oSike) x (1)
sl il 2oy
13,8 oalisl (2) adslas | (50l oy iy Sz
(Maguire, 1962)
_ i
=X, (2’
3w Si (595 5> s dlaw) S5l sy Rs cdblae oyl )
4,88l o o i)leds U gy dlass 1Dy e yiylous 2 5> 035lex 54y
9 4 odlazwl SAS 9.1 I3 8ls 5 5l dlaosly Julos g 4550 jelaie
o 1 Sl glaiely L yg05T 51 ooliinl b b Silio duslio
8 S sbsl s yd gy Jleis)

$lasy o Oladles
0§ 3!

S3dm 9 yio 2,8kes p o3lital 3)50 (6355 (sl o il
025 (g 290 (P=0/01) o sme talesl Jls 93 52 3 o
ly 6yl mine M) (6398 cilisen oyl sl cows cudlyy
oialel Jgl L po Lasb 35 aibylia o9 (0>0/05) sl \lss
{2 Jg2) (p=OI05) 5 )13 (638 (slamylos pils s

ey Jol Jlw 53 050l alyylin (455 (ke (it
4 Cumd 45 D ol 256 sLli CusgpeS L 5 )5 1/53
-asdllae ;53 Jgia) ol ol yiali3l woys 418 sgus salis jlews
o5yl 12,133 359 gm0 camw (5915 298 alaer I I (slmaS”
ole (65595 ouiine oS Jls 3 (Irannezhad et al., 2010) s
albjlin (3g 3 ilbisine 8T ol 298 Lilisie ol &S 528
Tabrizi, 2004; Lotfi ) 13,55 sbl sali jlow 4 Comd 0 il
So59dgm 5,Sdos o3liil 3,90 (6355 (sl jlows 418 (et al., 2008
Oyt 9 (3 Jgan) ols Ll sals e 4 s 1 0] i
Ay b odalido L8 (sLle) CungeS I oolital jlo jo (iolsél
2l jlas 4 Cons |y o)yl So5glen 5)Sles o (! &S5 eb
ey oo ol Ay LA iSy g o yd G gl Jlw 90y y

Bl e @) 2 3 3290 3y Yoz Sl &S Cpge
Hlolse & 08 sl y Lol 5l e sl 50 5 (U8 s, g
b 4S5l 53 (6 paigel haw plgis 4 @y yie 93 st
i 3ySlas (e Sl )P iged aw gladis S5 g
citby pasls (oS e slaplul IS ()55) Sajglses 3,Sles
D32 559 9 (303 cons 3 S3glsm 5,Shos 4 s 5,Shos )
B5)5 Jiie oliulejl 4 g ol il il

33 S Olus guad (5 S0 3l | calSudinle 3T Gladllas

ol olS dw by Sjale a8 Sluogas b))l Hslate &
1 6395 laylew il e a8 b g abjly o il
JosS s Oy 4 (dioloj] L39s 0 M5 slaas, e lislojl
S olRzlol )3 S5 duw g jlews 12 1 bolias Ml )b LG
59) 1389 Jlo 55 )5 olKiily (anbs molio 5 (65y9LiS uidy
A28 s Yo ol inlejl (slaless 3,5 12! (pg Sl
o 5 L5 Lol CangiaS (606 Al CangiaS (595 255)
g (45bly g 0yl cailinlu) BLS 4565 dw g (aals
o g o oy g gl e Jsb Jold (aoy 3)90 slaygSs
Lo o Il cadllae 3590 55ds (jalor (sla Sy omend polate
9 (H5aE NS ABBD ) ke dy Ao yd iy padue S g I oolatul
S )15 gt 3,90 ol ol a5l iz oo Ol b s
= Sy sile & gla o gy 40 0dd Sereds Hd die ol
93,5 lo a3 2042 clos b jgilice,s 0 g 43,5 )5 cxings
B Jitie doyd 60-70 s cogby bwgio

eial3tl S0 a8 oy b sl 24y 035 il yody i lews
a5 bl (59, 10 e ) wis oaalie 03jailen yody dlaws y
JoB Lol davaiy, a8 B0 86 odjales (gpoh iyled plKin
Adam et al., ) 59 yio o 1-2 Loyl dvainy Jobo g 0392 oy
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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SB S5edan blud jauion das b« SB &) CavgpeS (43958
3L 390 (olie yolie (3,5 wald e (Anwar et al., 2005)

g Udlate 48 0 g (sl plisl 0y (l33) oo colS
ol 04y dgagy |y wloge
I sodled U cod Gilejl Juw 95 (b 0} el (529,15 LS o Slhuo (Dlas o (Kila) (il lg 425265 -2 Jgan

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)
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b )3 il oy ,d 3 )Slee & i |y (g 28 oljee
by il ccaly esls ials cle 55 (6)50 (diie
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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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Oielol Jw 93 (b &ilalows (519,15 0L (o8 Clhio 5 e JT (510355 il (Slo duylio -7 Jgut
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.
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SBMs] T clasgS 3,8 b (claddlae p3 (7 Jgio) sb yzals
Khorramdel, ) s saalio ailanlow )3 5, Slee )3 ()l xe
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o by o 5l ot 45 5505 ek g g 4o 0 Jlo o
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oS 59y y shaalllan o (T o) o ol aljil a5 8/1
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o o pols aiod D90y @l opl (Khorramdel, 2008)
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3929 (5 )b e BB odlaiwl 350 (6355 syl o (g LoD
o ped 9 Jol Jbw 2 SKjglon 0o ke oy S
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Wolod . Cawl dzily 5ySlas 5 2g7 dguny 53 (owliol [id) pdaw Ay
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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.
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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.

A sooss 5,8 pas Ll 5l s yods nl 0 iliseo i
0355 poks (il )05 5 as Il 4 xie 398 pl &S oy
9 039 2 o 0181 5B 35 e s bawwgs 005 plol Cliios
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



163 aitanlow 9o LS joiy Jiailsnr heS (b asLi 3 3 ,Shas iy

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
e 258 5 4558 Jlize $1.(9 Jgan) e ol ol Sits
Sjly s S y9b (8 Jgz) (p<O/01) 55, 35,51 )3 Jobo
5 (3ecskee B/19) )iy Jsbo s @) Ll CunggaS 2,08 L
203) iy s o258 e 4 S 515 b b
2 (L JS2) ol s )y 3y90 slaless o g3 | (20 e
Lok Jsbo o sty L3l 55 &8 0 odaliie 35 4565 o du i
b s sime M3 g el s 4 g5 (sLle CungaeS 5l oLl
CwgpeS | iy ey ol U2 9 UL Lol ccaslis aals Lo
=l 295 il eslar wl 0 wlialw ;0 .04 (o 355 5 (54 ALj
2l b g)bgine S o cils olyon a0 1) 5dy Jobo oy
b Job 6 4l ComgraS A g sl 4 0> (L5 b lors

W F. vulgare
d

de u N, sativa

@ P ovata

Control

Bisee J1 sagS mil cow ailyjl g ailanluw oyl 4igF aws yis Job uSibo -1 JSU
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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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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Fig. 2- The trend of variation in leaf area index 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.
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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.

Acknowledgments
The authors acknowledge the financial support of the project byVice President for Research and Technology,

Urmia University, and West Azarbaijan Agricultural and Natural Resources Research Center, Iran.
Keywords: Crop growth rate (CGR), Density, Leaf area index (LAI), Relative growth rate (RGR), Weed

References

Radosevich, S.R. 1987. Methods to study interaction among crops and weeds. Weed Technology 1: 190-250.
Shinggu, C.P., Mahadi, M.A., and Adekpe, D.l. 2011. Performance of castor (Ricinus communis L.) as
influenced by period of weed interference in Samru, Nigeria. International of Science and Nature 2(1): 75-78.



$329LS (ol ooy & i
197-211 . p 4395 cyliuasli 2 oylas B8 ale

Journal of Agroecology

Vol. 8, No. 2, Summer 2016, p. 197-211 /C/?ﬁr’}%tz;’

e gl 53 5 Glacdle ST, b el Julge 5 S Dl g B )
oLk S Ol (Triticum aestivum L.)

. 3, 2 2 ) * (&

f sl laan 57 B sage Coslie i st Ola s dem ¢ et s O 0
1393/04/15 ;=5\ s &b
1394/01/26: 3 54y 5 56

9 SLa ul.!'_.oya.& bw,‘ oSy .1395 . c‘:wu»s‘ 9P c‘;M)lJ Y cbb‘}gj& «Z c‘_s..\w Uw) R Y
ol o9 &y oluiilo S U] (Triticum aestivum L.) oaiS £4150 43 0 gbdcdle (ST b onddl Jolse
197-211:(2)8 «g;,54sS

2>

bl g I (Triticum aestivum L.) puiS ac 30 85 p5 (claadllas jpn (slacile 28Ty 5 S g oosldl Joloe 3t owyp jslate 4

olgls 33 ey leie jsacils wisS 162 Tegosme s ploc) 1390-91 (el Jlus b olislo S il b yoeds 11 ) Usuammo ) ceiS 5y b
PH) SB Jolgs L jzacile cladisS 281, bLi)  (CCA) Sl Siwwan oo ain 5061 5 sslial bas SLolis g)l30 ol 3 (ool
deelse 5 (LSS colin 5 S5 3salS ols b ls S5 il 15 Choms 5 (55 ¢y 0D eoaces sl 1oy €phind et e copendS
oy Y3y 008 o5 (sadldl (5l )18 il o |, lntisS (ST, uily)ly %04 51 2 1391 JL 13 g0 5 gl eile A (1 smslll
Phalaris) .l cile 4(Sinapis arvensis L.) _isg Js,5 {Lolium rigidum Gaud.) > {Avena ludoviciana Dur.) ali.w;
3L s WD 413565 1 oamg STy 5l eandly ol by g 5l L)l 5 YU <jlys anyd o bl ) ible s (brachystacys Link.
Sgs 0 Sile o (Galium tricornutum Dandy.) ¢, s . {Hordeum spontaneum C. Koch.) o,3ss j,» (slacale il53l el
35555 PS5 Eol0 yd 0350 yimcile (GYL Cunen 51 VL yhud g (595 e b slbS 0,8l dle o> L (Vicia assyriaca Boiss.)
&g y93g oy sbSL ,> (Carthamus oxycantha M. B.) =g 5,15 5 (Convolvulus arvensis L.) lyue Sow tivg:

D92 ,50 bl il il (20 5 LB GLSK 2l (5 2 pSTy il

ol s (CCA) Sl Siumon 1T gl ldajly

dgamme (e belse ]y (ol QLS (pwyied 5 03,5 il
ol Q1S 5 ladile S (s e 4 etlod oo
Ol 258 o0 gme Gl yslpw ) () Jpaze Wy
395 ol b ol a8 )lSe 105000 oS’ o5 oo L elitile S
246953 W b wod puiS kS 335000 4 s > 5 478364
2945 puiS (lacdad 51 (S, 1300-01 el 5 Jlo 55 1S 5 o5

(Anonymous, 2013a; Anonymous, 2013b) 13l .

o gladile iy Jlsle > gulS JiE e Jole
e sladile ) oyl L2iST, (Lososova et al., 2004) sl

.

CYRTTY

2w aslen (Triticum aestivum L) pu5 5,Sles o 4,
)b el Capde g (e Joelse an (S () plalS
w=hi olels U laoe Jolse 4y sl sl jpo slacale

b @lio g (5)5liS i S5 ¢ gl (e iy =453 2 1
s o8iily s @lio g (55ysliS uadp sy 09,5 oliul wlisle,S
wely; 095 loliwl g ylips (( Sb 05 Gladd duwhe olliwl S
TS Old oBih (b wlie g (555l pud
(Email: movassi2002@yahoo.com e 0l =)



1395 yliwtl 2 oylos 8 oo 1539l cwlits poy & pii 198

eyl 5 slacale STy 5 )l lie 48" 05,8 ssalie
I L;Ub;al_c dldu; Egd u.)l)))l = .))Ib M li)b c]aw
S g G9o) 9 9 (e plulp glaglid puS gl
wle wad o ylis (Norozzadeh et al., 2008) 1S 5 02l;
oo calises gl gl pAS g5l )0 b slacdle (glaisS
gl (bl oy o Job 5 il aglil Ll 55T
o R b (ool

assly ol an wyp opl ) &S opie dix (o)lol gla oo,
Aol oS 5 e adall) oy S ad)a8 (gl el 0ud
Legendre & ) el (So39ds51 5 (oo Jslge g jyncile
(shog o pite 1> sl Jie | sdes un g5 .(Legendre, 1998
(Jeffers, 1988) sil o iw iw 9 Lodl Hlisle (gjlwansds
5 0005 dxogi (3L e & |, L yuito o5 <l (CCA (K
baoro 5 aaisS o bl e lp 098 Jae & a0 L3
Jelse g ladisS oy bl e ol (Reed et al., 1993) sl o
olasuie 5l (Bashkin et al., 2003) s as o slis 1) oo
op Slp & 2Bl oo (Shasen g (9)S) 35 CCA o3
9o o3l (ame Jslge 5 LadssS aujei e g
9 Niwmson j CCA > .(Terbraak & Prentice, 1988)
U J3h g (agme Jalss g (Situysld sloodh (05,
Hassan nejad & Pourhaydar ) sg— o odliiwl oy9eS)
WU s bl jogas 0 o3b; by ings (Ghafarbi, 2013
Iyl 5l gyl 53 48 col 485 @90 £)l30 1 50 sl
Streit et ) PCA alas j1 ol 0 odlisial o pite ki (sl oo
Qiang, ) PCA , CCA (Derksen, 1996) “RDA (al., 2003
(2005

Sliogad g pldl) (e Jolge ()2 G5 cnl Sl San
Ol (o a5 g5 jn sladile Cumes 8,50 (S
Sl dwgi > epe i Cledbl oyl bl o oliils S
sladlo ) adlil Jolse js ol 2 jpp slacile o pe

S o g3k oan

1- Canonical correspondence analysis
2- Principal component analysis
3- Redundancy analysis

aS ol plsal slaylis b cov (oLl claoye
s (Clements et al., 2011) 345 0 3l b)) 4 wuldl Lawgs
oSN lalis o slaile oy So3elsST lalllas 51 Lo
o Al Sy b oSl () bl g aiss mjs 9 oS
AU 5 sladile gl bl 2 dpl bl e laome Jalse
oS L ey Jud jl ox5j ele o (Andreasen et al., 1991)
Wil ) glacu i g el sbasS plo b o))
sladssS g byl (ogas 53 suios (Dale et al., 1992)
SgsS] Sldllas I gl Slaal I lame bayiiie 9 (LS
24565 @iy ¢ 2l g o Jeloe (Jafari et al., 2004) cul
Sl 5 aS Jls 3 0)liS e b S5 il S
S L dibis U Lol aujs SLSe clagSl
.(Holzner, 1982) ..l

9> oy (Reuss & Bachthaler, 1979) Jlsb g o,
Iy dlwdi> jpn lacile j5 .2 (Duke, 1976) o> 003,40
»lysen slacile  Slglys (Lindsay, 1953) i) s
a9y ol 0 e Olie L) o] (Stuad 5 g il
5 oy 2, bl (olon g O (slaosls jl oo |, pmcile
2 SB glgil awslis L (Harris & Cranston, 1979) suuil,S
Centaurea ) pas J5 5, acile woley dstue 3blis bUL
3l oolisl b blige 5 oo 5 .053,8 Lascin |, (diffusa Lam.
Jab Jsb ¢y 5 e iVl Uiyl el (ST Sluogas
ot 5y me 53 05l a8 iblis lod atntiy pSiles 5 ik
dgs (Centaurea maculosa Lam.) g okid jacale ool
(Timothy et al., 1985) & asuie

oS 3905 by (Frick & Thomas, 1992)  legi 9 o,
~ils Gilie claaisS ol 5 gl 1960-1987 (o Jlo b
Gl a4 ol ey pie g e glaygSh s b e sl
Morshedi et al., ) o) San g (sddyo . conl 48,8 )5 1506 cou
pIS £)l5e 5pm sladile (il asd ags 9 olelis L (2008
PRl sl 2 5 Olg e Uit £S5 9 3y dddaie 93 )3



199 Lpwis gl50 50 550 locile (251 b oulll Jolse 5 S Sluoguas bLI| (ousy 2

Cd)S Gygo Vb )lSe 035l )l 5 ()l 0335, b i
52 slaile o135 s Caa W St 5583151 (1 J2)
Thomas, 1991; Mccully et al., 1991; ) s esliul
& &)l » (Uddin et al., 2009; Minbashi et al., 2008
033l ¢ )l30 g diges &5 (g LS 035l U i cdiged gy (g,
0 20 (6,bSa i £l50 50 05 43S wiged 13 YL @ (o)l
320 00 YU & (o )i 0355 £5l50 5 420 40 ()l o3 5L b s
s ol plde dw ja )3 b a5 e > deyie a > anils
SO bwgs i yb 0 ()b pdiges g 39 yie 20 Jlgie aais 9
g 33 pLool (g yoyio 0/25) 420 05 y3 j20 0/5 slal & clyslys
g 2wl 4568 ¢ i S 4y wlpls S jia slacale
(Minbashi et al., 2008; Uddin et al., 2009) xus _bylei
doxiy 2w S )b 5o g dBlu dhw dllw w0 slacale

(Thomas et al., 1994) wi 43,5 JLai )3 o515 lgie 4

W 39, g dlg0

G (Simot 9 LLS )| () 3ios o] | S
Oned 4.0 o S Glusgad 5 (ol Jolos b ja slacale
Jiymo ool Ml (gl jed )3 ol pAS as )30 85 ¢ pglaie
J._>)§ ‘)-Q;_MJ “.))i})dj ‘)9))19} ‘)9&5 so.o.w)lb ‘oLM)Lo)f “.)llb.)
wLay 02’9) L)»Lwl = 1390‘91 JLw )0 Lo g )“"”9) sg.)).é
35L 3590 &)1 511391 Jlos j> .60 w0 (Thomas, 1991)
2 gleaale 1S, L SB Olusgas bl oy jelaie 4
bLg)l o b on 8,8 &g SIS (5 p5diged puS g)l5e
O s—olBl slaodly Ly 1391 Jlw » ja gladle (usly,
N U S PR 5 P 1391 v 1381 sl Jls

5 8 g5 J ol il ol > 5B ignd ol
O sy D90 (bl gli)log puS m3aded dls e slesl b
(S iy b Ss 50 el a4y a2 b lioyed 5 lag]

aluiilo 5 bl (3w yoend 2 )3 (2 P S’ 5 e i 33 DD (g 2 €550 Dlani -1 Jgu
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)

0slee 9 oS5 (Slold o il sladlslas I 5550y L
4255 dwlore (lopred pp )3 oS5
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(Anonymous, 1994) 1 ploul ¢ yieg,hun 39,

CANOCO (version 4.5) lible,5 j Laoesh jJUT cgs
5 LU, e g (CCAY Lisls allas 3JUT 5105 ooz
9 o0 3Ll (Jaxe (glaygiSé g 5o slacile o (Sturen
Kenkel et al., 2002; Qiang, 2005; Ter braak, 1987; Ter)
A S5 e yilo 93 ojpmcale  lalis I (braak, 1988
L ygiw 5 (6l dises sl 8o Jobs acaydy Jol o yile 5o
2392 S miges Gl 3 oad (lulis slaaiss Sl
5 cmosl8l Jelgs 9 a3 ) (6 mdised slaplSe pod uile
S0 e Jold codlBl Jelge 238,57 )15 s g 5> (S
Sllls oyl dn gy SSke 5 didiny digeS Wlllo s Wl
511391 15 1381 Jlos 51 conddl (glmodls 390 by grdas 51 glis)l g
1 gy oltile S il slidlen leML) 55 50

iadnyd slagby) Sl &Sl )50 )3 5 xS mrenal sl
Clige Ei ) ool plool |y *DCA T i oslizad | Lot
9 LaassS ey bl glis (p0/09) (o9, b siae e 918
el S (9 o dne 090 53 g b o3kl (b e Jalpe
Gl Lo T oalial b1y )5 s (M (gl) (sian
55529 1, 1391 Jlu 5 osldl Julgs LL3) (CCA) igls
Joelge S5 g e 5 19 L S8 cluoguas e jpacile
A e ymcile 65 1L (SB g ool

sl sla ) 9is g 5 50 sladle bl )
oLitilo )8 lil (] paS g)l50 )3 (Glee slogomy 5
S ol o ws Lol jacile 4545 163 Legase a5 b )l
ol 51l e Sy 4565 126 5 S o)l oS 27 Juls
5y sladile 655 123 (il o slacile gj2 655 37 e
253,515 dlags jum slacale 03, )0 ay] 5l 4365 dw 5 dlucSy
Jlw 3 oacs glulis jyacile claasss o8 oy L ol
L 1381 Lo Jlo (655ka) (coulil (slayg86 51 s 1391
-dile 0565 29 L5l wyp ol p (1 JS03) sl eglisa (1391

6- Canonical correspondence analysis
7- Unimodal
8- Detrended correspondence analysis

Y; {Thomas, 1991) K a5ss _llys (Rt cadsles oyl 1o
Suwi N g i ojles asyie 0 K 465 (0) o pae b g (1) e

233k 3y90 £)l3e

D, = .><4 (2)
m

K 665 (sl (gopoyio 5 digr 2lind) o515 1D calslas (1] 5o
alyleS 1 K 495 sluss 1Zj (Thomas, 1991) i oles as)3e 5
o Oy lylgS 3laws IM g ( oas yo 520 0/25)
2.Dq
MFD,, =+ —
n 3)

Thomas, ) K 458 51,5 58l IMFD,S calslas ] 5o
390 &)l30 3 N g i o)lesd acyie 3 K &565 o153 Dy (1991
axlllas

DS b S codl g Sluogas bLs)l aw)p jobaie &
S oyio 5w 25 Gos U SB 6 puSages jyn slacile
Croud g Sl Y pl )3 b 65,818 1iST Gos o> .0 ploo]
J3b b o S gy Blo gy Y 10,4 SO sdes
2 sbaisel w4 plxl Sl g (S a908 glacldlyS
s sl ol 9 S oBlinlojl 3 asBlis j9 b as acyio
Jolis o (65050l (S Slusgas i WUT SB Slusgas
OBy 223 e sl (S e pid i fie cqendS PH
5 (CEC) S isslS ol cd b oS by s s
o)as 5 5o PH ol Lawgs PH .33 (EC)° S8l cylim
Conductometer oS ws 3l oalaul b (S S colia cglosl 5
srSojbas L oda LB b cgludl 5 ojlas 5 o EC L
sLaSs et )Y g0 0/5 (NAHCO5) ot il S o bawgs
075 pysigel bl Jyloeo 5l oolitl Ly ol B Lpolzy o Sl
elS 5 23650 cgmeol 25 gy Sl edlitel b S JI 2V
L gldl J5 o)luac )3 EDTA jloslaiul b ggulyns (09, b
L g 55 S il Lasds (288 g oM ey jl o3litul

1- Frequency

2- Density

3- Mean field density
4-Cation exchange capacity

5- Electerical conductivity
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Juainl a8 o Lt )l Cige s ysbiswan (3 Jgie) a8 Sturad Jlgz CCA Sl5 (Stusar U105 (25l olitile S
oiine 0004 Jlazsl Ly SglS slmailgo s’ 5 gl ailge 0/04 w515 9 onlil Jele LS 5 s 5 (4ilho Jlaz) Jbiine
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1391 Jlw 3 oliile 57 b (o oS £4150 500 slacdle Collé (ad L« 81638 gl (o513 pSile ¢ gole U -2 Jgun
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.
Vicia ) g e S—ilo o (Myagrum perfoliatum L. )
b Cato (Siumad § 3¢ sy &y 3blie > (assyriaca Boiss.
a2 g e jlas iblie 3 Jlb e o aiih o el
SISk )l 38 (o A8y piag 390 B0 Sl ol
52 slacile 3y cul b amdo s (ST o 1) o o5 585
(V. grandiflora (Fisch. ex DC.) Jaub & Spach) gl
P. ) snccin ile g ce (Siuan osla 5 6y 09200
e Swmen (Xanthium spinosum L.) e5 {aviculare L.

{1 Js) smoo ot 1 L

e 5 e FaigeS L Sile Lol s 3 b ol adlze

3 S (S5l fyain b s 3 Cate (Siaad 155 e
S&L"’J)l 9 4C’)')> a1 US) o)l e (Stuson Joro ¢lis)|
Sl oges et jp slavile STy 1y b oyt “elis)
Ol dayd pogad 4 Oyl a2y GRIEIL md o (lis S
3op cloile o815 Gal51 L i Gilisee bl 53 ° 55 5 4t
@liuoj ity BY e {LOlUM rigidum Gaud.) s 5,2
Hordeum spontaneum ) »,5¢ {(Avena ludoviciana Dur.)
st 4390 (SiNApIs arvensis L.) >y J3,5 4 (C. Koch.
-dile ydg wyy ,» (Mottaghi et al., 2011) o) Ken o iz
S s g i) e 4 03,5 55 ol o5 550 sl
5 22 pipcdle 93 1515 5 lase Lo slod (1S3l g ALl
eSSk G gladile 1wl f5e pdsg SY
e (Suen Uy pxaw jl £l L (Secale cereale L.) ,lgls

1- Mean temperature
2- Min temperature
3- Max temperature
4- Temperature

5- Altitude

6- Evaporation
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Precipitation S 8152
s21 19 sie6
s13 S1
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E Mean temperature
in temperature
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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

38 1820 ( ing Jo,5 1519 gbgly 1S18 wi Sy (S1T7 wayy s wgye :S16 (5 :S15 (e 1S14 wily Kiw (S13 w355 1S12 4358 ely; 9> :S11
NS 1S27 5 sy can cile 1526wy Cuty (waye 1525 (555 1524 (lasgs 5 Sile 1823 ¢ Sloy pe Sile 1522 «Siomin 1S21
S1: A. cotula, S2: A. ludoviciana, S3: C. draba, S4: C. oxycantha, S5: C. album, S6: C. arvensis, S7: E. helioscopia, S8: E.
aleppecia, S9: G. tricornutum, S10: G. glabra, S11: H. vulgari, S12: H. spontaneum, S13: L. arvensis, S14: L. rigidum, S15: P.
australis, S16: P. alkekengi, S17 : P. convolvulus, S18: S. cereal, S19: S. arvensis, S20: S. halepensis, S21: V. grandiflora, S22 : V.
assyriaca, S23: V. villosa, S24: X. strumarium, S25: P. alkekengi, S26: P. aviculare and S27: M. perforatum

& oNS £ 30 5 SB Jolge il Cou 5 gladile LiSTy )3 lis 84S oy (CCA) gl  Kiwod U1 839 p3lie -5 Jouo
(1391 Jw)

Table 5- Eigenvalues of CCA axes that explained of the variation in weed species distribution affected by edaphic factors in
irrigated wheat fields (2012)

Jol alge 09> alge g allie  o,lea allie

M A A M
_°3” ke 0.499 0.436 0.327 0.302
Eigenvalues

ippcdle 5 ol Jelge (Finza 0819  0.809 0.716 0.733

Species- climate correlations
s 6.2 11.6 157 19.4

Cumulative percentage variance of species data

e Jolge 5 055 o oy srand 20,0 222 416 56.1 69.6

Cumulative percentage variance of species- climate relation
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(1391 J) S Jolgs g 352 srdle o bl )l (P0/05) 9,15 Cige Comd (3399 413 gizo -6 Jou>
Table 6- Monte carlo test (p<0.05) of significance relationship of weed species and edaphic factors (2012)

095!
Test

Jliks! Jake i F
P-value F ratio

S gl jome (1391 )b gtan Loy ke

0.049 2.644

Eigenvalues: test of significance of first canonical axis

S8 loygome plod (139 4l e

0.044 1.293

Test of significance of all canonical axes

Doy Ogsdyd 9 9,365 ¢ daustralis (Cav.) Trin, ex Steud.
L (Glycyrrhiza glabra L.) gle oy oS cusb (s yuin
Yl cie  Siaed 5)b (035 (S xS colin &8 S

(2 Js) ey

sasldl Jalge 5 S Olis guad 58 sladle bl

U8l a8 b i (CCA) 598 (S WUl muls
Sglite S Jolge 5 coulil by 1 o0 jacils aais
i pmdile w58 19 L)l oaisS Ghoogs M sl jges .ol
JS8) ol ol ol (i 5 SB Sleogas 135 (2 Jga2)
LUl uilly %3218 51 s 9o 9 ol adlge Joges ol 5.3
Jelye 5 SB Cliogas 5 o pa5 g)l50 5 ypiile SladisS
oS ol Lt )15 ige s (T Jgie) 5o St |) (ol
0/01 Jlaasl b Sl8 slaadlio ads 5 Jol adlge 0/047 Jlozsl L
(8 Jsiz) aisl o s ine

SE jad 5 (Jerm Qe o5 a3 ge L O b jhges
IS E)lie )3 0p3g> acile Glag) 9 A5) p S3e slayeSl Sl
Ol PS5 4850 53 Gy VL Ol 2 (S >
Wl uloge g il iulisl puiS i 0)dgn Sy 0jlul &S 0l
09t Asyje | a8 35 418y S 4 gy & (s )lje 50 piS
Slygll Jewsley YU (S35 955 (Hamidi, 2012) 350 (35,2
ol YL (215, (blgy adyy Slaogas obj 45) (e olS
Oyl 3l ol slaeasl )3 walpo Cygo 4 agS (pl &S 0l sl
i sladile p o5eym 398 x5 (Hamidi, 2012) WS 1y 3405
ot Jole (5955 (Pysek & Leps, 1991) cowl b sln
Bohnert, 1981; ) uib o dikaio o jo clacile jold oS 5 )
(Pysek & Leps, 1991; Thorup & Pinnerrup, 1983
Sy dmyd morien g pe S Lo (392 YU g 3bj e Ginen
el oA puS g5 )3 (pdg Y gy ST GRSl ey

S olusgad 5 5,8 gladdle bl )l

WU cosv jadile ladseS j5is aS b ol pbs
-dile 665 19 Loyl wyp ol g3 ol Sglite S Slosgas
olisile)S o paiS gl3e o SB Jole 13 1L (2 Jgaz) e o
Mz CCA slS (Stan 5JUT .85 1,5 oy 0)00
5 SB Sluogas SluS 5 o (allhe o) Joisine (Stusen
AU ool @l 08 bl jyn cladile baiss o515
3 e 9o 9 gl adlie 93 oy (Lis (CCA) SglS (Saunen
i |y SB Slusgad ¢ asgS o bls,l Luwb,ly %41/6
Ly 4 ol Lt LS cige s psbien (B Jgaz) aiiS oo
0/04 Jlasl b 59lS slaadlie S o Jol adlge 0/04 Jlozs|
(6 Jgie) stlsa o gina

L slacSls 5 0n)8 oiud (g st PH Olise b Jl adlhe
oo s Oliee b g ) Cute (Stser (o 9 (5 <L
St (oS Eolin S ol b 5 ol cpped
SB 30y Ol b nd 4 0)d9 pacile (2 JS2) 5)b ake
e b (S35 (Stamod 0)392 (izpd LK) Cute (Shuon
S ) oo olS 0L o515 0 YU jaud 5 (n)S Ol b
Chenopodium album ) Kekw 5,a (slacale .05 oanlie hw
2w &S 2,150 5 (Sorghum halepense L. Pers.) L3 4 (L.
Sl oYL PH &S S (5 04 0 8l j599 4y L)l YL
V. ) gz J5 Sl 4 (C. draba L. Desv.) el jpmcile
WS Ely 5 o sypiile b S s 4 (villosa Roth.
Jelos ol L e (Stansor Oy (6L Jlages 53 9 )0 2V
e Sy jyacide Ao Gl Jbges (2 JS3) )b
&S o My yiag oy sS15 5> (Convolvulus arvensis L.)
(Carthamus oxycantha M. B.) iy 5,15 g 595 jpmiale
(2 J5) catls SB 5551 Jols lise b (S35 w5
P. ) 5 5pp badile canl YU o] osie olise &5 oSS )
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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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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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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
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Department of Agronomy, Faculty of Agriculture, Tehran University, Associate Professor, Weed Research Section
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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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E35 ey e > sladlllas gn (S g2 ol 1 (2014
4855 ploml il ol il 3blie 5 (6555LiS Y guarme
=h5 QLS (e g9 (b))l Baa b 3aiS cul nlply
Oried 9 £ (o8 sbapadll slie  ladel Gl (£
Ol ol (eslBl Jalge g (s £95 O S92 90 Latlgy ()

B g0

L 59, 9 dgo
SleMb! (65l gon

105937 U oy colio b &8 loduol oyl 55 3adioss o]
3> 43 9 2330 o g lnl 5350 M G 1 @pesteshS
55 5 43536 g 45,549 5 Jlas yoye 483327 g5 34 L
(Anonymous, 2014) 5jls ), 3 3,5 Job aids 31 g asyd
slagliwned il Gios ol Gl 3 3550 glaosly a3 plos
JSa 5 ol colainol el Jold laiol il Cilises
(B> «SSbly g 50 sl red (dned 3k (Gl lsS
OLpsM b (y9ir B (i Lo e R (el ep yrous
Jles 3 il 5 2Liliog ¢l S )lo o) SIS (L2l
[l 09,5 Cdm 4 5 GlaLS iman 03,5 (5910021393
(slddele LS by o (g5l O gasto «Olhgs (M
Iels 09,5 9> 4 (£ (lalS 5 29y GlalS 5 sxie UL
PBLS ol (6 e S 020 53 g Adixe 090 (5

51(1391-92 _<l); JLu) oliwytd yn 4 byyye coleMbl
355 9 297 032 (g5 polaio (ped 4 &S pladelidy 3k
Osmen 35 Cud dbgye (gt b (6390 ladnlas 5k
5 bl (659l sl lojle slaasly bl 5l leMbl 5l iz
(MAJ, 2014) 155 zl5cl 98

& SBpad L el g Oleb] Jllod g 4525
S5s9UES (Fm ;

b slgs slie o] oo g ajos g lnosh glyseinl 5l

Elilos (alS 555 alin o Jilize gl o] Lol
S39US 55 Ll s (aee 013 5 03) Jaloe c e
59> &)le 4 (Conway, 1987) 33,5 o ly; slapllaipg 5
ple 5 (S5 mbe 5l o pie slacbles jloslazl b l5)5lis
o.))'l_g 9 .))_gxlo.c )Afl.)._> MS le).: 055 ul.)9>9.o 9 Sk 9 u]
51 i ; €95 (Almekinders et al., 1995) 1S o o3l
s slacide 5 bagylow bl s ¢ olie dlge 43> 5,k
ol JLos 5 (oo Slilug & gy 5> Coglio (il s
(Altieri, 1999) 545 oo 2l); cbapllaipg yiin ()b @l
95 b =) slapliipg () £95 O aiitas dlasl) 3929
(Benton et al., 2003) ol oasmy sl & (65y9LiS” (slapimnen
IS olye da (hpde g (25 Sldas g9 0590l (Iile &
o2b A ld o grdaw )3 (] 95 0MS i Jolge (2 rotee
O ) G ol Mol glaanylg 5l eslatwl ¢ Jle (lais 4y .l
Jus 4 g plez yulys )3 (loxo (slaait)ly 5l a0y 90 s9a5 (33,
gpcm) 3ol 005 (65,58 (slapllsipy: ) 95 LRl
39 3l ladlo )3 (55ysliS s 55 5l cblis g adlllas
Koocheki et al., ) couwn g 09 (55y9lisS lalispg 4o
- S5 laplas )5S« dxo (5)yliS ogxg opl b (2004C
S5 55 b Jgazmey slaanly Sl ool )5 (Ll)S g S
Gl (o wmd o libl ]y aeolisS 5, Slos ax STyl
4 gy g2 sk L) ol Glapllip Cllas 5,551 5 sl
(Picasso et al., 2008) 5,5 salg> 4,
golaidl ¢ sxio alisee ladiw) 2 oluil glaculles
=S 3 b SolSing; 4 il 5 GBS 3 g gysliaS
02 o 315> 6598 Sl wrw o gl Jl e 0dndyy
Eyman g b (solSiaj o35 ol Jlid 4 g (e £95
L, .(Hiltoln- Taylor, 2000) ¢l 04 3,91 20y 50 51 i
S S0l din; 4o o ploul wlalllas § cladss ST by
o5 L Qi § 48 )5 &g el slopllas )3 i £95
=hj slopllaipg )3 (iuj g98 W (oyp 9 ©xSojul &
Nassiri Mahallati, 2005; Koocheki et al., ) Aolasly
(20044, c; Koocheki et al., 2011
Sy aie) ) 598 e slaglid Sl (S el Gl
b gl cpl aSigysb 4 bilioo (0 9 (EL g (o5 Y g
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(2lS lawiss cutS 5 o L) loeigS ol 'S 5 9 = il
chw b ol mje (31eSS @il 5l gylre adls cplasl e
Y g uame (il (gloog)S 10 dgrge (BLS sladisS cuiS 5
dx b a3l o ol SegS b (sglue ] il g 039 ()5LaS
) gaw yuin (BIeSH Gme 4 wdl Y5 S d e
dikisee sladisS Jlie flyic 4) Jpamo S (cladigs cuss
bl 005 sho 4 de g (g @y AT g s jl M
il e (@M )3 paciS Mie) Jguameo K ol simnlis
[(Ejtehadi et al., 2008)

Teols 5 claigs Sty )y 5 Wl g555 (6 So)01 sl
5 0oLzl (4) &sles ulul y (Preston, 1962)

S=CxA’ (4)
ole b ©yso 4 )8 s b Glgioe 1y (4) doles

(5 asles) 5,8
LogS = LogC +Z x LogA ()

il o dilais Colus A 5 clisS 5li 1S wsleo oyl 5 &S
Sl b i sl [Silo ol 4 a5 039y <ol )52 5 C
Cy g addgladlaio J)le b Colus o Sass 5 (laisS
face j oy il o colue il b glags ol sl
£ 0355 ol (2) s s Wl 55,5 C i () el
Sl SH)b g Oyl o pd 4 bype el leMbl L abl o by
el 1390 o 55 pledol il G Lo gbl e
Alizadeh ) o3 ysel (s pumii wlal ¢ (Anonymouse, 2013)
Jolt) p5 SLke malBl jlag < il ol (et al., 2002
«SSblo g )53 ol (S 9 Ol ol (el ol ot
Lagbiwed Jald) Juino bl {5k 5 b (LIS pyoms
"o GBS (g 8 b (el Lusl e (ned g
5 ol s (Blod (slagylius g Jolit) 3 Sts oL
9 Atigh b oLy slagliwpd Jold) Juzes o (5L
IS olee o Lo g Ll 55 dglio 5 0 (slipmmnds (g0
e 35 ool glgn g O ddlats Sl cnl 2L 5 Lolj sladiS
2 ol yo Colue § C plyie 2 bbb (1668 sl jglaia
A5 oaly il a5 3590 dlblee g Ad jolate A lgie

2- Species- area relationship

235 Gl Gl 250 (b g ol slaaisS saw h)led
>y ~opld (O ges pasld I SlasS g b)) sl
il oo agS s Syl g slaigS sl bl oS (H')
o) (Shannon & Weaver, 1949) 1 oslizul (1) dslee b
gLt s oM g o3l )l 55 (i 3l omolio 2512 cpa3LS
LS (S)ls a5 2S00 2 e ) 68 0l El laiS
e 05 51 g am oo )18 Jlai so o ], aisS (o 313l g5
(Ejtehadi et al., 2008) <l
H=-3 Dy (1)
N N
s TN (H20) 9 = 093l pasls T H clsles oyl 0 o8

331 JS oluwi IN (@565 el ) 4565 o (03g5Camn )yl L) 5,3

6 5o o G S 1 i 52535 )
il o

Mo (g~ £935 asld e Cger adllae ool
S ) e Spgmo 4 (£l g (o)) Y gare dlp %‘
) e JS5 A adlhe 3590 09,5 p2 53 (65y5laS Y guasee
adslee 3oyb 5l liwyed o gl 1391-92 )5 Jlo p» cuss
(Shannon & Weaver, 1949) 4,55 auulxs (2)
H Z_Z p;xIn p; (2)

dslllas 5y5 0 Jouaro 4565yl wpuw i P cddleo oyl
e S5 51 (ol ged o 3 a8 catS o ans < Jlie sl0)
2 M S 5 s Jlto lyie 4) Jgpasee g o €S 5
5 OV gazme JS jadld byl sl abbe (ol gt S5
A S a3 09)5 pa p3 JBd OV g 4 £

il (slog)S o (S8 (S95e (wp slp pimen
LISy pasls ] sl g 3 SV e JS eipen 5
Sl opls yasls 3¢ peles L a5 (Gosselin, 2006) 1 osliwl
(Ejtehadi et al., 2008) 15 auwlxo (3) dsles 5 )b
J= ®)

InS
95 oL H ((Ble i 4adld bl o] 3 48

1- Evenness index
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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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Jls y> 45 sladdllas 4> 55 (Koocheki et al., 2011) ,Se 4
plosl ol S5 (el @V guame L bl > 1386-87 <))
4yt cutS o pdaw JS 5l o ps 96 dgus b 1y oMe il
Bajwa, ) lgsls . a3ged (Byme oyl o oS L pllss lgie
Sl 1y S plls ol cole (Altieri, 1999) (¢ 1 5 (1995
sley bl e ol U8 5islis 2

sMbgle LS & 3l a8 5 e ity S Sl g
slaoliwl (2 Joas) 39 e 1) o doyd 20 3905 L
203 8IT 5 13181 L9/8I b sy 4 (1% g LIS (ol
(2 Jous) s Jolis 1y cladole bls cuiS o pxdaw oy yiaS

eSS paw dop> Sy 390> b (29)b plals
5969 L sl oy ol 51 a8 caimadly oyl ol pllas )5 1y wpew
l s GBS iS5 o (i oy 14T L 5 e
sbapbuopd )3 GBS ol citS pj gdaw (iS85 Jols
LBl g (woys 0/017) jois wes (auoy> 0/007 ja) Lo pos
@ Glaio 0lewdl o> 20 (2 Jgas) cuils )8 (as,> 0/085)
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 )
Ll plyis 4 @p cuiS g A ol pllss lsie & pasS cis
Koocheki et al., ) asloas ,$3 j5i8 Jlods sble > LI
coan el 45s8 5 2L &Y game b bls)l )3 .(2004b
;U139 (Prunus dulcis Mill.) phl oyl s 23 5 b o
Pistacia vera ) aiw «;bw s g ,» (Punica granatum L.)
ol 93, (Vitis vinifera L.) 56l g yliw s 4w o (L.
Pyrus communis ) (M5 a5l olaisl 36 4 1) e aigS

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
(2 Jgaz) ol (olamsl 39 4 1y el o )3 (£L &Y guace

Oty 5> e ogee l3yd 3l (10 40/2) e 5 yieS
Lo CutS 5 o s 22y 4] 457 W9 g0 oS p o
L oliped 52 5 1 sladsie) cod o e85 4 3late
O 2 GBS Olie (nyteS caw CE ) CllE 4 oy
a5 ol slagliopes (4 Jgie) cutly il slogli 2
0/04) SSULs g 595 5 (10,3 0/76) dase 5 )lgs 2 (103 5a0)
Jolos 1y adaies (s )> cuitS 5l o ys S5 5l a8 S g (wopd
5 P o ol (0l slaglia g 3 (2 Jsi) $45
50 591> (2 Jgan) bl g2y (g pmn)S (5, jreigy b
23144) liody) Lyl o 53 (6 pamoyS HLis 3l doyd
cusS (woy> 15/93) oLals ¢ (woy> 12/51) JSaw g o)ly] (aoy
(2 Jgsa) sus

9993 5 Oldel slagliapdd (el OY gazs 3)90 )
Ol 3 1) €Sy e (n S 5 (rier oy 4 Sl
b oM bl caliste ely; Y gamo o 5 (1 Jgas) aizsb
1y izl (ely; LS cuiS 5 aaw oy yidn uoyd 99 d9is
(O eoladel 5 ilise oo o 5 (2 Jg2) aizshs
29 4 ) OME S o o (s iy 4 OO g e
oS o5 aaw 0oy 50 1 i &S g0 @ Dl olass]
CitS 5 e (pyieS il g2y bagliped ol 2 1y M
" e (Sl 9)95 08l Glapliopgedd 2 i & g8 e
o=l dasg b (2 ‘_J9_\;) L5 odnlie Sbliss o Hlusled ¢ o
LSS bl e ol il 5 i L pllss M Lol
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s glaylinynad o el OY oo (Bl s s

i an padls ol ol oyt 45 Ob LS okl il
5 080 QLS v s slaglis ol 4 Loy e
3 o ;S elaliwps gl (asls opl Hlade g sblcass
Oy doy el ol e o y2eS 392 018 1 0/7 3900

s o S o ol s Jpane e IS
mdsS CulS yj pdaw a8 Cunl pl et L Al yide (slaisS
S gl A8 wn b S e 5oy peslyaS alS ol
Ol i ) (JLie yloie 4 (Koocheki et al., 2011) .ol
Caod 4 ely; blS 316 (edls e peS bl
e eSS ) pdaw uoyd 80 dgus a8 el Jbs g3 ol sl
AlliuM ) Lo 4 by yo @l e 2u0y3 50 51 i pdiS 4 slaio
(e g W09 4 Blaie (sladgle LS 1oy 50 51 i (cepa L.
iS5 s 205390 o5 GlalS 09,5 52 55 (Silke s &
(el samizs ool Lt slicel) cunl eV gz I (S 4 3lato
9 Sl Lid oy ol prd ol S cpl o929 b cnlpl
OeS (g 092 b ) (ehj lals el 5 aaw op pider
Koocheki et al., ) ol,LSen 5 (SogS b flis |y (3lg S,
035 0l ! 25 LS o 0 P8 £55 o) 52 (2004C
sboapd) cadle Jds ) 598 )3 gy p8)) (B16iSy el
Ot IS paslS laSle iy Jgae (pl 5l ool
9 (s 45 6ya b 4 dgy Wglale i calisee ol); WY guazs
ol 5 (0/921) g (ol s & padls ol lise o258
(3 Joao) 1 oaabie (0/569) _iaio

opls pals (SUle yobo 4 g — P g9 sl
93 5| G Ly o8 ol & 3L oo 154 daias s>l s
Coal Gl ol (0/65) (s puso 5 ol ly sy cpl ply
Ol s g Ay bl b ladol il ol gusly (4 Jga2)
2 ddine s3> i g Dl (ol pls S o walyd yigy |) daiae
OHlLSed 5 (SosS Coml (punn)S s o 5l iy oulBl oyl
3 yz9 = opls jasld o3 4wl 4 (Koocheki et al., 2011)
1103, o)Ll ! (6558 Y guaeo i1

{Phoenix dactylifera L.) L5 (Juglans regia L.) g3,5 (L.
4 (Prunus persica L.) ¢-l» 4 (Malus domestica L.) o
9 poew «Sihlugyos olusls el ned lagliv ped ) coi
(L Jgse) $290 e SladssS 2jor lo 930
G OV e glaiS slie | SAPSy g glaiss sls
&S Gl Casdly ol (LS lhaol il gla b o jo calises
bol)ﬁjsd.f)l.,.oslﬁbd@ol‘d;17b)’;]aj9olzzﬂ“_’)tﬁ}l§
OS2l 65 o b S g ol g e (25 65 15
Joda) K390 Lls il (2L Y guamo 48 o |y (laisS o)y
20U oldol g biwy) slaglinyed oly; &Y game ) (1
5 sl le oy iy 455 20 L oLslS g Lo s g 565
5395 1> 1y 4365 shass o 268 68 11 L SSLly g 598 oyl yoed
mpllas ) g syl bl SB Glusgas 1> 45 g (oddBl g
s wLs (Oldfield & Alcorn, 1987) siwa <5 sla
033 )5 sbagliwped ) (Bl g (£ Y gaze YL (laS
o8l sy Uy 5l Lol g ) 53 YU LoanlBl £ 51 050
Ol e 457 8L > plin el il clises (ol o
Sbly (Jsine «Ssd ¢ 3 ) ciliseo walBl Jloa b GBlyb 51 ledeo]
L S g ol &S Jb s sl ond dblsl (5,5 Sblo g Jaixe
Sl paldl b o8 s il o )3 (SWSS (Slid (508
oilal gy OY gaze & S g wull g0 (ol ol .ol p )5
2 0l Sl g Sy a3 e ) dilaie S > A
2ole g Mo (Rl oghe BBy g pite (axe bl
2w g alogl S io —cl; OV ginme jl S 0y
EisliS pllips: ke 4 350 s ol |) o &Y e
(Gliessman, 1995) 5,5 s algs <8 > b (6,b Coow 4
e @ ol ) anel> S o Shy (S WS g5
S Jle pl bl (S g9 () 55 ok Jl (S
3 255 (e 855 11 Ay 4 45 SIS 58 (e ol
T e g g9 ol lal Sl (S or S (Blesy
Y game 3l asli dulxe .(Maguran, 1996) >g.
Oy S 0l ol ledsl il calisee (gla oyl idd j> £l
Ol slapbiw el o by e cb 5 4 (3190 (%S
Silse gl (3 Jgas) el (0/192) pyeow 4 (0/830)
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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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Fig. 1- Total Shannon index of different agricultural productions in different regions of Isfahan province
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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
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C and Z are equation (5) coefficients which C, Z and R? are
Alpha diversity, Beta diversity and correlation coefficient of
equation, respectively.
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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.
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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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el 5alaS 393 Sy ) iy bole S clalog 4lS )3 s 3,5k ggarme 4asli & oy L Lilej] gl wias cutS s Lg)
ooid ) e glie (RS S0 ©)le 40l oo Cugh) g )9 dlex Sl dae mlie Bpae 3 lbieds Lugd g ©)5 (leSe a5l (S
ez S5 i ohalef] Jgb 3 00 € jymiile 9355 gy Jl Syl 4o (alS bglis ciS slapis 13 | jyp slacile Sis o
5 (Portulaca oleraceae L.) « s (Echinochloa cruss-gali L.) cy,4. « (Amaranthus retroflexus L.) _ugys gb Jols 4555
SaSaas S jasls ol jials Lbeds Loy 5 o)) (el cuiS b awlie 1 bglse cuiS ,s (Solanum nigrum L.) j,sb
059 312882 Llnia Ly Lalls coiS &) s 003 21736 53 Lalls S 4y Cans bgle clacaiS 5 & ol (L jyn clacils
Dydin pald i8S b duglia )3 5ya (sladile 05, GEalS el (Jlipda Lagd 5 ©)5 bl <ot umd o oL o 05 alS e glacile

hsme wlie G yme ¢ 3,8kas ggazme (alls S o pacile (SuiSais LT (o515 s lS sesls

g Coleg o g ) EalS cel wugb) g 598 der I oo
Cavigelli et al., 2009; Gherekhloo et ) x4-5 —<l,; ;LS
2 5n cladide copae adgl Bum ool ol 5 (al., 2010
=l oS b slecale o gl als Wde sl
LaiSale jl ookl 4,351 (Holander et al., 2007) wsb .
mdile Gl g wilbie jpp slacile JuS 53 @ gy So
el 5 b slacl (S3s wsle b iSaile o sla
- &S s loles dlos il oni; Gbgrge plo 4 Sk,

doddo
OblS Mg oaiS39a00 Jolge o yiars 1 (S jyp slaile
Kruidhof et ) wiws I8 )| cuiS clagiuw 1 039 4 =y
e cladile Cages (el a8 amd o olis wligss (al., 2008

T Mg Jghite it Sl juie SOB)) it slaptan
slacide 39 0 el yal ol a5 (Amosse et al., 2013) wil

e i Bpae a3ui 5 g ol lalS b i cols, L j,m

IR el oKL (5550l el 09, 1y 9 )i i =2 5
(Email: ehamdollah@gmail.com e odimggs = %)
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blste cuiS oS 05 sanlie (Vigna sinesis L.) Lbeds ool
b 5y gladile 4 (BB )95 ey Bl e a3l L
dumlio )0 byl culS 2 5 sladdle SS9 a5 g0k
Lo 1l 627 5y an Lhpais Log 9 ©)d Lallb cuiS' L
» oSy Lial;8l (Eskandari & Ghanbari, 2010) 3l als
19 4 o (Vicia faba L.) YL, g g  ooljdl bolseo cuis
Agegnnenu ) i 5o slacile s iy pials el (550
bolste cuiS iuljbl g uiSols ¢S il awlis (et al., 2007
3 ol S HlS g5 53 ym 43 515 5l L5 355 5 52
Sy Wb ials allb cuiS b awglio o 1) e slacale Sis
CdS ) S otylBl boglee oS 5 5ym slacile SiS yj
o> g jpdile S iy Sysk @39 (25Nl byl
by lse ¢S ¢ yalls cuiS > (Amaranthus retroflexus L.)
» 518550 130 csp a olibl bglsce cuiS g o3l
ey (Hamzei & Seyedi, 2013) 45,5 aulwe mpoyio
oS w5 oanliie (Cucurbia maxima L.) Jus 918 5 &> bglse
@y 5, Slas aSinl o S Ly SRl L5508 (515 42 e
Ol bgdipe yieS 5 5 lacile Sis 59 WS Iy alS
Seid g gl oyt 5 oS 98 S sl Jl
Ronald & ) s9i e jo @y Lalls CutS 4 Cad jyp clacile
[(Charles, 2012

il bgloee ciS Sl gy pols Giagh sl jl Gaa
2o sladle (e oS 5 g Ay p Glbeda by 5 0
351 SlS ) S Ll

L9, 9 3190
Ssish gl Jlod 5 ly Seiapsl it 5 oo
32 aibate oLdlys oy .00,8 121 1392-93 o5 Jlo
S el g akds 22 5 420 48 lilix Jsb 4id> 29 5 42>
5 yiooshso 304 £5YLu LS5l Lawste .13l o yio 176 5 s
-l 43,3 24 a5Vl (clod bwgio b i g )5 adaio il

il e S5 s 5 Sa b Sliogas | oy sl 3l
ol odal 1 Joss )3 Liulejl

g iy b iScale jloalatul (158l 550 o 1) ola
Demden & Liewellyn, 2006; Yuan-Quan ) sslasls ol yen 4
Lo gy 5l oslaul gy IS (s oo 4 (et al., 2012
Lol adly (ga3) & 5y K5, ojyp slacile S oland ué
mCadghme Gl plerdyd lagiy) (S il edlinel (Jl
Y lodle 35 4S5 (Sl gy 3 dlex jlasle o
Lol BB GlalS don 53 &S ipl 2 ogMle ¢ > (g b g 3900
Bastiaans et al., ) 5,5 55 (Slghd LS (sop 4 jls eaib oo
gy 3l ool bl o) 2 .(2002; Kropff & Walter, 2000
Cadgizme Ly Ly jpp slacile (sloasalS anwgi 5 a) wlgsy o
ool 48,8 1,8 08T 590 calSs bay ] coldy )08 5l 5 S aslge
Joa> caz b bg, opyiete ;I Sy (Holander et al., 2007)
Wei et ) cosl 155 (slogtugm 3 ) g5 Ghl3El «din
oly oty Smainms 5 (o yeke Olsie 4 (bl i (al., 2010
Sl 0and (SByme (659LuiS L ) () E55 G158
[(Nassiri-Mahallati et al., 2001; Pogio, 2005)
1z L9 ol (b oS cul (ol el S bgle s
oSS (o) e sk S > plojen Cjgo 4y (5 0l
S K15 o oS wiuw oyl .(Dela-Foente et al., 2014) xg
Sl e £95 Ak (KT Jgol il les ol g5
Shenan, ) atly (gt 558 slapuslSe plo g (i Jlite
33l waly3 ) jya slaci e J, S LSl 45 (2008
L o8l ol o ol o )55 (Vandermeer et al., 2002)
by e ciS )3 )95 05y 4 (laee mlie | il (650 o e
3950 by e cutS > (Ghanbari et al., 2006) 39 0 walyd
o i (Hordeum vulgare L.) o> 4 (Pisum sativum L.)
2 b odalie 3556 el 5 culS ) i sleaale SUid 50
i laddle Sis ojg o ieS g2 g 2950 bglse cuiS &S >
OalS 3590 33 aolie zols (Seyedi et al., 2012) 54 1) 1,
(Vigna radiata L.) _slo Lglse cusS )3 jpn (slacale cones
Rezvani-) coul oai i,l5-5 (Nigella sativa L.) ailalw
CiS ) yo eenld B 3905 (Moghaddam et al., 2009
Gl 03 Glsie jp slacile Ay (Bl ) eqe Jole byl
(Zea mays L.) &> wiils bolse cuis )5 .(Willey, 1990)
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wyd (Al baldo CliS 50 0 Gadile gligS oS 5 g by (235

oitlejl gl Jme S aleasd 9 (S8 Oluogad By -1 Jgsr
Table 1- Some physical and chemical properties of soil of experimental place

; k) el
2055 k) pud . Sl
. »ner dapd So S Colan ] - ) o
cdl (0s55ks (s 5 e tmmond) (wnoy3) Sl o3l (

Texture P,0s ded P ' Organic matter (%) e

(mg.kg™) K0 Depth (cm)
(mg.kg™)
Lg;Jm 18 285 7.91 2.39 0.45 0-30

Bing ol )3l 0dd 03 L5 g3 Jodo pd bl 2 ys a8 g
S oS w5 odlizwl )3 (SC704) 704 L, JSiew 35 a4 51
Tajbakhsh, ) aily ;o (sladsle 5 (slash) o5 laie 55 4y e

(1996

S i L 3 €3 g s 35 s alef

D55 3 o 2 skt S (slncSly 4 e (ool
@y pals et o 93 ol Galejl 5,50 (slalass b plos
il gy ol bobie S jloi Yoz 9 hbed Lug)

Gulod )3 Hllosl 2,90 (61 lowi -2 Jou

Table 2- Treatments of the experiment

Sl s T
Cropping system Description
M O Al culs
Sole maize
T (b Logh 303 25 )3 0> 100) i3] boglce oS
Intercropping (additive series): 100% maize+ 25% cowpea
T (b Logh 303 50 +5)3 1uy> 100) 58] boglcs oS
Intercropping (additive series): 100% maize+ 50% cowpea
T (oo Logh 3o )3 75 )3 3uoyd 100) i3] boglce oS
Intercropping (additive series): 100% maize+ 75% cowpea
T (LLbesis Log 203 100 +5)3 003 100) oil58l boglsen oS
Intercropping (additive series): 100% maize+ 100% cowpea
Sole cowpea

olo widwl gl > (lojor yobo 4y (Lliwuiex Lug) 5 €3 clls
Sygmo 4o &S CiS £ a4 oy b )S pbol cund b g 1392
Sy b b 5358 S8 gn (talej] Jsb o «d 5 plonl S
bl oyl 2855 )15 oalital 390 (S ile alox ) o lansd
5 83 Oygo 4 S)lel by CES Spgo S an Al
893 3 5B e o 4 52 S35l O ) ity
Ofari & ) <6, plosl o joy axkz y (xSolee yobo 4 g (4t
(Stern, 1987
(PALS Jidy jo o o bbe S Sl cwyp slp
o dy Juab oo 5 1l o (PAR) ¥ g jitogtd Jlb lasinds

1- Photosynthetically active radiation

ay dag b (lbpds Logd 5 ©)3 palls et bajlos

90T slagSly o iy & (alls cuiS )3 gl osgllas o515
Tajbakhsh, 1996; Koocheki & ) x—yep—o ,> 4 20
O oS 5l S ¢y ui cuis (Banayan-Aval, 1994
Sz Jgb ar coils cius,y s Jold a8 .05 odlil yie 3X4 slal
SIS ki 5 B Sy 3 39 gl T5 Aol 5 a
bty )03 Byl 53 5 0 ()55 o Lalld cuiS 10,5 100
Lo o515 5l (e slacuns byl cuiS oS 5 4 429
Aol Lbpda lug oS GlapSly 30,5 Lol (Lbgis
Log L ady Jobo plad U ad olswsl glisS 4 i) ()

29d CulS bty
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dile s g phals 5o bgske cuiS il b s eolizal 5y»
Sgd asdie L) 9 ) alld S b awlis o 5 s
(Sharma & Banik, 2013)
WSE= [(W1-W,)/W,] x100 2)
b 2y n glacile SauSais T WSE (o ,» &
G oAl ciS s 5 seaile Sid e Wy by oS
5 0y byl glacuis )3 50 ladile Sis (59 Wa 5 Lagl
A3 Alipia Loy
ploul Mstat-C 15 sle 5 5l oolazul b Wosly il yls 4 e
IS 40 Sl slaials i pgni] laSibs Aulio (sl 8,8

N

awlied Joan g Slape (uSile 9 (o3lj] 2233 Joao
(1053) yp Ll p culs dilisew clapla 513550 55 b, Silo
als po a3 (31,5 5lo 4353) S5 (slod g (o) S cugbs,
A2 o s |y (g S0l calises

Iy (PAR) (sj0mgis Jled lrdindis Gl ocudlS (g lospiunan
ki g 5 050 4 1 (4 53 (slaJgaz) ol )15 b cow
JSi g Sy g gls Liol)] o M) s 4 bl oS
ail gydw 2L PAR Cis d sl e ¢ alS i
hlS Gl cage amd )3 g 005 Cla L sialoy) bwg
15y ady) Jslye 53 Loguas (bgbie S )5.05 PAR Gl
P bgle cis LS Luliel el oS cul b Sy pdaw
dyg—0 ) helio gulis 005 oo (g itungd Jlad Cladimds Jyus
590 Gladse | ool bawgi bolswe cuiS” )0 PAR by Cls
Triticum ) puiS Lglsco oS 48w (5,155 .ol 0 )35 55
S 4 Coms syt 2hS L 1) PAR ML 4 (aestivum L.
A Conl (1 San oS gadyed Oladinds oS | 0,8 Cls ol
Jmad slagl 3 YL 5y 9 Juad il 3 puiS oS a3, LIS
Sy oh)LS LML 5 puS bolsee cuiS b Wlg o dg) yin
(Ghanbari-Bonjar & Lee, 2002) 5,5 ,|,8 o3lisul 590

2- Weed smothering efficiency

o5 jl oozl b 12-14 el Juolgd 1o o9lS (0 atun |
2 395 Climn epshaio ul & k3 (5525051 SFBOT e iy
L o 4 o5 Al g > S g 5 LS iy VL
e 56hee 5 (6pS0jll ©pS o (19,0 5 o sl
o dag Lyt ale 08 ol sl ittt Jlub Oladnds
csls slapllas 13l cov SB OT ols ey o Hllazl &S oyl
S So3hsl Ay b Jgbo 53 jbaw SB T (ggime 2,5 )8
Sre5aged Oy o p3 i lisee dabl dw Sl I ol sl 8
S90Sl ged S ladiged bobe 1§ 08,5 )90
o SB gle>. e85 )15 oliel 3y90 (g gy 4 ST gk
de y3 g by Juad Jgb 13 )b d (60 5l 10U i ae 5
b aw jo Lo S0 g a6 505ll Lo )S plad ) calads
Ghanbari-) cos, ,LS 4y )8 o 13 SB slos lyis 4 050
(Bonjar, 2000
P Cadlyy s (ud g (g0 alsye 4 )3 (s Sl
3 303)5 ploul 1393 s 3 20 0,6 )3 lojen yob 4 oLS 0
25 ey D95 Sglerid (Sdwey 4 38 hbede byl b
e sLnplis] 48 clanils @31 Gl Ly il dlo
39 iy )8 o prdaw s b (4l 5 Sy cals Joliz) oS
S8y glacide s (deda Logh «0)d ol 465" ol
a3 10 oyl 4y o celw 48 cue 4 ol ) ladiges 505
dle dged yb sl J5 S (g 9 285118 015 e
S
a3 byl cuiS il oSe e druloe

et ol " i 5y Shae pyraina” S ] ana i
'(Eskandari & Ghanbari, 2010)
RYT = (Yar / Yaa) + (Yoa! Yip) (1)

o3le 3,Shas Yap ¢ s 3,5kas gg0m0 IRYT celolas ol 5
St 03le 3,Sla Yo cboglo cutS )3 ibaidis Lug) Sis
2 ayd Seid oole 3 Slas (Y ol cuiS > (Adypais Lyl
s oAl cis @) Sas eole 5,Sles 1Yy g bl cuis
v

2 bylste eSSl Jlaisl 3l (13,8 pascie Sl
wladile Susais 1 Lasls §l e lacile 15, Lials

1- Relative yield total
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ki Lagd 9 ©)5 (331 byl CuiS' it (sbaallis )3 SK- glod 9 S Cugby y95 i (uilyly 525 -3 Jgoa
Table 3- Analysis of variance of light interception, soil moisture content and soil temperature of different intercropping of
maize and cowpea in additive series

A>3
o e ;, Sk gl SL Cugb) lgome 29 i
S.0.v “sgf’ Soil temperature Soil moisture content Light interception
dl> o dl> o dls o dl> o dl> o dape dape depe depe
Jy! 92 P Jy! 92 P J! 92 P
S]_ Sz Sg S]_ Sz Sg S]_ Sz Sg
"_’“_ 2 4.2" 16 6.1 11.2° 2.5 4.0 15.1 115 131
Replication
s’ 'al]é.v’
Cropping 5 12.4™ 30.1" 32.2 49.2 67.17° 11757 59.9° 1366 2503
system
ks 10 0.83 6.29 12.12 2.5 2.49 4.33 1871 1093 156.6
Error
Oyt g o
(30 ,3) 4.89 9.50 11.87 10.23 8.7 9.96 16.03  19.95 19.32
CV (%)

2oyd 5 g gy Jloin] o (0 )b me s g 4 KK F
*and **: Significant at 5 and 1% probability levels, respectively.

(30 3) SB Cugb g (1,5 Hilw 4 p3) SB- (slod a0 3) y95 i 12 CullS (5Ll 313590 43 Lr(nSile dunlio -4 Jgo
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
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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%)
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Fig. 3- Weed smothering efficiency (WSE) of intercropping compared to sole cowpea in terms of dry weight
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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%)
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Table 7- Analysis of variance of the effect of cropping system on the composition of weed species.
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*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
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Table 8- Effect of copping system on the composition of weed species (g.m™)
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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"
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* Means with similar letters in each column have not significant different based on Duncans' test.
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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
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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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2B 39 oo 3L b duglio 53 (155Tg7)) (5950 oM s
5 a3 oS ol Gl 5 Jp SIS 5 Jpm s il
Gyae 48 00,5 ST (gl 55 0 st )3 Oipen
ol 3 Jgmasi 003 5 uilid (line GI3EI Cge (g it
.(Mohammadpour Vashvaei et al., 2015) .3

355 5 CoagpaS sy9 U alllas ¢ stimgly ol plosl  an
b ol 5o T Sl g eill (lise S 9520 Sl
Al go SHB I g5yplis pllas S 3 (8oL

s, g 2l

Sr9l 9 (55,98 &8y (Sl deje > a5 ()]
g b 4> 85 5 42335 3y )3 o 0559 ol o,
byd aws 51 y20 1930 glis) b g 3y asds 44 5 an 3 52 J4bo
pSole el (31l 4, 1391-92 cl)5 b s 5> ol o &g
Ay Coiin 39 Lod bawgie ¢ o lee 296/8 UL 5L
g S plogl g)byrdises deyie S 5l anl.cwl ol S Ol
il oo T16 T PH g (ousy = o) S il &8 w55 asuiie
Jols lole 93 JysiSe talojl 51 oalisl b gy (1 Jga2)
o5 Va=10 g V575 vi=0) aws dws 13 (V) CamgaeS (0y9 Jole
pis) o 93 )3 (N) (S92 So3lom 298 Jale g [l o
Jol8 slacSe by anl )b B ) (N7 b medls 9 Ny=gedls
S 5535 355 288 ool S5 g e b b ol
el a4 ()59t oaiS Canth o ySl (gl Jolre ¢ By
>4 Azospirillum lipoferum 4 Azotobacter chroococcum
il 3939 b s SL 108 93y byl 51l Lo o g3 &S
Jod9 i1 S &8 g Balows (ol > 3lial 3)90 ()2 ),
3,5 @l ledol GlplolS <8 )y

9 50 3X 228 skl 4y )8 ya o3l ¢ iulojl (clyn] olaio 4
93 o 9y sl 38 ciudy o dlold b cusls cayy, i (ggls
O 9 e S S o abold 03,8 blod yio 5l 10 w5y
Jlael 5 (ool CtlS 3 48,8 15 4 5e 55 LSS
23193 53 Lt 5 T s sele Jluay ctalesl (slalogs
Slm o Jlasl Cogr 9 lite an 4 288 plosl g

Sharma, 2002; Kapoor et al., ) 53,5 . S5l 4 )bl
a5 ploul clajimgh b alaly > .(2004; Wu et al., 2005
oLl (bl CodS 5 CneS’ 1 CungraS (a)9 22)18 051>
= o > (Moradi et al., 2011) ol Kan g (¢3lpe ¢ 29)b
L3l oyl (Foeniculum vulgare Mill.) abjly gl olS (<4,
GlaagS plo b plg g ailSlis & jgo 4y CuvgroS ayg )8 &5
98552 23,5 obS ol il kS 290 o «Sofglgm 9 ]
llas > 35 (Darzi et al., 2009, 2012, 2013) l,LSen
Pimpinella ) ool @sbjly 9)b olals g o a5l
Uial-31 aals (Anethum graveolens L.) w45 o (@nisum L.
Ky 53 K59 CangaS carg Bpao Sl )3 o] S g Guill s
Ocimum basilicum ) o, 29y olS (59, » 45,503 aios
Gyn 45 1335 odalie (85 plonl glas e bl 5 5 (L.
120,5 el SS9 a8 55l Gl g CungraS o)
Singh & Ramesh, 2002; Anwar et al., 2005; Geetha et)
» o (Mafakheri et al., 2012) )5 5 (5,510 .(al., 2009
aS a0l s bl o)b olS (goy p SIS Lilejl
Sl Jhy 5 bl Glise (Rl Carge Camgra g9 3,8
Gholami ) ,LSen ¢ a3l s oMe Cpicmod 23,5 il
o)y ($9) y— o5 ;> 5—o (Sharafkhane et al., 2015
CavgaeS o0y9 3,8 48" 13,5 sunlie (Satureja hortensis L.)
2035 olend 355 o b duglie )3 bl Gl5e 90 o
CgdeS 9GS 2 ()59 oS S (Lo Sl 4B oguass
Mahfouz & ) cpadl 8,5 5 by ise o gy Lals el
(Azzaz et al., 2009) .,,LSen 5 jl;= 4 (Sharaf Eldin, 2007
S yShopls a8 155)8 ssalie &jly g9,y 395 GuoS
1m0y bl S sy BB I3 s ()35 S S
OhSar 5 o3l5 (Ko a2 8 aald )l ay o (Jgs
oS sy y= 395 adllas ,> 5 (Makkizadeh et al., 2011)
Sl S, 95 il Sy S sin9e5 Aol gl
Jesto 200) il S o sine I3l 90 ool sesnsnT 5
5 153 (o 53 b 2ol b duglie 53 (S5l 5 JsSosls
L amlie )3 ol suanil 5 piSlgijl g 3,08 4 13,8 )5S
bl 3 09yl amoy> g bl Glie dgse cge s lows
O)Sen g o35 3,5 (Darzi et al., 2012) i w95 (o9 )b olS
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sy Ly ool LS plgis 4 poela 557519 350 31,5 sl 2>
A eolal 4a8> o i Lo 0/8 ol

45ed) SAS ()Ll i 8leys jllaoshs oo 5 455
el w905l Lawgi by ySilo dunlio 5 3,5 osliul (9/1
85 ool o pd gy Jlosis] ey (5SSl

ouiledl () a0
U 4S8 39 ol e ikl iy 4325 5] Jols gl
95 Onm Jlie Sl g a0y S o )3 CungiaS 0y9 Jole
Loy gy e ) S 9 58 S islan 395 9 CangeS (50y9 Jols
256 S gy Sodgn 395 Jg 23,5 ogine il iz
dunglio a (3 Jgan) bl (b poly uill lie (5 o sine
75 OpeS 9y SuJslon 395 g CuwgeeS (00yg lite S (5S0Lee
Mfe oy i 45 (g5 4y 2y (glalas e L8 WA o
Soiglon 355 L gl pie g CawgpeS soys (55 gy o 53 il
pie Lo 1 il Hlade oy jieS g (03 0/167) Sy o
(1053 0/042) Su5909m 365 b gl pie g CanrguaS' o0)yg by
S ol olits Jole g blito 51 eizren (4 Ja2) 105 Jol>
P U CangaS ooy ylake YLl L g il pas Cumdg
ol (i (2o 07167 5w )> 01042 sy a) S
0/141) cpiaS (mapg 55 10 s b s 5 1l G138
9 O 950 b gl Cumdg 13 Jg Sileio S (9395 b (100
o 4 S )3 5 10 CungiaS (gayg e ol G153 L
9l bl e (10, 0109 5 s> 0/089 s y> 0/087
Jolise 3l ggesna 55 iloce (Bl pi g Ly g 03l s
9 00 b oS 555 il Cumdg 3 48 392 o e Jale 93 o
Jl8 bl e el pas b dualie 3 CungiaS 00y Bpae
P by CungeaS (gnyg fain o sty o i 4 Vil uh oo
= ol Canndg g0 a5 Sl oS (g s g
PR & CungeoS (00)9 JUS )3 (S 9y 3,5 W g 03,5 Sk
SlS pae e U dslio o a sl ansls il g cute

ol AL G S 5]y g i

(3 Jsan) ialojl Luilosly 4550 51 otel aws 4y cleMbl

ol 3 (63l BlS Sy a3 {2 Jg2) CngeeS oag
S22 53 1) CangeeS (a9 9 03903 Sl o o iy Bes 4 iy
cls caa b odh SB T g9y (55 0ps dliwg 4 g aSu, s
15 e a9 oS98 Jslome b5l 3590 9ds 5l sasd ool
9 040,85 SUid lga (5 yme 53 5 dolw j3 e UMD pudll aads
Sygo kol Aol g 1ud it S gy Sl 93 Bos
2 aogdls as 3 1 STy 5 bis g Sidles | oluebl gly cd S
A po )3 e g 0 CuiS (g o515 b L)k 3y 2 )
T2 D asyie jyb slacale b ooj)le cldas 0 S5 Sy gy
Slilos 085 Gjgo Cuwd g 4 5 (Sl B9y 4 oy
595 4 i Ll 3 g (cloylad (5l i g0 4 &S (L]
2 dilale ol blpd s aagi b jeds (05 e I e 9 5L
Py 9395 £95 g 3235 plxl )b gy cudn U i
2 wles ccsby 050,50 ealitel Guass ploal by olewd
5 salojl O 5 5 e yte S Colis &y g JolS (oIS al> o
Slive 35 (12l 3 Coply Cpgo andls S (85 s o L
J b Sl (JWlys oy Jols ol clial g Gl olise
sgbate & 8BS )18 sy 3y90 il 3 bl o g Jasily)
=5 100 ges S (inlojl @8 Sl il i e
Gl 4y (0503 Dy3 jl dn &S 00,8 agd ol Sis dug) 0,5y
oS g an Ol b e (g, 5l odlinl b caclw 4w b 9
3 g 8 (1m0 3) bl Glie 223,565 bl ol
D035 d e «SLiS i Slilgw bwg ] Ol lbjeogb,
JLss) of 23 25290 DS 5 s0)3 s 5 il LT g
ol d I (bl S g Jgsilys el el )3

. | F .\ & 1 e | R
o i Uy IS 5les S 5 5 (GC) ' 315 plag S35
Twiinb b 81,5 gilag S 55 olSiwd .003,5 oslizul (GC/Mass)
30 Jgb 4 Sgiw ;I Agilent 5973 Juo 5l oslil 3,90 (0y>
€95 5 yiog,Sue 0125 &Y cualses ¢ yio Juo 0/25 S5 s Jlob «jze
lod a5 15 o Sygo cpl 4 oyl (o led 4y .5 HP-BMS
by gy e Lod oyl )3 CaBgr g 35 Blo a3 50 ] ol
433 240 (clos 5 aids ;5 31,5 Sl dxyd aw Sl bd)S
3 ayd 15 e pr b ol sl 453 300 b Loy il 31 3l 3 sl
290 52,55 BB (clos 3¢ Lod ) > LhBoy ABBd duw g 4idd

1- Gas chromatography
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Al bl s JUls Sidan 395 g CmgraS o)y Jalge 13l 48 390 ] Sl

Loyd p (gl ime )A)l_) Lol ole Jlite il gy gy

b3l oo SB olonnisss jud Clwoguad (S 01 Jgsr
Table 1- Some physical and chemical characteristics of soil in experimental site

SRl S T omR o s J18 s o s S8 oy
i " . p)
cél SRV ) M)u"‘"") Organic matter (.w,:) (t“u’u’) (t“u’u’)
Texture pH (%o (%) Total nitrogen  Available phosphorus Potassium available
EC (dS.m™) (%) (ppm) (ppm)
) "
Loamy- 7.6 3.39 0.65 0.055 10 300
clay
o3kl 3 )90 CowgnoS o0 )9 (ot bowad Olpoguad (& 11 -2 Jgi
Table 2- Some chemical characteristics of used vermicompost
SN Colan - . .
PRV (x i) (wo,8) JTosko (w2 53) &390 (2 3) yhund (w2 53) by
pH PO I Oy Organic matter (%) Nitrogen (%) Phosphorus (%) Potassium (%)
EC (dS.m?)
.m
7 1.1 65 4.92 0.61 3.19

s 33U bl oS g e g1 oS il g CumignoS 039 iU (a0 (Kila) il ylg 3255 -3 Jga
Table 3- Analysis of variance (mean of squares) of effect of vermicompost and nitroxin on quantity and quality of essential oil

of dragonhead
3145 w0 yd .
‘e el s . - Jo i we 3
Jbly5 we 3 bl JIs sy Jowilyj e 2 s
4y bl ol . . . P el
® @bo - [Sad _uxf ol 4 ol ol 4 vl 4 ol
S.0.V ! Essential oil Geranial Geranyl Neral Geraniol o
df content percent in acetate percent in percent in Neryl acetate
essential oil percent in essential oil  essential oil percent in
. essential oil
essential oil
"_’SJ_ 2 0.001361™ 0.666666" 0.666666™ 0.166666" 0.570416™ 0.000001™
Replication
CowgeeS (5059 2 - 25.3323™ - 11.4978" 2.43095™ 0.67200"
Vermicompost 0.007787 39.1064
Sy 1 0.002048"  0.198450™ 95,2200 0.583200  0.966050™ 0.110450"
Nitroxin
XCowgpoS (059
OS50 2 0.005816 19.4599"™ 75.6438 8.20905™ 3.82535 0.606200
Vermicompost
X pitroxin
olojl slas
Experimental 10 0.001006 8.66666 6.66666 5.76666 0.718416 0.088000
error

2o yd Ko g g Jlein] gdaw 53 5 dme g )b e wE L 4 KK 9 F NS
ns, * and **: Non-significant and significant at the 5 and 1% levels of probability, respectively.
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o3 axlllae 3 90 Ol (B 52 2 (S il 9 ComwgnoS (09 Jliie 31 (50 ko Al -4 Jgua
Table 4- Means comparison of intraction of vermicompost and Nitroxin on some traits studied of dragonhead

slowd ol 40 5> bl Juily5 e yd 33 Josilys e yd DOl Ji 5 oy
. Treatment : (x2,2) owilu! owilwl ol
(LU )3 () ComwgnoS 059 S 9 Essential oil Geranyl acetate in Geraniol in Neryl acetate in
Vermicompost (t.ha™) Nitroxin content (%) essential oil essential oil essential oil
G..a.l; |>.LC *
Non- 0.042° 23.05° 583 % 173"
inoculated
e b gl bc ab a a
Inoculated 0.087 31.04 7.18 2.34
seeds
il pae a bc ab a
Non- 0.167 28.04 5.81 2.36
inoculated
. b dls
& Inoculated 0.089 24.48° 473° 179
seeds
G..a.l; |>.LC
Non- 0.141% 2633 6.45° 166"
inoculated
10 A b il b a b ab
Inoculated 0.109 35.71 4.79 2.09
seeds

505 b xe gl Mo yd gy Jless] g 53 Sl (glaely Wi g0l ool s g p 3 Syidie B G Bl gyl laySile ¥
* 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.

aeyjo bl d )d uslul slinl (S addlas 5)90 Lelge o]l
Jlite 3148 sl o 5l (S o cldlan 5y 2l o oiobe]
2 il S d9nme oo Sl 9 I slodgS o
Harshavardhan et al., 2007; ) 545 o —9)b olals

.(Padmapriya & Chezhyian, 2009; Darzi et al., 2012

Ay Joele 93 o 35 48 o (s e talejl uilly 42325
(3 Jsiz) 2 b stme il 3 I o> o gl (o ilite

oled ya J gl 5 sy
a8 Dy OT o ‘u;‘;il.oﬂ oobyls 4350 odol Cowd & ks
Lo)d gy g 3 (S 9y 5 CamgeeS (0039 (e ilite 31 Laid
dlin (3 Jgan) 13,8 )b ime (uilil 3 Jgsilj oy
S S 955 9 ComgraS (5039 Jolo 9 Jlite I3l (Sl
Sles 3 U8y dopd i 45 (gpsk 4 39 (5P me SIS

bl jo Gl il 5 as 4o
255 ol b & 351 ] e ctalejl uil)ly 4328 b
540 Sy gdaw 3 Jele (g Jlite STy paS'g i Sujolsn
ol > bl J5lh5 8oyd  do s gy waw 3 CawgeS )9
orlize 51 (3 Sle dlio aoe (3 Jodn) 13,5 o e
439 SllasMo b BMB] (e i3 (S 9 5 5 CamvgpeS (529
05 10 Byias jlass ) il Joly5 S0 > oy & 20
e (208 g (1.0 BOITL) (925 b guails g CngeoS o0
Siglon 995 L gl pis g CunvgaS 0)g Bpas pas o )
o bt Jale g blize 51.(4 Jga) ol o 4 (10, 23/05)
40) CoggaS oyg ol SIS L g guils pae Cumdg o oS
i i (1> 26133 5 oy 28104 1sm s 23105 i
Candy 3 (Jg Mdll m b Gglis (gylal jlas 51 usll > ol
) S 5 5 10 @ o5 oty ) CangeS goyg LIBIL 5 il
bl 3 Sl )3 0oy (a0 )3 35/TL g o y> 24148 s 5
g Cuto il e alias () oS Wl g0 GBI g pSnta b @
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Gy yalie 5 CangaS goyg Jole il Cov iy Altus ) &S
B pae g mS 535 3,8 pis Cmdg )3 55 ol 3 adl e
oy Byme Ly g (il 3l S cCgeeS g 5 2
iy dop 59 » il 31 (1S > 5 10) cngeeS oy
PG )Y ogad fed ;3 .00)5 o odaline bl jd ol
g oS (g Jolie 3l a8 a0 )5 dlan Mo 15 olS ()
Josi 3 oaialiil p3l S gl (g S st slags S
slag S 208 pas g CavgeaS (o0yg (F Cudid g )k Byuae
o5 12 Gyine jLa 3 oxinlS Bl G 6 g e oS Conls
350 bl 098 Oliee 55 2 S SL ) pas 5 CamgraS )

(Darzi et al., 2012)

(8 35 4ol

CangeaS g0)9 3)5 &8 ol (LS 3o () s (IS psbo &

hE ol 4 qwpod (il S o Sy 3 B2k
035 50 (L (293 olS bl CodS 5 CuaS d9ue (59 2
P g ComgeeS () (F g Span sl 3 S gysb 4
ar g el o 4y il e b a9y B e
40l 238 5l (el 4 CungeoS (sayg Bpan 4 o S
3L W g 03905 @iy (il (line 290 a3 511 (59558 o
Olie Gali8l (69) y (BB (CungraS (g9 LS )3 (S5 5t
el Hlabsl i o il cuasS waad o bl Lculy il
2 Oyt CgpaS (s0)9 Byan HUS )3 (S gy D)8 &S
i bl b gne g (ol S5 59y 0 ]y oA AL 5 Cue
o)) osbl ceas i oS g0k 4 cusly ol )3
o5 10 8l 5 )L S L es 3 (sl > bl Sl
2 49yl 43S Jols oS5 i Bpae g CungeeS (09
g da Joshy (e bl 3 a8 e b S 5 o9t
Jole a8 dy e p 1 a pgeime 310005 saalide ialS
ol SS9 CeS (59) ;S5 F5e I CuwgeeS (0
4 S Yol alis oyl g 230 03,8 sl s oyl )3 (owid ol
rolis (Slgld g (T dlso dg2g ks CungiaS oy sla S
CaS g gio dy (65500 9 o P Byiaon S g By a0y

23,5 oy 03wl 590 CuwgreS s0)g

0S5 (1m0y TI18) CugraS goy9 e pie 5 )k L il
CuogpaS (009 O @ Sy 9 b bzl jlag > Jgsl)j o
oS ol oylis Jole g3 ol 1. (4 Joun) i Jools (o y> 4/73)
Gt 4) CangueS (o0yg ok (I L 5 il ple Comiy
31 ool > Joudlys slaie (1oys 6/45 o ss)s 5/81 cas )y 5/83
ORIl g gl Cundg o (Jg ity pa L (SN bl s
g 20y3 118 s ) JUSa 1> o5 gy & jho ] CangraS a9
29 48L 85 (5L 5y uilsl > Jgsh oliee (o) 4173
1S o5 (e o Jlie (05 10) CnnguoS goyg yiiiy B yuce
ol Jolite 51 51 ooel Caund 4 doxits yunndi )3 (s> 4/79)
Sl Blss e g 02t Sos Sl g CamgraS o)
g oaials’ 31y Sssls 5 I slassS ply jpas )3 o8 i
oyt g 43S odalide (bl dlip] (pan g9y 2 0)b3L
5 53 OIS by e 3 1 uill 3 Jauilyf doyd JialS
52 y95we Jilize 3l a8 sl \Lis oo (Darzi et al., 2009) ,)Son
2088 Gline 59 2 SARL S HALS Cage CugeeS s0)9 5

23,5 &bl aa)h olS sl

waabed jo Slic b b as 4o
Ot Jmlite 1o & g ol Sk e talejl uilyly 0
Jmp ey o> g haw 3 peSgp g CungreS (0)
Syt Sl dnalie (3 Jga) 23,5 sl ixe il > ol
S sk 4 35 b ine SWET b b ole ey e
5 CuwgeeS s0y9 (5 @y Sy jloi > Sl f 5 do > (npiier
o= 10 s 53 plie 28 5 (403 2136) il pas
S14 Josa) el cowd ay (duoy> 1/66) il pic g CansguaS 0y
Oli8l L iy pae Caxdg pd oS b L Jole g0 Jolite
J Ol LS8 53 (05 En 4 Hho | CugeeS g9 Bae
(2032136 4 20> T3 sy ) aly (il 53] bl > cliaol
Sl Jo i lada 5 o5 10) CngeoS oyg st Bpan 53
ORI 5 5k b el Cundg 3 g (o) 1/66) 35 0 azls
2109 g o> UT9 o3 234 (i p ) CawgneS o)y zobaw
o L (3] golal a5l il y3 bl oy jlade (ao )y
2 dele 90 blite 31 ead S saaline i i a5 jabojlen L aiila

Ay 4 g Cons Iy (srobie rg) S 1 il 3o
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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
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Table 3- Greenhouse gas emission coefficients of used inputs in milk production
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Table 4- Energy input and output in traditional units
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Table 5- Indicators and types of energy for one liter of
milk production
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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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oS 5 5l oy o ool alimlis H100+ 3956 %50 cusls
)J._M:o)_:)u_mfﬁ Ls_.ofuL_aow)J ]oﬁlmw.fuﬂm‘odlb
(Cicer arietinum L.) _<l,; 5455 o (Cuminum cyminum L.)
533y Shos 1y gyl sime 3l a3l alises (clangS &S A3 35S
G (3 5YL g a0 5 (uibiol 2 ySlos o 53 i g MBI 4565
Zarifpour et ) sl cows 45050 cuisls cans 5 3‘}3‘} Cplp
S p alabow (gl oL 5, Sles )y, (al., 2014
aS" b asuie (Phaseolus vulgaris L.) Lug) g 5956 b bl
5d,S 3 Liabeil slaylew il o olS aw o 4l 3,Sles
g PV bglws culS 4y Cond [l cuiS (0 Cas opl (:Ske
i o) Sl G boglire ciS lojlad (olod 3 s
0S4 Cous byl sl jlosd (655 odimd oyl oS 24y S
Rezvani ) (slye 5 paie Jlgus, (Koocheki et al., 2014) col
g w0y byl cuzs” s (Moghaddam & Moradi, 2012

9 bgw bgbre cuis” > (Ahmadvandand & Hajinia, 2015)

L sl g 1910l o (Trigonella foenum-graecum L.) allis

sl 405 4y 35 (Panicum miliaceum L) Jsozo 3]
,» (Allahdadi et al., 2015) -),LSen ¢ (o3ls 4l ol cuwd
9 bgw bole S )3 (iS5 (o8 3)Shos 9 ) ()
byl cuis a5 wizdly ;> (Calendula officinalis L.) ,lpddion
@3 )iz lg g (Lgw dy SOt Jleddoon ndy ) i,
G ((g3laidl oy Sloe 3 15 5l g oy bt jlesdiian
by Lo lacc s cilise olagl plo 4 Cund (poj sl p

Bl 5

3- Land equivalent ratio

0y 4 3laie ALy aLS (Nigella sativa L.) alaslu
S s S5 & S eyte 5k T0 1560 glis) 4y Y]
Oygo 4 ogme 9 2l U i ) 0 b JS ¢ 59 sla S (sl
5 plano g ol aily (ool oluss ol (9,0 45 ABl o JoSlsh
bl 0o y3 U4 5905 5 49y 3u0y3 40 wilanlow (sladils j3.3,1
.(Majnoon Hosseini & Davazdahemami, 2007) 5,5 3954
5l slase g Ay ale aLS (Ocimum basilicum L.) b,
~ 5 1 sy o yio sl B0 b 4Bl glis ) a8 sl oo “lind 0y
Joaslis lao)lS L 55 S5 g gl hlie &yp0 4 o sl
2 5 308 s SacS) 4y Sa 8 g lans o] sloJS Sl
L 0/5 e olony (atngy il el jlude 345 o oanlie i
(Omidbeigi, 2007) canl yuito Ao > 1/5

FsBn db 4l b I )l )5 i iz slapiuge
Sl ogrge o lie I yiag ookl wile ol s (slacs s
SS9 CaaS Yl bl o lame Cgllasls byl b 55, Slos
oS 135l @bl Gl SB il s S (Jame
) gl sanld (i (S W SB 9505 5l eslitl o g
d9st b g)lon g bl Comar LS G, slacile
Wy cja Sl ool 0395 i Go)b 5l SB (jdol
dSpdiee Sy 50> wlilel (B s e Gl
.(Aynehband, 2007; Willey, 1990; Vandermeer, 1989)

S8 St )3 &Sm0 (U (JE Clidod gl
S, baisS glisy] YS! L 4y S el (glisS 4y sl Lyl
055 e gig oSl g 3,9l d2g 4 deje 0 ) (20
5 by dgmate 95 e Gloily (5Bl s o 355 0 o0l 3
dg-Biso ghaw 131y > bS5 Slae ull ol &5 4 g jriwgis
S Olgie 4 Slges S5 b 51 (Koocheki et al., 2010a)
3 s LS o 3yt 21 Slajls el lie (nyiotes
L aian s oy (ol (ol 5 005t oygi (ool oSl
kol Gl (6 5% G ()9 0l Cunt sl S
b ol o cde e 4y 5 (Javanmard et al., 2013) )b S
3)50 byloe S (saasly ) b g oad et olyj olalS plo
{(Franco et al., 2015) % ,.5 o ,l,8 oolazwl

1- Ranunculaceae
2- Labiatae
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Cdy g by cdy dw tlogh o) i+ el ()
g2 (ol cizdy g ¥ g iy, i + wlanles

Oldal o gL <858 5l oy g bl edlitol 350 54
o dgd STl (e (Sliiod ol 51 COS16 5, Lol ydu
40 csls clacasdy s alold asdlas 3,90 ol duw ya )3 59
P Lade oo dlold g yie g CalS ) pa Job g e ile
A ol g dliabas dog ol gl il o) g9,
Rezaei-Chiyaneh et ) s 43,5 , 1as )3 yio 5l 15 47 10
(al., 2014b; Gholinezhad & Rezaei-Chiyaneh, 2014
Sygo a4 oy g ) cslS g ole 39,8 10 )3 wilualw cusls
plovl aiiy g 9o oy 4 1393 olo i)l Lawlgl )3 lojen
awzel Rhizobium phaseoli ¢ :S1 b cusls 51 L Loy jok .05
S 4 33 o) 30015 do gl s Jue o 55
03,5 8lsl woyd 20 ;s Jglome o) 4 s 9 505 035 13
4 Sl g (d9es LTI ey Sty dueeS Slygims o5
3 by e 5 031 ST 93 4 ks S 13,5100 5
S llas i St ) g Aloldl g 505 S gyl
L85 g

2 ol glel gl (alS (1 jo 5> S jolaie 4
byl e 1 (edm slags)lal 05 plol cuslS ) aw g,
s bwgio jo b an GlalS ol () adbate (25 By g (oSl
e gladile 85 O ygo dlly 5 s> ©ygo LS, g, Cin

b S8 gwd ey Bkl ©ygps Ly a3y Jad Jsbo 5

Gyae S8l Lulus 3 s s LS Ws a5 b
ol ) 36 sge STl 6pS sl et 4 liasd slaodles
6L cuenl | WY gae (pl cudS ials 55 g bl cedlw
Slge LS plo b 29y GlalS bl cuis wwusl )9 5
Lol (el 3 S ol g sliowd oslys Gymo alS 53 )L |
il (Lag S oy il Ghgdy ploxl | Ban . ail S
el Lud U by, g alialow o0y olS 40 bl cuis
53,8des Sl o )L jl uS 5 o alio 4y oliod yolate
gl olen g Ol bylpd d a8 Gluogas

95 9 319
Ol e = ol plil o gly (slae e Sialojl
£y 5 2l (2,0 525387y sl Jgbo 24545 0
i 1, 211392293 _ely; Jlw 5 3031 cslo] gobaws 51 520 1318
Al 03 0)90 S (b > Gl (SW)k 5 oo (4l Kke Lawgie
o A e 0B 5315 ke k5 1240y i
1 gz 5 ptalesl Jomo SB pliard § (S50 Sloogas ol

sl 005 o.)”]

IS5 L ol el acSsh o Spn & sl
Los) LS ciS ol g a5 eadlS (580105 o]
iz by Ik S ol Ll S cwlimlo Lalls oS
casS g (glouy cid) SOt lug oy S F alialw Cins) )

gy St Lyl sy 93+ alinls sy ) (6l bglsen

S obowi 9 (K58 Olwogad -1 Jooa
Table 1- Physical and chemical characteristics of the soil

S colan : o JB panliy
g5 ) (0) B Oder oS 0> B jhnd e
H e )-fv‘“‘:)d‘“’ Total nitrogen (3o,3) (ol stst) c‘*’;m#
Texture pH (5 3 (%) Organic Available P (ﬁ_"?f‘s’f’)
EC x 19 carbon (%) (ppm) Available K
(dS.m") (ppm)
e ™ 0 75 0.34 0.11 1.27 14.1 467
Silty- clay

st U 9,8 1y 3ged yiis g 03leeS Laylyd 53 iales]
3oy 0390 Jobo )3 g o0y silwealel loj )3 Lug ol ()32
A5 0oLl ajlogs 53 (pliond s § 395 g5 g

o )L 53 55 20 liee 2 B ) 5 oy (9l8 398
0-20 sos > G 9 Lo Lo, S maw 3 c816i Hob



1395 ¢yliwntli 2 oylas 8 Al «(5yaLisS il pgy sy 206

O 5 s 395 Sl ol el B 50 s0iligy sl
Lo X aliaidl oy Sloe wlul y uolol 5,Slee  puilul o)y
(Clevenger, 1928) w5 auole bl

Or) Sl S Gyl I bolee CutS (gatedgu (b))
‘(Vandermeer, 1989) 15,5 oslatwl (1) alslae 3ubo

LER:L+Y—2+Y—3 (1)
B, B, B3

ol sLnassS 5, Slae oy 4 Y3 5 Yo Yy alsles oyl 5
Jol 455 (alls 2Sdas 35 By 9By By g bylo )3 pow 5 9o
sl pgw 9 pgd

dslia g SPSS 16 35l 5 5l nodls Ll 5 4o (sl
Seopd gy Jloinl o 53 (S0l glatels iz ygeil b oSl
15 23l EXCEl J58le 5 51 S sy Ly .28,8 ploe

wlaabic ds b gs po Gldo

3y Slos sl 0y Slas ol lis il jlg 4355 5l Juols gl
S e ye b & dilialus (uilel 2)Sles 5 il duo yd « S5 5lg0
(2 Jgi2) €85 )5 il oo b o )

Lad g S5y aS oK olo oy bilgl )0 dilialuw cuily
94029 4Bl o BISS I JgSgd joim (Jg 0ad 2y 4 frleta
015 3,5 LaisME (55, &8 ilej el ol o Laulgl )3 Log) il
H03)S by e 93 )0 (b 0395 L85 g0 g
25055 o (25 200350 alo o £589 2 53 2 Sl e
g olo 313,022 pgd> iy g ole 15 16 Jol s iy

3 Slac daloe (g Jpane il sy Jab ol
B/4 Jolao Lnas j1 bxs, 5 alinlius disg) oS dus y (eolial
e Copdy Ojg0 lansls Sl Bls Sl ey @8 il e
oo g 3Bl lod o by, 5 alialw dug) olS dw o (sladiges
colio 28 b o5e &yt o olSim 5 505 Kits o byl
Ladiges SWis i oleie 4 cpje 5l Juols dlael 0,55 odnline
SLid 59 ey 09 e dilialw 5 Loy 5y50 j0 .0 s
50 39 Al 5 Slas dunle (glys g b bl Hods dadiges

g 5 1 b s i 4 gl 5 Al il g5
sl Ly 55 30 g laie iy b plonl slS ol
sl 3l ey 9 03,5 039 &5 o 3l wlialews 54 2530 5 ol
39> 53 g Bad Ay [iome (il S bl > paise (8
A Gdo 4 Ly 9 13,5 8L ladiged 4 yhade Iy Lo 300

C,bcu 9 l.u,’ L -‘991.’590 CulS s dbgi” 2® aladlow u&; 9 gos Olo (ul&’)-o ‘_y.ialw) O‘“‘l‘.’,)b & 35 @w -2 Jg.\?
Table 2- Analysis of variance (mean of squares) on quantitative and qualitative traits of black cumin in different
intercropping patterns with ban and basil

ytd palio il an,s Al a,Sles  SUjgdom 3,Nles owilw! ao ol 3ySlos
S.0.V df Seedyield Biological yield Essential oil percentage  Essential oil yield
"_’SJ . 2 6816.22" 83810™ 0.004"™ 1.58"™
Replication
5 18966.49 433700 0.15 5.51
Treatment
s
10 2269.39 56383.38 0.015 1.11
Error
(40 3) Sk a2 ; 7.1 9 11.65
CV (%)

2o yd o Jlein] g 53 )l sxe g I3 grepé cuip 4 ¥ NS
ns and **: Non significant and significant at p<0/01, respectively.

5 S € A a5 5 s ) 1 5ol o
A aildaluw 4l 3 Slos 5l balswe cuis slajlog 0 K0S LS
A5 dtwlS sy 29 Oobe yobo

3o 3 gyt > -5 80/60) whs 5 Shos ln ooy
5l (é’)‘)*‘ » F)§56/6) @y 5, Shos e o jieS 5 Lals cuiS
log) iy ol + dlialw Cisd) jlon (6lss bslee cuiS (oSl

Oial38 U oy s (3 Jgin) ol s & ooy iy e t
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Table 3- Means comparison of effect of different intercropping patterns on quantitative and qualitative traits of black cumin

Al > SO3 >
Slos Syl 3las ] 35
o #e5) »es) il 8oy ) _
s~ (2 p05 (Zep0 5t Essential oil (&0 32 )
Cropping pattern & ’“’ ) é‘%’” e ) Essential oil yield
Seed yield Biological yield percentage (@.m?)
(@m?) (g.m?)
B s
o _ 80.6%* 356° 1¢ 0.8°
Monocropping
@y SOt by cady SOt dilials cas) S
o) 65.1% 272.3% 1.6° 1.38°
1 Row black cumin+ 1 row bean+ 1 row
basil
3y SOt logd caody 9o F alaaliw ad) SO
o) 64.2 289° 1.55% 0.99%
1 Row black cumin+ 2 rows bean+ 1 row
basil
@3y 93t log candy Hlea t allialas 3y ¢
o) 68.7° 304° 1.43%¢ 0.98%
2 Rows black cumin+ 4 rows bean+ 2
rows basil
@y dw T Loy )y bt alalu () daw
o) 70.3° 308.3° 1.33% 0.93%
3 Rows black cumin+ 6 rows bean+ 3
rows basil
Sea T logd cdy cuia t ailanls ) e
OBy ) 56.6° 243° 1.2% 0.68°
4 Rows black cumin+ 8 rows bean+ 4
rows basil

i Moy gy Jlein] gaws y3 (615 gime BB (gl (S3ld 90T bl pr Cygie B p3 S yiiie By BB (ol pSile *
* Means with different letters in each column are significantly different based on Duncan’s at 5% probability level.

ciS lajlas 1y 5, Shos ialS oyl e byl o wls
2 bglote cutS pian )3 (lalS culdy 4 Lalls 4 s byl
i ) (Zarifpour et al., 2014) w>)S° S5 Jae mlio pw
Ricinus Communis ) s ,8 3,Slos a5 13,5 jasuie 593
» (Zeamays L) @3 g Lagl oliS 93 L bglseo cuis o (L.
Jacis I Ll cutS b dwolie )0 bl cuiS slacuuws olos
LSl )y > .(Obiero et al., 2013) 3qy 55,55 5 (55208
(Anethun graveolens L.) ns g Loy bl cuis calisew
o dgd SSgdgm 3 Ses g il 2Sles (p VL &S 45 et
S 3 )8ee g il 3 Slee polie (p 1S g AlS CliS jlo
dg-d s 9 F Lag i) jlae )l bl cutS o 4

.(Rezaei-Chiyaneh et al., 2014b) culy olazs|

SO pioll o dlalw sbdis & dwy o Hai & uoen
Sty SIS g 9 S0 b s (IS5 (90 <ol o)
19 jials ccel wolys j» a8 aail plou, g oy cladsy b
WS an dag b lol s i 4 aildaluw aild 3 Slos (gauo)d
O YL Shes adaw asly 5 LAl Sl s il 5V
5530 330 el b 352 o bglis €03 lagSl b sl 3
& S Al S 3oL ) 3 Shas 331 el 5| il
Koocheki et al., ) aisb by lswe coiS cailiste slagSl b
(2014

pm byl CiS il slaa 5 5l gy b oliies
Lo 4 000,85 odmlidia 3956 5 Jwo ) (S 9 (oS Cluoguad
oy 4l 3,8k | bgbie o 4y s S 31 olosls
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(2014a
16 L sl daoyd o 5yt cctS il (lavgSIl w5
o SO L gl Jlaie e g o3y bglke cuiS jl o)
oS b a5 sl i s (3 Jeis) w8 Lol Lalls cuzS
wlalw bl o) jl xe (]38l Caws 3 bl cuis
S mime BMLA] 4 S win 2 i el culS Hlog 4 s
3y slee @)lss badse coiS o L pald S o o
hacis ssmlido flbw, cady Hla 1 lod cad) cuin t slialow
lio bl b 3525 45 Ay o Hla ) pix pOl B0 S
b 3l oiari (b eal b aler ] dlale lady A5y lp
olis 3 dugy oolawl dugd b bl oyl 0 (So5elam s
byl 09lS bwgi )9 joglhas @jg 9 SB )3 39240 (e
Ol Rl d yomie i 3 9 (LS g dgu sl
Cewloa b all 3 e is Ly awlie p» il ol
Maffei & Mucciarelli, 2003; Hauggaard-Nielsen et al.,)
9 iy &S |,> (2009; Rezaei-Chiyaneh et al., 2014c
x5 9 S5egd Slam il Cllad liee 1 oo 23S yols ]
o plpl . (Singh et al., 2010) cowl lals julsl ol
23355 osisd B 035 el il el & Lol
CuiS 50 .00,5 5 olS Luilwl (liee 58] 4y e Wilgh o Coles
uasede dllas L (Carum copticum L) L5 (6)lg bl
G b ()l bglre culS Jla 5l uilil b ) gy il & 0
o 5l il 8o )3 g j1aS g dlilild i) 93 9 (b5 ) sl
Oy peill aeoyy ialpdl s (ol s Juols Lalls cuzs
Coud dldi B b bgloes bylyds o Lo olS jiiwgsd 5 My dguts
Rezaei-Chiyaneh & Dabbagh Mohammadi Nassab, ) xsls
(2014c
citS o J (geste 1 p)5 138) il 5 Shes iy
3 cmyosio > -5 O/6B) il 3,Shae 3508 5 i gl
L) sy cutn F aliabos (iudy Jles (g)lys bolse cuiS 555l
il puilal 5,Skee (3 Jgao) 18 Jols oy cindy e ¥
o= ol cplpls bl e il (uilol Joyd g dild 5 Slos
)y Cuin T ailalus () s (o)l balswe o ilwl 5 Sles
Aoy g ash o Sles (392 ol b 4 louy )y et lugd
SLosSIl oy 3 ldime (3 Jgaz) 392 sless ol )3 el

B Jss) cusS Giliseo slagSl (glajlons (Sl duglis
SCoilom 3 Sla o iy o s (i Sl 3,Slac
55 IS S o & oo > 5 56 oljzn 4 alinls
55 Slos Lalg oy il 5 oo S elpnl b bl cudls
sy pials ol g c8l Jials ()l gme sob 4 Suiglen
Ske tlagd sy cuda t sl () )loe (4)ly byle cuis
29 byl cuis calizes (glagSl plo I o olon) i,
byl S sla)log ;5 Lacays, slass il33l L oS g o
A il 103 32 5:Sls yobo &y ailinls Sojglen > Shee
ol Sl (glial 31 a8 cunl ooy flis L8 clados gols
548 Jos Sglite lagme aulio 51 oolitul ogm 5 bl cuiS
Or 5> 4 50 9 4Bl ool (6535 y5b 4 @l
Koocheki et al., 2010a) sl o il53l 5y Slae s
8 olidss ;I 5y ks (Rezaei- Chiyaneh et al., 2014c;
S dmol Gy alasi (g)lgs bolwe cuiS > oS cuwl 0dly lis
Alizadeh etal., ) wsb o pdaw 319 55 5,Slas Liol53] 5 goudge
3yl iy, Sss il Ly oyl (520 > (2010
wlinlus (i, sz 6l bgleo cutS 5 Lol i 03938 wlanlows
<ol jLad lEl s a gl oy sl Flagd iy cta t
oyt 3 e i & wlS a5, Shas ) (glaisS
Hlabl Lugd 90956 b bglses cuiS jo dilialuw (o) olS 5 Slos
490, i cacale b o colby )08 wilialus olS oS sl
2 g byl (9lS bwg (ej gaw caslio by Cle (e
23 Ulgi e &Sl Lol dlas 5 50 (clacile 05, pas doms
Koocheki ) w3b 550 shaan baslpd ol 53 wlanbuw 5, Shee ol 53]
S § Sty gl iS5 (6 )Ss e (et al., 2014
U2 ol b go,a a4 a8 WS iyl58 (Lens culinaris L.)
a5 Sas 5l bylsee cutS” glajlos )5 Sl (ials 5 ba)ly
ls’ 10,3 94 550 (1 Sols ysbo & w5 Sogln 3 Slas
0325 4 G poie (slaiyd, 2lo) Jlgi (e pialS L Lol s
ol ol Bl Gl s 5 Syfggn o 4l 0Shes (5
«8ylos ol s 0 ey sl ials L as W )S o)l58
elin Yeaasl g Lalyis j) sogllan (6)ls 000 b Condlys jumo
= 038 (Sodm Sl (19 0y 4 wis Caoww Sl 0 dlgl
Rezaei-Chiyaneh et al., ) 1olja0 395 Sojelon 9 4l 3,Slas
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miS )3 oads plosl lejl @lis (Zarifpour et al., 2014)
Rezaei-Chiyaneh et al., ) sol cowd 4 i3, 5 bglswe cuis
(2014a

alay @ b g ye olie
= aslS oS 1 daosly il g 4355 3 ol ol sl
O 5 bl 2Sles g uilul ds > ¢ lou ;) SUiS oole 3 Slos

(8 Jsi2) 592 55 %0 p95 (32 3 o2 9 J3l

=51y 53 oS 2y Bl s g jowo ) bslss i Cilisee

- § ).] d‘\jLAA" > S 9 A_AO).) C)?, . :.m - :.§ b B Lng
S 3l ol e iS5 a3y 5 B glacisd, g9y bl
6)g bgbe et )3 bl (oye Ll b bl s Jobs Lalls
(Rezaei- s atwlS uslwl 5,Sles g duopd | (gl dzo jebay
3456 g jewwoymj byl s > .Chiyaneh et al., 2014a)
iz (glocS 5 ) jume ) il Gliee 45705 SIS o)
W 1y sl (lie o iy (alls CuiS & s bl oS
Y 6Lb)lo.u O » ).a..wo);) ‘)M\JLA,] ))ﬂo& d’)‘“’“" 9 ..\4.59:
d9— .)9_‘5:.3 Aoy 50 + Jmwo s o yd 50 M,S); 4 109{)0 b}lm

wlaaluw g lg) b bglseo CuilS liseo eI 13 Hlow,y (A 5 (0F Olhuo (Wl po (1iile) (il ,lg 4550 gl -4 Jgun
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

o yd
o3l 5 ySlas 7 5 ySlas 5 Sos
o3lo 3o s wilel oWl ey I Eyoxo
S Swis o S owilw! 3 bl g
a > PSuis  OF Jol ¢ ooy il ol odlo 3,500s >
o gle ' p9d il O ddom P o W
&3l Jol o ield of d Essential ESS?ntI§|0I| o o ik oW
S.0.vV of Yield of dry Yield of dry oil yield in Essentia Essentia Total
matter in matter in percentage second oil y_|e|d in _0|I yield Total dry essential oil
first harvest second in first harvest first in second matter yield
harvest h harvest harvest
arvest
)'_’S" _ 2 72" 3293™ 0.001™ 0.029" 0.25™ 8" 39.25" 0.094™
Replication
N Aes 5 108356.6" 70148.8™ 0.037 0.043" 13.9” 15.4™ 3371.76™ 0.56™
reatment
Eu» 10 10538.6 14384.7 0.008 0.005 1.83 1 452.60 0.034
rror
L ted
‘(:’"'y“’; - 6.26 8.24 12.77 7.72 8.95 8.42 6.87 7.87
W)
CV (%)

** *

Wl o> S g gy e 53 5 gime MR 3939 ¢ H5 gz OS] pae odiad i a4 7T 5T NS
ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.

moben 5y 0 YL ped e o 1) S o0l 5,Slee il Log)
o3lo 5, Shos Jlbo oy yieS 33,5 0 dlanMe D Jgio p3 a5 &3S
e )lss boloe et 658l iz 93 2 5> (o) Sis
b ol Gl <) sl F Loy )y el albal (o)
O A Cad p9d (i ) (o) SutS 03le 5 Slos &S5k 4

(5 i) it s 0124

Ao a ol 0oz > lom) Sis ol 5 Sl (i

3 Ll el e 4 Lalls cuisS o jl @opeyio , p,5 193/3
PS5 16071 5o & oy Sts o0le 5 Shas 5V po o2
Cdy sleg T alal Gy 53 )l byl CuiS Sl mpe e 3
Cute Sl glgiee ) ol e oS s ol (o) e 93 + Ly
Lsgf 04 CapelS 3595505 51 03l b &l sy 1 oS ol
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Table 5- Comparison of means the effect of different intercropping patterns on quantitative and qualitative traits of basil

83k 3o ol
o3ke 3,50os o g Said 5,Sdes ool
Qe i . D cpd gD
oy > Suks 9> il doys el awyy  Powlel 3:;))
. - Jof 5 ,a,f) Jol o 42 093 (y> 43 n‘)s) Jol o2 () )
. S (&0 p)5) (&0 550 Essential oil  Essential oil (o050 45 @”’T .
Cropping pattern Dry matter Dry matter percentage yieldinthe  Essential oil Essential ol
ald in i rym in the first second iald i yield in the
yield in first yield in the yield in the second
harvest second harvest harvest first harvest h
> 2 arvest
(9.m™) harvest (g9.m™) 2
(9.m®)
(@m?)
o 28 193.33% 158.67 057° 0.60° 11 0.99%
Monocropping
Wy St Loy cady St ailialws sy SO
ol 116° 145.66% 0.82° 0.96° 1.32% 1.4%
1 Row black cumin+ 1 row bean+ 1 row
basil
Gy S F Logd () 90 il a3y S
ol 167.67° 0.80° 0.89° 1.38° 1.35°
1 Row black cumin+ 2 rows bean+ 1 row
basil
Oy @3y 93+ log () o + dlialw ) 9 . . . .
2 Rows black cumin+ 4 rows bean+ 2 row 17233 0.74° 0.87° 1.2.8° 1.41°
basil
oy aw T lugd () s 1 aliabus () 4w
o 153.67™ 135.6™ 0.63" 0.82% 0.96° 1.13°
3 Rows black cumin+ 6 rows bean+ 3 row
basil
by e T g ) cuta F alialis (@) Jloz
o 136.8° 0.61° 0.74 0.84° 0.88°
4 Rows black cumin+ 8 rows bean+ 4 row
basil

i Moy gy Jlein] gaws 53 (615 gime BMBT el 5SS Cygajl il o cygia b p3 S it gy 35 el pSile *
* Means with different letters in each column are significantly different based on Duncan’s at 5% probability level.
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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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ol cad) ez T logd cidy cudin  alialis cindy e 1F g by candy aw F log ciudy it aibials (s 4w 1B (bouy cinsy 9 F Lo cid) ke
A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil

185 deoy iy Jlein s 3 5SSl yge5] el ()l sime BMB] S jrite g (o> (slapSilio
Means with different letters are significantly different based on Duncan’s at 5% probability level.

(Safikhani et al., s ol cws 4 (2l cuiS 3 gl 5 Sles
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2 glowy 2,8les oS 45 asude (b)) (L35 5 o, olS 9
g sl a1 5 8l 2l g 4 on 30 2
(Bagheri Shirvan et . awls’ obu, 3,Sles 5l balsee cuis )
al., 2014)

byl il Jol cnz 53 glomy pwibsl 2053 (0 5L
S 5l (woyd 0/57) il 2oy o S g (a0 )2 0/82) o,
ialidl 1o 30 Lalls kS b duglie 3 oS 15 ol alls
SV il s s bglie S il slagSIl s 4y STl
2 glowy plsl 2oy Sl )lg pose GRIEIL o)y 4 bl o
o> VL pgd o 3 {0 Jgie) 1 arls” bglsee i
0/62) ()5a0 o yiaS g (duoy> 0/96) iy bglso cuiS > il
s Sy oo 515 4 (0 Jodn) el cowd 4 el S 1 (aus o
e J Yo alon I 55 (59t 0aiS S oS olyan 4 (v
Al byl ctS elmlags 5 oS oyl bl 2oy il

bgloe cdS (gtadgm 9 3)Sdas (2bj)l b (6505 35 )
SIS (g Cp il &5 patuie Hlepddied b bgw 5)l55 5 (23
3y8as e (2208 5 (hu3) bl cutS ) lepaidpen (315
@ bow @) ez T jleadier @) )z )ly byl cuis |l
Lol cuiS )3 adisS & jolne 0956 Amd oo Ui 48 el cwd
0391 Al CudS &) Connd 3 Sloe (BRI L a3l )3 oo Jole
&9y 0 plosl Lilaejl b (Allahdadi et al., 2015) col
osle e Jo) e 3> 5313 Gl g g ol oghin S
CoiS pgd o 50 g dal Cowd 4 LAl Sl b, Suis
Lol g geans Jolg )3 (St o3l g5 WL (s Lalls ol
Gy lgs 6yl bobke glacuiS 3 (St oole 15 OV
Sy 3 palls Gl b () CutS g logd sy 93 + b
(Alizadeh et al., s i oaalin Jol coislby jl y S jlaw pod

e abgle 3y Sloe wyp 43 (6,500 ldis .2010)
(Trifolium alexandrium L.)
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sy ey bwll o byl jlal e o5 (LS

> 9 Oliwd gy Juingn! ke byl osjle (slaisly o Aitun

Ly 5 45,5 NADPH s ATP iy oy o il clig oy LT Jite

Sl i g (Gopis Wile (g polis jpax oS 990 (nl 4 drgs

s 155 4 ) ) ABlsn y58 8] sla 5 S5
e ol 25 2liE pole Cle Gl el o il ja
Rezvani ) 53,5 55 oLS Lulal olje Liulidl & e wils
(Moghaddam et al., 2013
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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 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.
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WA Log) S jolam 3y Slas 5 aily 5, Slas LLsd 5l cusls cniS 5 Lals e s Guliol 3,Shas Lol s ssmlin )
(6 Jgis) 55 3939 o ys o Jlois] pdaws p3 (6l gixe dabd by jyacale ]S Iylid o gl 90 by ke bl

{(Alizadeh et al., 2010) 55 o )los
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Table 6- Analysis of variance (mean of squares) on seed and biological yield of bean in different patterns in intercropping of
black cumin and basil

S aalio il an,s Al a,Slos  SUjgdom 3,Nles
S.0.vV df Seed yield  Biological yield
"_’“ ] 2 4093.55™ 49354.67™
Replication
5 40477.67 2960042.66
Treatment
ks 10 8381.56 125877. 33
Error
(M2 )3) il pundS - 7.30 6.42
CV (%)

2o yd o Jlein] gl 53 )l sxe g I3 grepé cuip 4 ¥ NS
ns and **: Non significant and significant at p<0/01, respectively.
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Fig. 3- The effect of different intercropping patterns of black cumin, bean and basil on the seed yield of bean

talhola ) 931D (gl @d) St Logd ) 0 F wliml ) S 10 ol ) St g o) St dhnls o) B g el cuisTA
ol cad) ez T logd cidy cudin F alialis cndy e 1F g by candy aw F log cidy it aibials Gdy 4w 1B (bouy cansy 9 F Lo cins) ke

A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.
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Fig. 4- The effect of different intercropping patterns of black cumin, bean and basil on the biological yield of bean
il ) 931D oy sy St Lug i) 9 F wlinlis ) S4IC () dy St g ) SoF wlimls iyd) S IB o) (b cuiSTA
ol cad) ez T logd cidy cudin F alialis cndy e 1F g by candy aw F log cidy it aibials Gd)y 4w (B bouy cinsy 9 F Lo cind) e
A: monoculture of basil, B: 1 row of black cumin+ 1 row of bean+ 1 row of basil, C: 1 row of black cumin+ 2 rows of bean+ 1 row

of basil, D: 2 rows of black cumin+ 4 rows of bean+ 2 rows of basil, E: 3 rows of black cumin+ 6 rows of bean+ 3 rows of basil and
F: 4 rows of black cumin+ 8 rows of bean+ 4 rows of basil
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Means with different letters are significantly different based on Duncan’s at 5% probability level.
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Table 7- Partial land equivalent ratio and total land equivalent ratio (LER) in different patterns in intercropping of basil,
bean and black cumin
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O3 O SR Cand (P32 e Syl p2 S
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Cropping pattern Partial land equivalent Partial land Partial land o)
. . equivalent ratio of equivalent ratio of Total LER
ratio of black cumin .
bean basil
Wy St Loy )y St ailialw sy SO
ol
1 Row black cumin+ 1 row bean+ 1 row 0.57 0.54 0.59 170
basil
Obuy cady St Lug) cady g0t ailialis iy S
1 Row black cumin+ 2 rows bean+ 1 row 0.55 0.57 0.66 1.78
basil
Oy @3y 93 F log () o + dlialw ) 9
2 Rows black cumin+ 4 rows bean+ 2 rows 0.62 0.60 0.71 1.93
basil
oy aw b lugd () s 1 aliabus () 4w
ol
3 Rows black cumin+ 6 rows bean+ 3 rows 064 0.66 0.58 1.88
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Gy ke T Ly iy cudn t ailalus i) Hles
ol
0.45 0.64 0.48 1.57

4 Rows black cumin+ 8 rows bean+ 4 rows
basil
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Introduction

Cultivation of medicinal plants in agricultural ecosystems plays an important role in the diversification and
sustainability of these systems (Rezaei-Chiyaneh & Dabbagh Mohammadi Nassab, 2014). Therefore, the
application of ecological principles such as multi-ship system seems essential in the production of these plants.
Zarifpour et al. (2014) in intercropping arrangements of cumin and chickpea showed that different cropping
patterns had a significant effect on chickpea and cumin yield and the highest essential oil and land equivalent
ratio achieved by planting ratio 50% cumin + 50% chickpea. Therefore, the objectives of the present study were

to examine the effect of different intercropping patterns of black cumin and basil with bean on their yield and
qualitative traits.

Materials and methods

In order to evaluate some quantitative and qualitative traits of black cumin (Nigella sativa L.) and basil
(Ocimum basilicum L.) in different intercropping patterns with bean (Phaseolus vulgaris L.) and land use
efficiency, a field experiment was conductedbased on a randomized complete block design with eight treatments
and three replications at the farm located in West Azerbaijan province in Nagadeh, Iran during growing reason
about 2013-2014. Cropping patterns included row intercropping (one row of black cumin+ one row of bean+ one
row of basil) and strip intercropping (one row of black cumin+ two rows of bean+ one row of basil, two rows of
black cumin+ four rows of bean+ two rows of basil, three rows of black cumin+ six rows of bean+ three rows of
basil, four rows of black cumin+ eight rows of bean+ four rows of basil) and their solecropping.

Black cumin was harvested when they turned brown, dried and shelled, and bean was harvested when the
first pod of the plants fully matured and dried. Basil was harvested in the first and the second harvest at 50% of
flowering.

Land Equivalent Ratio (LER)
Land equivalent ratio of basil, black cumin and bean was calculated using equation 1 (Koocheki et al., 2014):

Y, Y
LER :—1+—2+Y—3
B, B, B3

Equation 1:
Where, Y3, Y,and Ysrepresent basil, black cumin and bean yield in intercropping, respectively and B, B, and
Bs represent basil, black cumin and bean yield in solecropping, respectively.

Results and discussion

Results revealedthat the economic yield of three plants was significantly affected by treatments and
theaverage yield was higher in solecropping than intercropping. By increasing in strip width seed yield of black
cumin, dry matter yield in the first, and the second harvest of basil were decreased 30, 29, and 24 percent,
respectivelycompared to monoculture. However, seed yield and biological yield of bean did not indicate any
significant differences at solecropping with four rows of black cumin+ eight rows of bean+ four rows of basil.
Higher seed yield and biological yield of sole cropped may be due to the fewer disturbances in the habitat in
homogeneous environment of monocropping systems. Moreover, no significant difference between sole
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(*- Corresponding author Email: Ismaeil.rezaei@gmail.com)
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cropping of bean with combinations of 4 rows black cumin+ 8 rows bean+ 4 rows basil may be due to facilitative
interaction in this combination. The percentage of essential oil in black cumin and basil of all treatments was
higher than solecropping. Higher essential oil yield in intercropped could be due to the positive effect of bean
such as nitrogen fixation for black cumin and basil. The essential oil content of black cumin and basil are,
furthermore, positively affected by intercropping with bean.The maximum land equivalent ratio (1.93) was
obtained in two rows of black cumin+ four rows of bean+ two rows of basil that represents an increase
advantages in intercropping than solecropping.

Conclusion

The results showed that quantitative and qualitative yield of three species was affected by planting ratio. The
maximum seed and biological yield of three species were obtained at solecropping. The percentage of essential
oil in black cumin and basil of all treatments were higher than solecropping. The LER index was higher than one
in all intercropping treatments compared to solecropping systems. Generally,it seems that the cropping pattern
“two rows of black cumin+ four rows of bean+ two rows of basil* is remarkably effective to increase the
economic income and land use efficiency.

Keywords: Economic yield, Essential oil, Intercropping, Medicinal plants, Multicropping, Sustainable
agriculture
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Table 1- Equivalent of input and output energies for wheat production in Shahrekourd township

295/ 5399
Inputs/outputs

(LS 5 Jg3le) (551 Jolne
Energy equivalent (MJ.ha)

Fos)
Reference

Les3959
Inputs
(p)Ssks) ps )3
Wheat seed (kg)
(cebs) Glust (g9
Labor (hr)
(p55ks) <1 tlo g ol
Machinery (kg)
(oo i) syl
Irrigation (m®)
e sladgs
Chemical fertilizers
(p,5oks) 3o
Nitrogen (kg)
(p55Ls) yiud
Phosphate (kg)
(pSoks) ol
Potash (kg)
Cogw &g
Fuel type
(2 Jsgsts
Diesel (L)
(%)) ensm
Gasoline (L)

(el 2 Slgoles) iy 2SI
Electricity (kWh)
eloosd dlgo
Chemicals
(o530 oslo ,55LS) oSl
Herbicides (active ingredient (kg))
(o530 bo p,S5k) o iS5
Fungicides (active ingredient (kg))
(o530 oo p,55LS) Lo jiS' pt
Insecticides (active ingredient (kg))
9>
Output
(p55kS) pais 4>
Wheat grain (kg)
(p55ks) pais L3S 5 ol8
Straw (kg)

15.7

1.96

142.7

1.02

60.6

111

6.7

38

37

12.1

287

99

237

14.7

9.25

(Tipi et al., 2009)
(Azkan et al., 2004)
(Zahedi et al., 2014)

(Zahedi et al., 2014)

(Rajaby et al., 2012; Akcaoz et al., 2009)
(Rajaby et al., 2012; Akcaoz et al., 2009)

(Rajaby et al., 2012; Akcaoz et al., 2009)

(Rajaby et al., 2012)
(Rajaby et al., 2012)

(Kaltsas et al., 2007)

(Tzilivakis et al., 2005)
(Tzilivakis et al., 2005)

(Tzilivakis et al., 2005)

(Tipi et al., 2009; Singh et al., 2007)

(Tabatabaei-Far et al., 2009)
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* Including the construction, repair, maintenance and transportation
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Table 4- Evaluation results of total energy as direct, indirect, renewable and non-renewable forms in irrigated and rainfed
farming under tillage and no tillage systems in fields of Shahrekourd township

RS JS 5l ae

Average Percent from total
()m » J9)l§‘°) $ip! s i s i
Energy (MJ.ha™) b o b o
Rainfed Irrigated Rainfed Irrigated
9
o SiFe oo S o Si uis@ S
e 33 et 33 e $3 33 33
“5”_9“’ Tillage “5”_9;" Tillage “5”_9“’ Tillage No- Tillage
No-tillage No-tillage No-tillage tillage
oo (5551 1138° 2408° 1138 2408° 9 14 26 40
Direct energy
o o (55 51 10891° 15121° 10891° 15121° 91 86 74 60
Indirect energy
Rhn0ed 1t 5550 9587° 13057° 9587° 13057° 80 74 62 51
Non-renewable energy
rhnsed g5 2442" 4471° 2442° 4471° 20 26 38 49

Renewable energy
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In each column and for each parameter, different superscript letters show significant difference of means at 5% level.
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Introduction

Energy analysis of agricultural ecosystem is essential for sustainable production. The relation between
agriculture and energy is very close. Agriculture is an energy consumer and the energy supplier. Agriculture’s
use of energy is recognized in three external inputs: labor, machines, and fertilizers (Connor et al., 2011).
Significant gains in energy efficiency were arisen in agriculture following the phenomenal increase in energy
prices in the 1970s. Greater use of diesel motors, larger tractors, using conservation tillage methods and
optimized fertilizer use efficiency were the main causes (Ozkan et al., 2004). Safa & Samarasinghe (2013) were
reported that fuel consumption in tillage and harvesting was more than other operations in wheat fields of
Canterbury, New Zealand. Effective application of agricultural techniques and efficient use of support inputs can
minimize environmental problems and in consequence promote sustainable agricultural intensification. In this
study, the energy flow investigated in irrigated and rain-fed wheat cropping systems under two tillage and no-
tillage methods in the Shahrekourd city, during 2013.

Materials and methods

The study was carried out in the Sharekourd city (Chaharmahal Bakhteyari province). This region is located
within 32° 20' and 32° 21' Lat. N, 50° 48' and 50° 50' Lon. E. Data were collected from 40 farmers with
questionnaire method. In this study, a randomized complete design with four scenarios (rain-fed and irrigated
farming with tillage and no-tillage systems) was used, that 10 farms were considered as a replication in each
scenario. All data detail information on the questionnaire were averaged and arranged. First, all inputs and
outputs of wheat production were determined, quantified and entered into Microsoft Excel spreadsheets, and
then transformed into energy units and expressed in MJ.ha™. Based on the total energy equivalents of the inputs
and output and the energy use efficiency (energy ratio), net energy, energy productivity and specific energy were
calculated. The input energy was divided into direct, indirect, renewable and non-renewable forms. Indirect
energy included energy embodied in seed, fertilizers, chemicals, machinery; while direct energy covered human
labor, water for irrigation, electricity and diesel fuel were used in the wheat production. The LSD test (P<0.05)
was used to compare means between all scenarios.

Results and discussion

The results of data analy5|s indicated that maximum input energy was about 29,586 MJ.ha™ in the irrigated
fields under tillage and maximum output energy was about 70,743 MJ.ha™ in the irrigated fields under no-till. In
this study, the highest and lowest energy eff|C|ency were obtained in irrigated system under no-tillage (2.43 in
seed) and rain-fed system under tillage (1.03 in seed), respectlvely The greatest contrlbutlon from total energy
belonged to energy of nltrogen fertilizer (9,429 MJ.ha™ |n no-tillage and 1,092 MJ.ha* in tlllage systems) and
irrigation (8,323 MJ.ha™ in no- tlllage and 5,117 MJ.ha™ in tlllage systems) in irrigated cropping system and
nitrogen fertilizer (8,529 MJ ha® in no-tillage and 7,220 MJ.ha™ in tillage systems) and seed (4,367 MJ.ha
no-tillage and 2,412 MJ.ha™ in tillage systems) in rain-fedfarming system. Therefore, it is necessary to focus
more on nitrogen fertilizer consumption than the other factors to effectively reduce energy consumption in wheat
cropping. In addition, the no-tillage system had high indirect and non-renewable energy forms in both wheat
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and Natural Resources, Iran, respectively.
(*- Corresponding author Email: hossein_k_p@yahoo.com)
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cropping systems. The high ratio of non-renewable energy in the total used energy inputs cause negative effects
on the sustainability in agroecosystems.

Conclusion

Generally, irrigated cropping system under no-tillage method was the best condition for wheat production in
Shahrekourdcity. The results revealed that there was a huge potential toimproveenergy efficiency of wheat
production in this region. Furthermore, toreducenon-renewable energy use in the studied region, we
recommended the use of chemical fertilizer specially nitrogen reduce by appropriate management of fertilizer,
use of legume in crop rotation, use of green manure, organic fertilizer and manure.

Acknowledgements

We are grateful to Agriculture Service Centers of Shahrekourd and Gorgan University of Agricultural
Sciences and Natural Resources (GUASNR).
Keywords: Energy efficiency, Direct and indirect energy, Renewable and non-renewable energy

References

Connor, D.J., Loomis Roberst, S., and Cassman Kenneth, G. 2011. Crop ecology: Productivity and
management in agricultural systems. 2" Eds. Cambridge University Press.

Ozkan, B., Akcaoz, H., and Fert, C. 2004. Energy input—output analysis in Turkish agriculture. Renewable
Energy 29: 39-51.

Safa, M., and Samarasinghe, S. 2013. Modelling fuel consumption in wheat production using artificial neural
networks. Energy 49: 337-343.



Journal of Agroecology
Vol. 8, No. 2, Summer 2016, p. 296-317

i

$329LS (ol oy & i
296-317 . p 1395 cylianstli 2 oylass B al

PR Sk bl g, gl patls n (sls 58 B aan Ll g G oS5 S

dgie 2len 5 of Wyl s (Phaseolus vulgaris L.)

3 . o os(s 3 o *2 oo .

d.} f)")-’f”-"ldtff L»é) ¢ 6.}}: 0% 6,&‘."-& OV 6»\.&‘ L;LUL:JS sld.o\._a."b a:b.\v‘ 4.l>|)
1394/08/19 : =50 s &b
13/LUI06 i3

U‘H'A gaiy ,,Sif" f‘ .1395 oV ch ‘b)b: 96y c‘;:la)é e N1 Y ) ‘_g,aob “&3 c‘_;..\.wi “y cJ..\gsS bb‘).\o&‘
& i Mo 198 9 O bagl i 43 (Phaseolus vulgaris L.) 3e,8 (sl 0B, suwiy s yadli p (ol 355 & puae

296-317 (2)8 ¢(55,5UiS swolini 092

2>

5 dg ik slapSly 5l cou (Phaseolus vulgaris L.) Loy byl cnsy 5o s slapasls clywss Sgy b)) jokaie &
5y9biS oSl ot acyie 50 LSS5 dw g 4lew 36 L 3olas JolS clacSol zybo LB 53 o y9iSs ©ygn 4 cdulojl o eld 355 polia
(15 555 D-81083 1Y 55 50,8 elug) o8 slaz obs alllas 3,90 (oliy5:51 .05 plocl 1393-04 13 o )5 spube oo oSy
Sysme g3y s aslis g (e )3 55 30 5 15 jhn) sipug WolS 55l8 36 adaw du g (mpeyio > 455 40 520 13/13) woy (S5 auw
:955w5|);u.1m0]a.4)3 ﬁpbﬂfb)lwm)u&ru}J}m_\w)u&)m S °->L°é°-'>°u‘)~° ;3):C.|a.wua>u Juolw W)
wBy 3 @yayin 3 p)S 2145 L o Jude o jieS g S5 w8, sl @peyio y p,S 15/ L St odle gesm (i 45 2l L gl 3g (e
ey S 18y 5len 53 el Cand 4 IS 0By 53 oo 395 41 53 55 30 CByune L (2/59) Sy paw asli o YL A osmlie i
Jsazo A8y Copos gpo o > 5 1313 4 o815 Sl b g 0 Jools oyt 1 w52 40 o515 15 5 (0 S 51 9 42 55 Jgaeo 43
b 0anliie 55 (oo My Sy 2 VL wpeyio 0 59 40 WS15 )5 pizmen il LialS 1oy 18

29l o5 30 800 590> Lo nl 3 55 Slises Wy e el
(FAO, 2013) w5l oo g & bgsyo )] duoy> 37/6 48" ol s
Pl ol 50y o Elil b oS o8 slog) ale Slals
- o 2930l g dgdme Ay b g odwled b g odliunldes codliug]
A i [ bl oo ol Pl oy Sl i ClS (S5 candly
oo (LS iy g )lsle S dbnl cua cils 6515 08,
(Torabi et al., 2005) wsb glize bl o
opein GBS 3,8kt (s 3 ot ol 52 S 515
29 4 (liod Ca Cold) oS (s LS & CudlS’ 1515 0948 oo
O Sid 03le a oS g el 4SSl Canl plie jolis
ol 4 (Anis et al., 2001) xS o JyiS 5 1y (2LS clapll

doddo

o —iete jl s (Phaseolus vulgaris L.) 5,3 slog

3 3590 B 3l e 5 el o 4 o8 Ao g
Slage (g slade 2)h (ol @) )3 lodes wrw L]
ol lore alS 1 20 510 5 oMe ol Hlas B 9o d9us
= Jlw 3 olpl o Sl cuiS ;5 maw wgrge Hlol 3ub
@ ol 5l 203 613 Jolee oS 54 )l i 770 5900 1391-92
doyd 1419 Loyl o jlaie cpl il g conl aidl olazs] clges

g sbobiwl sl (el lidpg 65 somtih cg 4 -4 4321
o (w938 ol (¢559liS” 0aSiily sl 09,5 el
(Email: asadi@um.ac.ir e odimggs = %)



207 5055 slug) o) iy o pBLE 2 (ool 955 S pao im0 3 gy o575 5]

39008 4y 1) g 3bj sl sl (o515 )3 Lag) 3o a8 Lo
Babagian ) oySes 5 olobl aiash bgye (BLS assls )3 95
115 Loy g o1y Lialjdl a8 wiles,S” 3155 50 (et al., 2012
Ol 4 S s pa3LS SR el cpoyte ) wig: 33 &
3956 p Lialesl Jlo ¢ b (Leach, 2009) g 45,5 voy> 16
sy &S €l @00 blys > ely; (Cicer arietinum L.)
g3l dn grpeyte 3 45 96 B 14 51 (ST (Ll L s 03,
» a9 40 Jhs (S5 a5 w905 pMel g il iulibl o )b e
28 L) oo 1y sy Sl (3,1 s 4y gl o poyie
Gl p3¥

ol 5 o (00 S oS cpl ST 4 g LBy
03l> yoluaidl g5 ayy g o |y (edbasdl o3l p YL o
Sl 4y b (§pS0se yshiie & dlte (£l Cupde Jlosh e
Golchin et al., ) ol (55958 Hlws (530l o 3,Shae Jonslis ;|
2ibige 395 Bpae (i (e sboylSal, ol §) (S (2008
Jsb 3 olS i 5)90 (i jolis &5 WS il (laigS 4 WL &
25 58 ol sl > Sl g 5 (SYb e

3 A sladgs 3,8 0l (s5pslsS lapllss )3 05,4l
ol s g ady Gl @le ceal® )3 g Cuel
Esitken et al., 2003; Sharma, ) ¢l b5, SLs sl
s ¥ hlal g, cures (ol 358" Bpuas b olper (2004
ase 3 o 355 5 d290 T olge g adly (IS o) sixe 5o
") 3 Wb oo Cguime Shgzge cpl 45 Gl ey S
Cdlb o g 5 5 loe Sl Caman (ool 355 L oMol cela
Gholami ) cul pYL 35 S xaw &Y 3 ol g 29,50
1 o> slmagS eiie 4514 dasie lie > (et al., 2009
g 9 Pl Ohg2gan; i 09See @elyr oS 5 g GBS
ol cpl a8 oni ST S  Sgilio claailp wats 15 5 LS
Besine Gl ey So o5y 2lis polis ceal 3k
.(Singh et al., 2003; Vessey, 2003) 5, JLss 4z |y 3,Slos
e 59 = (Nazeri et al., 2012) 4 )LSen 5 (6,bL mls
5 oolaiul a5 sl i gl ordy sl jasls p JIsgS s
A )3 45 45 Sy g (a3LS s cge I sleogS
c2ge o 1y s g St oole 3 Slos donits 3 9 Jriwgd i3Sl
(Asadi Rahmani et al., 2005) l,Sen g Slosy (coul .55

ol oS sl (ST ely; bl o cusls Colkas 1S5 S0
O ) 9 45,5 )8 oolatl 3)90 2Vl (2L L (dame Jelge
Ll Hlde Blas jd (glaieS e 5 (glaseS gy s,y (s
w4 3l oS a b ldllas gl (Koocheki et al., 2009)
Splil 5 aioS 4y (g 3miwgid dlge anass flie g Mdy p WSy
Latifi & Naddaf ) ;oG5 5 adal dily opl po 3L o calise
3 45 dges Uil Lug) 4y cla el wyy b (Por, 2008
Co s g Jymamo Ly Cops 5Vl @poyte 0 6 30 o515
;3 (Madani et al., 2008) ), |Sen 5 (o . ol o A3
24 83905 I35 Lagh pB)] p cdlS 3 9y Jeolp (o)
3 MLy 4l dliss g g 5 B law yio 5le 10 alols
ash 5, Slee g BMe Jobo Lol ey (645 208 Juolgd b duglis
OhSen 5 (o253 adllae @lss 85 518 o il cou by
3y Sloe Lyl o815 ial33l b oS sl Lss (Faraji et al., 2010)
tdow sy 50 Me Dl g iy (s ld ( S5elgn 3 Slas il
oy (Parvizi et al., 2011) o, Sen g (395 -l Siol38l
U gy clio o815 Lal38l b o8 Wl oLt L) plB)) 45 o515
OiblS g doyd g 4l 100 59 gy > BME Slaws ¢ Skw,
0y Slas mlo s dnly jo M dlawy iolidl s 4 s e il
#5155 5 €S Ll Ly L 6,500 adlan 3.8l il
dlols 51 as s pMel gl g el sbacnY 3 Skes s w5y
100 59 9 BMe ;5 il slaws ¢ oo )8 45Li sl glis)) p cosls
2 M ol wdls Aol mals' b Jg 2,55 b pxe &b
ol)Sen 9 cige (SOltani et al., 2005) coil yials asg
Loy o3, p cuils” Joolgd wyp b (Moeinit et al., 2009)
alold oy iay 0dliugliass g oolin] Ay plB)l > &S W58 ()l
3w b 1y (St oyt 4> 5, Shos g 0392 yio o 20 50
95 59, (Torabi Jafroudi et al., 2004) ;,LSen 5 (539, yix>
30 a0 60 5l candy cpm aols ialS L as sl i Loy b,
o 03933l Jguae My Cas s lie 2 o515 Gl L el
A Juols jze 25l 30 Cndy cyo dlols p3 aily 5 Shas op YL 4
A5 iyl Loyl cely; o culs calisce (gl ol p iids )
oy 5o ab oySlas olie cudy o Jold S L plgie oS
Jods e o) (Powelson et al., 1999) sl il8! |y xlaw



1395 yliwtl 2 oylos B wlor 1539l cwlits poy & pii 298

= ob 355 e lize g Bgp o515 ST gy Ban b Gialel
Sodio 2ls g O Ll )3 50,8 Lug) p)) () sl pasls
Aol o Ialalspe 4 g b

LS9, 9 dlgo

by Soidnid claasls adlas Cam by Ltloj]
2 o 39S g 4 pS1)5 4 Cund Ja)3 Lagl olS il p6)|
2 Bl dpudie owgd 3 olKily (65,9liS 0uSisly Jladsd dc e
15 5 42,559 bl Jsb L) spetie (B cogin (s yteglkss 10
5435 oldlus (oye g By 4ids 30 5 4> 60 b aid>
a3l (5520 985 glisyl g Jlos 4ad> 8 g an )3 37 b 4ids 43
el 3 1l 4 1392-93 ely; Jlo 3 (Lo

Slogad ps jplate 4 (lac)ze Slinbofl bl 51 i3
O )l (Bl ©ygo s (5 ihpaiges S pliard 9 (S
S s il ol @l b bl Gl ) Joe
ol oad o3l L 1 Jgas 15 SB Gluogad olews

w5y i L) 2y Shos g 05y o 598 5,18 556 e L
S g (ol 365 8 s dzs (3 dST Wdges )35 COS-16
el Gili sl oo, T8 asily 5y Slee 59,20 odisScuts la
13365 oy b (Majidian et al., 2006) ) Sen o bioxe
9 o> 368wl 3 )8 a1y o] 5, Shee ialjél ool ol
9t ) 0y Shae iulisl ecle Loyl w63,8 (555 olows 565
OHLSen 5 (S ppdi A dg00 gydas SIS (gl ol byl
25ba5sl slas 3L 1 69y owyy b (Shahraki et al., 2016)

SoylS S 5 (o5 S Shy » (81 355 ok g 2ol gl g
3y Sloe oy yiig 45 a0l L (Carthamus tinctorius L.)

395 1o 55 55 30 plg Bpae b, 3 5 49/8 L ool
ol > &y gl prsuag T (o3 365 9 (sob
725 Lag pB)) JuSly )5 (B Cladods dg2g pas 4 g b
Logd olS” Cormnl @y 5la5 5 (o> 368" B e gghaw g o515 4 Cannd
>y Sles 5 (DOrTi, 2008) YUy (i 2o pd 3090 L cagn
5| owoemen (Troeh & Loynachan, 2003) YU eslass!
Oml iy S5l b lapadll (qwyp g CELS > Sk
ol ol dliat g 2, Slae 1 50 Joloe Jilos 5 i )5 olS

Culs 51 8 S (abiowsd 9 (S8 Oloogas -1 Jogu
Table 1- Chemical and physical characteristics of soil before planting

s “st) o rd BB oally ) opied BB Jd U5 (g9 2 ooy jod) Sy Culan o
Texture ) (el ) (! (e 52) (5 4 pH
Available K (ppm) Available P (ppm) Total N (%) EC (dS.m™)
oo =g
Loam- 320.2 4.5 0.196 3.1 7.76
silty

Lol sl 3 (2 Jgio) (olond Slasgad s § 455
bgoyo slacs,S 30 cope; (sjlwoslel llas b lojon bgsye
JolS sgb 4 S e ls 0-30 4V L g oss (ioe les o &

WA90)3 bgle

9 poui Glles ol yo p0 )d (yes & jlwoslel pbol jolais &

b (oS 55l o2latul b (o § €855 ploxl (g0 gudans
395 e a8 bl 5ad ol Ssl 51 Oy iSa;
o el iy odpwgy Mels’ 695 265 11 gy old 058 4la) 550

03\l 3 )90 (015 355 ot browd Cluoguad -2 Joia
Table 2- Chemical criteria of used criteria

(20,3 JT o3k I oj9re oo BB s e pd LB el ot S colan

Organic matter (w2 3) (ol st s (ol 2es) “pI:| (0 y3 Lymwivod j owd)
(%) Total N (%) Available P (ppm)  Available K (ppm) EC (dS.m™)
62 0.50 740 3787 8.02 7.13




299 5055 slugl o) by S ASLE 1 (ool 55 S pao fime 5 Ay o5 5]

(L sla) 05,5 55915 0 (¢ pS0jlul (slmodls
y _A+0-4-Exp-c)/a))

L+ exp(—(t - ) /d))? (1)

b lise 5 (St oole goss )ljus) SKits o3le il i
(2 dlas) 23,5 alxo

2)

B a

1+b-exp(—ct)
Szs o3le Sl 1A (0.7 Kis 03l Y cdbsles oyl o oS
g Al oy D s 5 S (1Sl 1€ (.M 0 0

Jgame 1) Cae pun (%) (2) atsles Jgl o ) s

(3 asles) 15 dle G.M20? as s J(CGR)
dl: a-b-c-exp(-ct) o)

dt  (1+b-exp(-ct))?
e 2 (4 51es) (.9%.07) *(ROR) s 3, e o
(4 Wsla) 15,5 dusloxs (2) dolas pgd it
dLY: b-c-exp(-ct) 0

dt  1+b-exp(-ct)

9 4055 3,90 SAS 9.1 Jlidle 5 5l oolizl b yiolejl (claosls
Slide Jl33le 5 51 (Yoloo @l il e A3 S 5 o
A plool EXCel l3ale 5 lauwgs Ly ges wuoy 33,5 ookl Write

(LAT) S g s gl
1 US> 0y s oo 55 Lg) plBy) o5y g sl o

ool 0 00l LS

).lu“—ﬁ).9)56)‘>Lﬁ9jj){cjawua$U}Qi);°§9aM
pis g (b 295 LS 15 5530 Yl )3 iy 4 (A

3- Crop growth rate
4- Relative growth rate

S5 sLacSyly 2yl B 55 56 pgn & el
5y e Jols bnjlass 3 plosil 1S5 a5 les 36 b (2ol
(oobiam] 3950 15 )) i3] 08)) w3y glite (slacw b 50,8 clog)
(0139 9a50ls L5y) ;U o3 {03kunn) d9aee 15)) D-81083 Y
915 «8ymo pae) (b 355 By o s 5 (@yose o 2
oSl S5 a3V i 4B )5 ey ([l 3 el 548 5 30
Fm 5 Qlisebol 51 gy a3 g9, dhold oS 525k | S0 oS5
23,5 Jleel (5546 alsyo 3 laaigy JolS s

Cady o dhold b cuslS iy Jloa 090 yi0 2X5 Lo ) slul
SIS ) g pSols o 005 sl &) ya > e ke 50
9 i d 8,8 a3 > 5 2o 90 Sgl g o )S y dlold bnylays
cils @les 3,5 plosl alSlis alS job 4y be,S 6k
10) ws ploul wd ©jgo 4 olo Caigd,l dewd 5> plB)) oles
Sl 4 gy b aigge CudlS 5l dlolBM (kS 13 p S olS
D505 e €316 b 4 yok B ad ()bl s b wdn
Slosliul L (laiy 9 (g9 g i ool 3,90 (oolol (y3g,
“ o LB olS b oled )3 eitns ybo 4 O ol 1o 48 351 (i
Ogbye Iy bl g 03905 Cos ity 4 (6398 O yguo 4 a8k 35
Cug ol s e Bk 1 e laddle JynS le oo
L el Gialejl (b 53 s plool o)) cud o balyd )3 ()l
Log) sy sl yadlis (pus jolaie 4 uis sdalive old (g)low
.2 " . 1 c
Ui (DM) Sass oolo gessi oljse g (LA Sy pdaw Jolis
pLol LS 08 5l slandls Il (58,5 )la5 3 L g )L S,

Delta-T Jus) gwSy gdaw olKiwd awgs oS 5y pedaw
Sy bl i 5 e sy 0,8 s (o leadS g8
sl8 Sl )0 Al g 4 g o s dgel j adlu
75 clod g o9l (9 > celiw 48 Cote & g 2505 anidliS
Ly ages o St gy o 5l g 9 03b )18 S5 b 42
A5 ey (p,5 0101 s 41,5 51 onliul

1- Leaf area index
2- Dry matter



1395 yliwtl 2 oyl 8 oo 1559l cwliis poz & pii 300

w
)

(1 JS3) w oanlive 2006 o 2/57 L ols 398 b juae

» (Ijow Irn,slrr:u_rle (A
= t.
=Y evel (tha’)
= —4—0
e 4l —8—15
= 430
S 154
-l
1 4
05 1
0 ’ 1
0 14 28 42 5% 70 84 110
Time (days from sowing)
37 Plant density
S (plants.m?)
225 '
= ——133
L 9 ——20
= —A—40
«
< 151
1 4
0.5 A
0 ’ 1
0 14 28 42 56 70 84 110
Time (days from sowing)
3 (€
= —— Akhtar
2 —=—D-81083
= —A—Naz
3 —X—Goli
-

28

42

56

70 84

Time (days from sowing)

Lig) Sy g (a8 Lo Ol i K9 32 03 (&) 9 g2 iliten (5laS 15 () (oold 355 gobans (W) F1-1 JSCS
Fig. 1- The effect of Cow manure (A), plant density (B) and common bean cultivars (C) on leaf area index (LAI) of

ol 4] Vgons 3l 51 s S5V sb 0)93 S gy «liges
Jnad gl piindis jl glodes isu Glige g)l50 50 (plpls
9 2950 pi2 45 b o815 g culial (alS Jide Jd> 4

bean

5 30) o 355 Bpuae lie iSo 3,8 L Sod )lee 4
i3l 485 b duslie 1 10yd 20 Sy s e li (S 5

p;lcl));gm}obu@z)sj))tdawé\xwysulf)ﬂoduwb



301 053 slugl ) oy Lo B LE 2 (ool 355 S pao f3m0 3 gy o575 5]

ity 6L L IS 05, (oo cnl 3 0,8 gy o3 e ] )
e S a2l Gl &S 58 Mg |y S e adl
s ab g SLid odlo 3 Slos don )0 g jiiwgid ) il
ol 18l Cov puitas it jeb 4 gy by pasls b aalgs
Iy olS Kid o3le 5 Spy o 59y CulBy oy |y sl oo
Ll 5l 590 uizcen (Asghari et al., 2006) »,is . b
b colBy pd odgy gy o b cle & 5B g (S5 o8 oS s
Ghanbari Motlagh et al., ) 03,5 Jas ;53890 ) slacale
$5YL Sy maw 5w )3 9 (2011; Baghestani et al., 2003
5 5 (Amini & Fateh, 2011) w5 ¢ el . Nlo3g03 W55 55 1,
(Amaranthus retroflexus L.) 5e,5 aiy, w9y U 5l oy
4S5 23,5 (IS oy Lug) slagd) 5 Ses g iy slagadli
o9 20 YL clapShs b ey o obeo 5 IS (slagd,
=) Ll )3 (gt (3lhae My G 9 S aw eSS
9 Sy o w adld pioen il D-81083 Y 4 3l
108y 5 yeS oo 5 (5 (slaedy b <ol > (g S gl Al s
o=l yiin (0B ey eims Lis a5 59 D-81083 Y 4 3l
OhSen g 3lae (608 390 Ja )3 Ay (g U plp 53 pB)
sla sl ) p b o (Ghanbari Motlagh et al., 2011)
0l o YL o Kged ()15 508 Loyl clisee o)l (503
o) s 5 el el s a4 S 13, (6l 2138 L Sy pedaws

Wb Cond w8y cpl by b ]y gog YL

(DM) A sule e & yaadd wa g
pLE)| St osle goosi (ljee (i o280 a0l oS L
Ay Juad o 3 G52 0515 5 b 358 ol b oo Ly
A g YL Sy praw (asls Blo oS del cand 4 Jalys
2)9% algl 3 392 St o3le gexs g M5 sl (6 5VL Jouily
Mﬁpsaﬁgwmomé@wws)l&‘m)
donelr jiwgd (ise Sy aw a3l GRIEIL ol yen 5 (Lo
6 g b SiS 00le xazd (S5t b g AL ]38l alS
oSy (69,5 9 S 9ped Y a0 ol jlam g €88
SLaS 1 i) ol S p VL gbSp ilulale
Sl I3l s 0,85 Sl S oo JUis] ( inly

1- Remobilization

o 4 bl plo b awslie ) Olgs o 5,Slee I aize LS
sLaxgs . (Parsa & Bagheri, 2008) s_il azils bls)l gg90
A8y 5 S Bob I SB gletle p cute Sl s 4 (oo
ey il esl (Abera et al., 2005) Log) sladiia, yui
22 S o p (LS by @y Sl g S aw jadl
Ghanbari- ) Lovg s yuid aios L saios o) ol .l
Triticum  puS bglste ¢S —w)p , (Bonjar, 2000
0als p el cladgS 5t con ely5 slug) o (aestivum L)
A ooy @l ) cdllas SB (ghsdols g Log) Sy pdaw
e 55 (525 55 L dg5s S waw asls 45 ol oL o
Khaleghnezhad & Jabbari, ) il 38l s, 48 els 565
(2014

2y Joad Job 3 Loy Sy aw (a3l Ol 3,
sl 3 aS el a g (s s &g calize slapSTy
by yde Sy Mg b g Cully (20,5 5 WS A5 ¢ Juad
28 3305) (a5 aloyo 31 IS (o8 Lajless (oles 3 i 5 LS
@IS ) ey 5 2l (a8l (oo e g b (a8lS 51 g,
Pl Lajlass adS (8 alsyo (Lilil ) 1 b awls g JolS
pdpy Sy oSl Jlide S 4 Sjgl b (Swe 98
(1 JSt) adly ol o 51 g g (S 51 g 595 96 292
5 (265) gyoste 1> 592 40 (515 > Sy o (aSLE iy
- 4.0 online (1/82) mojeyio 3 459:13/13 (S15 35 o) o j2eS
sloul WS s 4 xyeyio > g 40 (ST 4 sy o Yl
Moaveni et al.,) 515 g 3955 9 Sb mxhaw p poglho Gide
Al) plie jolie Gis yw o oS Colby izmen 5 (2011
oialidl el olie polie g of ealys o (Ramamneh, 2009
(Talei et al., 2010) )\Sen 5 (A .23,5 Sy haw (a3ls
Shukla & Dixit, ) -S> g MSe5 5 (Bourd, 2001) 54,
by dng) 33 oy @ daly ol 3 1) (relie @l 35 (2000
453,855 (Vigna radiata L.) _sle 4 (Glycine max L.)
U9y)35 30 (Babaeian et al., 2012) )|, 5ea 5 Lol cpinpn
el (oo ) G5 33 4 11 5l Loy Gg oST5 il33l a5 aid )
03,5 Sy waw adls oaop 16 i3l

0a3s Sl g,y e oo odnlie 3 S5 1 45 465 Lo
29 il ol Ky Ay Jab sl )3 Lugl pB)l Sy e



1395 yliwtl 2 oylos 8 oo 1539l cwliis poy & pii 302

595 3l oalwl 48 oy o Ha5 4 wizcen (Omidbaigi, 2004
ceel Josle doyd il g S lesdlo d90 sk ) el
ol 5 g ol ()& g Ll ol o Y ity 43y g
ol cel @bl 5l oad olS sly Gl B yolie jlads
Jd oy Lagl )3 s oole oo gm0 9 0LS (s jttgid oy
b (Majidian et al., 2006) l,LSen o bixe .ol axils
S ddgle g 4l 3 Slas gooS (p e Logd oS 53 393 ()
9904137 b Csp a ab 595 S 45 5 25 58 e o 1,

23,8 yliS Sy 5L 3482/89

350 D-81083

0 20 40 60 80 100 120
Time (days after planting)

350 Goli

50

0 20 40 60 80 100 120 140
Time (days after planting)

Mostafavi, ) LS juiis isll g olS (¢ 5timgid e (Slaxslo
JS2) 4 b L g 5 08 S5 0l g3 o (2014
(44324
395 55 30 lm sy a4 Sis odle zans e oy i
@ Cand &S Lol Cawd 4 (@poyie 3 p)5 275/61) S 1> ol
iy A ol 39S S 1 5 10 5l g als 395 Cyune pac
oS Cllae oyl @ 2095 b (3 ) b bl ao 0 10 5 ks
9 0L ) (s g dlgo gooi lies I (abld S o3l geos

Aroiee & ) 395 0 Lgmme )] bwg yolic Ol g

w
[3a]
[=3

Akhtar

_z)

m
w
S
S

Dry matter accumulation (g.
&
o

0 20 40 60 80 100 120 140
Time (days after planting)

(%)
(%2l
o

Naz

.2)

m
w
o
o

)
)

~No
(32l
o

N
o
o

150

100

50

Dry matter accumulation (qg.

0 20 40 60 80 100 120
Time (days after planting)

Lag) o8, St o3lo good (3l e o puh gy =2 S
Fig. 2- Trends of dry matter (DM) accumulation of bean cultivars



303 5055 lugl o) iy S ASLE 2 (ool 355 S pao fime 5 gy o575 5]

{1y

Dry motter aecumulation {gm™)

Timee (days afterplanting)

w
[
o

w
o
o

N
o1
o

w
o
(=]

Wtha'

w
o
(=1

N>
(23]
(=]

~
o
(=1

—_
(22
(=]

100

50

Dry matter accumulation (g.m?)

0 20 40 60 80 100 120
Time (days after planting)

Control

N
o
o

=
[
o

=
o
o

(S
o

Dry matter accumulation (g.m'z)

o

0 20 40

60 80 100 120

Time (days after planting)

Lag) Suls 03lo 2o (3l Ol paedd g 2 (013 355 g 51-3 IS
Fig. 3- The effect of cow manure on dry matter accumulation (DM) of bean

L iy Seis ool JS i (Tharp & Kells, 2001) >
ceryesio 455, 40 (15 o5 s b & 1l G o515 il
9 s 1y iy Siis o3l yiSTas wyeyio 45 p,5 293/43 L
Jie cgyeyio > aigy 1313 4, 40 51 (S15 Lials L (4 US3)
O o (4 JS) ol gals asyd 24 oy S oole JS
Anly jo iy ol iuliel cde 4 ST ilisl a8 sy o s
&l g ollae (ALS by Jyax ln ) Sl bl waw
03590l 3itogis losily Sl 4 oliwd g b ) e o
L3905 onlie ;5 (Rabie & Jerani, 2015) lye g oaey ol
P AT 93 O e 5 Cdy O S8 Jolsh (8l L oS
Lol (Soiedan g ails 5ySlos gy o515 Lials” aoes )3 5 cd,
Naseri etal., ) o,lKen 5 (50l .cdl jinlS (gl gxo yob 4

onld 5 SB g plols Seus |y 3,8kee Liuliel e Loyl
Tohae by 15) slp Bpany yolis ohpg & 2lie polis yiiy
jloslawl 48 5,8 3155 (Malakoti, 2000) 59-Sko . 253905
cdale ioliel » ise Sl aald U dwglis (0 (ol (gladgS
3956 oS St oole haljal g 4l jhud il (g (5
45 b (et e 35 3950 oS (g9 p ;500 (gladlles o il
2L L auglio ) 1) b 3 Sloe 1oyd 35 ¢ ol (sladgS 5,18
395 iSa 1 525 5,8 aoeis (3 3 Slos oy 9 3 i3l
(Mishra et al., 2010) 34 _oab>
ol 0os onimd JSuts (ol 9 (ug) laplil e Jols
Llosly b5 elalllas (Parsa & Bagheri, 2008) coul (955
SIS slabaly g o515 b gy Sis oxle IS5 Ses oS



1395 yliwtl 2 oyl 8 oo (55,9l owliis pos a1 pii 304

Sl ilisl gyls gxe yobo s |y e dsls y0

330 20 plantsm”

0 20 40 60 80 100 120
Time (days after planting)

350

_2)

m
w
o
s)

oS Ldges hyl5S 956y cudls Calisee (slagSTy Jles! L (2015
s ,Sles {gyoyie o 43240 4 20 5) o515 IR L lyiee

(%)
(%3l
o

13.3 plants. m’

.2)

m
w
(=1
o

N
(3]
o

N
o
o

Dry matter accumulation (g.

0 20 40 60 80 100 120
Time (days after planting)

40 plants.m'2

250

200

150

100

50

Dry matter accumulation (g.

0 20 40

60 80 100 120

Time (days after planting)

o Saes1 5 l o Loy Suis 3l 202 ol jme Ol g, ~4 S
Fig. 4- Trends of dry matter (DM) accumulation of bean affected by different plant densities

b 4 @ yeyie ,d wig 30 cuslS WS15 15 3950 il 5 Slos oS Wi
30 5 o515 GRS ormen 3t ST b 1 58 (5 soe
g3l o w5l 53 3556 il 5 Slas @ye 20 )3 Wiy 94 4
- gl slisal y 8 ol s ool 28l il s T
S S o0l yidey g doml 3 g (5 pliwgd el

ald

Gt hb) S g (Bl o pady Sis oole JS e

2860 Ly (Sojsdgm 2, Shos VL 45 0058 ol ]

g 03l b ol yeyte ) 252 40 (515 ) 1S 5o p SslS
Jlesl a8 05,8 3))55 35 (Andrade et al., 2002) S
Sloul dadigy Jolsie xje o rdisr cp 50 Sk sy Juolgd
Uil (S5 I Ll olie Gl g clio cudlS 55|
233y5 (0 3y Sdas ialil g 9 Gl Gym lacile b,
o3y yLss (Mousavi et al., 2010) ,LSen ¢ (sowge (yivlojl



305 5055 slugl ) iy o ABLE 2 (ool 355 S pao fime 5 gy o575 5]

g il 3 Sloe odliugldass g 0oliu] Ay b duglie )d oy,
190l g bl 5135 .(Moeini et al., 2009) asg, 1yls 1,
LBl 1> a5y o1, 1 g9, 3 (Latifi & Navab Por, 2008)
@l iy Sis ol s Sles (550 3 e S g Bl
&S 13)S 555 cpdioes oyl S e ol 1y talesT opl y alols
(S5 o5le (2 YL crpnsia > 42 30 6515 L g o 15 5
(Madani et al., 2008) .)l,LSan 5 (o .ai Jols cady
Ol a0 13y lagnY )3 p)5 (g5 )3 &5 Kdged GBS
s slolagd g 035 a8 gaoels 0y P L dugliie )3 3)Slos

I3 325 s slalog) 1 558 3,8kes Ygame ey

(@yoyio 13 py5 28511 5 300/4 L s 5 ) (059, 3gael (o3,
Comd 20,3 28 530 ¢ 1231 13, 4 s 20 30 332 Cip @
9y doslinn] dgae ey i (clyly) D-81083 Y
SCzs ool g e 00 plol Cliios 3 (2 US)
L eiilns jobo 4y a5 039 (ol gy A ) caslio sl
Sl laye (LS by bawgi odd Gl (g3l (b dop
090 4y 4395 b «oplplu (Holshouser & Whittaker, 2002)
Sl ) 3, 8es ulidl ol U 5 IS pB)l 0y, gamels )
e 42y BB i )8 Gl ly coldy Gl s 4 5L
P A al ()15 Lo pB)) p cdlS” Jold (o) (b il

12 -1
15tha 12 30 tha’
Z10 =10
=] 3+
o =
E g e 4
S s 6
= <
S S 4
= =y
G2 S 2
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (days after planting) Time (days after planting)
12 Control
=10
°
e
)
]
S 6
=
H
2 4
(=]
o
o
o 2
0
0 20 40 60 80 100 120

Time (days after planting)

bog) Jgnasme wub ) Cas s Ol yund Mg 2 (o013 395 Zglans 51-5 SO
Fig. 5- The effect of cow manure levels on crop growth rate (CGR) of bean



1395 yliwtl 2 oylos B oo 1539l cwliis poy a1 pii 306

12 20 plants.m’ 12 133 plantsm”
>0 B0
= =
E 3 S 8
E =
5 4 s 4
S 2 S 2
0 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Time (days after planting) Time (days after planting)
12 40 plants.m”
= 10
<
E g
=
2
S 6
e
E
2 4
(=2}
o
<
o 2
0
0 20 40 60 80 100 120

Time (days after planting)

lizco sWeSTy il Cox gl Jgnatme dwd y S paw Ol padd W39, -6 JSW5
Fig. 6- Trends of dry matter (DM) accumulation of bean affected by different plant densities

9435 (b (Il e Jpaze 48) Cop daye ol Sl g
> Sl 259, 8L Aabsl 15 olS (6135 0593 LL B g,
L glejon (g giads Ol 0l 5 (o) lj8)
D8l aom g 0By Joad bl > S aw e ls GlE)
Sl oloy caddS L g wily o olS o Sis 0dbe good sy
g (ialS g LacS ;o b s b gs (aled 4> 4 ()
COR Liuls8l 39, . dibly il Jguameo 15 et oo ¢ palls
S35 b s 9 ORI 0 a0 3l g 595 106 Ll ples 5
g dlge poliatsl g &l (A8 g (S Sl 4 (2
S sl ) il jhalS gy slaplil a5 g lagily 4

(746

(CGR) Jguans audiy e yus

Ay Jad Job )3 lugd pB)l Jpamme A3y Cuspu Ol s S,
6.5 oSt 5 gy w515 5 oo 258 Galiske polie Ll cou
ol o 03l L 7 g

Sis 0dle goz5 e &S Canwl 2t L Jguaze My sy
4 8y b ghnl ) w3 ge LS o) daw 5 loj 2l 53 )
da o> (9 b AL Jidy (398 (S Ggmen (B>
Jo Jyaze 3y Cop dop by slod g Bajg) (1392 0UgS (b
li3l g olS Sy g dngi > 4 (S Sl e g 0390 oy
Jgamme 48y Co p iy Sriwgid (ISl doxis ) 9 ady) A3

ool 0dwy 395 i iSls 4 Ay 090 Lawlgl 1> 5l cnds



307 5053 slugl o) iy o aSLE 2 (ool 55 S pao f3n0 3 gy o575 5]

D-81083

—_ [N
o )

=)

~

Crop growth rate (g.m .day)

)

0 20 40 60 80 100 120
Time (days after planting)

12 Goli

Crop growth rate (g.m*.day)

0 20 40 60 80 100 120 140
Time (days after planting)

12 Akhtar
=10
“.‘i 8
=
=
g 4
G2
0
0 20 40 60 80 100 120
Time (days after planting)
12 Naz

Crop growth rate (g.m *.day)

0 20 40 60 80 100 120
Time (days after planting)

Lsgd 081 Jguanmo sl y s yuw 1y W95 =7 JSWS
Fig. 7- Trends of crop growth rate (CGR) of bean cultivars

I3l 3o Sl e 355 (S 5 (oo ol ot

Arancon, 2004; Tomati, ) olie ,olic o eSS el
abwly 45 S Ly, culld il quoen o (1987
2o Lialidl cely (Arancon, 2004) yiiy (s colad
by ey D90 «Culpd )d yol pl 48 00 0LS Lawgs ()59 s
0y Slas L &S Canl gl jedli jl (S Jaate Ay sy

Mohammadian et al., ) a3 o L oYU (Siuod olalS

gl 53 3y o g i (slaadls (5w 3l 5 (2013

5 4 A5 a0 3l e 55 10,9 COR (208 5 oy

511 L ol 595 G puas piae g (b 358 )l y3 o5 30 jlaws o
395 ymo Ginl3l L0 ot gy )3 yayie p p)S 4125 4
e, 50 5 30 4 15 51y ke 3 5 15 @4 yas jl b
o a4 i il il ao 11 512 Cup 4 g as,
= 298 i Byms jlawd 0 Ay g (090 BYL &S Sy
coilaie o (1 JS3) S pdaw adls (g 5YL s 4 Yl
- o ool 38 3l onliul baylpd (> e Sits 59 o9 YU o

b



1395 yliwtl 2 oylos B wlor 1(53,9LiS cwlits poy & pi5 308

—iulejl b (Lopez-Billido et al., 2007) ,San 5 <35k
w3y dols ials b I (LS w515 GlljEl &S 25)S ()l
2l Gilidl 1y ailie ) de50 by ce o
2 ey 109 Ly Jomamo ay o pus iy pB)) 03 5
- ) 8, (T JS) 05 IS 5, 4 bguye gy 00 qpesie
oL 0 e g (4 JS) (groors St oolo (508 (il e
ey oS 39y 3 @yeyie 2 p)S 6123 L (1 US) 5 o
4 oy s 4 (T JS8) ol ol 055 & |y Jgeanme 03
Ay ede g bope (5 08 50 Jpazme Ay Copu (392 YL
O Gman Cl 0351 ] 09y (S05) o 9 g1 295xel
2505 %o ol & e b (LS Yl 5 e il
obe w35 0l 3 Jgame 48 Cop 39yt Jlaisl B>
Ghanbari Motlagh ) o,\Lsea g llao (68 (yyp gl .5)S
“ e wedbe nl e 5 g Giliso 561 g, 2 (et al, 2011
14104 L sy cas po oyt &5 53,5 5158 liime (] sy
IBT Ly i > 3y 5 5 o8y & bogupo 39y 3 @esie » p )5
oebail g s an |y sy copu (%68 o) 0 @pesie 2 S
as ol L 3 (Isik et al., 2001) (), San 5 o500
sl lacs 4 cuws YL g cubls 5l Lugl o) o))
Torabi Jafroudi et ) o) San g (639,500 (ol Situd )95
Ol 3 Log) cilises (o) (slacas o amlia > (al., 2007
4 Cod PV Jpamme A3y G p gl 56 0k 08 o5 2038
(Moeini et al., 2009) |, ISt 5 ume 392 LSy o3liun] o3,
Sy 85 23905 (135 Lagl Clisee pB) Ay Cops iy
OLidyd o8, 5l yidia o> 36 okg, (c0dy cus b S5 o8, A5,

Dy D.}l:.uail LSJ“‘:’) w lJ

(ROR) (geas sl s s

adslee pgd (5iiia) (oo A5y oy 10 99 8 cla U5 o
polie 15U coos Lol ) (St o3le goss gy (s goSw
ol oddiodly Lis agy o515 g (ol 258 calisis

G380 Jpanme Sy G p 3900 Cgune (LS
obes aly p3 de )0 aw 2oy 5 (LS gloinl S SiS j
oo 3 (oS JS S g) 25 s g 008 o gy
an Jpamo 45) Sy Sl 29800 ol S5 00 (e e 221g)
Sg-ds 0wl Y gazes Ay Julod g 4o )3 (g y5b
4S Naiie liie 5 (Koocheki & Sarmadniya, 2011)
9 (2LS 008 5lngid o b coniitins dlayly Jpazo AD) sy
olbe (laeS1s )3 pogad 4 g 3 SB v p alS Gidy,
LacSy g odd SCalyss whaw sy 1 Sy gaw 5 iy @5y
2 938 o My g 5 (U Ol lp g culie Cusbye
Oo0zooni Doji et al., ) bl e (il Jgase Ay Cas o doxgs
95 wlisiss 4> (Deka & Dileep, 2002) cub> 4 185 .(2008
" sl Sh b il Sl ) GblS sess co pe Gl
3 =26 el ol J> 1253, 5155 el possf g Slind oS
by (ol polie Gl dgmp 5 48) S e slagigeyon Wy
OlalS (spiwgd Co o Gl LBlie & 0 (lles) ol
eS8 el il JUgs an |y sald 4y Cous oad gudls
21y 3956 Jgame A3y ey Hlade ySlus (Shokuhi, 2011)
255 OIS (ol 358 S 53 5 20 e e
40 151,5 > COR s (wy 2 2)50 slapS1y (ales 5
ORIl A eaalite g, 53 @yeyio 3 p)S AAL L @yesie )3 Sy
s iy 4 @yeyin ) gy 40 4 20 4 13/13 5 cuils” oS5
(6 JS2) 458 Jgmamme 08y oy g0y 18 5 iy i3
Sirait et al., ) o) Ken g (Jyaw bowgs 3y90 oyl 1 (olie gl
Glycine) Lyw o Lug > iy & (Enyi, 2007) ! 4 (2002
Torabi ) o,LSen g (639, yix> (oly .ol 00 3,135 (Max L.
o Aol Jials b oS wsh bl 3 (Jafroudi et al., 2007
bog Ay o po (line p CuBlS WS15 GRIEIL 5 ) )3 gy 9
Steinmaus & ) w9 9 (wgeisiowl (Laasl gib .05 03438l
» a5 40 40 10 5l Loy asgr o515 il;-81 (Noriss, 2005
L) ey Gl 8l dlS iy, Jolgd GialS L g oy te
"o A8 (e i |y Lugl odig) pB)) g odliunl pBE)] ) Jguarme



309

w3055 slug) P8l i) sloas Ll g1 (ol 095 B pan yliae 9 dig o515 i1

016 30t ha” 016 15 tha’
= 04 > ou
s =
- 012 o 012
= 01 = 01
S i
= 008 = 008
= =
S 006 =, 006
Z oo g
© —_
= = 002
o 002
0
0 0 20 40 60 80 100 120 140
0 20 40 60 80 100 120 140
Time (days after planting) Time (days after planting)
Control
0.16
> 014
°
"> 0.12
=
& 01
o
< 0.08
E
2 0.06
[=2]
[
2 0.04
s
£ 002
0
0 20 40 60 80 100 120 140
Time (days after planting)
015 355 o 7 gk pil Gt Luag) oammnd iy Cuf puus oyt gy -8 IS
Fig. 8- Trends of relative growth rate (RGR) of bean affected by different manure levels
plo 0 Conid |y oy gl el 568 ,6Sa 1 530 5,18 S Mgy (SwseSuw dolro pod Bl (e Ay Cus puo

59y 14 3 s by o g 0 YL S g0k 4 Dy LS Lanjlews
b 255 1S 1> (530 By o 4 bgiye 03 o 3l
2 s M) ey (8 US8) 392 55 5 25 2 )5 OI07 e
oSy ool 395 Cyume pae g, )3 el 3¢S 5 15 o
el ol ede (8 JSs) wimals LialS oy 10 5 can ld 368
595 S )3 05 30 B puan Hlows 0 a5 il s ol & Wil o
sl o o il 2lie yolie guily jlasl o Js &4 (e
Sy ey o JUd 4y g 0dd (g Ay dgake s e

O 9 (g bU slaail b zols ol cul didly (5ol58] 50 auns

2ol by ey 0diS o gl Lol ccusl Sloj alols S o
2oL L Al oo g Cd pasidia (Sloj Cgz)le S5 sk
Koocheki & Sarmadniya, ) sl cglite RGR (glalasd
Jrlos 5 35 )3 Wlyieed (2l & i A3y Sy (2011
N5 osliwl 3)90 (LS @elgr (ogad 4 g (LS 43y lys
2 Said ool A e duwlee (gl piivte Ao gl (oplplly 0,8
Ly ey 9 (COR) Jgazmo Ay s poo 51 plgi oolisil b ool
2y Jelo 5 42325 5 pre pa3LS 93 lsie 4 45 (RGR) (oo

(Conley et al., 2002) 33,5 o duogs cdiil oo s



1395 yliwtl 2 oyl 8 oo (55,9l owliis poz & pii 310

A5 o alin
Lig) (oo 2 oo poo (i @ poyie 5> g2 40 o515 5
3 455 40 (515 53 s My sy 45 (g pobo 4 1035 saaliie

P 4 peyio 3 w92 1313 5 20 oS5 &) Cond @poyie

@ A3y Soider b slayasls )y (Nazeri et al., 2012)
Ay g 85 10,8 o sl oyl Slgsen Logl 3 JT (cladgS
g 3 &S gpslo & )5 )5 b 358 a1l o s
Gy o JS S 059 oy o 355 S 3 (525 (o8

(9 ) 592 pYL auoy> 97 4 48 AL g Maon] sy g (i ADy e p Jguame L
0.6 20 plants.m'2 0.16 133 plants.m'2
=014 =014
< =]
= =
w012 ‘= 0.12
= 01 2 0l
= i
=008 £ 008
2 :
= 006 S 006
@ =
Z 004 < 004
< >
& 002 = 002
0 0
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (days after planting) ) .
Time (days after planting)
016 40 plants.m'2
g 0.14
=
’-‘c_, 0.12
=
@ 0.1
o
< 0.08
B
S 006
g
= 0.04
K
j5]
x 0.02
0
0 20 40 60 80 100 120 140

Time (days after planting)

lizco GeSTy il Coni L) Lommmnd ) Ch puw ol i g, =9 S5
Fig. 9- Trends of relative growth rate (RGR) of bean affected by different plant densities

Mazaheri & ) aiso dop |y (s Aidy oy diunils
Mousavi ) )l,\Sas 5 (sgwse b3l oyl ;> (Chghakhor,2011
oS sl L la T Laisdly cowd (ol gl 4 5 (et al., 2009
Cd 4y @yt )3 D5 06 o515 )3 (om0 sy (s
w3y 93 ;0 yio 5w 60 5 45 30 cuiS Alold aw yp ,d el
it 05155 5 ity e elols 2l L oS 03 ol Lo

pie > & qye o o w35 13113 (815 )5 o s 0 i

sl ialS e plie 5l odlit] S S5 o JolS iy
yos bl Lilihl b cudls’ slaciyd, e alol ials (ol
Rezaeyan ) SLs ghaw jl pous LialS Naseri et al., 2010)
yolie Lls e (Zadeh et al., 2011; Fallah et al., 2005
o cladile iy 5l 6 ,Sls 4 (Talei etal., 2000) S i



311 05 lugl ) oy Sl psLs 2 (ool 355 S pao fimo 3 gy o575 5]

@ sl oo 5 A0 JBlis (ST &S wages pYel (pian
ot A ol Y (i 15y S ST (39l s
Phaseolus ) wiow Lgl 2 cindy (59, g2 Jeolgd g cin, aluold
Jolsd g ciosy alold ilidl b &S 3¢ &y op (lunatus L.
Kahrarian & Fatemi, ) sl jials s A3, oy digy
(2005
0/05 L 5 13, 03,5 oo alanMo 10 IS5 j> 45" 35 Lo
590 9 35 5 oS 004 b 251 08, 5 i Sy 1 25 225
S 0dig) 08y 505 oo 4 i |y (s 4Dy Sy o pieS
SFYL (s My g dopd gy (Y g do > Cuda i3

(10 Uss) casls

0.16 D-81083

Relative growth rate (g.g'l.day)

0 20 40 60 80 100 120
Time (days after planting)

016 Goli

Relative growth rate (g.g'i.day)
o
8

Time (days after planting)

2 oo pl e op VL g 0 03933 (g By Csp (e
Torabi Jafroudi et ) a5 Jools yio 5l 30 cind, oy alold
Gandjali et al., ) ol,LSen g oS )y, (al., 2004
st one by s 1 oS o515 5148 05 el L (2000
o gpeyin 3 459 30 5 70 LaeS1y5 o s)yob 4 il oo )b
oS gl g L ) oo by e s (08 g (s
S 2L Ly o929 pas 4 owl o515 0 1) Cdo ol g
O Cwd 3 caw wy adal s lye oyl cpl as” Loby s
(s M) Co o GBS Cge ccnlplly g ) U 2L Cue
2 #h32559 n Galefl Jo 93 (b (Leach, 2009) g 0,5
14 5l G595 o515 (il b (oo by oy a5 Bl pd o0 Lol s

Lagl.codl pli8l ()l ime jobo 4 gopeyio )> 63 96 b

0.16 Akhtar

0.12
01
0.08

0.06

Relative growth rate (g.g™".day)

Time (days after planting)

0.16 Naz
0.14
0.12

01
0.08
0.06
0.04

Relative growth rate (g.g-1.day)

0.02

Time (days after planting)

by 5] oo Sl y Cus por Sl ek g, =10 S
Fig. 10- Trends of relative growth rate (RGR) of bean cultivars

Onm o 368 Byms (i slp dog b ady Juad Job > b

555 Uy ime calisre palaw )d s Ay Cas g (IS jobo &



1395 yliwtl 2 oylos B o 1(53,9LiS cwlits poy a1 pii 312

6 25 4o

Lol 65y ol ol jl dol @l 4 2 L
e gy 05y o o |y asede b3 Glejl ol (g3,
I 085 S sk @ b (LS Log g 1515 9 (b 3957 By
9 ol 395 LS ,3 5 30 B pae baylpd 4> oy, wigr o b
93,5 Joo 390 pyl ploo b dunlio 1> mye p> g 40 (S5
g ) ey 3y Slos ol @5 41 9 Sy e a3LS culy
Sy e 9 S giodols caa (o 2657 5l eolaal plply S
2 e 5 (ol la o]y 5l (S0 g Gl caa o Lyl A3,
aibe g llas 3 g 3 gyluk 5 e el el sl
A0 51,5 )3 5 oo 598" e 0 3VL 2,208 b o) ol eien
Ay Copw g Jomaze A8y S g o0 5V 8 @peyie 3 Ui
g ol bl 3 ectS gl (IS 0By cnlpliy 292 b 1) o
sl dpogi BB e (2lgn

LS Glisee S5 cly ey g3 25 2 p,5 0/07 1 0/002
o cilizee pL3)1 (lyy g 59y 5 25 2,5 0/07 5 0/003
598 sl i) ws Jolis 1y 59, 5 p,5 0 p,5 0/01 1 0/0002

(10
ez g (L JS2) Sy o (a8l 0 VL & g b o)
il il 53] o3bua] pB,1 L awlie 5 (4 JS2) g Sis ool
O)en g 92655 (Malik et al., 1993) -l Kan 5 Slo .l
55 (Nietal., 2001) Ko 5 U o (Ngouajio et al., 2001)
0 LS Log odig)dess 5 0930l 5 (slanb) a5 00,8 (0155
L) g slSe slap 8y b dwlie 3 (gyidy (ows Ay Sy
Yy Ol maw dn )yl ol cde a ol il Log) sgame
Sb o (LS g Y @iy dasly 4 by gdads
9 STlg 050Dy Cuid 0059 40 g dgd el Wby b slacas
slacwigs & 1,8 saalie 3 (Wang et al., 2006) ,Son
g} 4 o (Vigna sinensis L.) b wais Log) sinles

sl 6))\Jl4 u;.mu .\.\;3) s g b.)llbug.l dl!b

&l

Al-Ramamneh, E.A.D.M. 2009. Plant growth strategies of Thymus vulgaris L. in response to population density.

Industrial Crops and Products 30: 389-394.

Alam, M.S., Cui, Z.J., Yamagishi, T., and Ishii, R. 2001. Grain yield and related physiological characteristics of rice
plants (Oryza sativa L.) inoculated with free-living rhizobacteria. Plant Production Science 4: 126-130.

Amini, R.A., and Fateh, E. 2011. Effect of redroot pigweed (Amaranthus retroflexus) on growth indices and yield of
red kidney bean (Phaseolus vulgaris) cultivars. Journal of Sustainable Agriculture and Production Science 20: 100-124.

(In Persian with English Summary)

Andrade, F.H., Calvino, P.A., Ciriloc, A., and Barbieria, P. 2002. Yield responses to narrow rows depend on
increased radiation interception. Agronomy Journal 94: 975-980.
Anis, R., Wells, R., and Thomas, G. 2001. Reproductive allocation of Virginia-type peanut cultivars bred for yield

in North Carolina. Crop Science 41: 72-77.

Arancon, N., Edwards, C.A., Bierman, P., Welch, C., and Metzger, J.D. 2004. Influences of vermicomposts on field
strawberries: 1. Effects on growth and yields. Bioresource Technology 93: 145-153.
Aroiee, H., and Omidbaigi, R. 2004. Effects of nitrogen fertilizer on productivity of medicinal pumpkin. Acta

Horticulturae 629: 415-419.

Asadi Rahmani, H., Afshar, M., Khavazi, K., Nourgholipour, F., and Otadi, A. 2005. Effect of Common bean
nodulating rhizobia native to Iranian soils on the yield and quality of bean. Journal of Water and Soil 19(2): 215-223.

(In Persian with English Summary)

Asghari, J., Zareei, B., and Barzegari, M. 2006. Effect of plant density and planting pattern on growth parameters
and yield of two promising corn hybrids (Zea mays L.). Journal of Agriculture Science Technology 20: 123-133. (In

Persian with Persian Summary)

Babaeian, M., Javaheri, M., and Asgharzade, A. 2012. Effect of row spacing and sowing date on yield and yield
components of common bean (Phaseolus vulgaris L.). African Journal of Microbiology Research 6(20): 4340-4343.



313 5058 lugl o) iy o aSLE 2 (ool 355 S pao fimo 5 gy o575 5]

Bagheri, A., Mahmoudi, A., and Ghezeli, F. 2001. Common Bean: Research for Crop Improvement. Jihad
Daneshgahi Publication, Mashhad, Iran 556 pp. (In Persian)

Bredemeier, C. 2005. Laser-induced chlorophyll fluorescence sensing as a tool for site-specific nitrogen fertilizer
evaluation under controlled environmental and field conditions in wheat and maize. PhD thesis. Technical University of
Munich, Germany 219 pp.

Bourd, J. 2001 Reduce Logding for soybean low plant population is related to light quality. Crop Science 41: 379-
384.

Bovetchko, S.M., and Tewaris, J.P. 2009. Root colonization of different hosts by the vesicular arbuscular
mycorrhizal fungus Glomus dimorphicum. Plant and Soil 129: 131-136.

Conley, P.S., Binning, L.K., Boerboom, C.M., and Stoltenberg, D.E. 2002. Estimating giant foxtail cohort
productivity in soybean based on weed density, leaf area, or volume. Weed Science 50: 72-78.

Deka, B.H.P., and Dileep, K.B.S. 2002. Plant disease suppression and growth promotion by a fluorescent
Pseudomonas strain. Folia Microbiology 47: 137-143.

Dorri, H.R. 2008. Bean Agronomy. Publication Series of Research Center of Bean, Khomein, Iran 46 pp. (In
Persian)

Enyi, B.A.C. 2007. Effect of plant population on growth and yield of soybean. The Journal of Agricultural Science,
Cambridge 18: 131-138.

Fallah, S., Ehsanzadeh, P., and Daneshvar, M. 2005. Grain yield and yield components in three chickpea genotypes
under dryland conditions with and without supplementary irrigation at different plant densities in Khorram-Abad,
Lorestan. Iranian Journal of Agriculture Science 36(3): 719-731. (In Persian with English Summary)

FAO. 2013. FAO Hunger map. (www.fao.0org)

Faraji, H., Gholizadeh, S., Owliaiee, H.R., and Azimi Gandomani, M. 2010. Effect of plant density on grain yield of
three spotted bean (Phaseolus vulgaris) cultivars in Yasouj condition. Iranian Journal of Pulses Research 1(1): 43-50.
(In Persian with English Summary)

Gandjali, A., Malekzadeh, S., and Bagheri, A.R. 2000. Effect of plant population density and planting pattern on
trend of growth indices of chickpea (Cicer arientium L.) in Neishabour region. Agriculture Science Technology 14(2):
33-41. (In Persian with English Summary)

Ghanbari-Bonjar, A., and Lee, H.C. 2003. Intercropped wheat (Triticum aestivum L.) and bean (Vicia faba L.) as
whole-crop forage: effect of harvest time on forage yield and quality. Grass and Forage Science 58: 28-36.

Gholami, A., Shahsavani, S., and Nezarat, S. 2009. The effect of plant growth promoting chickpea in dryland
conditions. Iranian Journal of Crop Science 2(3): 63-72. (In Persian with English Summary)

Golchin, A., Mousavi, S.F., Ghasemi Golezani, K., and Saba, J. 2008. Relationship between plant density and grain
yield of three pinto bean cultivars at different sowing dates. Journal of Agricultural Science 18(1): 101-117. (In Persian
with English Summary)

Golchin, A., Mousavi, S.F., Ghasemi Golezani, K., and Saba, J. 2008. Relationship between plant density and grain
yield of three pinto bean cultivars at different sowing dates. Journal of Agricultural Science 18(1): 101-117. (In Persian
with English Summary)

Jalilian, J., Modarres Sanavy, S.A.M., and Sabaghpour, S.H. 2005. Effect of plant density and supplementary
irrigation on yield, yield components and protein content of four chickpea (Cicer arietinum L.) cultivars under dry land
condition. Journal of Agricultural Science and Natural Resources 12(5): 1-9. (In Persian with English Summary)

Hodges, T., and Kanemasu, E.T. 2000. Modeling daily dry matter production of winter wheat. Agronomy Journal
69: 674-678.

Holshouser, D.L., and Whittaker, J.P. 2002. Plant population and row spacing effects on early soybean instruction
emission agronomy. Agronomy Journal 94: 603-611.

Isik, M., Tekeoglu, M., Onceler, Z., and Cakir, S. 2001. The effect of plant population density on dry bean
(Phaseolus vulgaris L.). Anatolia Agriculture Research Institute. Available in: //tagem.gov.tr\eng\projelers97/21.html

Kahrarian, B., and Fatemi, R. 2005. The effect of row spacing and planting space on the grain yield in white bean
cv. Daneshkadeh. Iranian Journal of Crop Science 6(4): 438-440. (In Persian with English Summary)

Karimi, M.M., and Siddique, K.H. 2000; Crop growth and relative growth rate of old and modern wheat cultivars.
Awstralian Journal of Agricultural Research 42: 13-20.

Koocheki, A., Tabrizi, L., Jahani, M., Mohammad-Abadi, A.A., and Mahdavi Damghani, A. 2009. Performance of



1395 yliwtl 2 oyl 8 oo (55,9l cwliis por 4 pii 314

saffron (Crocus sativus L.) under different planting patterns and high corm density. 3" International Symposium on
Saffron. Forthcoming Challenges in Cultivation, Research and Economics. 20-23 May, Korokos, Kozani, Greece.

Lopez-Billido, F.J., Lopez- Billido, R.J., Khalil, S.K., and Lopez-Billido, L. 2008. Effect of planting date on winter
Kabuli chickpea growth and yield under rainfed Mediterranean condition. Agronomy Journal 100: 957- 967.

Madani, H., Shirzadi, M.H., and Darini, F. 2008. Effect of plant density on yield and yield components of vigna and
tepary local beans germplasm in Jiroft, Iran. New Findings in Agriculture 3(1): 93-104. (In Persian with English
Summary)

Mal, A.L., and Patidar, M. 2004. Effect of farmyard manure, fertility levels and bio-fertilizers on growth, yield and
quality of sorghum (Sorghum bicolor). Indian Journal of Agronomy 49: 117-120.

Malakoti, M. 2005. Constant agronomy and enhance yield by optimum use of fertilizer in Iran. Instruction Emission
Agronomy. (In Persian)

Malik, V.S., Swanton, C., and Michaels, T.E. 1993. Interference of white bean (Phaseolus vulgaris) cultivars, row
spacing and seeding density with annual weeds. Weed Science 41: 62-68.

Mazaheri, M., and Chghakhor, A. 2011. Effect of plant density and row spacing on some morphological
characteristics, yield and protein content of two chickpea (Cicer arietinum L.). Agronomy Science 6: 97-107. (In
Persian with English Summary)

Mishra, A., Prasad, K., and Rai, G. 2010. Effect of biofertilizer inoculations on growth and yield of dwarf field pea
(Pisum sativum L.) in conjunction with different dose of chemical fertilizers. Journal of Agronomy 9(4): 163-168.

Mohamadian, M., Rezvani Moghaddam, P., Zarghani, H., and Yanegh, A. 2013. Study the effect of intercropping of
three sesame genotypes on morphological and physiological indices. Iranian Journal of Field Crops Research 11(3):
421-429. (In Persian with Persian Summary)

Moeini, M.R., Nazarkakhki, H., Razazi, A., and Kamel Shikharjeh, M. 2009. Survey of yield and yield component
in three common bean cultivars in cropping pattern. Journal of Agrisearch 1(2): 78-92. (In Persian with English
Summary)

Moaveni, P., Aliabadi Farahani, H., and Maroufi, K. 2011. Effects of sowing date and planting density on quantity
and quality features in thyme (Thymus vulgaris L.). Advances in Environmental 5(7): 1706-1710.

Naseri, R., Rahimi, M.J., Siyadat, S.A., and Mirzaei, A. 2015. The effects of supplementary irrigation and different
plant densities on morphological traits, yield and its components and protein content of chickpea (Cicer arietinum L.) in
Sirvan region in llam province. Iranian Journal of Pulses Research 6(1): 78-91. (In Persian with English Summary)

Ngouajio, M., McGiffen, J.M.E., and Hembree, K.J. 2001. Tolerance of (Phaseolus vulgaris) cultivar to velvetleaf
interference. Weed Science 49: 91-98.

Ni, H., Moody, K., Robles, R.P., Paller, J.C.E., and Lales, J.S. 2000. Bean (Phaseolus vulgaris) plant traits
conferring competitive ability against weeds. Weed Science 48: 200-204.

Ouzuni Douji, A.A., Esfahani, M., Samizadeh Lahiji, H.A., and Rabiei, M. 2008. Effect of planting pattern and plant
density on growth indices and radiation use efficiency of apetalous flowers and petalled flowers rapeseed (Brassica
napus L.) cultivars. Iran. Journal of Crop Science 9: 400-328. (In Persian with Persian Summary)

Parsa, M., and Bagheri, A. 2008. Pulses. Mashhad University Press, Mashhad, Iran 523 pp. (In Persian)

Parvizi, S., Amirnia, R., Bernosy, I., Paseban Islam, B., Hasanzadeh Ghorttapeh, A., and Raeii, Y. 2011. Evaluation
of different plant densities effects on rate and process of grain filling, yield and yield components in varieties of dry
bean. Journal of Plant Production 18(1): 69-87. (In Persian with English Summary)

Parvizi, S., Amirnia, R., Bernosy, I., Paseban Islam, B., Hasanzadeh Ghorttapeh, A., and Raeii, Y. 2011. Evaluation
of different plant densities effects on rate and process of grain filling, yield and yield components in varieties of dry
bean. Journal of Plant Production 18(1): 69-87. (In Persian with English Summary)

Powelson, A., Udy, R.l., and Peachy Manath, D. 1999. Row spacing effect on while mold and snap bean yield.
Horticulture Weed Control 8: 220-227.

Qin, T.C., and li, Z.G. 2002. Studies of inheritance of kemal growth characters and their relation to giel characters
maize. Acta Agronomical Sinica 17(3): 183-191

Rabiee, M., and Jilani, M. 2010. Effect of row spacing and seed rate on yield and yield component of common bean
(Phaseolus vulgaris L.) cultivars in Guilan province. Iranian Journal of Pulses Research 6(1): 9-20. (In Persian with
English Summary)

Rezaeyan Zadeh, E., Parsa, M., Ganjali, A., and Nezami, A. 2011. Responses of yield and yield components of



315 058 lugl o) iy o ASLE 2 (ool 355 S pao f3me 3 gy o575 5]

chickpea cultivars (Cicer arietinum L.) to supplementary irrigation in different phenology stages. Journal of Water and
Soil 25: 1080-1095. (In Persian with English Summary)

Rosalind, A.B., Purcell, L.C., and Vories, E.D. 2000. Short season soybean yield compensation in response to
population and water regime. Crop Science 40: 1070-1078.

Saindon, G., Huang, G., and Kozub, H.C. 1995. White-mold avoidance and agronomic attributes of upright common
beans growth at multiple planting densities in narrow rows. Journal of the American Society for Horticultural Science
120: 843-853.

Shahraki, M., Dahmarede, M., Khamari, E., and Asgharzade, A. 2016. Effects of Azotobacter and Azospirillum and
Levels of Manure on Quantitative and Qualitative Traits of Safflower (Carthamus tinctorius L.). Journal of
Agroecology 8(1): 59-69. (In Persian with English Summary)

Shukla, K.N., and Dixit, R.S. 2000. Nutrient and plant population management in summer gram. Indian Journal of
Agronomy 41: 78-83.

Singh, D., Chand, S., Anvar, M., and Patra, D. 2003. Effect of organic and inorganic amendment on growth and
nutrient accumulation by isabgol (Plantago ovata) in sodic soil under greenhouse conditions. Journal of Medicinal and
Aromatic Plant Sciences 25: 414-421.

Sirait, Y., Pill, W.G., and Kee, W.E. 2002. Lima bean (Phaseolus vulgaris L.) response to irrigation and plant
population densities. Horticultural Science 29(2): 71-73.

Soltani, N., and Sikkema, P. 2005. White bean (Phaseolus vulgaris) tolerance to preplant- incorporated herbicides.
Weed Biology and Management 5: 35-38.

Steinmaus, S.J., and Norris, R.F. 2002. Growth analysis and canopy architecture of velvetleaf grown under light
conditions representative of irrigated Mediterranean-type agroecosystems. Weed Science 50: 42-53.

Talei, A., and Sayadian, K. 2000. Effect of supplementary irrigation and nutrition requirement of chickpea in
dryland conditions. Iranian Journal of Crop Science 2(3): 63-72. (In Persian with English Summary)

Tharp, B.E., and Kells, J. 2001. Effect of glufosinate-resistant corn (Zea mays L.) population and row spacing on
light interception, corn yield, and common lambsquarters (Chenopodium album L.) growth. Weed Technology 15: 413-
418.

Tomati, U., Grappelli, A., and Gall, E. 1987. The hormone-like effect of earthworm casts on plant growth. Biology
and Fertility of Soils 5: 288-294.

Torabi Jafroudi, A., Hasanzadeh, A.A., and Fayaz moghadam, A. 2007. Effect of plant population on some morph
physiological characteristics of two common bean (Phaseolus vulgaris L.) cultivars. Pajouhesh and Sazandegi 20(1):
63-71. (In Persian with English Summary)

Troeh, Z.1., and Loynachan, T.E. 2003. Endomycorrhozal fungal survival in continuous corn, soybean, and fallow.
Agronomy Journal 95: 224-230.

Vessey, J.K. 2003. Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil 255: 571- 586.

Wilson, R.G., Wick, G.A., and Fenster, C.R. 2008. Weed control in field beans (Phaseolus vulgaris) in Western
Nebraska. Weed Science 28: 295-299.

Wolf, D., Henderson, W., Chsiao, D.W., and Alvino, A. 2008. Interactive water and nitrogen effects on senescence
of maize: I. Leaf area duration nitrogen distribution, and yield. Agronomy Journal 80: 859-864.



Journal of Agroecology =t S39UaS (pwlcls pgr 4 pids
Vol. 8, No. 2, Summer 2016, p. 296-317 Xy 296-317 .o 1395 yliwsli 2 o,lois 8 ol

Effects of Plant Density and Cow Manure Levels on Growth Criteria of Bean
(Phaseolus vulgaris L.) Cultivars under Mashhad Climatic Conditions

R. Ahmadzadeh Ghavidel*, G.A. Asadi?”, M.T. Naseri Pour Yazdi®, R. Ghorbani* and S. Khorramdel®
Submitted: 10-11-2015
Accepted: 26-01-2016

Ahmadzadeh Ghavidel, R., Asadi, G.A., Naseri Pour Yazdi, M.T., Ghorbani, R., and Khorramdel, S.
2016. Effects of Plant Density and Cow Manure Levels on Growth Criteria of Bean (Phaseolus vulgaris L.)
Cultivars under Mashhad Climatic Conditions. Journal of Agroecology 8(2): 296-317.

Introduction

In common bean (Phaseolus vulgaris L.), plant density can affect canopy architecture, light conversion
efficiency, duration of vegetative growth, dry matter production, seed yield and ultimately, the economic
productivity of a crop. Therefore, optimizing plant density, which may be defined by both the number of plants
per unit area and the arrangement of plants on the ground, is a pre-requisite for obtaining higher productivity of
common bean. Therefore, varying plant density may be a viable alternative to manipulate the productivity of
bean under different environmental conditions through their changes in physiological processes. Moeinit et al.
(2009) reported the increase in common bean seed yield with the increase in plant density. Another important
factor determining growth indices is manure. Integrated supply of nutrient to plants through planned
combinations of organic and inorganic sources is becoming an increasingly important aspect of environmentally
sound agriculture.

Materials and methods

In order to study the effects of plant density and cow manure levels on four common bean cultivars an
experiment was conducted as a factorial arrangement based on complete randomized block design with three
replications at the Agricultural Research Station, Ferdowsi University of Mashhad, during two growing seasons
of 2011- 2012 and 2013-2014. The experimental treatments were plant density in three levels (13.13, 20 and 40
plants.m™), three cow manure levels (0, 15 and 30 kg.ha™) and four common bean cultivars (Gholi, Akhtar, Naz
and D-81083). All common bean plants were harvested by cutting at the soil surface. Dry matter (DM), leaf area
index (LAI), crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) were measured
and calculated accordingly. Plants were then divided into leaf and stem. The areas of green leaves were
measured using a Delta-T leaf area meter. The leaf area data was divided to ground area and the LAI was
obtained. The LAI data was fitted to the Gaussian equation to predict the LAI of common bean in growth season.

The sigmoid equation was fitted to the TDM data and by derivation from this equation, the CGR and RGR
were obtained (Steinmaus and Norris, 2002).

The regression analysis was performed by SAS 9.1 and the graphs were prepared by Excel.

Results and discussion

The results showed that during the days after planting in all treatments, LA first increased until 56 days after
planting and then it had a descending trend. The highest slope of Ieaf area increase is related to plant density (40
plants.m™). Although, decreasing plant den5|ty from 40 plants.m?to 13.13 decreased LAl 29%. The maximum
of LAI was obtained in cow manure (30 t.ha™) (2.57). Goli with 2.61 had the greatest LAI. CGR first increased
slightly and then increased more quickly untll 56 days after planting, then decreased with a sharp slope. The
Iowest RGR was belonged to 13. 13 plant.m density, 0 t.ha’cow manure and Akhtar cultivar) (with 8.32 g.m’

2 day, 7.90 g.m?.day and 4.26 g.m™2day, respectively). RGR decreased as the plant age increased so that at the
end of growth season RGR was close to zero. At the beginning of growth stage, due to more penetration of light
into the canopy and less shadow of the leaves on each other and the less respiration, RGR is more and its
reduction slope is Iess Plant density with 40 plants.m? shows the hlghest primary RGR and the plant densny
with 3.13 plants.m™ shows the lowest one. The highest RGR in the 56™ day has been related to 30 t.ha™‘cow
manure.

Conclusion

1, 2, 3 and 4- PhD Student in Agroecology, Associate Professor, Assistant Professor and Professor, College of
Agriculture, Ferdowsi University of Mashhad, Iran, respectively.
(*- Corresponding author Email: asadi@um.ac.ir)
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We can conclude that indeterminate common bean cultivars such as Goli and Naz showed the greatest growth
rate and these findings indicate that the common bean crop has the ability to alter plant size and canopy structure
in response to changes in plant density. These strategies can be used as cultural methods to reduce the
competitive ability of weeds and maintain common bean growth at acceptable levels. However, there is a need to
evaluate numerous common bean cultivars in different locations and years to find cultivars with high competitive
ability and stability in yield.
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