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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






7RI o Ly

Il iy apie lagideiss jl ol glasjsluss & S5 L e 0 e Wy slepllaips ol Sl )
Ogsbee Caagd 5 3)klee G5l G Joie (S 53 5l I enled adgi 1) (e 0)S Cumen i 390 (132 oS 0B
oz 5l gyl A0 b 15 g5 (a6 clapllaipgy oS Cav Il )3 (pl g Sjpiee pon 00085 s b ()5 )0 )8
olsb da Sl g b iSale 4 Bl g 5pn cladile Coglio ool b e 55 ol Gl SB Gialoyd
5 oslizl bty LIS (slals i §) Jols e ol (S <S5 slaplisipgs plos 1 bl (slassloms 5 il
O Aol 005 ey il ggy Slolyd cla yilla b e 0o 0 ld S gw 4 diuly oyyte (sl 059l
AL iy asldl 15 i )] ed S5 4 olde lge Mg dme 5D g o Hlb (650,

Eodse Cawl yuii Jlo )3 oy 4y (g5y5liS glacaled 5 13 Wgr 4y cas Sl solEwud 0950l Jd e &
Sip b g (slotal i galatdl ¢ Jamaceny dlal jl aaomy Mol (eg050 4 (6 1o 55 51 13 5 (55,5l @iy
oo jokoy 4 Cannss (G2 o)) S plliipg o Closs sl (pl p odie (ol p ogde sl oud s (b
e &y a8l &l ol s 295 51 13 (Slpe a (550 Wl o] ey b silre Sless aSly S e sy
e 53,5 oo |y o] s Lo B 53 g o S5 (6,5l a2 olal 1 b 5 1y gipplaS” Ml s
529188 slaplsipg (sl 1) (e335m0 ()bt o yla5 0 B cpl s () (sl 0l (al38l 1) ()] Jaee
Al (6)9 08

3y90 1y Bpas b adsi oo il 1ie g anld claais 4l 5 o35 S asbrden § mols ale (65)5liS" owlidp:
Sbadb o 1) gyidn cals ki 4 ol blge A o (Blips (She Sl gpSesre 05 ek )l L
loplsipg (b b 13 it 1) (5 GYeb loj oo 1L ol byl slp g 03 B3 L g Sajls sl
g Olles (30l dmodles (syg090 9 @D YL do e dlen I Lilisee Jolpe o Sle i p (555laS
L ja (ol oz 9o &5 Sy Sl 43 ) plaipgy jldle Hao8 A jo «ales 53 5,5k ps slarodle

D9y Bl55S e () G lul)8 )3 ) pedlie Gyl g L 5,5 s



Sl g ol Jlo 53 08 QLA casd Ban )0y 158 Cudbga oy il )3 jein (55)0liS (il pgy 4 i
1 il oo IS] Moo cunygd p3 a4yl 13905 wled Cas )d plaBl g ot piitie SVlie 4S5 oS Sgu0 oo

5L A ] 015 pe] (gl l5lil b pols YU IS5 (slaal,
oSy ( BRI oS e oled b ele Loyl @ dloee S S g (08 Cd i g o] &S Cunl g
)b g dgeiny jloslitul 5 (55)5liS (owlidpy ple GliedMe plo g e Glondily iaghy Sl oy
Sl ) S8 g 293 Slaiod sy @l Jlo)l b U sgde ©ged pliase adS 1 o)l (Siuw Ll it
g oblasl Jlu,l b 33,5 o Canlgd > pye (Basled ams o)l e Lllae (3,5 556 5 can |y Lo Ylis

A le 8 Mooy &yl CutS gLl d> i @l Caa 0 1) b g ol Slbblpid

pado (Jl9d;y 3295 ol gl b

$329WS (wliadogs dy puld yud pw



&/\ las pbay -
| Lo
/\.//';‘/f}),k, &;; J”’VJL’.‘”‘_

g Pl Slp Pl ppoy

Aok

Sl 5155 0T 51 (6 e oy, S el IS B e M 3150 A5 55 (axis (55)5LaS (slasyslkins 5 5
@Sy OT mlie ST (S5 who 5 S olep ol g JB a5 5 (plezl ((s3lasl Calibus
3B WS I e W o Sl S 5 @IS a8 Il s olesd slge Ul 4 ldE sl ST
308 4Rl 65558 o Sl e 53 035l (> et ol DLl b 5 (65550587 5500 slas b
256508 gl (2SS (Bla) i Sl okd U shne ol 4 5 (55 5LS Sllee 3 uliip Sl
MG el sy (b S 5 25 dal B e 055 0 0al () i ST Ml S anT Oty
las SO Sl lae sazen 4 mal P Sl e S Sl g (5551 55 4T 3jle e 555,01 (e el &
i 5 Olseas 0T gl g 51 1 oaspie 3 Shos 5 o (3Ll by U puamn S 163 0T 1 ol o
3 S hee S S 53 (550318 Slaple g 53 Carole ped 53,8 03 1 siosleS plpp S 5 SIS S
(el goladl Calibs (glaair 51 & Sl 35 sy o glitediz 5 bl g3 Shes b s Cods ado
AL a5 JB 5 Jpam BB (55 ammel S

5558 53 0T 0r 5 B 53 (S5l Syl 555 50 0l (2o 3lpe 5 0ad 53 Y5 Sl il 51 (350 iy 4
DR & Oelide o Sou Sl 092 SCEL 5 058 ler Wl old e T Sl aas g ) S L
(S5a3LES ks 5 185 5 Akl ety slaeyss B e siST (655laST laedSiiils s 5 el al 3 ST 2 K
23~ eke gl DL s ol b s oS ale SV Sl M LB e 4 CEl 0dd 1 S 5lep s
23 b slaadl ) 4 Odiis Qlle 6l (G587 Glej late 53 s eemas Sl Lo e 0055 0 i (5 )5LES
bt B3 0o 51 i (65508 mlilip 39 Ol sie Cod oo (51 dlimn S D550 ¢ 2T 48 gazee S5 I
Lo o) 4 6500187 S b Lo o sl LT I (el (i ) (81 s iy i 4 O g 350
ALl ol L clite AL ) 2l
Lo 5 dloen 0l O Slop g (6555087 L alaly 3 g pss b ol (6555LiST saSiils eelyj 05 8 bl 4 ar 5 L

L g a5 baaie) 53 osled Hle s VLl 5oy S



gl Gosestr 5 2T SRl 5 s lammn 5 el mlie 5 Cblis 4 51 L (55587 e sl b
slbad Gloslg 5 Sl 5 T

S5 sm lroslg s )l Lalal 55 (o)) s e

OTL Las o slacdlab 5 bl (65,5 ST Sldes
u)fjlc)uL;m;\@@&nbmu\,gdpw;“,u

iy OS85 bghie slaciS L adaly 53 o5 Dldes

o5 Supde 5> Al Olles

S5 T by b gl Sl 6ol e

Lo g ods sl b ol Ol 5l eslizul

AL sai 5 iy iledde 5 5 else 55 (A5 ailsy 5l S e

> Sas M b5l Sllllas 55 Shas (b gl )

#1035 ST il 5 658 Lalsy Sl 53 (65505 5 sl 308

oy DI 5 s Dl glaes 2 L))

SN S 1 8 a5 oadil (slagstuag,

) GBS g g 55 (#1)) DY guams SLlE Sl eslizal

($505LS (Slapr ST 53 0 Kol slagss 1 31 osliz

05375 oS ol S ST 5 1525580 3l bl ¢ SG5 s slan ST 3 )8

wlin L;m;)ﬂj;,@x_s;wlf

S a5 b eSSl

il Sllas 5 (SO5 8 gm Lals) Sl eslinal b 5 n slgile 5 bacs e BT 58T 2 ks
SIS gl el 5 S w5 Slles

105 Y pama Lol pan s b 5 S 55 g 5515 QLS Sl eslizal

S E 55 st o 03 o) Sles

03 A1 5 65538 cwliie s

G555 sl 5 o lbe s Sl s 4 L (o5 DY pams 1 5 (3Ll (sl o 5 4 2



OYlo g 9 WIS 09 Sl
Qs cmds 55 p5 3)se Cales il ISH Soms S b 4 g U650 UST uliip s dlas s S 1T ) -
el (55 8
12 o511 55 o5 L MS-Word ,ij3le 5 b 5 laadl 51 e Sle o 5 53 5 byl o 15 dlols LAG 2287 (g, lin e -
2 oS 5 sl 0L 53 4 sl 5 W IS psie Lips Jatte 130 e e 4 55 sl 5 WSS 5 558 b
O sl 5 Ko alS . s as i 1 Lo alols 110 o511 5 (B Zar) 25 B LSS 5l e s MS-Word il
Sasl yals
sl 0y 8 o domis 20 S 1o s Solomies Slins -
Al S e e bl (S oI sl 4dST -
& 5 (Line numbering) (¢ ,138 s ,Lus (Continuous) lsaals) &y sy allis oo sle b alST -
bgose 04 5 e o g (6 Bl (5,8 ot (o 5 il ) 5 5l pe candie slgtiy Jols AL Wi » -
Bl b 2 Ol g b lize T (6 e 5 oSS SalS”
b asp 145101 (B Zar) 55 o o5 L5 4adS” 20 Slao cos g Goliow p 3 g JolS 3 pme 5 ol S e Olgae -
csbe )3 (Sl glel 5 ol Jald OB iy 5 b ok 5 Slasntin lie Ol o 13,050 Julb dllie Oladiie dxbo -
1S Hslpl 5 ol cdlis SN O 58 e 5 5B 0L 4 e oy 5 ob e mled il (S5 S0 5 ey 05T
(oomio o5l O5k) Wiph g eI OL5 4 O i 5 )T 5 oo 5
L5 03 )5T (D8 iy 5 o6 83 0 50k) (SlS DS 5 lin 0k Sor gy 6 4 alie Ol o SRS dXRO 3O -
109w dag 2 JodIlygiwd Slae p Wb Lo ol -
sl sl ol ¢SS @ 5035 0515600-700 - sl Cal ol S 0dSs o Ko lr oS 0l S ol -
1. Title
2. Author
3. Affiliation
4. Introduction
5. Materials and Methods
6. Results and Discussion
9. Conclusion
10. Acknowledgements
11. Keywords
12. References
oty o o3linal T 1 55 lie (2 53 oS oge e o STl 555 035 ol T 0 aadie 35w 53 L oS wlio slans -
caodio b L g 0130 48 me s il 15 ikate ot b gas 0lSr (lgtond el uimen 355 4 S L s
s ahy IS (6,8 s oSG oa gl 53 5 il oy s b by 0650 5 a s 5 5150 %20



AL 4l 3 g s Ol gie 55 IS OLST W58 035 T 4adST i ST 5 0lS sl 5 (Sl Olals” -

Ao Bl e g gl 53 il ate 5L f 6 5 (08t 5) i 5 el Dy o lin 4 gy 000 R0 (ke 50 -
(Mohamadi, 2007) 1ile Lisd S 551, 53 5 dhaz Slgml 5> b 5 13355 alexr g3 ,5 53 3131 03 6L o
(Smith, 1999; Samuel et al., 2008; (s 508 g oslizal Sl akea slgl o el il sl
.Smith & Samuel, 2009)

4 gt dlo 5 55 @ b 55 )b el 5 358 b (Jl) pU Sppo @ 358 slaal e & dlax po,8 3 el -
T P N P PR SN U PR R T gl 4 gl o pui sl o35 1 oM
Smith & Samuel  Smith (1999) 13,5 plowl 5 o5
Samuel et al. (2008) 4,(2009)

ol s Jsde sl b b 5 W s K s ps eslinal (35me 5 (GBI bshst I ol ol 3 Il K5 9 Joloe -
2503 dsMe s Bilge 555 0lse oSl dor 508l by o dls 5 Olgie S1ls Al gk O 20T o o 5T
D 558 @i eSSBS IS s i S L5 (shel) sl (e s 20 T (B iy
AL O3 eSS OB 1 g5 (5 asliad b5 slitor 5 L JSC8 SleDbl IS

03T 3 ol S350 5 ess el 0L 4 (SKon IS OIS 5 Sl 0a S s Ol bls BT dmio -
bl B oS ol 013 5y (S 0 S 1358 (5153 55w a1 53 OB i 5

Pl s 58
FE P 53 L ph axb g mlie g 5312 65161 Times New Roman rup,wgfg\opjgwﬁ&\,wju@u PR
23,8 DBt 015 051t Hanging s b a5 wlin o]
In Persian with English ) oSSl 4ot 2805 &y g s e A AT 53 50 ds 05 el 0L 4 )6 pleadS -0
.3 55 azb g (In Persian) 5ol 5, sl L;w:.li‘\ 4N 3L O g 5 5 (Summary
Lgh azd g JolS Oy gy SMes ol cple (HE 8 3
Agri Ecosys Enviro & Bibliography style —u.d )5 ¢5 45 e oslizal EndNote sl 51 allie Gt" g 3345 S g 337
35,8 Ol
LW e.uTJ,_':J:cLu S g g0 o0 3l o adlis
M -1
Nassiri Mahallati, M., Koocheki, K., Mondani, F., Feizi, H., and Amirmoradi, S., 2014. Determination of optimal strip

width in strip intercropping of maize (Zea mays L.) and bean (Phaseolus vulgaris L.) in Northeast Iran. Journal of
Cleaner Production 85: 1-8.

Tols (el LlS -2
Pretty, J. 1995. Regenerating Agriculture: Policies and Practice for Sustainability and Self-Reliance. Earthscan
Publications Limited, London.
(Edited book) s o 565 S 51 fuzd &S5 L Jlas -3
Ison, R. 2008. Systems thinking and practice for action research. In P. Reason and H. Bradbury (Eds.). Handbook of
Action Research: Participative Inquiry and Practice. Sage Publications, London. p. 139-158.



(On-ling) L= 4,55 5> Jlia -4

Flora, C.B. 2004. Agricultural change and rural development. Rural Development News 27(3):1-3. Available at Web
site http://www.ag.iastate.edu/centers/rdev/newsletter/\Vol27No3-2004/agchange.htm (verified 5 September 2000).

P P P PRSP N PR T SR A BIR-PARRU AR

Watson, R.T., Zinyowera, M.C., and Moss, R.H. 2006. IPCC Special Report on The Regional Impacts of Climate
Change. An Assessment of Vulnerability. Intergovernmental Panel on Climate Change. Available at Web site
http://www.grida.no/climate/ipcc/regional/index.htm (verified 5 September 2007).

1o oL gy (3 011 b oSls &S 4 by e Sl Sl s b dlie -6

Food and Agriculture Organization (FAO). 2006. The FAOSTAT Database. Available at Web site
http://faostat.fao.org/default.aspx (verified 5 September 2007).

Khorramdel, S. 2011. Evaluation of the potential of carbon sequestration and Life Cycle Assessment (LCA) approach in
different management systems for corn. PhD Dissertation, Faculty of Agriculture, Ferdowsi University of Mashhad,
Iran. (In Persian with English Summary)

Lsale s s il 57 -8
Verschwele, A. 2007. Reducing weed infestation in winter wheat by sowing technique. In Seventh EWRS Workshop on
Physical and Cultural Weed Control, Salem, Germany, 11-14 March 2007, p. 91-96.
Lseke gl 515 -9
Pretty, J. and Hine, R. 2001. Reducing Food Poverty with Sustainable Agriculture: A Summary of New Evidence. Final
report from the ‘SAFE World” Research  Project, University of Essex. Available at
http://wwwz2.essex.ac.uk/ces/ResearchProgrammes/SAFEWexecsummfinalreport.htm (accessed 22 February 2007).
NJF. 2005. NJF-Seminare 369. Organic farming for a new millennium — status and future challenges. Nordic
Association of Agricultural Scientists, NJP Report Volume 1, No. 1. Swedish University of Agricultural Sciences,
Alnarp. p. 252-256.
California Department of Food and Agriculture. 2004. State organic crop and acreage report. Available at Web site:
www.cdfa.ca.gov/is/i&c/docs/2004stateData.pdf (verified October 2005).

16 38 sla I3 p =10
SAS Institute. 1999. SAS/Stat User’s Guide, Version 8.0. SAS Institute, Cary, NC.
Systat. 2004. Systat Version 11. Systat Software, London, UK.

Lol il oo Ao o1 35 Wi Dl 4 ile &5 e I3k Ol g2mils 9 O SRi g5 (O 108 4ds” 3f
Jlosl 4435 595 (Sl (SS9 5T D ygu ) 4 4i5 Sl 3250 31 9 degd Bgd Dilaseio b 1) 395 OYlo 39 o0
ko 8
S309US (oalis pp Alomn 53 ¢ cakle SBn 5 13 (655 58S 0 ISLHIS chgia os3 b ol s 83137 Ol cdgdie
91775-1163 : s Gy
E-mail: Agroecology@um.ac.ir 051-38787430 : L 051-38804654 : it

http://jm.um.ac.ir/index.php/agroecology

W (sl Bl 30 b Lacwe b o 47 Gl SBSBYY b5 & i GI0LST wbid pgy 4 455 4R
iy 1A g Wisf 4485 ol b Gl cwld ol l3T g bl Wil J i cov Sleusm 4 by SBSag3
9% Al (S a9y (i Jolb> & (Ve






Journal of Agroecology
Vol. 10, No.4, Winter 2019, p. 949-964

%J}rkz ;)

39l (ol pgr 4y il
APA-AFF . o AYAY ylimn) F oplos e

£33 Jyl o8 LS\'“Jﬁ‘ 3 (Oryza sativa L.) @.ﬁ ..\5.‘.3.7 ‘5\.&(:\23 g;h:?m IV LS | S -

(ol Ol g 153 40 andllan) Ol &5 = SL5H1 B, b

3 L;,D’\é )La ‘d‘-‘-;-’

WA/ VI el o,
WA/ VY 2 bk G,

g oLy Lped g Jol ccis” sl o (Oryza sativa L) gop adg slapla lrore cansj @l 3l duglie AYAY Lg ¢ oM8Ms
AFA-AEF oY)V r cg5y9liS wlids pos (o)l ybiw youd 153 y50 adlllas) l>

daSe

clascs y Laosgly s s oty ) duslin sl e 515 5t 16 5 e lianmy | 5 (LCA) el 455 )
ek 5| o (Oryza sativa L.) gy a8 oo byl g adllae Cyao b adg 5115 0050013 S sl Juwilty ¢ (Jamme Con @l 3l S canl
iyl 3 osliiwl Ly (gl (b o )3 pod 5 Jol €utS gy 13 @ Mg ey Ol e adlllan (pl Bl (25 Y grarce
G 1SS S VD J SBT3 5SSy T 0 WA Lo o (e slaosles (5 sl ot 33 Sl 453
Ciwon oo Jos 09> g Blunl ciy yxi a5 Jlos )3 V- FF 93l 5 o &l)] by wlol o LCA ki (gyglaes dolidiun s I odlitwl b anliae
lala oo 13 molSidy gl 5 08 sl (Sl Ltale S Juilty 1005 dslons ISy g Gudls 5 Sl 452 86 L5) Sl S 2
O gl 35 5,5 55,3 St 5 S, o 5 g gl (60,515 3ol 38,5 15 faise nte 5 055 o i &1 ol 9 S5
o5 S 6lil 4 COZ p,36kS” Joleo oy AF+ /S |y pgd S 4y by o S (slagSl dulio 13 @ Slon isle)S Juwilyy oyt 457 5l
Jsleo $YSIV- 5 +/AD X-YIAY L il (a4 NpO 5 CHy €O, ol (4llsdS (lajlS gl Lt e cpgd S (58Il 10 391 il
s NO NH3 ol (1t sl 150 05,5 3 ooty VT glsil Uil ino pos S (668 )3 15 s Sty o5 S5 (il & CO p 5ok
15 omlSnds gl 1 09,5 Jaailty VL 392 Sl 5 Sy cslil 0 SO2 p,SobS” Jokeo oy +/BFY 5 /YYD /YY) L plyy i 4 SO,
a4 NOy £ 55hS Jolro snly Y/¥A § Sglis o5 SO gl 4 POy p 5ol Jolae dnly ¥/o¥ b plys pod S (630 3 (Suts g o slapllsipg
el oty S5 5 Sy 50 ECOX ¥ iy 3 €aiS 5950 > e s o s s i Aloes Sl 5 5, 6l
o @n el Cante ol ola)al sis 41y N (ledS GBrao g (55,586 Sl bt Su3gIsST Sl Sl s Sore lSse onlnle
o 5 ise anacans; Al 8IS a4 > a5 3 oy

Sls (Sl ialesS «S3lsS] e ool plaipg (iomlSid 5ol 16 IS (S0

S 1y Lod poye 5l e ol (glie g cunl 02l olaid] 55
93 394> il 13 sa e i (Chabra et al., 2006) sas o
23,5 o )y ol il g 1S oo (1) 5948 VLo B puce pgus
Ol g iz glaplla e cang I3l 4 ar g8 p )
A8l §)908 Syl oo Jypae
Blapy ©5yslitS slaplliipg )3 (55,51 Jobo 9 438
she Cunj OMSEe (G35l Bpas L5 b)) Caa Medgw

doddo

$5x9kiS Y guao oy yioge I S (Oryza sativa L.) go
o oles 5 AVl g a1 ped oSl puS 1 am g Cwlid

éJL_AD 9 lﬂ}..LC ‘;‘leg).v w}c ‘gil*—-" .)|9._A ‘_g)BLJé G ) 05/5 )b.)LwJ‘ =\
Ol)i‘ RV ‘JU&
(Email: a.filabi@rifst.ac.ir e 0 g =)

DOI:10.22067/jag.v10i4.56929


mailto:%20a.filabi@rifst.ac.ir

IAY Gylimo) Foylods Ve alr (g5 )slins’ cwbls pgs 4 pits A0

B (USRI pow g pgd SLadd) )3 35 S 9 gy
g 31 (26 Gl GielesS sty st oliiee o) 38,5
W50 duwlos {1 ;3 CO, o 56l VY4V plp |y 2o

Ogmed cilise ¥ gae (Jae Cuj Sl liie (S
Fallahpour et al., 2012; ) (Triticum aestivum L.) a5
(Hordeum vulgare L.) s (Khorramdel et al., 2013
(Crocus sativus L.) -, ac; (Khorramdel et al., 2015)
Arachis hypogaea ) —..; pbLs (Mollafilabi et al., 2015)
Solanum ) —ue; cu—w (Nikkhah et al., 2015) (L.
Glycine ) Low o (Esmaielpour et al., 2015) (tuberosum L.
5l oslawl U 1y (Mohammadi et al., 2013) LS ;> (max L.
Alodged gwyp Sl &2 (b)) b,

GhLS pogas 5 el T Slillas 51 ol ()
aS bl 5l Jg ccanl ons ploil jguiS 5> caliste &V guasme (65,
@ @p My Al Gl (daste Cu Gl b)) dise;
ol 15 odes blie o odlitul 350 oo (lalS | S e
LCA 4 wle Gan b guiod (pl 1 e (oyiwd pd SleMbl
SS9 Joh S 5 (o)) e Jgae ol W5 slagSl

8 plosl )l (w0 53 pgd

g, 9 3190
D aS bl o O‘)'.’.I Sl ot’.wl 4w | uS“ OI).\.})‘Lo ob’wl
Job g (Byd adBIVY g anp3 0 oldlie Jsb edguome
O 2l (2)e 03gie g (Byd B A g 423 OF oldle>
Slois 488 0N g a0 S0 g Jlad alBd ¥F 5 a5 0 YO
Syl b s 5o slaolidus yp g0 4 dolllan oyl )l 58
Lol WAY Jlw )3 )Lz = 0lipgliS & (5)90> alye 3)b
ohlscolo U olaaslas ol iuy oS5 b olojed .o
5 LoolSiyd g ud plol LU (pdige (piman 5 (5jygliS Sl
s Gyl Sl 85 58 (e 950 p93 9 Jol cuiS slagSl
by oad 4yl Joe 3 g (Boloai (S dged (b9 I (jo9liS
o=! — (Snedecor & Cochran, 1980) s_i sdlawl ),S's S
9 V0 iy pod 5 Jgl cutS slogSl 5 el slass ol

Giampietro et al., ) 595 o Cgmxe (5,l0b L Ll bls,l
4559yt 395 4 bgiye «lie 53 maiune us (6551 cn py (1992
Marini et ) s_sb o (2o $-VY) SV uisle g (2o ) Yo=Y)
aS ol i (S )0 s Bysae 55 2Lyl (@l 2002
Al () Iyt 03lSedes B9y ) 31 2L
5 00lgieS CulS pilunw 93 dunlde zuls (Peyman et al., 2005)
a8 b plts (IS g ohisile glagliwl ) @0 Wy powye
g Cogw e (nl 5l 4 039: SV pguye CutS (551 slaisd9yg
Mansoori et ) usly olaid] g5 a1y prow oy i dioamn 5S!
[(al., 2012
$io9aS slaplas pyr (aee Canj OIS QL5 polate &
caa 4 S (Schroder etal., 2003) 5> 5459 aliseo (sl i,
Payraudeau & van der Werf, ) sl o o lico slaculss

Brentrup et al., ) ;Laimo 5l (ool sliss w924 oyl b (2005
2001; Brentrup et al., 2004a; Brentrup et al., 2004b;
45 35)5b pl 4 (Finkbeiner et al., 2006; Roy et al., 2009

el sl (i) sl 355y (tyilie LCA
L by (aee o) O30Sy cnl )3 0l oo sjpeliS
Sgbse i)l (=i slapllss g ol 435 )l > oy plls
(Mohammadi et l,ISen 5 oo .(Nemecek et al., 2011)
P @ Seld g ol a8 o)l () > 8l 2015)

oiele)S U5 09,8 gy g Wl 5 o)log S plls 93 50 55
5 golSay gl 0Nig Doyl (6551 Al Al (Sl
s o)lay S 5> Sgilis aes oS Wzl el o alie 450
397 lial oS & Cerd (5 taS aome G caslicl Sl
2 e coml Jradlty o)ley cutS plla 55 oS gy0bo 4
st e Gl oLt llan 390 55 sy, 5
o ol plio A5 5 0Xgb 008 (5l 455 (gl gl
A wloee Sl pls I 208 duo ) ¥F o YO Fe YA XY Cwy
L (i} ,» (Dastan et al., 2014) o LSon g oliwd 13,5
3 85 Gl Gl Jeilty 5 08 SeSTig )Lt gl
48 Nty 4o ol o hasile slalplls )3 (655l 8 pan
4 by o irle)S il 5 COp 315 Ll duoy

355 35 ol (3,5 Gy gl odlisl 350 (5 (595 (895


../Pazhouheshi/Papers/Persian/مهندس%20نیکخواه/ارزیابی%20چرخه%20حیات%20چای/Revised%20manuscript.docx#Mohammadi

A iy oy el  Juxo a1 dus b

2 )b b 3 pgd g Jgl S (sl > gy Sl

ol 0 00y L5 Vg

W3y e )85 5
O S g Gl odlatul 550 glaodles 5 3 Slas (Sl

SR Sy sl 2 093 9 Jgl culS (gl 5> iy (ol g Wrodled jlalie Y Jg
Table 1- Amount of inputs and outputs for rice at the first and second planting patterns per one ha

tﬁ:bbl{} (uﬂ‘ J9| CaiS 92 CuiS
A) Inputs First planting Second planting
(k) el 350 400
Machinery (hr)
(2) =5 200 300
Fuel (1)
(p)554S) (lrand gladgs
Chemical fertilizers (kg)
0o () 150 190
A) Nitrogen
el (o 67 40
B) Potassium
et (e 154 105
C) Phosphorus
(p595) (lbord pyows
Chemical biocides (kg)
e () 5 8.5
A) Herbicide
wiserde (o 13 15
B) Insecticide
ot (o
B) Outputs
(p5515) 5o 3999 2380
Paddy
(#5515) o5 1761 1140
Straw

= 5 eoe Caj <l 31 (Brentrup et al., 2001) 1 anobxe
Finkbeiner et al., ) a5 3,91 ) Mol s (sl skl ol
(2006

S U laogy S T ls &b U b3y -
OrleyS (Seid g ol slalame 13 (igmlSdn gl ol o)
@l (oS Jubod g o5 jolate 400 (18 el 5 Sl
iy 3L gy G (slog)S 5l o o (gl ecsiume SR
J(Brentrup et al., 2004a; Finkbeiner et al., 2006) 1.

e ol sl Sl pleS el 1k Glale S
=hi sleplaipg jl 4l Ll (lalls o)l glgl e )lie

3- Life cycle impact assessment (LCIA)
4- Global warming potential

International ) ISO14044 ,> oa_is a1 s, wlw! 4o

Organization for Standardization, 2006; Brentrup et al.,
s Jac 0je> ¢ Slaal iy p5 k> 5 LCA (20042

@l oS 5 Gl 5 Sl 2 5 g Sl B e
sl aallae Jos 859> g Blaal Gy a5 il
Brentrup et ) ui a8 )3\l 0 Saild o S Joleo €00 ,8,8
J(al., 2004a
e ol cdlye ol 3T Ol &y (Gja0e — 0

@35S Al e 1 g pglaer doliuoy By 5l ool

1- Objectives and definition of scope
2- Life cycle inventory (LCI)



IAY Gylomo) Foylods Ve alor (65 yalins’ cuwbcls pgs as yis QY

ng) AD LS)L"UL‘& COZ J.)Lw J.>|9 uolw‘ » ‘Nzo 9 CH4
International Organization for Standardization, ) (Y

(2006

mso 8 o3l 390 waldl oS g (e Cannj O o 5
3 o 5| e 456 09,5 ol (Sheng-Wei et al., 2010) 5.8
€Oy Jolis (glasldls olals jLiss) g adgs oliae 359l 32 b

(Brentrup et al., 20043, b) asllae 3,90 il (GWog,5 (B3(y59 culpd - Jgua
Table 2- Weighting coefficients for impact categories (Brentrup et al., 2004a, b)

(il 0,5 9kS (5131 4 CO, Jalao anly) Slea il
Global warming potential (in kg CO2 equivalent per kg emission)

95 (105 5kS) 1o
Factor Amount (kg)

CO; 1

CH,4 21

N,O 310

(Uit @ y59bS g13! 4SO, Jolre salg) i (g
Acidfication potential (in kg SO2 equivalent per kg emission)

SO,
NOy
NH;

1.2
0.5
1.06

(Uil 0,55k (5131 a2 NO Jalao) (Sulid slaellisogs 45 (yoawlSls ]
Terrestrial eutrophication potential (in kg NO, equivalent per kg emission)

NO,
NH;

1.2
4.3

(il 59k (5131 43 PO Joleo) of (s olliimgs 13 (ygmu Sy 3!
Aguatic eutrophication potential (in kg PO4 equivalent per kg emission)

P
NO;
NO,
NH,
NH;

N

NO4-N

0.95
0.1
0.13
0.33
0.35
0.42
0.42

obsl i an g 20l ol 5 (S lalae 09,5 5 90
Brentrup et al., ) (Y Jgis) Sai (g5l Luss POy g NOy
.(2004a; Biswas et al., 2008

lal a5 ol 4 (Guinée, 1996; Guinée, 2001) 1 pbx!
2 @ W5 Seplsipg 23,5508 15 g sme 399 5 09,5 4
SLoogyS (ol ad s (o5 ©)gear p9d 9 Jol CtS (oSl
il 4l Ll Jolse b puie Cosl Sn Cotle 4y iy o5 L5306
2,518 Ay (ol e Ledl b g o dbgaye b o 5
) dolee) L5 asuidie

N, =—— (V) doles

bl b 09,8 ol 4 bogipe (bl 100w (Guew!
SOz slsl 2 9 39052 S & Gidme S8 5 g Mol 399 00

Brentrup et al., 2004a; Biswas et al., ) o s il lus
SO, p,5skS Joles snly Spgo 4y ¢y (g msly (2008
Brentrup etal., ) (Y Joio) ad Ly (63,5,L8 asly oI5l s
(20042
e a5 llae o) (8,5 15 )3 b 2 gmer Sl gl
sNH3 595 (Sis clapllaipg 3 (ol gl oaiSaats
mol A 0 jhud g 555 SluS 5 3909 o clapllipg 3 5 NOy
1 556 09,5 oyl (Brentrup et al., 2004a) Ll o xaw sl

1- Acidfication potential



QY iy oy plls o Com ) O 5 du lio

Brentrup etal.,) (¥ ahlee) 35,5 bld clawloee )3 151 09,5 ya
(20044
Tijk
K Jlo o] aihaio o1 asls & bgsye 39 Wijk ] 5 &8
Jide ZTijk 5 k Jlw ] adlais 1 ol ad laie !Cijk

Wijk (Y) dslee

2l o K Jlo p3 ] dilaio o 1 e li (ol G

05,5 4 gy yasls ol Jloy i NI cdslao oyl o &S

DI (S els o S0 0ad Gy (69,5,8 aoly (oljl 4,80

) 180 09,8 4 bgype anls (Jloys ef) 00 dsloxe lade

09,5y d bgyye (adla e cliref 5 (Sgils (5 G )]
(Lindeijer, 1996) 15l o g o balyis 5 b

5 0 &l gl il ekl b oad Jloy (sl yadls e

4 boye (W) 035 o 2 13l b 0008 b 2505 (900 ¥ Joi

(Brentrup et al., 20042, b) axlllas 3,90 wG GW29,5 (53wl cuslps Y Jgao
Table 3- Normalization coefficients for each studied impact category (Brentrup et al., 2004a, b)

256 09,5 )$S
Impact Factor Factor
Ske plleS
. 9730
Global warming
O3 (gl
e 47.4
Acidfication
St glaplaips: 5> (gl iyl 07
Terrestrial eutrophication '
o sloplaipg )3 (omelSid gl
. . 8.56
Aquatic eutrophication
o alesS 9730

Global warming

oiele)S Jeily oy 1 Sl (aleyS p3U 09,5
pgd S 6ol ay wiS Lol g0 s duwslds o Sl
a5 39 (Sl o5 SO slil 4 COZ p)SolS Joleo dnlg AF-/YF)
sl €S 558 5 Glar GinlesS Jeeslly 51yt 20y 1
25U 09,5 ol 5 (IS a8 glgil [Lasil o jue b puus
9 <IN F-YIAY [ )-f‘)’. ey Ao Nzo 9 CH4 cCOg J.aLw
40 a8 3 Sels 5 S lil 4 COZ p,56ks” Joleo FYE/YV.
5 Laoa oW ool Ll i 51 YL Ao 3 YO ¢ VO Y Ll 5
Bao Bl o iul38l pl s & (V ISK5) 29 Jol csS” (565!
il liesd (slo2gS oL

L;LmPUéJH_g 2 slolds olajls e 9 _\Jy odos Jﬁb
=l ldas Gl g Jond S gw CBpns 4y basye (2ly;
019 4 459, L;chu?f d)m Oed g wlb).s 9 casly weusls
O 45 odly uL\M) me»)).g ‘l.'i.a.»l) Oy )y Ll u.sw CHgo
ledgS g AT, & bgsyo s jglay CO Ll S 0
(Brentrup et al., 2004b) cusl 453955 olowd

s AT T

~Coj a3l dlsye 51 ) Tl peadd g @l -0
2o Jhee 45 T(ECO-X) caliipg jasls olyis cov lae
.(Brentrup et al., 2004a) 15 duwlxe 3L 0 LCA

Slwle g SleMbl sabains dadoliiuwy (6 )glaes 5l
oliol b b IS5 33,5 plool EXCl ljale 5 51 oolil L dbogsye
LD oy Sigma plot lzéls 5 5l

olizl "Else,S Slall cyi 5l Aoy T bl o (ol
(Cronbach, 1951) 3,55

ol 0395 doliciun yp (6 YU dlaie] Culild osimd )l 48" b dwlro

1- Integration and interpretation
2- Eco-Index

3- Reliability

4- Cronbach’s Alfa



\ay ul.».m.a) Foylods Ve als (559l ‘swm P9 A yuiad 0¥

1000

g7 Co; .
CCH,
. Mo

- »* Yied

e

= 300

=

=5

=

B

=

¥

=]

s 800

Bb

<

k|

3

2

]

B

B0 400

g

E

s

B

z

]

O

4.0

F38

F3.6

F3.2

Paddy yield (tha™)

28

F26

0 T
First Planting

/ [
f 22

Second Planing

093 9 Jol CuiiS' g oS! 1> Sgilid o5 S sl3l 4 Gl (halo S Jandily - UK
Fig. 1- Global warming potential for one tonne paddy in the first and second planting patterns

.(Khorramdel et al., 2015) . Jobs

Qb5 9,8 b S ST oo clale ioliEl s egMe
O 0,5 yamall ;3 NYO clale &S cunl 0oy (ylis b wyp (S
04 il Y oS Coge &S adl iuli8lnglg YA 4 YYD
4 &y maiias Hobo 4 NoO il (Crutzen, 1981) el
Bouwman, 1990; ) cewl shesdd sladsS By no 5 Ao
Barker-Reid et ) -|,Ke2 4 1~ ,SL .(Brentrup et al., 2004a
Iy Wil v pasS w5 5050 5INLO &Yl Lial (al., 2005
0)9)—"3‘ Aoy ’/';—'/\\) ngzo'N/ha NACRYAL L.: )_.gl)g
G yao dy |y ol l odes Sl Lol bidgas (3155 (B e
sl by o 4559y (alowsd (sladeS

b @ = slplps ;> CHa jLasl LY ¢ jodas
sl adl Al oo (B8 Lyl dbml g (o (sadgS B yas
5l ieS yaiedl jd 39390 CHy cdale an 51,8 o5 ppe cpl &
3t e VY ol Glae pale)S Jily Jg sl 0 CO,
(FAO, 2003) cu! CO,

O ) dlct_i\:}r.lf L;Laa)'lf )L&;’Jl OIHA 4>)§1 cu.:L.ol L}).l »
5 S ol Lulpd o pie g5 4 Ay O ilisee lapllas
a4 b Jg (Barton et al., 2008) 1l o olato gy pllas

o35 (Khorramdel et al., 2013) Lo 4 Jop,=

o PS5y ol Gl (tale)S el it 45 W3g00
by 5 SO il A )8 anST (65 Jolee dnls AMVEY L Ll
Sl 9 LS 33 (3935 £S5k YVl i 9395 o sl
S @l op)S ST (60 Joleo dalg AYYIVY L plys s puiS
S 33 5335 2SS 50 5l i 6355 oo sl b 5
YL a8 ol L ol ) adlae 1500 guls 0 Jols
NS syl o 5 a5 ol e nlo ol
6355 s el > 5 K (el & 30)S ST (5 Uoleo s
olg £oX/55 U ply w0 o> plS )3 5 LS jd 59505 VFe—YA-
=¥ 6395 paw gy a5 S gl p)S aST 6 Jokee
Korramdel et al., ) od Jols ;LS 13 59, p,5 LS ¥
e zghaw plad ;3 CHy HLasl e do 5T Cysiman (2013
oL (g o9 o5 B w3 5 G lopllipg: sl sy
Tl et 05 L 93 o o YT ol Ll 3
25U 09,5 3 NpO Ll e oy pidi s oluazs! ga68
Ll i o o 5 ol Mg slopllas I e ptale)S
00 S gl s S ST (5 Jsbeo doly YAV/EA 5 FA< IV

LS 03ey oS kS TeTe g WA gl (4l s



00 iy ady pllss o o 5 & 51 dans o

(Charles et al., l)LSon g Jyl> ol 51,3 Jlasas 1) oleawd 365
SrSore b () OV e iluding Sllas bl |, 2006)
algl Jials jalaie a4 a8 wislo ol bl cls ad o Jbj) )
Ol b plord (LadgS Bpan I (IU Jaee Con
o 4o Lanoa oW Ll s Bl iol58l Jgame 5 Shes
D)8 phane olesd ladgS ;I piiy ool

AU 095 il VL 1 gl 55 09,8
L pogs S gl S slagSll anglio )3 @i (5 (sl
ol Cawds Sgilis o5 6 sl5l 4SO, p,5 kS Jolne sslg V/FAA
Jot S 5980 sl 8 09,8 ol Sl j) 5L 203 YO &S
cxl g moso ¥l glgl [Lisl ol pgd oS (663U )5 i dulxe
Y L ol e 40 SO, g NOy NH3 ol 1505 09,8
Sels o S glj) 450, p,55kS Jolee sy /0¥ 5 /¥V0
o3 VD ol S 565Ny o Ll e 51 45 593,5 cyeess
(¥ JSs) 39 5L

el JIN2O 5 COz 0329 41 9 SIS (slajls jLisl (VL g
A 395 Slaindiy pg> 9 Jgl cniS SlagSJl )3 g6 My
A glesss Bran 5 (45558 Slilos (1ol 1l ol el
Ol dmr afo i ok GladsS i Byae slon
550 3 3y a3 09, ol Bl s (gl ol lSa),
Braschkat et al., ) 5,5 (s, So,u0 g0 sy pllas pod cuiS
45 wzals Jgls! (Monti et al., 2009) ,Sas 5 5se (2003
E9l5 53 (ks oMIS LS seigS g dllusiz (LS (3,5 3]y
allee ials 15U cou CO, cdale caiss (lp odes ole
D9 s Cgacme 4359yt (alerd (3 Bras g (6))S
a3l 1 egde ()39 25 355 Bpan Sl & bl ) imen
5 CO; Lt (oo Cy sl Sogl jo0 g (sladiyjo
sbte an it o) JUis & 5 ) bame 4 (lalS (sl ol
losSl )3 laome Cun sla Sogll Sl g Cuny Lo Laio

U‘" u_wLuo )J.)La.n d).Am u:*“-’b £9d wf).) °)"5 LYY .\Jy

18 L 40
271 MH; -
[ MO,
1.4 [ =N a8
* el
38
- 1.2 4
=
=
=
= F2s
- i i
5 1.0 3
= =
L riz =
2 .l z
& g
20

3 &
2 e
g &
= 28
g
g
i=} 0.4
=l 26
2
-l

0.2 // -

0.0 T 232

T
First Planting

Second Planting

93 9 Jol CulS’ (sagRl 45 Sl (35 G 1l 1 b (ool Jamniiliy Y SIS
Fig. 2- Acidification potential for one tonne paddy in the first and second planting patterns

59y e s |y ooVl SLisl s liises (5 ys 3905
2 oiy & =hj sleplips: ) ()jais plewd 38 ) Jolbs
Fallahpour et al., ) a5l o paie opl YU Gpas byl s

Gl slogS > 559,55 535S By 25 5l e LI
ol osty VT )Lissl igl38l csly pod S 3 oy 4 g9y Mg
385 1y oy (sl Jailty 5 15 Lo 4 SO 5 NOy NH3



IAY ylimo) Foylods Ve alor «(65yalins’ cwlcls pgs 4 pits 405

JSC3) 390 YL 0o s YO Jol a8 6ol 3 186 09,5 ol 5o
(=Y

50 > o plipgs 53 gnslSdy gl 53 09,8 Sl
o= LS_} db‘ 4 PO4 f)f}hj J.)‘.:m J.>‘9 \TRa% ‘.) )g]ﬁ £9d cuss
oS 53 33U 09,8 ) sl 51 YL o p3 YA oS 5y S'gilis
25U 09,5 53 Laoas VT glgil ,Lissl 50 03,8 s Jol S
NOx ‘NH4 sNH3 N J.nl_w u_j ‘nLEJfH 0 UM&"”)’9‘
o5 S5 lil 4 POys p)5olS Jslee anlg /+) 4 1/28% +/2AY
s Jgl ez o o gl Hlissl oliae 5l 48 b dnwle Sgilis
O peS g oy i Dgas g0 0l Y S (3 oS weSilan (o
PO, o P as ey dn 180U 09,5 ol 53 Waoa VT Ll o500
029 4 il (claosiy VT )Ll liasd clodsS plu 5 (13525
o s Baas NOy jLizsl 45 bl 5l ad 55l 09,8 ol Uil
Brentrup et al., ) ol oYy ile 5l ool ¢ Jlisl 4 |8
I ol ComelSts gl Juwily does (5 5 \lisl ol ee 11 (20042
5l e g u—’T b YL g_,u"]),e 4 (S o dl)’.
Cn ) laﬁu a 4))9)MJ L;LQDMYT ))L» 9 NOX )L.MJ‘ as l}uT
Brentrup ) cowl 35 4539y (slonds (sloodles B puae 4y dusl
Yo Gyme s 4 o YT ol jLis) ol 11 (et al., 2004b
3 VL g S g6 )3 SV eile ity (65550 5 09y
() Jga2) 235 e Jol S’ (5581

2 (Do 4559505 39S Hlide &S dad o il gl dwglde
 0gds g 039 oS b puan I YL Ylaisl 2, a3 clapllss
5 ilwdlil Gl jlolS lawgi o iz pie s 4 (st
el o8,e Lalyd sevg b cou dilise clapy 4 o HLal
Jymazme ) 15 sosSl 5 13 Cilieo (slaog S oaes ial331
(Khorramdel et al., 2015) . ,LSea g Jop,5 .ol oais
asly 50, Slas (iiSly 59yis Bpan ilj8l b as” L0,S" j5)l58
ases Lasl e opds wcdl gals ool opl G puae 4 o

Sy slaaiie (galS 5 gy LS dgme jlate 4 185

u9)l35 (Khorramdel et al., 2015) Lo o Jop > (2012
o 52 g Pl (el b el Sl (5L &5 3500
Slp a5 S lyl 40,568 sST (60 Joleo snls VEY L
Jleo 023 pu5 (gl 9 LS 53 (159yi0 p)SokS VT VAL ks
Gl Ol 5 SO il 45,858 ST (60 Jolee anlg VY L
Ozred ol ool el Candy (595 p S gl ¥o-F e s
VFe VAL Gyme (gl an NH3 )Ll oy i 45 W95 e
ST (63 Jolao olg < IVR) ol pliss 15 S 15 (33925 S obS
28 53 gy S ToF 5 (a5 Kyl 4 5,555
(a5 o5 G sl 45,868 wuST (65 Joleo sl /) 2o pllas
(Haas et ),LSen g ols i Juols 505 ol 131 05,5 5
s 0gdle SLlS,| o e ot g y0 45 Azl s al., 2001)
Od el g Slae ale ) iy (6551 S pas ials
oo Gliiee cpl il ul) Copte b 50 4 s (6508
03y Cuy ppde CoB (g i o8 sl g laly ad (duwl Jowils
450,558 w81 (65 Jolee dnlg WWF 5 WA sy 1) 02 ,uld o
Jlosl a1y el ol Jds Ll aioges (3155 )18 S5
Lo S 5 (N slasgs Bymo lus  0dleipS oo
(Nemecek et al., 2011) Lo § Sunod 250D Cond JBlas
moske sl sl ) plgis 4l SOB ) oo g Se e
Ml Gl Cunj e Lads ¢ Jamo mlie 1 e ()
o deay o0 a0 4 o Pipds Wdged (Byme (o) slaplipg 5
sleags 38 ialS 1y 48T L S g o3l oo ]
9 13,555 ey L 4S5y sadgS Bpae dify il olend
B g cloplls 3 3l 5 JI ooy e i3l
o b el sl 2l sl )l plgis 4 lgie
ez 0yt pod CudS 598 )3 03
5 Sdd Soalliing: 13 ygawlSuds gl ;03U 09,5
2y (St plaipgr 53 (gl gl 5 09,8 Sl 1]
&3l 4 NOy £33 LS Joleo anlg YIFA b plys pod cusS (55X
ol Sty 1 5YL 1y YD oS 135 dsles Sy o5 S
sl e pgd S oSy g gl catS 5801 13 36 095
ol Sz pLsipgy pmalSie g 55 295 53 Wosi Y1 gl
255 5LS” Jolae unlg VAY 5 «/0F b ply <55 & NH3 g NOy
Laod VT opl jliss) oliee 5l a8 59 Seilis o5 G sl3l 4 NOy



Y iy s el  Juxo cum § Ol 51 s b

2188 5 p)Se S ¥ee I Ghey 4 YO« 5l (59505 355 B pae = =hi sleplaipn )3 pais cpl qulio (lie Spae sl
Ju_w.vlu 8§32y g 9 £0 uwl)_QI CLeR ) J_,Jy ‘SLQ‘DUQ; odléw! L)"ﬂ) S d;&d«ab ‘u_’b.b 9 u] ]a;l).w ‘°L.'.§ )Lu u»l.wl
Juss 4 ol 5 (Sis labams (sl o 4 ]y GmlSes i) 5 s5desloml oy 51,8 plaine cby 4y SB gk gine
RN ilyslas ol L (Esmaielpour et al., 2015) Ko
30 40
F==fond ¢ A
* Yield F 28
E-' ) Fas
%ﬁ 20 =
g
gE 15 =
3 &
E 10 |2z
=
g Lzs
K
0. /
24
00 22
First Flanting second Planting
4 L 1 40
rarall . ®
= NH
[ NH, 38
- I NGy
-E (I 1, 28
g 1 %gm
8" *  Yield
g, Fza _.E
iz o
£
2 AT L 2e
5
< " “ 26
Fze

T 2z
First Flanting second Flanting

93 9 Jgl CuiS (SgSl 13 Sgild o S (5131 &1 (21 () 9 (S (W) (saplig: (ygmlSads gl Jawiliy -Y JSus
Fig. 3- Potential of (a) terrestrial and (b) aquatic eutrification for one tonne paddy in the first and second
planting patterns

Oy 5 S (slj) 4 POy o S6kS Jsleo aols YIVE Ly ls 03 U555 (Korramdel et al., 2013) o,LSan 5 Jsp,5
Ol ol b Jols p Sl Fe il it (g5t slade sl 15 sl ol bamo 3 (ool gl Jauiliy o iy oS 13505
by e 53 el 53] ooty (VU o 53 ol cipan 55 S 614 POy p S5k Jobes a5ly YEY L il ol pus



QY ylimo) Foylods Ve alor (65 yalins’ cwbicds pgs 4 pis DA

Zolfi Bavariani & Nouruzi, ) sl - (iolj3l S1s Jglxe
aS sl ol (Whalen & Chang, 2002) Sl 4 o1y (2010
S oS sbign b yand (o) el JIslge jl ool ealil
Amd o il SB e 3 1y o pemld ol g oud iyl
a S aa sl Hls! (Russo & De Lucia, 2008) Luwg s> g g
3 i S 53 alend gdsS lapmecans; ol Lials ol
B 23)5 s ol por 4 S Jlodle e (cuwly conliiw] 4565y
255 &9 5 i S abordsSiid Slogas 4 d2g L
mo3lag Byae 95 o0 ey bl nl 298 Sl (B e
) (515 sl g (o 355 usgraS G 355 yen I sla
Ol gl Il ais (lp SjglsSs oSl olate
N JERETRVS

Podd Jlop jasls ude to0ws Jloy ad bl m3lio
e Sl 3 Sy ljl 4 IR0 L il g cuiS 455l
Jol cisS” oSl o jasls (pl jlads 1 5L s ys ¥/ &S 0y
ol iz pinla)S Jols b (slaog S oow 03)5 (s
023l ko Sl gl 5 (SiS slapllaipy: )5 (yomlSiy gl 5 0
ol €S 58 ) 5YL Sy @ o> S 550 3 0a Jloy
A o IVAY g o oFN /oYY ALl iy A aS A
OY g YO YO N iy du e opl &5 09 Sailis o9 S ol
(5 US5) 55 ol aiS oSl 51 5V aoya

I e O3sr e sl als F o il & NOx p55LS
BB Ly julyy o3 paiS g pllas (sl 9 LS )3 Sl VY
3 e s el &l o5 5 clj) 4 NOy p,SolS” Jolas sl
HLSen ¢ g wln el oy Lo 13 (59,55 p 5ok 5
= slalaso yomlSits gl Juwils (Hospido et al., 2003)
33503 3l e g1 Voo
mpom ik 3 Ol gl Jole (5 ol lgie 4y i
yiwd (Charles et al., 2006) 395 o wguxe Wid ol slapllss
Py ke V=2V (5559l SN guazme 28T gl 5l 3)90 Jgle
oYL B a5 ,0B Lals wlale ol j> a8 ail e pSskS o
Fageria, 2009; Riemersma et ) sl 3o | Jouaswo 500
(Khoshnevisan et al.,, ,lSen 5 o lusgisio>.(al., 2006
Jole cpypte ( (Bpan sodlys le o &S asily 4l 2013)
(3o PA mr) Slind any bgjo gl 59l 20085 55 50
2 yhwd 00 2dNgn lgie 4 S lyd Glibl js bbloe  Liddg
S gy Ly STy oo 51 Ly 5 (sl s sla b
cobls Vs ol el 3 aS Wl Joo JI liwsd oS 5
PRIT W TN d)‘L»JI)'T 5 &8l ioli8l oS (gly b eolael

05
E= Global Warming -
[ Acidification
I Terestrial Eutriphication Potential
[ Aguatic Eugrophication P otential
*  ield

~ 044

5

=

a

=5

-

=

&

o

=

“

" 0.3 4

&

k=

B

&

"

2

g

3

= 024

£

E

3

4

0.0

4.0

38

36

34

3z

30

Paddy yield (t.ha™)

28

28

24

First Planting

T 22
Second Planting

Fig. 4- Normalized indicator values for one tonne paddy in the first and second planting patterns



A0z oy plls o Com ) O 5 du lio

e (o piy Cal pasuie oS L9Siled Guimed 3,5 dule
bgyo saome Cunj pabld ggee b (sloog)S duglio )
09,5 Sl Ol (%S g 390 (St pllaipgy (gealSudy gl &
$Lpog, S arew < Jol cuiS (oSl 53 el sy 05 (gl i3
9l gl 5 sl (Slar pinle)S Sl cilieo 18G5
e Gy 3L gsame | (S5 5 (o lapllips,
o= e a5 s 13 600,85 ol o 3 W OV N VO L
W oo OF OV XYY L ol o 4 pod S oSl (4l aog,S

B JS5) 29 dsya

Gy 023l garme i apme Comntj a8 LS gg0ne

Sl 4 ECOX /YL il pgo et o801 ) @i (e
2 oadls cpl gaeome jl YL do )3 VY a8 W dpwlee Sqils o
5 adllan 3590 ;315 Caliseo (glaog S ot 392 Jgl S (55l
sl YL Gilye a4 pgd cutS oSl 3 lare G j a3 L
Sl talesS 556 (slaog)S (sl palie cpl & g gl S
bl i 4l 5 (S8 pliipg (gmelSes gl 9 (5 (s
Sy Selds o S gljl 4 ECOX +/VD g +/V A oo/ Y oo/AY
Jol e o S5l 5YL 0o d YO o VF Y0 N iy & oS

045 - r 45
OGlobal warming BAcidification DAgquatic ton ETemestnal e Yield
0.4 b4
.

033 |35
2 03 I3
%
B
2
2 025 L2s%g
[ i
=] <
5 |
5 02 2z
g )
£ 3
= ]
£ 013 13
E
£
£
a 01 1

0.05 4 Los

0 L] 0

First planting

Second planting

Fig. 5- Aggregated environmental indicator value (Eco-X) for one tonne paddy in the first and second
planting patterns

2 0529 4 (5508 SV gaze Mg Jae Cunj Il als
Logas alie Byae LS Gulidl @ 2y slaplliipg,
OhLen 9 45,L ) (Brentrup et al., 2004b) il o )59
g s e Gy @l ey b (Iriarte et al., 2010)
Sl e s 1 Yl o 8zBls oy IS 5 ol Sl
el 138 ool (ygmslSiady gl 5 Sleer Ltale)S b (slmog S
9 tlbond sladgS u Sl s SBpae g Mg ) el nl W
OhlbSer 5 Gl Aol Cusd (4)y5 1S el Slles
2 dliwe; pasS WJg5 el L5, L (Brentrup et al., 2004b)

Ry 9 O yieS A4S Xdged )15 (39, 398 calisee polde

Eommo o s &S lare G j (et ld duolee wlul y

Gl Engj Lo ay Laon ¥ Ll laes congj @l
2 e YL &S 05 )5 eseie (Brentrup et al., 2004b)
me Cj a3l ggoome | adllas 3590 136 (slaog S (e
35 (S plliipgy (onolSaty gl 4 barpe @ip My slapllas
L3S 1o ) Ly e 45 A e ot gl (B JS3)
Lo 59l o5 5Vl Jouily S 4 olosd ©pp0 4 59500
@S = U oMo B2 Ll )3 g 4 (aoe Cans
g5 Sl 5085 5930 Gl oo el (201875 (3950 B
S )b JBaly & a0 )l 4 e 5 (s 298 o0 e



IAY Gylimo) Foylods Ve alr (g5 yalins’ cwbicls pgs 4 pits 450

395 S da (rizmen g pgd CutS (oSl 5> Sl 3 Slee
i AW Vo] it bl b cod ol hawg sad (b yuae
Sl sl b dy Giliie sl b ol Ll g o395
S L dlia )3 55b ciliseo slaog S )5 ol (Sagl Jwsily
M5 e Cuj Ol ggeome aSgysb 4wl 0l Sl cuiS
B35 e Jol eSSl YL cilye d pgs cutS o)l
bsye @ dy glaples lages cuj SISl p 3VL (pionan
ity sl One g2 (S ame ol gl 15U 055
553 0jg a8 sla)lidld SujelsSt cu e 1390 e
s S2sS) g 03leinS Jpol I s Sote slive 2 pg> cuiS
Foe sy dlea Sl w0y (dazmecanj SISl cpl (ials
5 S 938 9 Sl b 4 g diej cal
550555 s03e8 G pume o Jilis g azbly Lials slogss,sl Jlac!
005 )y 2l bli 5 N slodsS lgl 5 63,555 by L
byl cutS g gy b (o @9l 5> (o oaiS s ol

3,5 0,51 sni s i (e DAL sk (sladigS oyl b

5 2l ) 8L slaog)S (ly i 4 Jae Gy
<ol 55 (Hayashi, 2005) _sbla el cuvds ygmmlSais 5ol
Coj Oyl anp b 98 (Stwser (o) Oldas (53,88 o5
9 el (B g 09 (5 S g il 4 lae
S ) odliil 45wzl Jlodsl (Nie et al., 2010) oySan
SISl plats o Klgie (i BAS s (lalS L byle
=hi sleplaipg )3 (9 b5 Sras jl xSl lp wolas
S8 LS 8 298 o0 ey bl (nl 25 )18 5l e
Olyis @ (plerd sbodlg Bpas bl Gl p (£l)) Copie
B Wy e Cunj Ol s cax p» SdlsST oSl

25 )18 aide pg> cuiS (6581 )3 0fg

(S 5 4ol

P B ctS o8 9 dulie b g bt 4 a2 L oIS ok
2 3o 355 Byan e dx ST g0 sla 4 ()l i o
YL M (g o) Jais) cml YU Tws cuilS 6580 93

&l

Barker-Reid, F., Gates, W.P., Wilson, K., Baigent, R., Galbally, I.E., Meyer, C.P., Weeks, I.A., and Eckard, R.J. 2005.
Soil nitrous oxide emission from rainfed wheat in SE Australia. In: A. van Amsted (Ed.). Non-CO, greenhouse
gases (NCGG-4). Utrecht, the Netherlands: Mill Press.

Barton, L., Kiese, R., Gatter, D., Butterbach-bahl, K., Buck, R., Hinz, C., and Murphy, D. 2008. Nitrous oxide
emissions from a cropped soil in a semi-arid climate. Global Change Biology 14: 177-192.

Biswas, W.K., Barton, L., and Carter, D. 2008. Global warming potential of wheat production in Western Australia: A
life cycle assessment. Water Environmental Journal 22: 206-216.

Bouwman, A.F. 1990. Exchange of greenhouse gases between terrestrial ecosystems and the atmosphere. In: A.F.
Bouwman (Eds.), Soils and the greenhouse effect (pp. 61-127). Chichester: Wiley.

Braschkat, J., Patyk, A., Quirin, M., and Reinhardt, G.A. 2003. Life cycle assessment of bread production—a comparison
of eight different scenarios. In: Proceedings of the Fourth International Conference on Life Cycle Assessment in the
Agri-Food Sector, October 6-8, Bygholm, Denmark. p. 9-16.

Brentrup, F., Kusters, J., Kuhlmann, H., and Lammel, J. 2001. Application of the life cycle assessment methodology to
agricultural production: an example of sugar beet production with different forms of nitrogen fertilisers. European
Journal of Agronomy 14: 221-233.

Brentrup, F., Kusters, J., Kuhlmann, H., and Lammel, J. 2004a. Environmental impacts assessment of agricultural
production systems using the life cycle assessment methodology, |. Theorical concept of a LCA method tailored to
crop production. European Journal of Agronomy 20: 247-264.

Brentrup, F., Kusters, J., Lammel, J., Barraclough, P., and Kuhlmann, H. 2004b. Environmental impacts assessment of
agricultural production systems using the life cycle assessment (LCA) methodology, II. The application to N
fertilizer use in winter wheat production systems. European Journal of Agronomy 20: 265-279.

Chabra, D., Kashani Nezhad, M., and Rafiee, S.H. 2006. Comparison of the contents of waste in different drying rice.
Proceedings of the First National Conference on Rice. 5-4 December, Amol. (In Persian)

Charles, R., Jolliet, O., Gillard, G., and Pellet, D. 2006. Environmental analysis of intensity level in wheat production



AP\ oy plls o Cou ) O 5 du lio

using life cycle assessment. Agriculture, Ecosystems and Environment 113: 216-225.

Cronbach, L.J. 1951. Coefficient alpha and the internal structure of tests. Psychometrika 16(3): 297-334.

Crutzen, P.J. 1981. Atmospheric chemical processes of the oxides of nitrogen, including nitrous oxide. In: C.C.
Delwiche (Ed.), Denitrification, nitrification, and atmospheric nitrous oxide (17-44 pp.). New York: Wiley.

Dastan, S., Soltani, A., Noor Mohammadi, G.H., and Madani, H. 2013. Global warming potential of carbon dioxide
emissions and energy consumption in the paddy planting. Journal of Agricultural Ecology 6(4): 823-835. (In Persian
with English Summary)

Esmaielpour, B., Khorramdel, S., and Amin Ghafori, A. 2015. Study of Environmental impacts for potato
Agroecosystems of lIran based on nitrogen fertilizer by using Life Cycle Assessment (LCA) methodology.
Electronic Journal of Crop Production 8(3): 199-224. (In Persian with English Summary)

Fageria, N.K. 2009. The use of nutrients in plants. Taylor & Francis Group, CRC Press 430 pp.

Fallahpour, F., Aminghafouri, A., Ghalegolab Behbahani, A., and Bannayan, M. 2012. The environmental impact
assessment of wheat and barley production by using life cycle assessment (LCA) methodology. Environment,
Development and Sustainability 14: 979-992.

FAO. 2003. World Agriculture: Towards 2015/2030. An FAO Perspective. http://www.fao.org

Finkbeiner, M., Inaba, A., Tan, R.B.H., Christiansen, K., and Klippel, H.J. 2006. The new international standards for
life cycle assessment: 1SOy4040 aNd 1SO14044. International Journal of Life Cycle Assessment 11(2): 80-85.

Giampietro, M., Cerretelli, G., and Pimentel, D. 1992. Energy analysis of agricultural ecosystem management: human
return and sustainability. Agriculture, Ecosystems and Environment 38: 219-244,

Guinée, J.B. 1996. Data for the Normalization Step within Life Cycle Assessment of Products. CML Paper No. 14
(Revised version). CML (Centre of Environmental Science), Leiden.

Guinée, J.B. 2001. Life cycle assessment: an operational guide to the 1SO standards. Centre of Environmental Science,
Leiden University, Leiden.

Haas, G., Wetterich, F., and Kopke, U. 2001. Comparing intensive, extensified and organic grassland farming in
southern Germany by process life cycle assessment. Agriculture, Ecosystems and Environment 83: 43-53.

Hayashi, K. 2005. Practical implications of functional units in life cycle assessment for horticulture: Intensiveness and
environmental impacts. LCM2005: Innovation by Life Cycle Management: Barcelona, Spain 1: 368-371

Hospido, A., Moreira, M.T., and Feijoo, G. 2003. Simplified life cycle assessment of Galician milk production.
International Dairy Journal 13(10): 783-796.

Iriarte, A., Rieradevall, J., and Gabarrell, X. 2010. Life cycle assessment of sunflower and rapeseed as energy crops
under Chilean conditions. Cleaner Production 18: 336-345.

ISO (International Organization for Standardization). 2006. 1SO 14040: 2006 (E) Environmental Management — Life
Cycle Assessment— Principles and Framework.

Khorramdel, S., Ghorbani, R., and Amin Ghafori, A. 2015. Comparison of environmental impacts for dryland and
irrigated barley Agroecosystems of Iran by using Life Cycle Assessment (LCA) methodology. Journal of Plant
Production 22(1): 243-364. (In Persian with English Summary)

Khorramdel, S., Rezvani Moghaddam, P., and Amin Ghafori, A. 2013. Evaluation of environmental impacts for wheat
Agroecosystems of Iran by using Life Cycle Assessment methodology. Cereal Research 4(1): 27-44. (In Persian
with English Summary)

Khoshnevisan, B., Rafiei, S., Omid, M., Keyhani, A., and Movahedi, M. 2013. Assessing of energy indices and
environmental impacts of potato production (Case study: Fereydoonshahr region, Isfahan province). Iranian Journal
of Biosystems and Engineering 44(1): 57-66. (In Persian with English Summary)

Lindeijer, E. 1996. Normalisation and valuation. In: Udo de Haes, H.A. (Eds.), Towards a Methodology for Life Cycle
Impact Assessment, SETAC, Brussels.

Mansoori, H., Rezvani Moghaddam, P., and Moradi, R. 2012. Energy budget and economic analysis in conventional
and organic rice production systems and organic scenarios in the transition period in Iran. Frontiers in Energy 6(4):
341-350.

Marini, M., Senhaji, F., and Pimentel, D. 2002. Energy analysis of sugar beet production under traditional and intensive
farming systems and impact on sustainable agriculture in Morocco. Journal of Sustainable Agriculture 20: 5-27.

Mohammadi, A., Rafiee, S., Jafari, A., Dalgaard, T., Knudsen, M.T., Keyhani, A., Mousavi-Avval, S.H., and
Hermansen, J.E. 2013. Potential greenhouse gas emission reductions in soybean farming: a combined use of Life


https://www.researchgate.net/profile/Ali_Mohammadi22
https://www.researchgate.net/profile/Ali_Mohammadi22
https://www.researchgate.net/profile/Ali_Mohammadi22

IAY Gylomo) Foylods Ve alor (65 yalins’ ouwbcls pgs as yits AFY

Cycle Assessment and Data Envelopment Analysis. Journal of Cleaner Production 54: 89-100.

Mohammadi, A., Rafiee, S., Jafari, A., Keyhani, A.R., Dalgaard, T., Knudsen, M.T., Nguyen, T.L.T., Borek, R., and
Hermanse, J.E. 2015. Joint life cycle assessment and data envelopment analysis for the benchmarking of
environmental impacts in rice paddy production. Journal of Cleaner Production 106: 521-532.

Mollafilabi, A., Khorramdel, S., Amin Ghafori, A., and Hosseini, M. 2014. Evaluation of environmental impacts for
saffron agroecosystems of Khorasan by using Life Cycle Assessment (LCA). Journal of Saffron 2(2): 165-179. (In
Persian with English Summary)

Monti, A., Fazio, S., and Venturi, G. 2009. Cradle-to-farm gate life cycle assessment in perennial energy crops. Europ.
Journal of Agronomy 31: 77-84.

Nikkhah, A., Taheri-Rad, A.R., Khojastehpour, M., Emadi, B., and Khorramdel, S. 2015. Environmental impacts of
peanut production system using life cycle assessment methodology. Journal of Cleaner Production 92: 84-90.

Nemecek, T., Dubois, D., Huguenin-Elie, O., and Gaillard, G. 2011. Life cycle assessment of Swiss farming systems: I.
Integrated and organic farming. Agricultural Systems 104: 217-232.

Nie, SW., Gao, W.S., Chen, Y.Q., Sui, P., and Eneji, A.E. 2010. Use of life cycle assessment methodology for
determining phytoremediation potentials of maize-based cropping systems in fields with nitrogen fertilizer over-
dose. Journal of Cleaner Production 18: 1530-1534.

Payraudeau, S., and van der Werf, H.M.G. 2005. Environmental impact assessment for a farming region: a review of
methods. Agriculture, Ecosystems and Environment 107: 1-19.

Peyman, M., Ruhi, R., and Alizadeh, R. 2005. Set in the traditional and semi-mechanized to produce energy. Journal of
Agricultural Engineering 6(22): 67- 80. (In Persian with English Summary)

Riemersma, S., Little, J., Ontkean, G., and Moskal-Hébert, T. 2006. Phosphorus Sources and Sinks in Watersheds: A
Review. Alberta Soil Phosphorus Limits Project.

Roy, P., Nei, D., Orikasa, T., Xu, Q., and Okadome, H. 2009. A review of cycle assessment (LCA) on some food
products. Journal of Food Engineering 90: 1-10.

Russo, G., and De Lucia, B. 2008. Environmental evaluation by means of LCA regarding the ornamental nursery
production in rose and sowbread greenhouse cultivation. Acta Horticulturae 801: 1597-1604.

Schroder, J.J., Aarts, H.F.M., ten Berge, H.F.M., van Keulen, H., and Neeteson, J.J. 2003. An evaluation of whole-farm
nitrogen balances and related indices for efficient nitrogen use. European Journal of Agronomy 20: 33-44.

Sheng-Wei, N., Wang-Sheng, G., Yuan-Quan, C., and Peng-Sui, A. 2010. Use of life cycle assessment methodology for
determining phytoremediation potentials of maize-based cropping systems in fields with nitrogen fertilizer. Journal
of Cleaner Production 18: 1530-1534.

Snedecor, G.W., and Cochran, W.G. 1980. Statistical Methods. lowa State University Press.

Whalen, J.K., and Chang, C. 2002. Phosphorus sorption capacities of calcareous soils receiving cattle manure
applications for 25 years. Communication in Soil Science and Plant Analysis 33: 1011-1026.

Zolfi Bavariani, M., and Nouruzi, M. 2010. Effect of organic matter on residual phosphorus recovering in a calcareous
soil. JWSS- Isfahan University of Technology 14(52): 87-98. (In Persian with English Summary)


https://www.researchgate.net/profile/Ali_Mohammadi22
https://www.researchgate.net/profile/Ali_Mohammadi22
https://www.researchgate.net/profile/Shahin_Rafiee
https://www.researchgate.net/profile/Shahin_Rafiee
https://www.researchgate.net/profile/Alireza_Keyhani
https://www.researchgate.net/profile/Alireza_Keyhani
https://www.researchgate.net/journal/0959-6526_Journal_of_Cleaner_Production

()
Journal of Agroecology D S3gLaS (owld pgr @ p45
Vol. 10, No.4, Winter 2019, p. 949-964 it APAASF gAY i F aglas e als

Comparison of Environmental Impacts for Rice (Oryza sativa L.)
Agroecosystems in the First and Second Planting Patters by using Life
Cycle Assessment (Case Study: Sari County)

A. Mollafilabi**
Submitted: 19-06-2006
Accepted: 06-10-2018

Mollafilabi, A. 2019. Comparison of environmental impacts for rice (Oryza sativa L.) agroecosystems in the first
and second planting patters by using life cycle assessment (Case Study: Sari County). Journal of Agroecology. 10(4):
949-964.

Introduction

Life Cycle Assessment (LCA) is the most developed and the worldwide accepted tool for environmental
comparison of products and services. Environmental Life Cycle Assessments (LCA) studies the environmental
aspects and potential impacts of a product from ‘cradle-to-grave’ (Brentrup et al., 2004b). Compared to other
environmental impact assessment methods, LCA incorporates all the various stages of an agricultural

production supply chain. This method is the only environmental assessment methodology which has been
standardized. Life cycle assessment (LCA) is a methodology to assess all environmental impacts associated
within a product/service by a accounting and evaluating its resource consumption and emission to environment
(Nemecek et al., 2011).

Rice (Oryza sativa L.) is one of the most important crops (Chabra et al., 2006). The aim of this study was to
determine environmental impacts of rice production systems in the first and second planting patterns by using
Life Cycle Assessment.

Material and Methods

This study evaluated the environmental impacts of rice production systems in the first and second planting
patterns by using life cycle assessment (LCA) methodology, mean consumed inputs per one hectare in rice
agroecosystems of Sari province were determined during 2014. The data were collected from 105 paddy farmers
by interviewing the farmers using questionnaire. Four steps including goal definition and scoping (D & S),
inventory analysis (1A), life cycle impact assessment (LCIA) and integration & interpretation (I & 1) were
considered based on ISO (International Organization for Standardization) 14040 methods. Global warming,
acidification and aquatic and terrestrial eutrophication were considered as three important impact categories.
Functional unit of rice agroecosystems was considered as one tone paddy. Cronbach's alpha coefficient was

calculated as a tool for the reliability assessment.

Results and discussion

Cronbach's alpha coefficient for questionnaire was calculated equal to 0=%82. The results showed that the
highest global warming potential between two cropping patterns was related to the second pattern with 840.36 kg
CO,-equiv. one ton paddy. In the second planting pattern, pollutant emissions in global warming category CO,,
CH, and N,O calculated 402.82, 0.85 and 436.70 kg CO,-equiv. one ton paddy per ha™, respectively. In the
second planting pattern, pollutant emissions in acidification category such as NH;, NO, and SO, were computed
0.721, 0.225 and 0.541 kg SO,-equiv. one ton paddy per ha”, respectively. The maximum eutrophication
potential in aquatic and terrestrial environments was belonged to the second planting pattern with 2.07 kg PO,-
equiv. one ton paddy per ha and 2.48 kg NO,-equiv. one ton paddy per ha ™, respectively. The maximum
environmental indicator for rice production systems in the second planting pattern were computed 0.39 EcoX
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one ton paddy.

Conclusion
LCA is an appropriate method to quantify the impact of utilized agricultural inputs and different
managements on environment. The highest environmental impacts of rice production systems in the first and
second planting patterns by using life cycle assessment (LCA) methodology was related to aquatic
eutrophication category. Therefore, it can be concluded that applying ecological principles such as reduced
tillage and organic fertilizer as sustainable approaches were considered for management of rice agroecosystems
especially in the second planting pattern.

Keywords: Aquatic eutrophication, Ecological management, Global warming, Paddy
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Fig. 1- Mean comparison for the effect of row intercropping with some field crops-medicinal plants on fruit yield of pumpkin
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Introduction

Medicinal and aromatic plants are looked upon not only as a source of affordable health care products but
also as a source of income. Several studies emphasized the need for cultivation of medicinal and aromatic plants
in agricultural systems based on low input management. One of such causes is production of medicinal plants
with oil seed with unsaturated fatty acids such as oleic and linoleic acid. Pumpkin (Cucurbita pepo L.) is an
important oil seed plant belongs to family Cucurbitaceae with a prostrate stem. This seeds is used in food
industry, cosmetics and health items. Active ingredients of seed are fatty acids, Vitamin E and 3-phytosterols.
The major components of pumpkin oil are linoleic, oleic, palmitic and stearic acids. Seeds of pumpkin species
contain 39.5-56.5% oil and 21-67.4% linoleic acid (Aroiee & Omidbaigi, 2004; Siami et al., 2003). Because of
its ability to tolerate shade and to cover ground rapidly with its creeping growth habit (Aroiee & Omidbaigi,
2004), is often intercropped with other plants. This intercropping system could be effective in suppressing weed
growth and increasing crop yields.

Intercropping is defined as the intensification and diversification of agricultural system in time and space
dimensions. Increased food production by intercropping with more variety can to be effective in improving yield
and ecosystem services and functions.

The purposes of the experiment were evaluating the yield and yield components of pumpkin in row
intercropping treatments with some field crops and medicinal plants

Materials and Methods

This experiment was done based on a randomized complete block design with four replications and 11
treatments at the Agricultural Research Station, Ferdowsi University of Mashhad during growing season 2014-
2015. Row intercropping of pumpkin with corn (Zea mays L.), sweet corn (Zea mays convar. saccharata),
sunflower (Helianthus annuus L.), sesame (Sesamum indicum L.), castor been (Ricinus communis L.) and their
monoculture were considered as treatments. Studied traits were yield components of pumpkin (such as humber
of fruit, fruit weight, fruit yield, number of seeds per fruit, weight of seeds per fruit and 1000- seed weight),
biological and seed yield of pumpkin, corn, sweet corn, sunflower, sesame and caster been and land equivalent
ratio (LER).

Results and Discussion

The results showed that the effect of rows intercropping with some field crops and medicinal plants was
significant on fruit number, fruit weight, fruit yield per ha, seed number per fruit, seed weight per fruit, 1000-
seed weight, seed yield and biological yield of pumpkin. The highest fruit number of pumpkin was observed in
monoculture with 31650 fruits.ha? and the lowest was intercropping with sunflower with 14386 fruit.ha™. The
maximum seed number was related to intercropping with sunflower with 333.75 seeds.fruit™. The highest seed
yield of corn, sweet corn, sunflower, sesame and castor bean was obtained in their monoculture with 772.17,
437.59, 563.69, 177.75 and 177 g.m?, respectively. The maximum land equivalent ratio was calculated for
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intercropping of pumpkin+ sweet corn with 1.57.
Conclusion

The results highlight the importance of intercropping medicinal plants and crops for improving the yield and
yield components of pumpkin. The yield advantage of intercropping system occur when the component plants
are in complementarily with each other, resulting in more effective use of environmental resources such as
nutrients, radiation and water and yield compared with when produce as monoculture. The highest LER was
computed for intercropped pumpkin with sweet corn. It seems that sweet corn had lowest competitive effects on
pumpkin. On the other hand, weakness of pumpkin competitive ability in comparison with castor bean possible
was due to morphology and its growth form (prostrate form). Of course it is always necessary to determine the
types of interactions in intercrops in order to find out and select the best plant in intercropping with pumpkins in
which the competition is the lowest, while yield components are the highest.

Keywords: Biological yield, Fruit yield, Medicinal plant, Sunflower
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Fig. 2- Mean comparisons for the interaction effects of irrigation regimes and ecotypes on node number per stem of cumin
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Fig. 3- Mean comparisons for the interaction effects of irrigation regimes and ecotypes on number of shoots in cumin stem

L5 ()b e BB sy gy Jlosin] a3 (4SSl (905l luslp Syt g gyl (gl o Silio 3
* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Fig. 5- Mean comparisons for the interaction effects of irrigation regimes and ecotypes on biomass yield of cumin
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Table 5- Mean comparisons for the effect of irrigation regimes on biomass yield, seed yield and essential oil yield of cumin
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* Means with same letter(s) in each column have not significantly different based on Duncan test at 5% probability level.
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Fig. 6- Mean comparisons for the interaction effects of irrigation regimes and ecotypes on seed length of cumin
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Fig. 7- Mean comparisons for the interaction effects of irrigation regimes and ecotypes on seed yield of cumin
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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* Means with same letter(s) have not significantly different based on Duncan test at 5% probability level.
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Table 8- Correlation coefficients between essential oil components of cumin
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ns, * and **: represent non-significant and significant at 5 and 1% probability levels, respectively.
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Introduction

Cumin (Cuminum cyminum L.) is a small annual herbaceous and an aromatic and medicinal plant included in
the Apiaceae family. This plant also possesses resistance to drought stress, which is especially important,

considering water deficits in many locations in semi-arid environments. Cumin is used to flavor foods, added to
fragrances, and medicinal preparations. Seeds are is yellow to brownish-gray in color. Cumin seeds contain
numerous phytochemicals that are known to have antioxidant, carminative and anti-flatulent properties. This spice
is an excellent source of minerals like iron, copper, calcium, potassium, manganese, selenium, zinc and
magnesium. It also contains very good amounts of B-complex vitamins such as thiamin, vitamin B-6, niacin,
riboflavin, and other vital anti-oxidant vitamins like vitamin E, vitamin A and vitamin C. The seeds are also rich
source of many flavonoid phenolic anti-oxidants such as carotenes, zeaxanthin, and lutein.

The main objective of this study was to investigate the qualitative and seed yield response of three local
ecotypes of cumin as an important medicinal plant to different irrigation regimes under the climatic conditions of
Herat, Afghanistan.

Materials and Methods

This experiment was conducted as a split plot experiment based on a randomized complete block design with
four replications during growing season 2009-2010 in Herat (Afghanistan) University Research Farm. Treatments
were irrigation regimes (main plot) at 4 levels including (rainfed: Wy, after stem elongation: W,, early flowering:
W3 and early seed formation: W,) and landraces (as subplot) (Rajasthan of India: V,, Badghis of Afghanistan: V,,
and Kashmar of Iran: V3). Studied traits were including quantitative traits such as content and yield of essential oil,
seed yield, plant height, and number of umbels per plant, number of seeds per umbel, lateral shoots, 1000-seed
weight, harvest index and the qualitative characteristics including active ingredients in essential oils of cumin.

The treatments were run as an analysis of variance (ANOVA) to determine if significant differences existed
among treatments means. Multiple comparison tests were conducted for significant effects using the Duncan’s test.
Results and Discussion

Results showed that simple effect of irrigation regimes and landraces and their interaction had difference
significant for content and yield of essential oil, seed yield, plant height, number of seeds per umbel, lateral shoots,
1000- seed weight, harvest index, cumin aldehyde and p-cymene percent at 1% and 5% and the W3 treatment and
Indian landrace in terms of most traits was superior, but the greatest number of lateral branches, obtained from V.
However, W, and W, treatments showed the highest harvest index percent and number of lateral branches
respectively. Most of cumin aldehyde was obtained from Iran and Afghanistan landraces (respectively 27.348%
and 25.725%) and highest p-cymene (25.811%) of the interaction of V; with W, treatment. The results for
correlation coefficients between seed yield, biomass and yield components revealed that there was a positive and
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negative correlation between these criteria. The highest coefficient was calculated for seed yield and biomass
(r=0.926**).
Conclusion

Agronomic management strategies had significantly effect on growth, yield, and yield components of cumin
ecotypes. The results showed that Indian landrace and W; treatment are recommended under Heart-e
(Afghanistan) conditions. Considering water deficit that the world will face in the future, cumin in those
environments susceptible to water stress conditions will have higher water use efficiency compared to other plants.

Keywords: Arid and semi-arid, Essential oil volume and yield, Medicinal plant, Seed yield
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Table 2- Travel costs to Tandoreh National Park

a2 (JL)) b (30 33) o
Cost Mean (Rials) Share (percent)
5y disa 100937.5 25.4
S p
Two way cost
2lie lge ais 189770.8 47.8
Food cost
Jisogil aiyjn 36506.94 9.1
Car cost
Loy 50 ol 70159.72 17.7
Other costs
aiysa S 397374.96 100
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Table 1- User willingness to pay for 5 services
of Tandoreh National Park

(oo 3 JU,) ciloym as Julod
Willingness to pay
(Rials /month)

oo £
Service type

() 6,55 7098.2
Tourism (Recreation)
(555 S4) o olaks 14402.1
Medical plants (one kg)
(483 S5) e slac] 24819.5
Mineral water (one
time)
(0355 S5 B8, 18 74062.5
Birds' hunt (one bird)
(1> Lol) a8ole 15013.9

Forages (per animal)
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Table 3- Recreation value estimation results of Tandoreh

National Park
NLS
goess) ul o t a)loi
Variable Coefficient t-statictic
<ol e 2.23 2.3"
Constant
O 0.075 1.98"
Age
M -0.54 -2.96"
Education
daly 0.012 2.25"
Income
Job counsg 0.33 0.87™
Marriage
situation
Yo Ay i -0.124x10* -1.87"
Travel
cost
o> 0.67 1.33™
Sex
°"j :':” -0.24 1.81™
Family
number
s 093 -0.64 -2.71"
Travel
period

sxo o 1S g 00yd B s o )5 Hl5 gixe 1 o> S o )l ime i
*: Significant at 1 percent level, **: Significant at 5 percent
level and ns: Non- significant
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Table 4- Determinants of willingness to pay to medical plants of Tandoreh National Park

s
Elasticity
gye) B o 1 to,b] ol
. ke 5 e . .
Variable Marginal t-statistic Coefficient
Mean Aggregate
effect
by - : - -1.28" -1.86
Constant
(X1) o 0.090 10 x 0.36 107 x0.1 0.73™ 0.028
Age
(X2 ) &M -0.139 10°x-0.6 1 -10%x0.19 -1.95" -0.542
Education 1
(X3) ol 0.021 106x0.10 101¥x0.17 2.25" 107x0.49
Income
( X ) iz -0.043 10°x-0.17 -10%x0.22 -0.87™ -0.705
Sex
( X)) gl o8l slass 0.099 10°6x0.36 10%x0.11 1.41m 0.311
Family number
(X6 ) ity doo -0.073 -10°x0.58 -10°x0.40 -3.67" 102x-0.11
Bid amount
(X7 )Jaw 0.018 107x0.79 107x0.26 0.33™ 0.073
job
Likelihood ratio (LR) test N
; 23.58
]
Maddala R?
. 0.56
McFadden R? 0.67
Ch 2
ow R 0.79
9 upe
Percentage of right predictions
. o 0.70
Cawyd g g daopd
o NS g 0oyd V Jlossl prdaws )3 ls gixe ¥
*: Significant at 1 percent probability level and ns: Non- significant
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Table 5- Determinants of willingness to pay to animal feeds in Tandoreh National Park

s
Elasticity
U Sl s ELSP to,bl l o
Variable Mean Aggregate Marginal effect t-statistic Coefficient
ol co s - -
i 0.260"™ 0.202
Constant
(X1) o -0.181 -0.174 -.0024 -0.55" -0.09
Age
(Xz) oMo 0176 -0.167 -0.051 228" 0.108
Education
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Table 6- Determinants of willingness to pay to mineral waters of Tandoreh National Park

Elasticity
e il Js sl 1 Lol walp
Variable Mean Aggregate Marginal effect t-statistic Coefficient
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Table 7- Determinants of willingness to pay to birds' hunt in Tandoreh National Park
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Elasticity
e 3 il Lol walpl
Variable o s Marginal t-statistic Coefficient
Mean Aggregate
effect
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(Xy) oy 0.431 0.403 0.0065 1.2 5m 0.026
Age
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. _ By _
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Bid amount
Job
Likelihood ratio (LR) test .
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Introduction

National parks are particularly important in terms of conservation of genetic pools and providing different
economic and ecological services and goods. Evaluation of economic values of these services gives insight to policy
makers for better understanding of the importance of these assets. Today evaluation of ecosystems services and goods is
given momentum in the context of ecological economics worldwide. Besides other important services provided by the
natural resources such as national parks including genetic conservation, soil protection, enhancement of hydrologic
cycle, carbon sequestration and mitigation of climate change, outdoor recreation is an important service which mostly
demanded by urban population of big cities. Different methods can be applied for evaluation of these services. In this
case it has been observed that in Tabriz, each individual is willing to pay 41140 Rials (RIs) for protection of
environment. It is also reported that for recreation purposes each family was willing to pay 20000 Rls per night to be
allowed to camp in a natural environment. It was shown in an evaluation that for recreation in northern forest areas,
65.8 percent of the people were willing to pay a reasonable sum of money which was 15153 RIs per month to entry.
Estimated recreational value of Sisangan National Park is 52.235 million Rls per day. In another study it was observed
that willingness to pay for visitors of the same park was 2477 Rls for each visit. Protecting value and also recreational
value of this park was estimated to be 5.8 and 2.5 million RIs per hectare, respectively. There are numerous studies on
this issue in other countries. As an example, Maille & Mendelsohn (1991) estimated recreational values of Madagascar
forests to be 360 to 468 dollars per hectare. Tandooreh National Park is located in a mountains area of Khorasan Razavi
with an area of 37800 hectares. It is a part of Harirrood and Khashafrood rivers catchment and sub-catchment of
Daroongar River.
Materials and Methods

In this study, contingent valuation method was used. This method is normally used for none consumable and none
marketable of natural and environmental goods and willingness to pay of individuals under an assumed market is
assessed. For assessing willingness to pay, Double-Bounded dichotomous questionnaire method was used.
Results and Discussion

In our study the aim of 77.1 percent of the interviewed persons visited the park for recreation and 22.9 percent was
for other purposes. From the total of 144 samples, 18.1 percent replied that the purpose of visiting the park is clean air
and a favorable environment, 6.9 percent to collect medicinal plants, forage and other special plants, 13.9 percent for
animal watching and hunting birds, 4.2 percent for use of mineral water and 56.9 percent for all services mentioned.
The average number of days that a family stayed was 1.56 and total coast of travelling was 397375 Rls for each family.
The amount of money willing to pay per month for each family household was 7098.2 Rls for recreation and 241819.5
for mineral water, 74062.5 for hunting, 15013.9 for forage and 14402.1 Rls for medicinal plants.
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Willingness to pay for hunting was rather higher than other services and for recreational willingness to pay this
was the lowest.

Conclusion

Willingness to pay is a tool to evaluate the economic and ecological benefits of the natural environment. This was
apply to the present study and the results showed that most of the visitors are willing to pay a sum of money based on
their purpose of the visit either for recreation or collection of plants or even bird hunting, the latter seems to be more
attractive to some individuals.
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Table 1- Equivalence factor for different land uses for
calculation of ecological footprint in Global hectares
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Fig. 2- Contribution of different species in total
consumption of cereals in Iran,
calculated based on 2012-2013 data
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Fig. 3- Production: consumption ratio (self sufficiency
coefficient) for different food stuffs in Iran, calculated
based on 2012-2013 data.
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Fig. 1- Contribution of different food stuffs in total
food production and consumption in Iran,
calculated based on 2012-2013 data.
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Fig. 4- Ecological footprint of different food stuffs in Iran (a) and contribution of food groups in total footprint (b) calculated
based on 2012-2013 data
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Introduction

The concept of ecological footprint was first proposed by Rees (1992) and further developed by Wackernagel and
Yount (2000). This is an index based on the land area needed for basic requirements and also the waste disposal of an
individual in a specific geographic location and usually calculated on the basis of area per capita which is normally
global hectare (Gha) per capita. Based on the report of World Wildlife Found, total world ecological footprint for the
year 2010 has been estimated to be 18.2 billion global hectares (Gha) with a per capita 2.7 Gha. This index is reciprocal
of carrying capacity.

During the last two decades ecological footprint accounting is used widely for evaluation of ecosystems
sustainability. However, limited information is available about ecological footprint of Iran and its components. In this
research the state of production and consumption of different food stuffs and ecological footprint of food were
calculated for Iran and the results are compared with other countries.

Materials and Methods

Data was collected for different group of agriculture foods including cereals, oil crops, pulses, dairy products,
meat, fruits and vegetables from Ministry of Jihad Agriculture, Ministry of Commerce and also from other published
data in official databases in the country. Calculation was made by the method provided in the literature.

Based on these factors ecological foodprint for each food product (efi) on the bases of Gha can be calculated from
equation 1.

ef, =Axf,; Equation (1)
In which efi: is the foodprint for product i, A;: is the land area required for the same product i and fe;: is the conversion

factor for product i (Gha per ha).
Calculation of foodprint

n
EF = 3 ef; Equation (2)
i=1
_EF
N
Where EF is total ecological footprint (Gha), ef: per capita ecological footprint in terms of Gha and N: total population
of the country.

ef Equation (3)

Results and Discussion

The amount of total food production and consumption in 2013 were estimated as 89.5 and 94.6 Mg, respectively
with self-sufficiency coefficient (production: consumption ratio) of 0.87. Self-sufficiency of cereals, oil crops and sugar
crops were calculated as 0.69, 0.12 and 0.48, respectively that shows these food groups are highly import-dependent.
However, production of vegetables and fruits exceeded their consumption and for other food items consumption was
balanced by production. Ecological footprint of food estimated as 0.88 Gha/person and increased to 1.04 ha/person
when calculated based on local hectares. Component analysis showed that this difference was due to lower efficiency of
cereal and meat and dairy production systems of the country compared to world averages. Meat and dairy products
accounted for 48% of food footprint of Iran and 33% of this footprint was due to cereals. Based on our results, Iranian
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food footprint is higher than Asia (0.7 Gh/person) and is almost the same as the world average (0.9 Gh/peron).
Moreover, footprint of food is increased over the country by 76% during years 2000-2013 and this trend could led to
severe environmental consequences.
Conclusion

Except for vegetable oils, sugar and cereals, the production and consumption of other groups of food materials are
in balance, even for some groups such as fruits and vegetables. There is a small surplus in production over consumption
for some extent dairy products. Foodprint for Iran is higher than the value for Asia and is similar to average for the
world. In general, foodprint differs significantly amongst the nation and as expected this value is higher in those
countries with higher consumption of meat. Higher demand for consumption of meat has caused an increase in indirect
consumption of cereals for meat production. It should be noted that since foodprint is based on global hectare,
comparison between countries and regions are simply possible. In fact if yield of a crop at national level is increased but
world mean yield does not change, foodprint based on global hectare remains unchanged but if it is calculated on the
bases of local hectare, foodprint will decrease. Therefore, system efficiency can be evaluated at national level, by
comparison of foodprint at two different scales of global hectare and local hectare.
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Fig. 1- Lorenz curve and area between curve and diagonal
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Gini coefficient is the ratio of this area and the total area between
diagonal lines and coordinate lines.
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Fig. 2- Time trend of total and food ecological footprint of
Iran between 1990-2013 and predicted trend by 2025
extrapolated using regression
Data points of 1990-2008 were extracted from. WWF (2002) and
Hails et al. (2006) and for 2012 is the results of this research.
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Table 1- Land use types with equivalence factors and yield factors for each land use for calculation of total biocapacity
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Marginal croplands Area (ha x 106) Equ?\grllznﬁgj?ctor Yield factor Biocapacity (Gha x 10°)
el i o2l 10.0 18 0.55 9.9
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&l 12.3 2.2 0.89 24.0
Rangelands
% 70.0 0.48 0.40 134
Forests
Srfale sl 125 14 05 8.8
Fishing ground
o g el ol
Built up 22.6 0.36 1.15 9.3
lands
o 40 22 0.7 6.2
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Drylands are included in marginal croplands.
The value of equivalence factors from Hails et al. (2006).
Yield factor is national yield: global yield ratio, global yields from FAO (2012).
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Fig. 3- Comparison of the components (a) and share of each component in total biocapacity of Iran (b) with the average of
Middle East and world. World and Middle East data from WWF, 2012
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Fig. 4- Time trend of biocapacity and ecological deficit of Iran between 1990-2013 and predicted trend by 2025 extrapolated
using regression
Data points of 1990-2008 were extracted from Hails et al. (2006) and WWF (2002; 2012) and for 2012 is the results of this research.
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Fig. 5- Lorenz curve and area under the curve (Gini
coefficient) which describes the relation between food
production and consumption in the country, based on 2013
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Fig. 6- Lorenz curve and area under the curve (Gini coefficient) for different food consumption scenarios for 2025

Predictions were made under two future situations: (b) current resource use efficiency, (c) 20% increase in efficiency
for each scenario the results are compared with the curve calculated for 2013. Value of Gini coefficients are shown in Table 2.
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Table 2- Values of Gini coefficient (G) and self sufficiency index (SSI) under different future scenarios calculated with the
current resource use efficiency and with 20% increment
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Fig. 7- Ecological footprint of food stuffs under different
future scenarios for consumption of meat and dairy
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Calculated with the current resource use efficiency and with
20% increment.
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Introduction

Ecological footprint is an index based on the land area needed for basic requirements and also the waste disposal
of an individual in a specific geographic location and usually calculated on the basis of area per capita which is
normally global hectare (Gha) per capita. Total world ecological footprint for the year 2010 has been estimated to be
18.2 billion Gha with a per capita 2.7 Gha. Biocapacity is another concept which together with footprint sustainability
of ecosystems means the whole area of a specific geographic region which has a proper biomass production and waste
absorption capacity. Measurement of ecological footprint together with biocapacity provides useful information on the
intensity of resource use and the status of environmental sustainability. Evaluation of footprint by national bodies has
been emphasized more, rather than the international ones. Footprint for food production also called foodprint is the area
required for food production for a population (energy required for transportation and processing is not consider). The
purpose of present study was to evaluate production and consumption status of different groups of agricultural foods
and to measure the foodprint in Iran. Calculation of biocapacity and ecological deficiency in the country with regards to
different consumption pattern was other purpose of this study.

Materials and Methods

Time trends of food and total ecological footprint, biocapacity and ecological deficit of Iran during 1990-2013
were analyzed and based on trend equation the value of these indices were predicted for 2025.

Data was collected for different group of agriculture foods from Ministry of Jihad Agriculture, Ministry of
Commerce and also from other published data in official databases in the country.

The effect of the amount of consumption on foodprint was considered on the basis of the above scenarios for the
population of the country in year 2050. Furthermore the effect of water and nitrogen use efficiency on foodprint was
also considered on the bases of food production in the present pattern and in a condition where these efficiencies are
enhanced by 20%. The balance between production and consumption in the future was calculated by Gini coefficient.
Results and Discussion

Results indicate that food and total footprint were increased respectively, by 3.3 and 2.9% per year, during the
study period and this trend would be led to 1.05 and 3.34 Gha/person for food and total footprint, respectively. Total
biocapacity of the country in 2013 was estimated as 0.82 Gha/person which was lower than the value for world (1.8
Gha/person) and Middle East average (0.91 Gha/person). Croplands accounted for 47% of total biocapacity of the
country while forests and rangelands contributed by 30%. During the study period, biocapacity showed a positive trend
but with a slow slope toward leading to 0.85 Gha/person in 2025. Ecological deficit of the country (ecological footprint
minus biocapacity) which was 0.7 Gha/person in 1990 has increased by 5.9% per year with a value of 1.9 Gha/person in
2013 and predicted to reach 2.5 Gha/person by 2025. The balance between consumption and national food production
as well as footprint of food stuffs were analyzed under 4 scenarios based on different level of consumption of meat and
dairy. In all scenarios of increase in consumption of animal products, the unbalanced relation of
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consumption/production was intensified and resulted in decreased self-sufficiency index and increased footprint of food
stuffs.
Conclusion

Foodprint for Iran is 0.88 Gha. For the different group of food the highest foodprint (0.43 Gha per person) is for
animal products. Population growth together with increasing per capita income has changed food consumption pattern
and hence the demand for more food has caused higher pressure on natural resources and more food to be imported.
This is the case in most developing countries. Results showed that enhancement of resource use efficiency (water and
nitrogen) by 20% higher than the current values could led to improvement of agricultural self-sufficiency and
considerable reduction of footprint in all future scenarios. Our results showed that with increasing efficiency of resource
use (water and nitrogen) foodprint can be reduced.
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Table 1- The characteristics of the sampled fields and the average inputs in wheat and potato in Fariman region
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s s lows 9 I i ladle Sl pdiges (5,3 piges
) Sumry Nutrition Pests and Diseases Weeds Numble.r of Saml‘)li:;g
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Crop  Sert (sa) pine. P
Management  Area
(ha) o e
: $9Ls) i el oy I IS) e .
I L i CC PR e P AFRS)
(sbs (Husa S
Type of J Type of A ¢ Operation (b 10
fertilizer Amount (kg.ha')  pesticide ( klgml)):}:) P Amount
’ (kg.ha)
olhosd 358 400 slo i cél L.5 S dile 1 10 \
| (NPK) oo Herbicides Vo— g,
& ’. 25 Fertilizer Chemical %
Conventional esticide i
p April- Y&
30 June
PAS t_ﬂ dl‘mﬁ 20000 Slles 9N Sllos 9N Slles 9N - 10 Ve
Wheat bl Do nothing Do nothing Do nothing Vo Cadgud))
S 0 ey »
Organic (o> April- ¥4
Manure 30 June
and plant
residual
obeonds 368 675 slo i cél 2 LS dile 1.2 10 Y=oy Ve
L) 25 (NPK) oo Herbicides J
Conventional Fertilizer Chemical July- 23 ¥\
pesticide September
S sleogs 20000 Sl gy Gl See gy 10 V=l N
bl Mechanical ~ Sprinkler =~ Mechanica ~ Weed e
o 5 ks method irrigation 1 method July- 23 ¥
o) S (cslow> September
28 .
Potato Organic (Animal
manure
and plant
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s5baie a5 WL )lo 5 (gmorw (a3l ugSae 029 — ()l
9 Jpielou ua)Lw 92 )I l_ibd\_); u’_)lsl)s ‘_5.:>|94$J LA)).;@ du.».’l?bo

D5 il pib g S 935 slagad L
o5 adld dw l Ol s () g5 dule yolaie &



WWAY liww F oylods Ve ala (639l (ol pgy &yl \ 0¥

S =CxA? (V) dsleo

5 00 bylews (lmodlgils dlass) (glaieS (sl :S ()] y> 4
adslee ulps Z 5 C aiil oo ()b paiged dlisi tA g (4g0d y2
il by g Wl 55 Silo iy 5 039

clyd g g5 lapadld 4 bgje Slule plosl
Jleis] zdaws 5> Ecological Methodology léle s 51 s1eiS
SSBl g gl Pl por e (nSle daliie b oMl Ao > iy
SAS il )3 5 duoyd g Jlesnl gdaws )3 t 905l 3l ookl b
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O ks ghyls 0algils g uib ealaiwl (P1) auns (Slglyd lade I pllas
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Table 2- Studied biodiversity indicators in the wheat and potato fields in Fariman region
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Index Formula Explanations
OPls g4 5 -02lgils 3w 1S @gd o iy a5 NN jgo 4y oS diges S s s pli 031513 3131 sluas P
H= =Y (p(in o)
Shannon- = drol> D 34290 s>
Wiener P;: is the number of species in family members i. for relation to the whole
sample, defined as ny/N; S: is the number of family.
g £ %_ T; =13 - 5load (oyglaen Sl JS aluws N eoli 03lgls 5,31 slaws i ¢ dmoly 3 39390 (lmodlgils slaws =S
Simpson Y dimm(r—1) asely 3 pli 0315 31,31 Slass i « laoslyls plos
S: is the number of family in community; n;: is the number of species in
family members i; N: number of species in from all family members; p;: is
the number of species in family members I in the community
Al g Margalsf = -"L;j' 3londs (oyglaon il S slae N ol odlgsls 3151 slaws mj cmaly )3 39390 (slaodlgls sl :S
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Margalef aodlgls plos
S: is the number of family in community; n;: is the number of species in
family members i; N: number of species in from all family members
Jpielon (316 Touton = I‘L'I ) opls gai5 (adls H' dasls )3 39550 slodlgls sluss S
. L . oo . .
- S: is the number of family in community; H": Shannon index
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S: is the number of family in community; 1/D: Simpson index
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Table 3- Number and relative frequency of different insect families collected from organic and conventional fields of wheat

S5, = S5, =
Organic Conventional Organic Conventional
o3lgils Ma e o A Il o3lgils Mam o ol Sl [N
Family Number Relative Number Relative Family Number Relative Number Relative
frequency frequency frequency frequency
Aecolothripidae 14 0.0068 37 0.0192 Meloidae 2 0.0010 1 0.0005
Agromyzidae 89 0.0435 72 0.0373 Miridae 43 0.0210 95 0.0493
Anobidae 5 0.0024 0 0 Pentatomidae 1 0.0005 1 0.0005
Anthocoridae 17 0.083 47 0.0224 Phlaeothripidae 422 0.2062 192 0.0996
Anthomyiidae 71 0.0347 19 0.0099 Phoridae 11 0.0054 21 0.0109
Aphididae 134 0.0655 349 0.181 Piophilidae 5 0.0024 0 0
Aphidiiinae 6 0.0029 1 0.0005 Platypezidae 0.0005 0 0
Apocrita 0 0 3 0.0016 Psylidae 20 0.0098 6 0.0031
Biblionidae 0 0 17 0.0088 Reduvidae 3 0.0015 4 0.0021
Braconidae 23 0.0112 18 0.0093 Scaphididae 0.0020 0 0
Carabidae 27 0.0132 56 0.029 Scarabeidae 1 0.0005 0 0
chloropidae 17 0.0083 104 0.0539 Scutelluridae 18 0.0088 7 0.0036
Chrysomelidae 18 0.0088 1 0.0005 Staphylidae 11 0.0054 14 0.0073
Chrysophidae 68 0.0332 123 0.0638 Syrphidac 20 0.0098 15 0.0078
Cicadellidae 179 0.0874 139 0.0721 Tachinidae 3 0.0015 4 0.0021
Coccinelidae 120 0.0586 365 0.1893 Tenebrionidae 7 0.0034 2 0.001
Culicidae 68 0.0332 20 0.0104 Tephritidae 9 0.0044 2 0.001
Curculionidae 3 0.0015 3 0.0016 Tingidae 1 0.0005 0 0
Empididae 402 0.1964 162 0.084 Vespidae 5 0.0024 0 0
Eulophidae 5 0.0024 6 0.0031
Formicidae 29 0.0142 3 0.0016 slaws
Leptoceridae 161 0.0787 19 0.0099 Tot;Jls number 2047 1928
Lonchaeidae 2 0.001 0 0 SlusS sle
Lonchopteridae 2 0 ies ri 41 34
p 0.001 0 Species richness

adsyo 3> W )lo 5 Ggusars o —0PlS 55 basl
2 =) ey )3 (paS sl 1 g 5, Yo r) )l aiges sl
SMS] (5Ll bl jl iz o g 5V S| pllsipgs b duylio
g55 slasls b jlml) o SGB1 plas pgr 93 (i (5 st
@ (GBI calps (P Jgia) bl 529 A Lo 5 99—yl
SBle S A ol L 15 o) bpdiges Jgl dlsye 5 osel cuwd
P> at>yo 53 D9 gl | i SSB )l as)ze 53 Laaiss
Sl mixe M) (puiS cuidlS 5 L 59, YYD imy (g)b pdiges
Osxen 9 £95 Slapadli Bl jl ) 9 SOl pliips: 95 o
95 lpasld e 30290nl b il 2929 (BI5Sy culpl
Ogorons 9 sk (3190 culpd (wimen 9 Lo 5 5550yl
(¥ Jsi2) 25 @y pllaipge 5l yuier SSB ) pllaipgy

95y 5 odlgils ¥Y slis ond (gyglaen slrodlgils S ;|

Anobidae salgils A 5 1idg Syt gy 9 SSE pllaipg
Lonchaeidae
Platypezidae

Piophilidae Lonchopteridae
9 Tingidae.Scarabeidae  Scaphididae
SS90 gub 9 13,5 (6 y9laen Sl ac)ie | Lais Vespidae
Apocrita goslgls 93 .l pb 4 zul,y deyie ;0 Wodlgls -yl 5l
Jsis) ud ssalie puiS ly pllaipsy j> lasé ;.5 Biblionidae 4
g5 adllas ;5 3 (Pfiffner & Niggli, 1996) L% 5 ,als (¥
CuiS a5 0,8 (W)l S SGB g gy pliipg: 93 53 s
CaisS A Cud gyl slolgls slie g olaw jl puis SIS
E55 9 alrond paws 338 pas Qi ol g 0,050 ol @y
2 YL s ol s 1) SG ) as 50 5 50 slacile 3L
53,8 ol @l plipg 4 S pllaips:
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Table 4- Diversity indices and evenness coefficients for two organic and conventional systems of wheat in three sampling

stages
o 332) OW; .
(cwits S5 & P
Time (days Organic  Conventional el P-value
after t
planting)
”ﬁ"u”jt,‘ 1.42+0.18 1.85+0.10 -2.08ns 0.052
Shannon-Wiener
5 e ails )
&5 B Ogpor 0.52£0.06  0.69+0.03 2.54% 0.020
Diversity indices Simpson
I L
200 ) 1.84+0.18 2.01+0.11 -0.80ns 0.435
Margalef
91" 0.75+0.07 0.94+0.04 2.37* 0.029
Sl olys Pielou
Coefficients of evenness O 0.08£0.01  0.10£0.01 2.05ns 0.055
Simpson
’*’_U”SL? 3.15+0.14 3.10+0.08 0.35ns 0.729
Shannon-Wiener
& 55“‘9"5 L“ Ogpor 0.85£0.02  0.85+0.02 -0.60ns 0.956
Diversity indices Simpson
225 AL 3.45+0.37 3.44+0.14 -0.10ns 0.923
Margalef
91" 1.13£0.02 1.11%0.03 0.75ns 0.463
By olys Pielou
Cocfficients of evenness oo 0.06£0.01  0.05+0.002 0.47ns 0.647
Simpson
”ﬁ"u”jt,‘ 1.96+0.17 2.38+0.09 217 0.043
Shannon-Wiener
5 e ails )
&5 B Ogpor 0.68£0.04  0.76£0.02 -1.63ns 0.119
Diversity indices Simpson
I L
250 ) 1.82+0.19 2.00+0.07 -0.88ns 0.388
Margalef
91" 0.97+0.06 1.07+0.03 -1.32ns 0.203
By olys Pielou
Cocfficients of evenness Oproe 0.10£0.02  0.08+0.004 0.95ns  0.354
Simpson

L (¥ Jgi2) 592 5YL gl 5 SSBl pllaipg: 93 52 53 05 b o
AWM Bl o)lg o 38T a0, 8 Ly plgo & Joo & asgs
55 lopadls b jlwly g SSB)l plaipg 93 ()b sie
slaodlgls sla s a S Syg o 1 )l 093y (BleiS Culyps g
I i a8 0)L3l 5 L8 )3 &S jsblen Sl a8 )je 53 d9290
pladpg )3 o1 odalio (S5 55 (ke 4 9 09 @, plliipyy
Fo )V IS8 3 & Hebplea (Y Jgia) 09 il S YL SSB)
93 5 3 (6,1 pdiged Jgl Alsye 3 (gliS slie gu o sdalie

b e pie MS 5 Ao B Jlin] maw )3 (g gxe F
*: is significant at 5% probability level and ns: not significant.
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Sampling stages (Days after planting)

P pdiges Bl Jolye 40 08 guly o SWI )l £4150 10 slaigs e -Y UG
b Ay b Jobo )3 LadigS gt (oo Kig) Silo (e dbl Lol
Fig. 1- Species richness in organic and conventional fields of wheat in different sampling stages
Dotted lines indicate the cumulative trend of species presence during growth season.
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Organic Conventional
aalgils slass s gl slaws s gl
Family Number Relative frequency Number Relative frequency
Aeolothiripidae 0 0.000 18 0.023
Agromyzidae 17 0.039 36 0.046
Anthomyiidae 4 0.009 11 0.014
Aphididae 53 0.122 75 0.095
Bethylidae 0 0.000 3 0.004
Braconidae 0 0.000 14 0.018
Bruchinae 1 0.002 58 0.074
Carabidae 14 0.032 4 0.005
Cephidae 6 0.014 2 0.003
Chrysopidae 2 0.005 37 0.047
Cicadellidae 24 0.055 81 0.103
Coccinellidae 0 0.000 2 0.003
Culicidae 45 0.103 38 0.048
Eulophidae 0 0.000 4 0.005
Forficulidae 5 0.011 0 0.000
Forimicidae 68 0.156 14 0.018
Grylidae 1 0.002 0 0.000
Miridae 53 0.122 219 0.278
Noctuidae 0 0.000 2 0.003
Phleothiripidae 10 0.023 39 0.050
Phoridae 74 0.170 52 0.066
Sphecidae 0 0.000 8 0.010
Staphylinidae 6 0.014 4 0.005
Tephritidae 46 0.106 66 0.084
Termitidae 6 0.014 0 0.000
JS sl
Total number 435 787
Gl le
Species richness 18 22
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Table 6- Diversity indices and evenness coefficients for two organic and conventional systems of potato in three sampling

stages
o= 393) ol . X
(s 51 S5, =) v Pl
Time (days Organic Conventional ~ —7>%* ! P
after t value
planting)
sy OPLS 2.13%  0.048
Shannon-Wiener 1.66+0.13 2.30+0.27
& slapadls O 0.74ns  0.467
Diversity indices Simpson 0.67+0.03 0.73+0.08
45 e -0.35ns 0.728
Margalef 1.56+0.10 1.65+0.26
.91’5 -1.43ns 0.170
Sl olys Pielou 0.99+0.05 1.20+0.14
Coefficients of evenness S 1 1508 0266
Simpson 0.13+0.01 0.11+0.02
s o9 0.006ns  -3.13
Shannon-Wiener 1.62+0.20 2.29+0.08
2l Oproe 0.119ns  -1.63
Diversity indices Simpson 0.65+0.05 0.75+0.03
75 Sk 0.039ns  -2.23
Margalef 1.64+0.23 2.17+0.06
.91’5 0.440ns -0.79
Sl olys Pielou 0.98+0.06 1.04+0.05
Coefficients of evenness uw <0.001ns 434
Simpson 0.13+0.01 0.08+0.01
s o9 0.07ns  0.944
Shannon-Wiener 1.25+0.22 1.23+0.16
& slapadls O 0.28ns  0.785
Diversity indices Simpson 0.54+0.08 0.57+0.07
WL
105 ’ 0.64ns  0.533
Margalef 1.26+0.15 1.41+0.19
.91’5 -0.25ns 0.804
Sl olys Pielou 0.85+0.12 0.89+0.11
Coefficients of evenness uw 0.50ns 0.621
Simpson 0.13+0.02 0.14+0.02

b sine pie MS g 2o B il o 3 (5)b gxe *

*: is significant at 5% probability level and ns: not significant.



VePY S il s S o) Slaplliies: 30 Cilpder (s ) £

35
—&— Organic
30 == & Cumulative organic
Conventional
w 25 - - 22
a == ()e= Cumulative conventional
=
£ 20
L=
=
® 15
‘S
g 10
)
5

45

75 105

Sampling stages (Days after planting

S1opiges lidee Jol o p3 (o s uily 9 SWB )l £,150 )3 IS UE - S
bl o 1) Juad Jobo 3 diF j g e N9y ko e il blas
Fig. 3 - Species richness in organic and conventional fields of potato in different sampling stages
Dotted lines indicate the cumulative trend of species presence during growth season.

Sl 51 i (/YOA 9 /YA i pan) aejenmw CublS
390 Vo0 33 4 Gygmo 5 cdel Camddy (+VFY 5 [TV Lo )
3 VL (/) Syl S o by 55 ljem ccedlS 1 o
Sl il 5 IS b {F JS8) 33 (+170) o el caiS
2 e @l it pllipg o by 5 Wl 55 oo SV )
oo 3 o ;503 Sjledy g o S plsipg b duslio
(1 £55) 42550 ghaw JS (olide )3 o g (W] 905) g8 Sl
Sl )50 53 sy (G £95 5l (Sunjmm @y cutS
adlbas oyl )5 pasS gl odel Cud 4 @l b 45 b )03
(4 Wl g9 aslllas y3 5 Gabriel et al. (2006) .cuily @y lso
O3S Ll 598 53 (65ysliS ) g S5 slapllss pgy
elye 3 VLSS g)l3e o Ly g Wl 55 S psboay 45 50,8
plipgr )3 (i) €95 (392 FYL s e o Jlaie A8l oo )
o=l baye i il >SSl plaipg 4 Cans )
- (s jnm 48 )je b SOlE) 1 e dw laad a8 wil el
oduwy yords 4 JolS jobdy jain pllas oyl cuze il il plos g 5,48
2 2lord pgass 9 395 Bime pic 32y b S j5bas
S8l deyio Blbl 3 onds cuiS LS g4 (SO asyie
plnil Shialie 4 4255 b g (e jams gul) 4250 | S sl
zoly deyie Blbl )3 a8 W asuie (g b pdises loj 4o 4 S
(S Opmen SLLS uiS & ph8l 15)5liS s
Cale) 3929 b Sl deyi0 )3 45 (Jypo > WS (o 0323 9 95

239290 (BLS g9 cdeyie aw S > GBI Jgl 005

plipg: 93 )2 )3 39290 (SBUSS £45 (njiumms M) 95 L
31w 59 YO 53 g 4l Jioli8l e i SS9 mly co e
oiblS oS wdy (clossl 50 g oy D95 HlMde oy iy 4 CudlS
Olej (sasjaw SOlE)l g zuly deyie 93 o o (Y JS) il
595 ¥0) ol 0loj & o (€adlS” J) g 59y YB) ()13 g0 g
et 51 g 59y 1 +0) )b paiged pgw loj g (CedlS I (g
alsye dn (b (1 JS08) 39 )55 0 i gl L
i gl plaipgr cunjomw 45 Jad Jsbo 53 ()b paiges
935 ye 8 5 SOl pliaipey Ly duslis jd (g by odlgsls
slaple; 5 st pllaipg 56 Cod Gl Gl i
Bl 5l 9y VO )3 @l dsyje 4 bgrye ()0 paiges ciliee
s 9 Oladg (7 JS) 292 cilite 031l VA L (e
oly s dliws aS” 05,8 45,155 (Sullivan & Gormally, 2002)
L (i el 1 55 SUe imen g 00d Spglee>
b a5 g (mjam gy )l ) i GSlhe 4 Sy e
s Splie adlae ol ) odel Cansay (claassl
3 i gy plsipg > S ge Jolye plos o Wl g4
Sl 5 gl iy o B3] e S | g 09 SIS
CeblS 5l s 595 V00 50 g 4l Liuli8l Lall g5 LLsY )
2 Wl g5 ko oS (gl cdoms) 38 e (it 4y (hpo s
i CoBlS Sl 59y V10 9 VO ¥O ) my pllaieg,
SlS ) pllaipgy 5l by Ao 3 Fo/A g VA F/F e 4 i ey
3o 59y VO 9 Y0 3 gy pllaipg: 53 3o W g9 (F JS2) 390



WWAY liww F oylods Ve ala (639l (ol pgy &yl \ 2y

ae)ie 09 Sl SalS 4y e @l 40)5e o latsedl
Slbl ) SV (LS £5-5 3929 dujioe S5 4 (g 9o
Bl > Clpte glp it (2B 95 dlml a1 9 42)je
el > Lo iScdl jl oslitul Lbte dis (o390 U atuslyy g,
Jool &S (Sygme 3 395 il culple bl Gl 1y )
&l Bly bl alS £55 g 30 Coley g)l50 Glibl 5 S5
4SSl @ g b SO glapllaipg ) lyds goi il Gl
33 gb oo o3kl g5l50 ol )3 3 olewd slaiS sl )

235 yube gy plalpg b dulie

Slybl 5 5L (oS 655 3935 culplis 39 ol 4650 S
Wl gl by (2w g9 dbnl a3 5 @) &)lje
95 9= PYL a3 g Ot () 95 SRl 4 e
A S adlale (ol 0 SB) plliipg 4
SSB) glie 3 5 slacile S8 glp aSil 4 dag bt o
a5y b edlael iS'cale laly g)lie 40 g g Sldos
el s S bl 93 52 )3 ae e (90 (IS 5
CtS (a5 55 ple nl 2 g s Sty ol aj
2 alyds ga il 4 e Yleas! zoly g)l5e Gl 5 onds
Sloslawl a ol ag g Ly )50 )b jl il 0305 pllaspgs oy

14 1 0330 Organic 16 1 Conventional
y=5.700x" 14 ] y=5.965x0.348 . . e
1217 R2=0.847 R2=0.914 k=
12 4 ’ =)
10 4 <
10 4 o
8 4 3
8 =
6 ) <
» 6 4 wa
>
44 N ]
24 24 <
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
16 7 25 -
"]y =7.958x0-162 o0
144 R2=0.551 . y=8.590x°-353 g
20 _
% 12 . » R2=0.950 §‘
Jﬁ:} 10 4 » . 15 4 2"
Q . . . . 153
- 8 d::
7] <
.8 6 4 10 4 1)
2 ¢ 2
(=9 44 o
n 51 e
2 1 o~
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
8 7 y=23.398x0314 12 1 o
-] R2=0.885 0] y=5.463x0250 :_E
6 R2=0.893 =
8 o
5 4 i
2
4 4 6 4 h=
3 * ©n
p [ ] 4 %\
2 4 o
. a
14 —
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12

Number of sampling

)13 paiged Wit Jalyo 53 (s jimm gl 9 S I £5150 3 (613 14 g0 Slan g (1S U (o ) € SO
Fig.4 -Relationship between number of sampling and species richness in organic and conventional fields of potato in different
sampling stages



VOPY oS il s S o) slaplliies: 10 Clpder (s ) E94

2 SO cupe (S Jaol culey 4y baio SO slapllaspg
o 50 Bai ol slaaBly oS (g pshar il o £)) slapllaipg
P g5 > 4 (e S g)lhe 3 a8 0 L (gs
&55 Ol Slise @lie SLbl 3 o8 (2 j £95 S)lsa
olye @ cnlple g gl el | oS pllaipg: ol > Sl i
SiogliS G d &S > 8508 ()l Bl oo IS doms S
=y pLBipg )3 () E95 (Rl g Lad>  ogMe SIS

& 25 4ot
e lapllas pgy oS ol (Lt Buios cpl @l (IS gk
pllatpsy o Sl (s £55 e 1> 5 ) ,8b (il iz
il Joalpe 3 Lo g9 iznen g (glASsS Lis )b
» o @l plaipg | in puS SSBl plaipg 3 ()b paiges
28 pas g S 5l i gl plsipg: ) Wl gt o ()90
54 )ie g 3 5o sladdle (VL g5 (oliord poows g 355

Uil a3 5 0dd glieud prew Bpan LialS 4 porie
5l Wy lapllaips ()lub 9 e sla Sl
b sl s &

o yie S gyl Slibl o (BLS (GY 45 oizeen
slopllipg b anlie > olapliipg (i ) (G £95 il F)
P &5 P9 FYL &S 85 LB 4SS 035 0 55y0liS )

&l

Alichi, M., and Minaei, K. 2002. Study on distribution of the beetles belonging to the family Carabidae in Shiraz region.
15" Tranian Plant Protection Congress, Razi University of Kermanshah. Iran7-11 September 2002, p. 175. (In Persian
with English Summary)

Altieri, M.A. 1999. The ecological role of biodiversity in agroecosystems. Agriculture, Ecosystems and Environment
74: 19-31.

Armstrong, G. 1995. Carabid beetle (Coleoptera: Carabidae) diversity and abundance in organic potatoes and
conventionally grown seed potatoes in the north of Scotland. Pedobiologia 39: 231-237.

Borrer, D.J., Teriplehorn, C.A., and Johnson, N.F. 1998. An Introduction to the Study of Insects.7ed. Peter Marshal,
Philadelphia.

Clark, M.S. 1999. Ground beetle abundance and community composition in conventional and organic tomato systems of
California's Central Valley. Applied Soil Ecology 11: 199-206.

Clark, M.S. 1999. Ground beetles abundance and community composition in conventional and organic tomato systems
of California’s central valley. Applied Soil Ecology 11: 199-206.

Clough, Y., Holzschuh, A., Gabriel, D., Purtauf, T., Kleijn, D., Kruess, A., Steffan-Dewenter, 1., and Tscharntke T.
2007. Alpha and beta diversity of arthropods and plants in organically and conventionally managed wheat fields.
Journal of Applied Ecology 44: 804-812.

Gabrie, D., Roschewitz, 1., Tscharntke, T., and Thies, C. 2006. Beta diversity at different spatial scales: plant
communities in organic and conventional agriculture. Ecological Applications 16(5): 2011-2021.

Gonnarsson, C., and Hansson, P.A. 2004. Optimization of field machinery for an arable farm converting to organic
farming. Agricultural Systems 80: 85-103.

Kevan, P.G.1999. Crabid beetles in sustainable agriculture: A review on the pest control efficacy, cultivation impacts
and enhancement. Agriculture, Ecosystem and Environment 74: 187-228.

Khodashenas, A.R. 2008. Investigation of structural biodiversity in winter wheat fields of Khorasan province. PhD
dissertation, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran. (In Persian with English Summary)
Mahmoudi, H., Mahdavi Damghani, A., and Liaghati, H. 2008. An Introduction to Organic Agriculture. Jihad
Daneshgahi Publication Limited, Mashhad, Iran. (In Persian)

May, R.M. 1975. Patterns of species abundance and diversity. PP. 81-120. In: Cody, M.L. and J.M. Diamond (Eds).
Ecology and Evolution of Communities. The Belknap Press of Harvard University Press, Cambridge, UK.

Menalled, F., Liebman, M., and Renner, K. 2006. The ecology of weed seed predation in herbaceous crop systems. In:
Batish, D. (Ed.), Handbook of Sustainable Weed Management. The Haworth Press, Inc., Binghamton, NY.

Menalled, F.,Smith, R.G., Dauer, J.T., and Fox, T.B. 2007. Impact of agricultural management on carabid communities
and weed seed predation. Agriculture, Ecosystems and Environment 118: 49-54.

Pfiffner, L., and Niggli, U. 1996. Effects of bio-dynamic, organic and conventional farming on ground beetles (Col.
Carabidae) and other epigaeic arthropods in winter wheat. Biological Agriculture and Horticulture 12: 353-364.

Pielou, E.C. 1969. An Introduction to Mathematical Ecology. Wiley/ Inter science, New York, NY, USA.

Price, P.W. 1997. Insect ecology. 3th ed. 888 pp. John Wiley Publication, New York.

Rezaye- Nodeh, M., Afshari, A., Yazdanian, M., and Assadeh, G.H. 2011. Biodiversity of carabidae beetles
(Cloeoptera: Carabidae) in agroecosystems of Azad shahr region, Golestan province, Northern Iran. Journal of
Agroecology 3(3): 347-357. (In Persian with English Summary)



WWAY liww F oylods Ve ala (639l (ol pgy &yl \ o P¥

Sandhu, H.S., Wratten, S., and Cullen, R. 2010. The role of supporting ecosystem services in conventional and organic
arable farmland. Ecological Complexity 7: 302-310.

Scialabba, N. 2000. Opportunities and constraints of organic agriculture, A Sociological analysis. Rome: FAO.
Available at http:// www.fao.org/ organicag (May 20, 2008).

Shah, P.A., Brooks, D.R., Ashby, J.E., Perry, J.N., and Woiwod, L.P. 2003. Diversity and abundance of the coleopteran
fauna from organic and conventional management systems in southern England. Agriculture and Forest Entomology
5(1): 51-60.

Sullivan, C.M., and Gormally, M.J. 2002. A Comparison of Ground Beetle (Carabidae: Coleoptera) Communities in an
Organic and Conventional Potato Crop. Biological Agriculture and Horticulture 20: 99-110.

Waite, S. 2000. Statistical ecology in practice. 1st ed. 414 pp. Prentice Hall Publishing.

Whittaker, R.H. 1972. Evaluation and measurement of species diversity. Taxon 21: 213-251.



Journal of Agroecology Ga9lesS (wlils pgy 4y pis
Vol. 10, No. 4, Winter 2019, p. 1051-1066 A3 Ve OV-1e8F o ITAY liwwo) F o)los N ol

Insect’s Biodiversity in Conventional and Organic Agro-ecosystems for Wheat
(Triticum aestivum L.) and Potato (Solanum tuberosum) in Fariman Region

M. Mahloji Rad®, P. Rezvani Moghaddam?*, M. Parsa®, Gh.A. Asadi * and N. Shahnoshi*

Submitted: 19-04-2015
Accepted: 01-12-2015

Mabhloji Rad, M., Rezvani Moghaddam, P., Parsa, M., Asadi, Gh.A., and Shahnoshi, N. 2019. Insect’s biodiversity in
conventional and organic agro-ecosystems for wheat (Triticum aestivum L.) and potato (Solanum tuberosum) in
Fariman region. Journal of Agroecology. 10(4):1051-1066.

Introduction

One of the main objectives of organic agriculture is low negative effect on the environment and according to this
issue, maintaining biodiversity is one of the key responsibilities of this agriculture system. Disuse of chemical fertilizers
and using mechanization with less intensity caused significant increase in biodiversity in organic agriculture. Insect's
diversity can help in biological control of pests, pollination and biological control of weeds and diseases. This study
was performed based on the key role of insects in ecosystem function, especially in organic agro-ecosystems and
effective factors for biodiversity of them and also with respect to the high potential for progressing of organic
agriculture in Iran. The purpose of the study was to identify different families of insects in conventional and organic
fields for wheat and potato crops in Fariman city.
Material and Methods

The study was carried out in wheat and potato fields at Fariman city in 2012. In order to collect insects, we used a
sweet net with a diameter of 50 cm in 10 different regions of the fields. Sampling was performed after 45, 75 and 105
days after planting. Sampling was conducted which it covers total farm area. Shannon-weaver index, Simpsons
reciprocal and Margalef indexes were used to calculate the insect’s biodiversity and Pielou and Simpson were used to
calculate the species evenness. Relative frequency (pi) was used to determination of dominant species in each agro-
ecosystem and the species with the highest relative frequency was considered as dominant species. In order to compare
the alpha and beta diversity between two organic and conventional systems, we fitted the power function for species
richness as a dependent variable and sampling number as an independent variable.
Results and Discussion

The results of the wheat farm showed that the total number of collected insects’ families during the growing
season in the organic farm was higher than the conventional farm (2047 number of insects from 41 families vs. 1928
from 34 families, respectively). From total families, 32 families were the same in both organic and conventional wheat
systems and 9 families were collected from the only organic farm. Two families were observed only on the
conventional farm. Species richness was the same in both organic and conventional at first stage of sampling, but in the
organic system, it was higher at the second and third stage of sampling. Insects’ diversity in the conventional farm was
higher than organic based on obtained values for alpha diversity. Calculated beta diversity in the organic system was
higher than conventional. In fact, beta diversity is the increasing rate of the species richness per increasing of sampling
number and the high value of beta diversity in the organic system indicates that species richness and biodiversity of the
organic system were higher than conventional at total farm area. In potato organic and conventional farms, 435 insects
(from 18 families) and 787 insects (from 22 families) were collected, respectively. From total trapped families, 15
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families were the same in both organic and conventional systems, 7 families only were in conventional farm and three
families observed only in the organic farm. Therefore, species diversity in conventional system was higher in
comparison with the organic system in the potato crop. Two families were introduced as dominant species in the
organic farm with a relative frequency of 17% and 15.6%, respectively and Miridae family was dominant species in the
conventional farm as 27.8% of relative frequency. Alpha diversity in conventional system was higher than organic. Beta
diversity in conventional system was higher in 45 and 75 days after planting, but it was lower in 105 days after planting
than organic. In total, the results showed that alpha and beta diversity were higher in conventional than organic. It
seems that the reason for higher biodiversity in conventional compared to organic was related to failure to comply with
the organic principles in potato farm.
Conclusion

It can be concluded that the move towards organic agriculture, in addition to preserving and enhancing
biodiversity in agricultural ecosystems, has led to a reduction in using chemical pesticides and, as a result, the reduction
of environmental pollution will be followed by the sustainability of agricultural production.

Keywords: Alpha diversity, Beta diversity, Diversity index, Species richness
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indigo under Bam climatic conditions during growing season of 2012-2013
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Table 1- Physico-chemical characteristics of cultivated soil (0-30 cm depth)
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Table 2- Analysis of variance (mean of squares) for effects of sowing date and plant density on growth criteria and
quantitative yield of indigo at the first and the second cuttings
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Jgl o
First cutting
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*

*x

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



IVAY Glawo) o o)lods Ve ol (65,9LiS (wlisdh pg9 4y y25 VoYY

59y e sl VO C3lS alol) oS5 5Vl o ooyl cglis)|
el Gy (cis,
Didorgls yhad g gyl p Sy o515 g Bl )b i I
SMESI (Y Jpz) 3905 (pS+/+0) Josine s o 53 oS
Mime iliseo gla i o > (LS Hldael b 5 gl
P9 9 Jol e 0 €L a8 y-ba (¥ Jsiz) 352 (p+/-0)
S95 an by Hlade oyl g opyeS FEIFF o YWIVO L s ey
Oz 3l YL ao p YEIOY &g Jlab pgd cpe j0 Lol by olass]
Ll )3 L olS 29> (i 53 4 sy o0 s @V Joi2) 392 Jol
90350 (5o Jlyitul p> 93 dlold > Cunlio Casyd il
b a8l sloul b a0 a8 cawl 03,8 adoi 1) (gt slaailes
o2 ol 2 Gl jhaB Rl (S v g9 S g yide
Olixe plw Oladss gls wlie gobs opl cwl asl S 4 1,
Rezvani Moghaddam et al., 2013a; Amin Ghafouri, )

2014; Kheirkhah, 2011; Tabrizi, 2007; Nadjafi, 2006;
=ah plals i lize ladisS g9, (Teimouri et al., 2014

A3l e

sobar doug (LS GiSgpl jhb g elis)) & ol (lis gl

R g oS5 o sime b o Salesl i 93 2 3 ()l sime
5 €Ll Ll sl w815 Rl (Y gs) (pse/-0) 8,
Ot gk (B 5 7 sl sin) 03)5 (BLS gzl b
515 4 baye Jol o 52 (29010 obS (ul Sidangl Jlad 5 el
o Bl YE/YO g A VAL ply iy 4 g qupe yio )0 &gy YO
YO oS15 L sl pgd ez > Slao nl (e (YL A0 oanlin
Jols o Bl YV g YWIVO L ol i ) mupe yio )0 gy
iy oy L85 o1, Guldl L (0 5 T slosin) 3,8
o 8l Gl pS15 VL gobaw 53 ) Gl lp <ol il
Rezvani Moghaddam et al., ) 4,5 g pase (glas) s b
Akbarinia et ) o)L o L (58T gl )l  Slgoeen (2005
5 (Coriandrum  sativum  L.) i85 (¢4, (al., 2006
Rezvani Moghaddam & ) sllae ooljaesl 5 paie Slgs,
Nigella sativa ) «lwluw 55, (Ahmadzade Motlagh, 2005
sl aliel oLS el o515 Gaalisl b as sl ol 5 (L
Oy 45, S )5 8 (Al-Ramamneh, 2009) 4 olo - I

Jol 2 )3 dowg 0lS (05 3ok g (wng) Slogad 2 dig 051y 9 Sl G, 5T (0le dmgllio -Y Jgu>
Table 3- Mean comparison for the effects of sowing date and plant density on growth criteria and quantitative
yield of indigo at the first cutting

-zU yhé e = e .
. ) o PSS Gj Al SWS )y . g
Gg g5l Dhdag a5 slass - M;)’ - bﬁ;)’ lop ol JS SLis 39
S (obilo) (e golu) oSl (’ (’ (@20 5 52 0,5)
Treatment Plant Canopy Number of & & Dry yield of above
height (cm)  diameter branch Dry weight of  Dry weight of 4. nd matter (g.m?)
(cm) leaf (g.m?) shoots (g.m?)
jj:;‘\lf 83.03" 22.08?2 17.458 464.792 463.542 928.332
]gbj;);:ll 73. 742 19.258 16.752 456.882 429,792 886.622
“*“‘”4 MJ:;;/W 67. 25° 18.75° 16.20° 402,50 418.13% 820.63%
19 I\;I)a: 63.392 18.082 15.128 391.29b 308.33P 699.63 %
(&0 0 3 52) 05155
Density (plants.m)
15 61.31° 16.50°¢ 17.502 233.214 205.48¢ 438.38°¢
25 68.0920 17.91k¢ 16.372 380.28¢ 342.71° 722.92b
35 81.592 19.50° 15.372 520.63° 513.152 1033.962
45 80.29?2 24.252 16.292 581.452 558.752 114082

(DS 1+0) sl os SO (glasals X 9051 (sliue p (6yl5 ixe Cglis (il o i (clys g g b > S yride By S JBlus )b slapSibe
* Means in each column and for each trait, with at least one similar letter are not significant different based on Duncan test (p<0.05).
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Introduction
Medicinal plants are valuable sources in Iranian natural resources whose understanding and scientific cultivation

can play an important role in people’s health, job creation and preventing genetic erosion of invaluable medicinal herbs
due to their improper harvest from natural habitats and non-oil exports. Indigo (Indigofera tinctoria L.) belongs to the
Fabaceae family which popularly known as Neeli in Tamil and found throughout India. The roots, stems, and leaves of
indigo are bitter, thermogenic, laxative, tchronic bronchitis, asthma, ulcers, skin diseases, diuretic and are useful for
promoting the growth of hair. It has been reported that appropriate planting date and plant density will improve crop
yield and secondary metabolite component. Yield loss due to undesirable planting date and plant density has been
reported in many plants. Amin Ghafouri (2014) reported that delaying in planting date (from October to March) caused
a significant reduction in plant height, canopy diameter, inflorescence number per branch, dry weight of shoots, and
seed yield of Ziziphora and as density increased from 6 to 10 plants.m plant height, canopy diameter, inflorescence
No. per branch, dry weight of shoots, and seed yield were enhanced. In another study, was examined planting date in
Achillea millefolium L. yield was reported, higher plant height, total dry matter production, Biomass yield, were
observed during January planting. Ghorbani et al. (2010) evaluated the effect of planting date on yield of Cuminum
cyminum reported that earlier sowing date was followed by higher seed yield. They also reported that 1000-seed weight
and harvest index were not affected by planting date. Koocheki et al. (2004) showed that plant density had a significant
effect on plant height and dry weight of shoots of Thymus (Zataria multiflora L. ) and Hyssop (Hyssopus officinalis L.
)Nadjafi and Rezvani Moghadam (2002) and Rahimi et al. (2009) reported the increase in P. ovata seed yield with the
increase in plant density. Therefore, the objective of the present study was to determine the quantitative yield of
affected by planting date and plant density.
Materials and Methods

An experiment was conducted as a split-plot based on a randomized complete block design (RCBD) with three
replications at the Bam, Iran, during growing seasons of 2012-2013. Four sowing dates (4 April, 19 April, 4 May, and
19 May) and four plant densities (15, 25, 35 and 45 plants.m?) were allocated to main and subplots, respectively. Plant
height, canopy diameter, number of branches, dry weight of leaf, dry weight of shoots and total dry yield of above
ground matter of indigo at the first and the second cuttings were measured and calculated accordingly. For statistical
analysis, analysis of variance (ANOVA) and the least significant test (LSD) at 0.05 level, were performed using SAS
ver 9.1.
Results and Discussion

The results showed that the simple effects of sowing date and plant density were significant (p<0.05) on plant
height, canopy diameter, number of branches, dry weight of leaf, dry weight of shoots and fresh weight of flower of
indigo at the first and second cuts. The highest dry weight of leaf and dry weight of shoots was observed at the first and
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second cuts in the 4 April (with 464.79 g.m, 463.54 g.m, and399.75 g.m2 and 404.04 g.m™?, respectively). However,
the dry yield of above ground matter at the first and the second cuts were decreased up to 32.76 and 78.57%,
respectively with the delay in sowing date from 4 April to 19 May. Generally, early sowing date because of providing a
longer growing period, optimum relative humidity and also cooler weather is suitable for indigo leaf production.
Conclusion

Based on the results of this study it can be concluded that the planting date has a meaningful effect on vegetative
and reproductive characteristics of indigo. Overall, Because of the benefits of longer growing season and more soil
moisture content, early planting (early spring) and highest plant density (45 plants.m2) were the best date and density
for indigo production in the climatic conditions of Bam region.
Keywords: Leaf yield, Plant diameter, Shoot yield, Sowing date
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Table 1- Some physical and chemical characteristics of the experimental soil
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Texture Sand Silt Clay K P TN o.cC pH (0 3 ko j (owd)
% % % (mg.kg®)  (mg.k () % EC (dS.m?)
g%
Sandy Clay loam 45 24 31 250 14 0.04 0.065 7.7 2.8
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2- Total ash

3- Acid Detergent Fiber

4- Neutral Detergent Fiber

5- Organic matter digestibility
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Fig. 1- Comparsion of the dry matter yield of Artichoke in
different phenological stages
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Fig. 2- Comparsion of the crude protein percentage of
Artichoke in different phenological stages
Ll 5SS ygejl ol doyd g Jleas] pdaw )3 iy gxe B3] (Silis alie i g
Dissimilar letters indicate significant differences at the 5% level
according to Duncan’s test.
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Table 2- Analysis of variance for dry matter yield and quality traits of Artichoke

Olaspo (ibe
Mean Square

5 - 3 8 3 8 2
< 32 = X 4~ . = o 5 3
=5 ¥ £ = S 34t 18 e 2
ENS » 438 FES x_g 12 das 138 18 %
53 Fs 322 17sE 0 %78 48 J3sg W28 g 4%
46 5° igs ,382 J3s Lse  2TES rmE T2 S
4 \2 38 2 8% < 3 %3 i3 = 32 13 a
E 5 oF S 3o FTE 1-3 o &
> O = 3 3 4 z €
&) - Vg
1SS . .
’_’ij . 2 1.147" 1.90 ™ 12.06 0.436™ 13.358"™ 10.381"™ 0.091 0.099™
Replication
oS Ay Al>)o
Growth 2 5.118™ 617.30™ 44.046™ 7.496™ 321.241™  216.568™  0.215™ 0.426™
stage
s
4 0.090 1.56 0.181 0.219 4.293 3.107 0.008 0.022
Error
doyd iy Jlass] daws (0 )5 xe g )1 gxepmé cud gl *F 4 NS
ns and *: are non-significant and significant at 5% probability level respectively
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Table 3- Mean comparison of forage quality indices of Artichoke in different phonological stages
4591.9 CandS “'“ dlﬁuailm)
Forage quality indices
olS iy als e o3lo i Cupl OB S Soisgn 53 Jolowel LI 53 Jaloweli SYI oW iy
Growth stage ] (woy3) (o) i Sl (Lo g (o)) (o))
(ae2) Crude ash (%)  Neutral detergent fiber (ae,2) Sodium Potassium
Organic matter (%) Acid detergent (%) (%)
digestibility fiber (%0)
(%)
(S ) (g N
Vegetative (Leaf) 49.84 2 16.72 25.85°¢ 21.18¢ 1852 2262
(Jol wi3s) aal5
Flowering 30.57°" 14.81° 39.92b 32.72" 1.52b 1.80b
(Full plant)
B3y gl
(Jet5 w5) 21.8°¢ 12.93¢ 50 2 40.98° 1.20°¢ 1.34°¢
Early seeding
(Full plant)

b e oSOl (laiely win ygeil bl o> iy Jless] aws 43 I ime BMEB] (lls liitepé g (o)l (sla Sl sy o 3 *
*Dissimilar letters indicate significant differences at the 5% level according to Duncan’s test.
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Table 4- Correlation coefficients between forage yield and quality traits of artichoke at different growth stages

Ol Sid o3le 3,50es ol ey pedd Colll Joloel BUI Jobuel B iuSB gawly  erow
Traits (b2 5 o) (e yd) Slodle  sosya ,n glrodygd e (wmey8)  (woyd)
Dry matter Crude (Mmo3)  (moyn) i3 gawwl  (mo,3) Potassium Sodium
yield(tha)  protein (%)  organic Neutral (m,5)  Crude (%0) (%0)
matter detergent Acid ash
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Introduction

Artichoke (Cynara scolymus L.) (Asteraceae) is an herbaceous perennial plant of Mediterranean origin, North
Africa, Canary Isles and Southern Europe. Nowadays, artichoke is cultivated in many parts of the world, such as the
United States, mainly in California, in South America (Argentina, Chile, Peru), North Africa, Near East (Turkey and
Iran) and China. Artichoke has a medicinal property. It also can be used as a green fodder or silage for livestock
feeding. In addition to dry matter yield, forage quality has also a great importance in the production of forage crops. The
quality of forage species varies in different places and times. In general, the factors affecting forage quality changes can
be described as environmental factors (light, temperature, soil characteristics, precipitation, altitude, wind, and
humidity), growth stage and harvest time, plant species, photosynthetic pathway (Cs, C4, and CAM) and management
factors. Therefore, the purpose of the present study was to investigate the forage quality of artichoke in different growth
stages for livestock feeding.
Materials and Methods

In order to evaluate the yield and forage quality of Artichoke (Cynara scolymus L.) at three stages of growth, an
experiment was conducted using a randomized complete blocks design (RCBD) with three replications at the Research
Station of Isfahan Agricultural and Natural Resources. The treatments were harvested at three growth stages
(vegetative, flowering and early seeding). Seeds were sown on 26 April 2014. Chemical fertilizer (urea) applied based
on soil analysis results. The first half of the nitrogen fertilizer was utilized as strip takes under seed before sowing and
the rest at 7-8 leaf stage of the crop on 26 May 2014. The cultural practices of Artichoke were not conducted in the
second year because it is a perennial plant. According to the soil test, half of the nitrogen fertilizer in the first year of
experiment applied in the second year. The plants were harvested at vegetative, flowering and the beginning of seed
ripening stages in the second year. After harvesting, samples were dried normal air circulation until to reach constant
dry weight. Dry matter yield and forage quality indices as crude protein, organic matter digestibility, total ash, neutral
detergent fiber, acid detergent fiber, Na and K contents were measured. Analysis of variance was done using SPSS
software and comparison of the means was conducted using by Duncan at 5% level.
Results and Discussion

The results of this experiment showed significant differences for all traits among the phenological stages (p<0.05).
For dry matter, the lower and higher values of 5.8 and 8.75 t.ha'* were obtained, in vegetative and early seeding stages,
respectively. Forage quality decreased with increasing plant age and it was the highest in the vegetative stage compared
to other stages. Crude protein, organic matter digestibility, total ash, Na and K content in the vegetative stage were more
amount than other stages. Neutral detergent fiber and acid detergent fiber tended to increase while, crude protein,
organic matter digestibility, total ash, Na and K content tended to decrease with advanced plant maturity. Artichoke
plant has young and large leaves at vegetative rosette stage. The leaf to stem ratio decreased with advanced plant
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maturity and it is higher at flowering stage than the early seeding stage. Forage quality in the vegetative stage was more
than of both flowering and the early seeding stages.

Conclusions
Growth stage and harvesting time were the important factors that affecting forage yield and quality of Artichoke.

For age quality decreased with the progress in plant growth, while dry matter yield increased. Generally, the flowering
stage is the best time for harvesting artichoke forage.
Keywords: Crude protein, Forage quality, Organic matter digestibility
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Introduction

Hibiscus, an annual and twigged plant, One hundred and twenty-day winds, is a regional phenomenon which
blows with variable speeds, in four warm months of the year (June, July, August, September), in a part of the south-
west of Iran. The most important factor that affects the sustainability of the food production and maintaining the soil
fertility, is the use of the integrated feeding systems and also the use of the biological fertilizers in the nutritional
system.

Materials and Methods

According to the emphasis of sustainable agriculture, increasing the quality and the sustainability of performance,
medicinal plants, are considered as a good option for such systems. This research was conducted with the purpose of
investigating the effects of wind stress on the Hibiscus quantitative features under the treatments of biological and
chemical fertilizers. In growing season of 2014-2015, to evaluate the effects of wind stress on the characteristics of
growth, performance and the performance components of Hibiscus leaflet under the treatments of chemical and
biological fertilizers, a triplicate experiment, in the form of split plots in a randomized complete block design, was done
in the Zabol University research farm. The main factors of wind stress were in three levels of severe wind stress, gentle
wind stress and without wind stress and the minor factors including chemical fertilizers were in three levels of
phosphorus, nitrogen and NPK. And, the minor factors including biological fertilizers, were in six levels of nitroxin,
supernitro plus, super bio phosphate, bio phosphate, humic acid and bio sulfur. At the end of the investigation process
of ten bushes which were chosen randomly from each plot after excluding the marginal effects, the following issues
were measured:

The features of the number of branches in each bush, wet and dry weight of aerial organs (gr per bush), the bush
height (cm), the number of bolls per bush, the boll wet weight, the wet and dry weight of leaflet (gr per bush),
chlorophyll fluorescence and the weight of one thousand seeds (grams per bush). Means comparison was done with the
probability level of %5 by Duncan’s multiple range test. The statistical analysis of the research results was done by
using the SAS (SAS Institute, 2013, Cary, NC) software
Results and Discussion

In this study, it was observed that the severe wind stress cause the reduction of Hibiscus quantitative traits. Of
course (However), the integrated effects of chemical and biological fertilizers under the effects of wind stress have
improved these characteristics. The following issues were obtained in order: Improving the plant height feature in a
treatment without stress, nitrogen chemical fertilizers, biological fertilizers, bio-sulfur, the number of side branches in a
without-stress treatment, chemical fertilizers under the treatment of bio-sulfur and humic acid biological fertilizers and
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so on. The number of bolls in each bush, the bolls wet weight, the leaflet wet and dry weight and the leaflet
performance in the chemical fertilizers treatments, NPK plus biological fertilizers in compare with the NPK chemical
fertilizers treatment and not using the biological fertilizers, all originated from the positive effects of biological
fertilizers on these traits. The biological fertilizers provides inaccessible mineral elements and also the organic
compounds for the plant and cause the increase of the plant growth Akhtar and Siddiqui (2009).
Conclusion

The results of this research showed that the effects of wind stress treatments and chemical and biological fertilizers
and the interactions between the chemical and biological fertilizers and the investigated traits, were meaningful.
This research showed that, the severe wind stress, cause the reduction of the quantitative traits of Hibiscus. However,
the effects of combining the chemical and biological fertilizers under the wind stress, cause the increase of these traits
and this matter has a positive effect on the production sustainability and environmental protection and according to the
medicinal plants necessity in farming systems, it seems that the biological fertilizers are a good alternative for the
chemical fertilizers

Keywords: Biological fertilizer, Chemical fertilizer, Tea Maki, Medicinal plants, Wind stress
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Table 1- Mean squares of studied traits of lentil under different irrigation and type of phosphorus fertilizer treatments
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70 mm 100mm 130 mm Fig. 1- Effect of water deficit and type of phosphorus
O Control Trrigationlevels fertilizer on pod number per lentil plant
oniro

B100% chemical phosphorus
050 % chemical phosphorus+biologic fertilizer
B biologic fertilizer

Different letters indicate significant difference at p< 0.05,
based on Duncan’s multiple range test.
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Table 2- Mean comparison of studied traits of lentil under different irrigation and type of phosphorus fertilizer treatments
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Fig. 2- Effect of water deficit and type of phosphorus fertilizer on seed yield of lentil plant
Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.
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Fig. 3- Effect of water deficit and type of phosphorus fertilizer on relative water content of lentil plant
Different letters indicate significant difference at p< 0.05, based on Duncan’s multiple range test.
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Table 3- Correlation between studied traits in lentil

1 3 4 5 6
M slass (V) 1
1- Pod number per plant
(S 55 p S 5lS) Jgamme 5,8as (Y) 0.825 *#*
2- Seed yield (kg/ha)
(7) il OS9n (‘N) -0.609 * -0510 1
3- Seed protein (%)
_ (2) i osby S5 (%) 630+ 0505 - 0427 1

4- Relative water content (%)

($ﬁ )" LJ)9 l")f » lp)ft_g"") L)‘Jf)" ul)*" (b) - 0638 # _ 0501 0446 - 0653 ® 1
5- Prolin content (mg.g* fw)

(525 cises peScke) Sl C) 514 0018 -0012 -0088 0.385 1

6- Total chlorophyll (mg.g* fw)

Al oo 2N 9 70 Jlaint prdaws )3 I3 cime 0dimd Ui ol Ay e g

oYL aa ST.005 35 GBpae pis 4y Cond e ail 3 Sles
9 Sotd (Jlhond 25 58 5 (w365 sloylosi )3 55 (g

Slond 355) als 365 il oolaol oy L wyy ol @l
Ol s (S o i balpd )0 () 355 5 (6 ke


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Naik%2C+R+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Kapure%2C+R+M)

IVAY Lo oF o)lods Ve ol (65)9LiS (cwlidh pgo 4y p25 \RRV4

Lisiy (olipogip) land 0niS J> (slags STl odlazul (5)ks 295 G pan 37 cpl b el Gty Jgomo (bl bl 3
LS by SLs lié polie i 0l crge (Lol ply gl (saiome 2SS ol e 2 (e 355 5
76 Co8 pote Syfgdnsd 5 (o) Olho il dondi 3008 940l (St s llpd 5 (wde Sy o Olise 9 (oo
b ial38l &l 5 Slas Lblaia 9 b5 )5 )l ine A s G bl b4 Cond Guas olS Cuglie il coge

&l

Adediran, J.A., Taiwo, L.B., Akande, M.O. Sobulo, R.A., and Idowu, O.J. 2004. Application of organic and inorganic
fertilizer for sustainable maize and cowpea yield. Nigerian Journal of Plant Nutrition 27: 1163-1181.

Ahmadi Fard, M., Azizi, K., Ismaili, A. Heydari S., and Daraei Mofard, A. 2011. The effects of different fertilization
methods on seed yield and components of lentil (Iens culinaris) under Khoramabad climatic condition. Iranian Journal
of Agricultural Sciences, 4(40): 1-14. (In Persian with English Summary)

Anjum, F., Yaseen, M., Rasul, E., Wahid, A., and Anjum, S. 2003. Water stress in barley (Hordeum vulgare L.). Il.
Effect on chemical composition and chlorophyll contents. Pakistan Journal of Agricultural Sciences 40: 45-49.

Arnon, 1. 1986. Crop Production in Dry Regions. Translated by Koocheki, A., and Alizadeh, A. Published by Mashhad
University. Pp. 650.

Arpana, N., Kumar, S.D., and Prasad, T.N. 2002. Effect of seed inoculation, fertility and irrigation on uptake of major
nutrients and soil fertility status after harvest of late sown lentil. Journal of Applied Biology 12: 23-26.

Bates, L.S., Waldren R.P., and Teare, I.D. 1973. Rapid determination of free proline for water stress studies. Plant and
Soil 39: 205-207.

Efeoglu, B., Ekmekci, Y., and Cicek, N. 2009. Physiological responses of three maize cultivars to drought stress and
recovery. South African Journal of Botany 75: 34-42.

Ehteshami, S.M.R., Aghaalikhani, M., Khavazi, K., and Chaichi, M.R. 2007. Effect of Phosphate Solubilizing
Microorganisms on quantitative and qualitative characteristics of Maize (Zea mays L) under water deficit stress.
Pakistan Journal of Biological Sciences 10 (Suppl 20): 3585-3591.

Fathian, S. 2008. Physiological limitation to safflower photosynthesis under two different moisture regimes. M.Sc.
Thesis, Isfahan University of Technology, Iran. (In Persian with English Summary)

Gholami, A., Akbari, A., and Abbasdokht, H. 2015. Study of application of biologic and organic fertilizer on growth
and yield characteristics of fennel (Foeniculum vulgare Mill.). Journal of Agroecology 7(2): 215-224.

Gull, M., Hafeez, F.Y., Saleem, M., and Mallik, K.A. 2004. Phosphate uptake and growth promotion of chickpea
(Cicer arietinum) by co-inoculation of mineral phosphate solubilizing bacteria and a mixed rhizobial culture. Australian
Journal of Agricultural Research 44(6): 623-628.

Jalilian, J., Modarres- Sanavi, A.M., and Sabaghpour, S.H. 2005. Effect of plant density and supplementary irrigation
on vyield, yield components and protein content of four varieties of chickpea in rain fed condition. Journal of
Agricultural Science and Natural Resources 5: 42-51. (In Persian with English Summary)

Jain, L.K., Singh, P., and Balyan, J.K. 2006. Productivity and profitability of chickpea (Cicer arietinum L.) cultivation
as influenced by biofertilizers and phosphorus fertilization. Indian Journal of Dryland Agricultural Research
Development 21: 82-84.

Kapure, R.M., and Naik, R.M. 2004. Effect of biofertilizers on N, P contents of leaves, available ‘P’ from soil,
leghemoglobin and chlorophyll content in chickpea. Journal of Soils and Crops 14: 22-25.

Karimi, K., Bolandnazar, S., and Ashoori, S. 2013. Effect of bio-fertilizer and arbuscular mycorrhizal fungi on yield,
growth characteristics and quality of green bean (Phaseolous vulgaris L.). Journal of Sustainable Agriculture and
Production Science 23(3): 157-167.

Merah, O. 2001. Potential importance of water status traits for durum wheat improvement under Mediterranean
conditions. Journal of Agricultural Research 137: 139-145.

Mohammadpour Vashvayi, R., Glovy, M., Ramrodi, M., and Fakheri, B. 2015. Effect of drought stress and biologic
fertilizer incubation on growth, yield and thymus (Thymus vulgare L.) oil composition. Journal of Agroecology 7(2):
237-253.

Nouri, A., Etminan, A., Silva, J.A.T.D., and Mohammadi, R. 2011. Assessment of yield, yield-related traits and drought
tolerance of durum wheat varieties (Triticum turjidum var. durum Desf.). Australian Journal of Crop Science 5: 8-16.
Parsa, M., and Bagheri, A. 2008. Pulses. Mashhad University. Mashhad, Iran. 522p. (In Persian)

Puente, M.E., Bashan, Y., Li, C.Y., and Lebsky, V.K. 2004. Microbial populations and activities in the rhizoplane of
rock-weathering desert plants. 1. Root colonization and weathering of igneous rocks. Plant Biology 6: 629-642.


http://www.pakjas.com.pk/
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Gull%2C+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Gull%2C+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Hafeez%2C+F+Y)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Saleem%2C+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Mallik%2C+K+A)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Jain%2C+L+K)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Singh%2C+P)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Balyan%2C+J+K)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Kapure%2C+R+M)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Naik%2C+R+M)

WY g oramd (oo sLoogS & (Lens culinaris L.) wase K5 5e0gs ud wilis g o yShos STy

Rezvani Moghaddam P., Norouzian A., and Seyyedi, S.M. 2015. Evaluation the effects of manure and mycorrhizal
inoculation on grain and oil yield of spring safflower cultivars (Carthamus tinctorius L.). Journal of Agroecology 7(3):
331-343. (In Persian with English Summary)

Rodriguez, H., and Fraga, R. 1999. Phosphate solubilizing bacteria and their role in plant growth promotion.
Biotechnology Advances 17: 319-339

Roy, R.N., Finck, A., Blair, G.J., and Tandon, H.L.S. 2006. Plant Nutrition for Food Security. FAO Fertilizer and Plant
Nutrition Bulletin 16. Food and Agricultural Organization, Rome, p. 348.

Sanchez, F.J., Manzanares, M., Andres, E.F., Ternorio, J.L., Ayerbe, L., and De Andres, E.F. 1998. Turgor
maintenance, osmotic adjustment and soluble sugar and praline accumulation in 49 pea cultivars in response to water
stress. Field Crop Research 59: 225-235.

Sani, V.K., Bhandari, S.C., and Tarafdar, J.C. 2004. Comparison of crop yield, soil microbial C, N and P, N-fixation,
nodulation and Mycorhizal infection in inoculated and non-inoculated sorghum and chickpea crops. Field Crop
Research 89: 39-47

Shivakumar, B.G., Balloli, S.S,. and Saraf, C.S. 2004. Effect of sources and levels of phosphorus with and without seed
inoculation on the performance of rainfed chickpea (Cicer arietinum L.). Annals of Agricultural Research 25: 320-326.
Somasegaran, P., and Hoben, H.J. 1994. Hand Book for Rhizobia: Methods in Legume-Rhizobium Technology. New
York. Springer-Verlag, U.S.A.


http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Shivakumar%2C+B+G)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Balloli%2C+S+S)
http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Saraf%2C+C+S)

Journal of Agroecology S5l (ol pgr 41 5
Vol. 10, No. 4, Winter 2019, p. 1107-1120 A A NoV-NYe o AFAY Gl oF o lous I+ alr

Response of Lentil (Lens culinaris L.) Yield and Physiological Traits to
Chemical and Bio-phosphorus Fertilizers under Different Irrigation Regimes

M. Mohammadi!, M. Ghane?, N. Majnoun Hoseini** and H. Moghaddam*

Submitted: 08-12-2016
Accepted: 31-05-2017

Ghane, M., Mohammadi, M., Majnoun Hoseini, N., and Moghaddam, H. 2019. Response of lentil (Lens culinaris L.)
yield and physiological traits to chemical and bio -phosphorus fertilizers under different irrigation regimes. Journal of
Agroecology. 10(4):1107-1120.

Introduction

Different studies in semi-arid regions showed that application of phosphorus fertilizers under drought stress
conditions increased the crop yield. Most agricultural soils contain larger amount of fixed form of Phosphorus (P) than
available P, a considerable part of which has accumulated as a consequence of regular applications of P fertilizers.
Certain microorganisms such as phosphate solubilizing bacteria fungi, actinomycetes mostly those associated with the
plant rhizosphere are known to convert insoluble inorganic phosphorus into soluble form that could be utilized by the
plants. Among them, some phosphate-solubilizing bacteria (PSB) are being used as phosphatic biofertilizers for crop
production. Phosphate solubilizing bacteria can solubilize fixed form of P to available form by the secretion of various
kinds of organic acids, phosphatase enzyme, growth hormones etc. and increase availability of P to the plants. In this
point of view, phosphatic biofertilizer may be used as an alternate option of chemical P fertilizer for lentil cultivation.
Therefore, the present study was under taken to evaluate the effects of biofertilizer, chemical phosphorus and integrated
application of fertilizers on yield and physiologic characteristics of lentil under drought and normal condition in karaj
climate.
Materials and Methods

To evaluate the effect of drought stress on seed yield and physiological traits of lentil cultivar (Ziba) with chemical
and bio phosphorus fertilizer, an experiment was conducted in split plot based on randomized complete blocks design
CRBD design with four replications in research farm of University of Tehran (Karaj-Iran) during 2014-15. The main
factor included three irrigation levels (irrigation after 70, 90 and 130 mm evaporation from open pan class A) and sub
treatment were the kind of phosphorus fertilizers (100% super phosphate triple (P); bio-fertilizer; 50% P + bio-fertilizer;
no p fertilizer and bio-fertilizer as a check) The bio-fertilizer contained co-inoculation of phosphobacterin
(pseudomonas strains 93 & 187) and azotobactor. The characteristics recorded were no. of pods per plant, seed yield,
seed protein content (%), relative water content (RWC), proline content and total leaf chlorophyll.

For statistical analysis, analysis of variance (ANOV A) and Duncan’s multiple range test (DMRT) were performed
using SAS ver. 9.2 software.
Results and Discussion

Interaction effect of irrigation and type of fertilizer had significant effect on pod number per plant, protein
percentage, relative water content, free proline and chlorophyll content. The results indicated that normal irrigation
(irrigation after 70 mm evaporation from open pan class A) x integrated phosphorus fertilizer (50% P + inoculation with
bio-fertilizer) gave the highest seed yield. Similarly, P and bio-fertilizers application under severe drought stress
condition produced higher seed yield compared to other treatments. This can be explained that PB inoculation enhanced
the solubilization of phosphates in rhizosphere soil of lentil which stimulated the native Rhizobium and attributed to
increase the nodule number and weight ultimately that showed positive effects on other growth and yield attributes of
lentil.
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However, for the RWC under normal irrigation x bio-fertilizer; for the total leaf chlorophyll under normal
irrigation x 100% super phosphate triple; and for the proline content under severe drought stress x 100% super
phosphate triple gave the highest values. With drought stress conditions, the leaf RWC and Proline contents reduced,
which represented a relationship between these physiological traits and lentil seed yield.

Conclusion
In general, from the view of reducing chemical fertilizer uses to manner the environment-friendly and cost-saving

cultivation, application of 50% P + seed inoculation with bio-fertilizer based on the result of this study is recommended.

Keywords: Bio-fertilizer, Chlorophyll, Drought stress, Lentil seed yield, Proline, Relative water contents
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Table 1- Results of soil test

Epdigei s g S de) pal o) i BB el 05 o) yhund

- . o)
(Foile) (oS (eSS pes (eiss  (eR)dons lepduibedl g .
. ) N . Organic Base Saturation el
Sampling depth Fe Absoabable K P Carbon (%) %) (pH) EC (dS.m"
(em) (mg ke") (mg kg) (mg ke") ‘ ° (d5.mr)
0-15 4.11 150 52 0.04 8.88 7.54 2.64
15-30 7.3 100 60 0.04 8.88 7.64 1.59
81> 2503 GGos } L RSl reSde) o peSe) 5
(o i) (w2 y3) cdons (w2,9) 5 (20,) ¢pud (223) o595 (o555 (055 5k (o555
. Silt Clay Sand Nitrogen ) ) )
Sampling Depth (%) (%) (%) (%) Zn Cu Mg
(cm) (mgkg™') (mgkg™) (mgkg™')
0-15 40.16 18.76 41.08 0.06 1.48 1.69 4.87
15-30 40.16 18.76 41.08 0.12 1.7 1.63 1.91
(U (s Al yo 13) 3,2 e jpuin U (G lod 3 JlE 5,2 glole o51,5-Y Jgao
Table 2- Density of dominant weeds of weedy treatments (seed-filling stage of cereals)
(@250 Sio) 52 Gle ypin b (51 low 3 558 Gle o153
Weed density of weedy treatments (m?)
)W,Zed tyf): & oSbe
WM, WM; WM3 WMy WMs I Iz I3 14 Is Is Total
average
Lolium 232 30 114 229 165 146 82 186 25 141 218 143
rigidum.
Avena sativa 0 0 11 112 56 21 107 0 11 27 0 31
Centaurea 0 0 11 24 0 5 16 0 5 32 5 9
depressa
Fumaria 0 0 5 8 24 5 0 0 0 0 11 5
officinalis
Setaria italica 0 0 11 0 0 5 0 0 11 0 5 3
Stellaria media 8 0 0 8 8 0 0 0 5 0 0 3

CulS Gppaale o 39505 Lallh culS el el A 5 alld cuiS Gaacale el g el culS Guadile o pAS el CulS (o) 4 Ms g Ma M3 Mz My
Logss yald cuis Gadile b A 5 (allb culS Gradale b g alld cutS Gadile b palS Galb cuiS sy 4 :WMs g WMs WM WM WM, ¢ acale (g0 ML alb
5 Al 5 balste cudtiS” MBly g g bgbre CulS wgou g g babre culiS ML 5 puiS bglbe CuiS g0 g puiS bolswe cutS s g Is s ds do di ¢jpcale b ML allb cuts ¢ pcale

Smcile 58 g Ml g Al 5 byle iS5 3550

* Mi, M2, M3, M4 and Ms: are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM i, WMz, WMs, WM4 and WMs: are
weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; Ii, I, I3, s, Is and Ie: replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.

2 plogl ao )y S Jlein] a3 (S 905l 5l ekl b 5 Sile

I sladle asl 3
Cod e Jlom jppile = elyj ol culd) )5 50 e oSl

A5 (6 S0l jym slachle odgicmw 5 w515 ¢ inlejl opl 5

oalawl b Loodly b duwlors (5ild) 5y slacale g0 2 li o
9 4 Luiloyly 4355 MSTATC ver. 2.1 (1991) ,l5-81 55
Slawslie A oaliwl Excel (2010) Jl8ls 5 5l by S s (glp0
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Fig. 1- The effect of planting pattern on weed density (seed filling of cereals)
* Means containing similar letters are not significantly different at =0.01 by Tukey test.

* M1, M2, Ms, Ma and M are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM i, WMa, WMz, WM4and WM are

weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; I, I, I, I , Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 2- The effect of planting pattern on weed Biomass

* Means containing similar letters are not significantly different at a=0.01 by Tukey test.

*  [Pampling at heading stage of cereals and @ Sampling at seed filling stage of cereals
* M1, M2, Ms, M4 and Ms are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM, WMa, WMz, WMa4and WM are
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weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; I, I, I, I , Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 3- The effect of planting pattern on weed Biomass (Harvest stage)
* Means containing similar letters are not significantly different at 0=0.01 by Tukey test.

* M1, M2, Ms, Ma and M are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM i, WMa, WMz, WMa4and WM are

weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; I, I, I, I , Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 4- The effect of planting pattern on Lolium density

* Means containing similar letters are not significantly different at 0=0.01 by Tukey test.

* M1, M2, Ms, M4 and Ms are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WMi1, WMz, WM3, WMa4and WMs are

weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; I, I, I, I , Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 5- The effect of planting pattern on Lolium height
* Means containing similar letters are not significantly different at a=0.01 by Tukey test.

* M1, M2, Ms, Ms and M are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM i, WMa, WMz, WM4and WM are
weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; Ii, I, Is, 1+, Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 6- The effect of planting pattern on Lolium biomass
* Means containing similar letters are not significantly different at a=0.01 by Tukey test.

* M1, M2, Ms, M4 and Ms are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM1, WMz, WM3, WMa4and WMs are
weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; Ii, I, Is, 1+, Is and Is replacement intercropping treatments of wheat +
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pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Fig. 7- The effect of planting pattern on species diversity
* Means containing similar letters are not significantly different at «=0.01 by Tukey test.

* M1, M2, Ms, Ma and Ms are weed free monocultures of wheat, barley, triticale, pea, faba bean, respectively; WM i, WMa, WMz, WMa4and WM are

weedy monocultures of wheat, barley, triticale, pea, faba bean, respectively; I, I, I, I+ , Is and Is replacement intercropping treatments of wheat +
pea, wheat + faba bean, barley + pea, barley + faba bean, triticale + pea and triticale + faba bean without weed control, respectively.
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Introduction

Several factors affect the crop yield and weeds are among the most important factors reducing crop yields .There are
high tendency to develop alternative methods of herbicides for natural control of weeds in organic products. One of the
alternative methods to manage weeds is intercropping. Intercropping is growing two or more crops simultaneously in a
piece of land during a growing season. The objectives of the present study were to examine the effect of cereal- legume
intercropping on weeds growth.
Materials and Methods

A field experiment was conducted in College of Agriculture of Darab, Shiraz University during 2014-2015. In the
experiment 16 treatments (five weed free monocultures of wheat (M), barley (M>), triticale (M3), pea (Ms), faba bean
(Ms), 5 weedy monocultures of wheat (WM,), barley (WM,), triticale (WM3), pea (WMy), faba bean (WMs), and six
replacement intercropping treatments of wheat + pea (I;), wheat + faba bean (1), barley + pea (I3), barley + faba bean
(Ls), triticale + pea (Is) and triticale + faba bean (Is) without weed control) using a randomized complete block design
(RCBD) with three replicates were studied. Cereals and legumes were planted simultaneously at 23 November 2014.
Planting operation was conducted on both sides of the ridges.

Weed diversity was calculated by Shannon diversity index:

H = —Z ﬁln Ni
- NN

N=Total number of plants in each plot of one square meter, Ni= number of species i plants, S= total number of
species, and H= Shannon diversity index. This index value ranging from zero to five, higher index value, greater
diversity.
Results and Discussion

The results showed that the lowest density and biomass of weeds were obtained in both sole culture and
intercropping of barley. For instance, the lowest weed biomass was observed in monoculture of weedy barley (1 g.m?),
intercropping of barley + faba bean (12.67 g.m?) and intercropping of barley + pea (56 g.nmr?). The weed density at
weed free sole culture of barley (30 plants.m?) was lowest that followed by barley + faba bean intercropping (81 plants
per m2). The lowest species weed diversity was obtained in barley + pea (zero) and weedy barley (0.007), respectively.
The weed diversity of most intercropping treatments was similar or less than that of weedy sole culture. In General, pea
or faba bean monoculture had greatest weeds density and biomass, because slow growth and late seedling
establishment. However, cereals especially barley controlled weeds properly, due to greater growth rate, higher height
and greater density than those of legumes. Intercropping of pea and faba bean with cereals reduced weeds growth and
had lower weeds density and biomass than those of pea and faba bean weedy monocultures. In order to increase of
legume yields, more density of legume should be intercropped with cereals.
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Conclusion

In general, intercropping treatments caused a significant decrease in weeds density and biomass compared to the
legumes monoculture. In this experiment barley and triticale due to good properties such as fast growth, high plant
height and more shading could considerably control weeds in both monoculture and intercropping treatments, reducing
significantly weeds density and biomass in itself sole culture and intercropping treatments. To reduce the weeds growth
in faba bean and pea, which have a poor competitive ability with weeds, intercropping with cereals, especially barley
and triticale, in the south of Fars province is recommended. However, intercropping is one of the ways to reduce weeds
in the long term and its effects on weeds in the long period will be much more.
Acknowledgments

The authors would like to acknowledge the College of Agriculture and Natural Resources of Darab, Shiraz
University, to finance the project and all those who helped us in this project.

Keywords: Barley, Natural control, Species diversity, Triticale, Wheat






Journal of Agroecology
Vol. 10, No. 4, Winter 2019, p. 1135-1148

i

329U (ol por g is
NEB-1FA .o ATAY e F oyloss o als

4.:.'..3: &J‘}A ) ol 3,90 szjjus f"M ‘;hc?bﬂ S:anw-l} Q;:"ijj‘
3tdS Skl (Gossypium herbaceum L.)

55508 g2 e 5 ke el 7Y Gl Lo
WA 13l s b

WAV s 6

(Gossypium herbaceum L.) asy g0 > o3latul 5y50 (5y0liS paous (Jaomo Caunj (bjyl IYAY .z (g59)5 e g ol (oillakw o)y 3)le

IIDO-VVFA () - (s5,5LiS liipgy - ylinls il

2SS

o y oyt g lpis bl Ll el a5 b (Sgll (o0e 1 (Jg cmd o il 1) (clows g ST 5 3L @ ylud pgeus O puas
sy p 5 o 350 BIQ Jso jl oslinwl b |y (Gossypium herbaceum L.) ag; g)l3o > odlitul 350 pyow i &l dlie oyl 55 o0

2S5 e g IS B e o SIS ol Al dus (53 1y 8 e poas e o8 0l (L 3455 () gl sl ol )8
5 (09)5155) ogidgy codlisiol 3,90 (slo (S0t ()3 Cudld 392 (S 5 dpde Sgge layseis ol il Jold o SjglssT i
0oy 4 bgiye L ASile ()3 (dlae)ie (ae Sl cu b (i 390 sl o (ame Sl o pd o i (S (0n95Y) )10298
Sl () adls sg2p (a5 o sine St (ol ey 3Slae 5 b Sl (gl 40350 e o 5 S5 e 2 23 (0365)
Oyl g s 1y (oolaidl s Slos jne cilisee (slaoly 32y 51 a4l A3l s pgous |y o3litl piliue 3)Slas yalj3l & Cuss dne ol
4o pyaw Bpas ol Caz jpn slacile § BT b o))le cilize (2000 Lot 2] 51 (R0l | pgaus laoms Cunyj o5

D g s

leess S S ile Jasma il oy laiS el 1 gl gl

JB 60 e 02l oj)le (sl (LS 5 (Fase dlge Lo 39290
ade poad oalitul (ol dlge yid pg> Sl Si> 9,4
losad sl 5 2539 3,55 5 Sl 5 (e o 5]
Tanacetum coccineum ) pgyS,0 )5 sile LS jl oolatul
3Me VAFe am 53 39 powpe fb (9-5g) 9 0885 (L
g &Y gae 3y Sloe (Il Cungn £98g W fiS0 pia OUED
(et s Chble (8)5 )l 53 (94 (iS55 4 (e
CubliS aaled Cun; bz g gl Codas yy (o y5v0 ul).ubua_e
.(Deihimfard et al., 2007)
Sran g oliord oS edl (ials gl alapad w2
G b e (sloo VT Jlod )3 olioen Lol oy anih Lo
S g ol plin (Sopl o) yo oS ysboas g o ogums
B Lo oo 15 LS (sloslas 5 ST 83 pyms doogty
CoMw g cdligy ;b5 5 ool 5 M i (ppiorad g A8l o

doddo

Jge.y c;l),;"l: Do (oo Cany jlawzs Dyls a7 o lasdorls ja

Jas ol ede 4 55 Bl 85 pgew 9 la iScale )b o] ()
Job 50 g Siame yol opl 1 clonds adlo ol lge
LS Cger > gldl podd plyim bl Sl (am )b
ablie (slabgy I 4 o)lgen i (ieie el ohig o Ll
b 0lg o 3l Ll 0308 gl ylo; 5> Lol 0dgy liadds oyl b

al3T o8 iisly g 5yglsS” oaSitily Hlouisly g (658> (comaild cus 5 4 =Y g )
5,5 s ol

S5 b ol 5 (65 sliS pole oKl ce5y5LiS 0uStily il -
(Email: arefi.reza@yahoo.com : Jgtue stk g —3)
DOI:10.22067/jag.v10i4.61847



WWAY liww F oylods Ve ala (639l (ol pgy &yl R\vd

ol b gl yiSo i 3l ool Jaore G alyblie ;)
h LagiSopin jl (o8 apme canaj bl op it ol
5 obasile (pleys slagliond )3 S 15 (e LS 2 )
0,8 o )35 oyl b 3 iy budS

sla i, 5l (Kromann et al., 2011) 4l,LSea g jlog)S
Solanum tuberosum ) _usycuw 3¢ 1 Bl a5 <o pe
S Ve g Verh saJlo (b gy 5 )90ls8T slaygas s (L.
e (] 4538 03litwl e Cana 3l asls ials
U g% i FOWE PR 3 B C I SEO SO S
ool S8 ISl gy iz 4 e lza 2 2535 ol
&S olie 30 g ¥r dgas )3 g 095 JSlis > asld cpl il i
YYD oy iSlis s ld (pl (g o Co o guly © g &
loriattie et al, ) ol)LSKea 5 SU,el sl 03y olais! 55 4
lblse sl sy s a5 pa3L3 51 55 (2011
Yo bYeoy Jo o (Malus pumila L) cuw oot o
h (e olblse jials Jle g 65,8 oslaul (633
5 Sy beome b 5l (slaggelsiss sl pgans 5l oslind
OHLSKen g i 48 aads ) aidges pMel GBI el); S
dy90 sl iSdl oo cousj oll » (Sande et al., 2011)
2 (Solanum lycopersicum L.) 55,8456 sJg5 cap oalasl
9 dske 0Ll (LS 21y poes b o st 3l plos Ly yglé
i) 3> 55,5 IS S e 5 Lngale 2 5 58
b )3 a4ty B 68 9 4y i )] (EIQ) aeacany; 3l
oy cusS db lis (Mal et al., 2011) 4, San 5 Jbo lows tin
3y o bar e & (55108 capnl s lise s 5, 4y BT
=y ;° (Macharia et al., 2009) )L Sen 5 U)lals .S o
Sl s Mg 53 03l )90 S Sl age Canj
il pasls (1 Sile 5 (e |) paaw (Jare Canj I STLS
OB Syae g as o IS sl 5 YW ) (lame Can
S BT 5 AY i

gl y s > (Bazrgar et al., 2013) o|)\Ken 4 5,4
18 )ais Mg e (slapllas ) Lo S el 318 oo §
Jlad a s 055, oM el BIQ b, 5l edlatwl b lul s olewl )
5 QBRI Bpas dsyio (S sja a1 3)ly (lamecin
o by ISl o)l ke Bl (it 45 59 K581 52
@ rizen g plliipg: o) Chigzge p Jl n SjgleST sj>
4 ac e, il ool ilisl as sl lis udss ol
Cudlis 3)Slae b (slabarly 0550 03le (o8 lade 5 poews £45 Ll
=g j Sl 3l oy p yo (Bues al et., 2004) o )LSan 5 uds.
S b JLEB EIQ ) Ly (555 s 15 L
L S (o )l Conj b ) Ui o piiy L S0y

JLssd 1) tae ldgnge g 60058 pan g deyie 1S, (ol
b Lads lolis, IS 45T 5g35 b .(Whelan et al., 2005) 15,
cslrord poom 4 S j by o (S0l 1 (S ols jolatony
5 OUI 58 sl pge 3)LS 5l 1t 4 6,00 o) S,
s Lol alS o duogi flhlael 5 l550liS 4 L aLS sl gl
3L ML 059 pal ol LT consss coglgl g, oyl Ol pa
Dy 3939 (6559UiS  pgeus amecins; ©yse Il 5yl (slp
poow odlatwl 31 il bl Lb Gua play obcws sy
Levitan et ) 3905 (wyp 3> 4 3> Sjgo 4 1) (olows GBI 2d>
poo—w .(al., 1997; Maud et al., 2001; Levitan, 1997
A ol o g degie ) ool ¢ ybgyd e o) 4 (liesdd
59y (3 aeCuw ) Clbbre olie dlae )0 Llay &g
SleMbl Wy 4 i sl 5l oslatul s lie yound Aimd oo
J_wl)u_a )IH) 90— ‘u_&.) uL‘B9‘ u_ls‘ 9 TJ
.(Peterson & Schleier, 2014; Dushoff et al., 1994 )
$oslil cga glin (oo cunj bl (olos olulis
SeMb &gty diduas b i sl las .l wpo b iScdl
Cygo dy (b o dasme Cungj Ol oled g 039y a8l
Peterson et ) il o)l LB Sluwlre 5 (osgio «dlad Slus,
o1 ol (539l e ol oo (c5lwJde I onlizul b (al., 2014
Sl laieds 90,8 oo |) piuwsST calises (glaciouwd
5y S oali ol (amec sl Sog I jial S e ps
G baxo 1 pgou 3 lise b)) Ca (Holvoet, 2006)
d929 (WIS 8l ame Conyj 13U (a3Ls) 'EIQ pliay (35,
SISy Comb 4 035 (olosd dlgo 5 pgows (e o5 30
9 QLS i B pmn caeyso (LSS 5 1y ol b lie 5 48 o0
Kovach et al.,) a2 o I, 8 )y dy50 dto 0dj Glogsgo
> e Cow Wl Lasls (1992; Kovach et al., 2010
s 50 sl e cMSUie (o yiagee jl (S &S leMbl 598" L
» (Feolaet al., 2011) cewl (g yuSojlisl LB bl o dawes
Brimner et al., 2005; Sikkema et al., ) couwl oa i odlar wl

2007; Deihimfard et al., 2007; Soltani et al., 2007;
{Soltani et al., 2010

5391 o)l3se (Turgut & Erdogan, 2005) 543, 5 5,5

OLSST o a1 o oolial 390 pgows 31 (U oo
a8l e o8 L3505 pMel g 0305 S8 2 3590 |y 45 5
Dgm pd QEAIS Spae 5 as)ie 5L SjglsST i 90
=y ;° (Moien Aldin et al., 2014) )L 5 cpadl e

1- Environmental impact quotient



WYY ldS plowl auy &5l30 50 ooliiuwl 0 )90 (5359l pgomw (Jauxo o b 3,

+(B# P #5)]}/3 (1) doleo

Seoiamnr SY g0 Casouw 1Ce gy Cosom DT (] )5 &8
ety R sl Jormily L n gale (sl cmm F o
Z S5 e dos S (BaSy gly Cuaw D rlaw clals
Ao P g dedgw (LA (sly Conns B e 5555 gl S
Sl 55 Jyayh 53 01 o3lizal 52 yb ol oS o o
OhlSen 5 glsS g gl poo—w )51 Sl e o
b Jlzo yobdy sl 13,5 dwlxe (Kovach et al., 1992)
ol 03035 3591 ¥ 6955 slp M5 ESlale Coomw

Yl a1 > ais cal EIQ jlade <oV pow iScile sly
9 LSSyl > LiSdile ol ey G pan bad cow ol > 4
Sin iy 005 €25 503 il sloyptS 6yl
a5 oolsl o] lisl g JS EIQ lp b iScile bugio polio
3 09y o= 5l ol y56S ol (dly ) e I Y Laxsl a5
ol 0alatwl EIQ 4 wlxo (glyy Lo yimgsy 5l , Kon 3y
«!y— (Bindraban, 2009; Fisher & Tozer, 2009) ¢l
J g a5 <L EIQ jlade (ogitdyn g cn plignd lagiSo i
EIQ polis dule jl yuy b odlil b iSedl polie uile
e @l gl duslie (glp (1SS 1 6550 odlo bl p
EIQ Lol «olsl copie cilises slaasliyp g o iScsl oy
P EIQ polés oy Jols jI (EIQ-FUR) dac )0 5y)LS 75
P Sl e lise 5Ske g Sl y 0550 0dlo 3
coles ,d (Soltani et al., 2010) 15,5 duuslowe diges dsyjo Voo
oy ahy LSS dalise slaiSedl ¢l EIQ-FUR polis
g plai g (gilal o JaoeCan ) 3l e (sl pllss S
L L lged oy g Wodly dy 5o .60 00 goa Bl cuy e o
28,8 Syao JuwSTHli8le 5 5l eolasl

oSy 5 la Sudle a5l o i ¥y
Ol 5> 4y S )3 o3kl 3590 pges 2 3o @S I Jol>
e SIS 52 585 laadlia (dly amd e L3 |y lials
oty 3l Jgaims S G pna Sl oS il 518
aifpe a9 dodgu Shsage doysss (SN olnl (o))
2 55U Lol 4o dw o 55 ol 0 03l Lt g dsnlins Lol
S23sS pis JBAIS S pas 5 S5gsST 2 caeie S
Lo aeje b5 2 31909 abpy sopp VI Ly b (i
byye b cnyiaS 5 (V JS3) cadls )3 (sam 45y )3 20> YV

Dy oMIS Spae o &

Oyl ccal p3Y ((6559LiS )3 paow Byuas 0AL]30 Loy 4y dag
s 3= ol B 0,5 18 ) 3590 o aiorecn
ObdS sl 4y g)l50 53 (B pae pgous (Jae Canj Sl

RTI

sy, 9 3l

&lg M 51 5 2L e (olayod SLbl )3 aty acyje Voo dlaw
Elzo oplas Clsasl AF 9 AV ely; Sl 90y lidS il o
A0Sy 0 1y lsyelsS )l iz ads 48T Bud Gl g yeb
g i) LT o))le cagn Caliss pgows 4 bgspe cleMbl
o £95 e p L iSle 5 (5)lon slag B8 djoslus glaass
b oslaer Bilie cul 3l 3o oole Cale g (Bl Sl
2 odlil 350 (B 5 (IS ile (IS Cl) pyow Slasuis
ol ol &)Y gl

2 o3lil 350 (sla @Sl Jame Cuny Sl 05 sl
odliul (Lo i8Sl Jasecuj Lis) BIQ b9, 5l addllas oyl
Kovach et al., 1992; Kovach et al., 2004; Kovach et .
59 3 39y aec i 15l Lasli g4 9o (al,, 2010
J5SI5e 2 (glyy o5 A8l oo Sl oy b (et
WIS 95 =t o o 53l 9 (AL pyas S5 0l ||
dple dado (bLaty 5 Bayess (B0 dagale (S By
s yze aeann; (asld p 4y (65503 9 Cusl oad 5
pyo—w Spas (lie 5 Sl (Jare Cunj jasla jl a5 Ll o
[(Feolaetal., 2011) x] o Custs as)50 5

40550 GHS oMy ol (1 j2 s (sl BIQ e
S5 SL5sST Gis  cd (F B s 1 ol (¥
S99 4o (60 sbadsgeone pj g jl iy b g Cusl 0ad
= e S1 250 93 51 S oMl gl i 0
=t sl A3l o e )ie L) olS Bk 151 LS
9 OB Bpae (8,5 )15 (oyme ) (i 93 I M B e
e U clagisy | S3dssT sk g gl
odd JSis Ao jbJate (gl 5 baygsj (5 dagale
Oz dw (ol 31 S dulore @l 3 (Soltani, 2010) cul
EIQ Juo colys jo .Canl ouds 4]yl (VAAY) o) Sen 5 zloS" Lawss
Sloae SO g ) leoseciugj @l leMbl degooro
oo 223 o wll odds aiaS Lol o dw p biee glblee & )b
ol 0a 03,91 V adslae d Sl o (olp EIQ Jlade cyuss
.(Stenrod, 2010)

EIQ= {C [(DT #5) (DT P)] + [(C #((S+P)/2) #SY)
HL)] + [(F# R) +(D# ((S+P)/2)# 3) H(Z# P %3)



IWAY Glwo) F ojlasis Ne ala (53,9Lis owlils pgr as piid VYA

(Noorbakhsh et al.,2012) ¢l 51 ybiudS bl ;3 ads Wi 43 o3l 3590 (5l LiSET 4y by o CleMb! - ) Jgu

Table 1- Information on pesticides usedin cotton production in Golestan province of Iran (Noorbakhsh et al.,2012)

P PFES) Span (ko

ol e woges pU &yl @l (o 4) 85590 23k
(=
Number Class Common name Trade Name Effective material (Percent Average consumption
) (kg.ha-")
oS b JeS 28 £l oSlslig
! 75 022
Fungicides Carboxin Vitavax
oS wile odllysla 3 oMy
: 43 1.00
Herbicides Trifluralin Treflan
oS il cllysls Jul g
: 33 0.15
Herbicides Ethelfluralin Sonolan
oS e ol Jite)] = 0gb oS Jla g VI
! 80 0.10
Herbicides Haloxyfop-R methyl ester Gallant sapper
S oyl Oyl 355
: . . 40 0.11
Pesticides Cypermethrin Ripcord
S oy &) LS g )
¢ 15 0.29
Pesticides Indoxacarb Avaunt
S oo sl ] J9iS
7 35 0.33
Pesticides Imidacloprid Confidor
O oy ol Sy
s 1.8 0.16
Pesticides Abamectin Vertimec
OIS oyl Ly oled oMigse
? 20 0.13
Pesticides Acetamiprid Mospilan
S 0> =iy pmg)lS Olwrs®
10 40 0.25
Pesticides Chlorpyrifos-ethyl Dursban
S oy )39 oY
" 80 116
Pesticides Thiodicarb Larvin
S oy oben Jss
2 10 0.45
Pesticides Penpropathrin Danitol
S oyl gl g5
B 35 0.12
Pesticides Endosulfan Thiodan
S oy oS ghamlie S Gamsuolie
a 25 0.27
Pesticides Oxydemeton-methyl Metasystox-R
S 0> oosiidsy 08518
S 50 1027
Pesticides profenofos Covaceron
S oyl dbys g
16 . 85 0.03
Pesticides Carbaryl Sevin




AR

ObalS’ (bl any £ 5150 30 oozl 5550 (5359 pgows (o w3 (3]

QLS asy g 5 |y oad o3l pges Sl £95 s ot ¥ S5

o L e yiSo i 4y bgype EIQ —FUR (y iy dod oo

8 gam ady p laiSdale 5 wib o JS 5l dopd AV 4 AY/YS

slapicSoyio > oo Gy Oyl Gadls e 25

OB UGS G o cas 0 LSS Lol adlis dw o 50 edlitwl 550

Syt & bgyye Sl Gasls IS ke 55 5 Su5lsS1 32
D92 203955 5 (pogitdy

EIQ-FUR
Fungicides

3% ___—Herbicides
i 10%

Pesticides
87%

RS0 g (Sl (ST B pgow 5 Sy ;2 i - UK
dniy g 50 b (gy9lmen (sWrodId Julowi 4y 3o 3l ol
Fig. 2- The share of each of pesticides fungicides,

herbicides and insecticides derived from analysis of data
collected in cotton production

EIQ-FUR Farmworker

a0
35
30
25
20
s
10
s
o
120
100
=0
60
I 40
20
[~ I [~ — o= —
% 5 s & 2 - > &
P e P
&5 & S £ &S 2F¥ & S
A s s & I o e
& @ ¢ F T ¢ &
<& e o » & e
& ool
= &
o

Farmworker
Component
22%

\

\
L Consumer

Component
Ecological 7%
Component
71%

EIQ FUR Juo il Coound j2 e — Y S0
Fig. 1- The contribution of each part of
the model EIQ FUR

 (Bazrgar et al., 2013) ,ISen 4 5,4 a5 Sladss )
OhSen 5 (g 9 lelp il )3 juise Jase Cuj &l
N8 4265y pacw (Jae Caw Wl (Bues et al., 2004)
Sy50 poew (ye D Al Cawd ol gl 4y Ldgy 03l plodl
4 bgye BIQ-FUR (il 3o (nl 3 4y Ay o ooz
o byrpo EIQ-FUR (oS g (095155) (ogitdy . (S0 pui>
e 3t ity IV 31 S Y ) 39 Sl S s
Ol cpgo plow & sl (95158 (s o (Jame o
@ OlygliS i bles gyt (LESa 13 p)S5kS) Bpae i
OSlee (pyidin Wb oo pgows plo 4 Cond oo (ol 51 031k
S0 i 9 (59,515 & barje U )3 2 Sk VYV L B puce
(N Jgiz) 3,0 )18 gam 4y )5 gy

EIC-FILIR
S0
as
Ak
35
30
25
2
15
l 3
H
- N - = o, - _ = - =
_Ff.- ?-crﬂg-“" \§O§Q_‘T?f;c P
g S 1 S
o -é‘Fiq!F’ Sl - \@t’ﬁy\cﬁ o
o &
o

ElIQ-FUR Consumer

a
=
7
&
A
2
1
- H - = - o
a = = S & o > D e
- L e e & &
F & & F F S o 5 S
T & &5 & T G F = S
<% e A
& oo

iy 03lisusl 390 (SBLES AN I S 5 rumo Camj Sl (eSS lao Y U
Fig. 3- Environmental Impact each of pesticides used in cotton
The total environmental impact Quotient (top right) / (cusly caow Yb) 8 Jasme @l ysb jasls e
Environmental influences on the Quotient farm workers (top left) / (cer oo YU) dy50 LS8 o oo Comj sl (asls ke
Environmental influences on the Ecological value (lower right) / ( cuuly caow owb) o391 3 p asme cany @lpsl (el aia
The environmental impact on the consumer (bottom left) / (¢ o b)) 035 G pan o (Jarme Can; @il i



AR

WWAY liww F oylods Ve ala (639l (ol pgy &yl

Jopguo) prdooepuug SOPIONSAJ
L6'E $6'6 8I'1 8L0 98¢ ¥Te 1§ €0 179 80 wo LSO . L
sTrée bty <o 550
JUNBAY qIedexopup SOPIONSa]
L8'T 'S [440] Se0 1Tl LT'T LS'T 601 00 LT0 €10 wo 9
i fFrésmae <o 52
proodry ureurod £ SIS
60T 9LT 91°0 9¢€0 060 09°0 ¥T0 001 SLT <o 900 00 S
(ible ol WD <rfo o0
1oddes jueqen 150 [Ayjow y-doyAXOre soprorqiof
90 $6°0 ¥1°0 620 050 ST°0 LT0 10 900 800 600 0z0 . ; 14
Are K af T g - (o o 0
uB[OU0S ureInf[oy Iy SOPIdIQIOH
9’1 (344 0€'0 L0 ¥L'0 ST°0 00 4! 6€T ST0 <o 90 . €
~aR? ar e Riala
uepalL, urjernjjp SIPIIGIOH
668 90°0T €9C (U4 6€T &'l (U4 Y6'11 870 SI'T wo 85 . 4
O R Riala
XBARJA uxoqIe) soprorsuny
e 6S'L 060 (11 L0T 050 1§ 15T LTO SL'O ST0 91 I
Pl SEs a2 5
Jjuduodwod  juduodwiod Juduodwod $1091J2 $109JJ9 $109JJ9 $109JJ9 FEITN $109JJ0 $109JJ9 SEENE]
ANAd-OiE QWIEN 9pel],  SuWRU UOWIO)) SSE[D)  zoqunN.
[eor30j00q JOWNSU0)  IRjIoMuwiIe  S[eooudg g pug openby  punoin Iownsuo) I  Jojednddy
e ME\MQ 1 .ﬂa«lJ Alsp o corr
|| | PG ) (¢ Kerg? s A H (D ool o e s (¢ e J oq(9 d oo™ 0 (ct
e EROS P D : sl A ! o Kqrogme gV g e a B s

durroad ue)sajon) ur uondnpo.ad w003 ur pasn sApRNsad 10y syuduodwod s)1 pue (Y1 -OIF) Iudnonb joedwr [ejUIWUOIIAUS Y T, -7 d[qe L
6P {- v e (e oxcig” o CaviS) (MNA-01F) € <4157 (0 #(57 ook ok jemmica of e Friv o o @ oo ©



33!

ObundS lowl ady &5130 3 odliuwl 3 )90 (855 o g (shurxe o

1AFY

YXOISASLIDN  [AYIOW-U0IOWIPAX)  sapIon saf
L6y 678 er'l 0g's 1184 86'C 611 0T0 [20) 080 661 1€ 14}
hachuk b s <o 50
uepory ] ugjinsopuy SAPIAN S
LLT (4% 670 I$1 €60 8¢0 el'l S0'1 700 ST0 ST0 91 €1
e |wértm? <o g0
[onueq uugiedorduod  sopronsag
e STL 090 Ly'C €8T w91 67’1 0¢'T 910 340 690 8L'1 i (4}
NeaN &0 Ko< <o g0
uAre] qIedrpory ], SAPIAN S
091 85Ty S99 9991 vIee £e'8 8LT £e'8 06'sy 8LT 8LT 88°¢l 1
R0 g (A <vfo o0
ueqsing [Ay1-sopuAdIoNy)  sapronsag
a4 7901 6£0 9L'1 €T Ly'1 144 Sv'C 010 620 6C0 Ly'1 . 01
e PGt e <o g0
uedso pudmueooy SOPION S
10 731 ST0 81°0 880 40 SE0 €00 [240) <o S0°0 [240) . 6
e (e K <o g0
QUM unodAeqy SopIonsad
[180] 170 100 010 #0°0 700 S00 L00 000 100 200 600 . ) 8
Sy (ecad <vlo 530
juouodwod  juduodwiod  juouodwiod SEENE) [SRENE] SEERE] SEERE) 19)eM SEERE] SEERE) [SRENE]
MDm.Oﬁm AUeN dpel], AUBU UOWLIO)) sse) JIoquInN
[earojoog Iownsuo)  Ioylomuue s[eogoudg  99g pug onenby  punoin rewnsuo)  I1oyorg Jojeonddy
o seg? € ré e
e < e | $6G 4 Lkﬂ HH QST Alae Ao heere (e Koeg® [#4° [P KA el e Kqro grve g e 99 2 a9 57 sk i
COIqe L panunpuo)
fjov =60 {



VAYY

WWAY liww F oylods Ve ala (639l (ol pgy &yl

[BIoL
1€L0T1 LL'LTT 9¢°CC I8'1L 9898 8091 9evy LY'0S 1 1cst SS'LI 9TYs o
Soponsad
9¢€'¢6 L7961 8¢8I L6V9 L1'18 S8'Er 60°'LE Y9ve 0°8s 86°11 LEIT 19°81 <rle o0
SOPIOIQISH
1901 44 %4 90°¢ 1339 £€9°¢ €L°T ILY ceel wT Ly'C £€6°0 oy Elial bk )
soprorgunygj
vee 6S°L w60 11 L0C 0S50 1sC 15T L10 SLO sTo 9Tl a2«
utAes 1Areqie) SopIonsad
£5°0 wl 80°0 1€°0 €50 8€°0 800 €C0 €00 S00 SO0 9T0 91
s 299 Akl
U0I20BA0D) sojougyoxd SOpIonsSag
r0'6v (443t (] 61°6¢ (U4 LT'€T 6C'1T SS81 (44 €19 86 E'ST ST
S50 Hégrie <o s
Jusuodwiod Juouoduiod Jusuodwiod SEERE) SEENE) SEEE) SEENE) BEITN SEENE) SEEE) SERENE)
ANA-O1d TearSojooq peliinbite) IoyIomuIe,] S[eIogoudg o0g pug onenby punoin Iownsuo)  Idrg  Jojeonddy SUWEN SpBLL ey 0 SSED 1oquInN
e < o | SEC s € e R g A e [e1g Korg® Ka0 o (K D el gve Koeed smve (6 o e d o0 9 ok ual (e
S PR ISP £ et eSS = fe v’ KR I (K o s (o s 5 e 99 o q P .
C9Iqe L panunpuoy)

Sjov 6§



VIFY ladS bl ady &)l50 5 ooliciwl 9 50 (55)sLaS pgams shaazo Cams 3 2l 3)

EIQ-FUR

Haloxyfop-R methyl Ethelfluralin

ester

\W
=S
O R N WB WM OO~ OO0

Trifluralin

Ay &30 53 oaliiul 3,90 S LES LS | S b Jawsto Cunng oSl o € JSS
Fig. 4- The environmental effects of herbicides used in cotton fields
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Introduction

Any chemical that enters the environment has destructive effects on it. Herbicides and pesticides are no exceptions as
they are made of chemical materials. Environmental Impact Quotient (EIQ) is a method to assess the impact of
pesticides on the environment, evaluate the pesticides and chemicals involved in nature and their impact on the farm
worker, consumers, and beneficial living organisms. Moien Aldin et al. (2014) assessed the environmental hazards
resulted by the use of insecticides recorded in Iran and reported that the environmental hazards caused by insecticides
per hectare of cultivated land are higher in the provinces of Kerman, Mazandaran, and Golestan compared to those of
other provinces.

Bazrgar et al. (2013) reported that the environmental stresses (such as the application of pesticides) affect three main
components including farm workers, consumers, and ecological components in farming, with its most negative effect
related to the application of pesticides on the ecological component. In addition, the results of this study showed that
increasing the use of pesticides in the field had no relation with yield in terms of the diversity of pesticides and the
quantitative amount of active ingredient. Bues et al. (2004) in the study of the environmental effects of tomato
production using EIQ showed that insecticides had the highest environmental impact. Considering the increasing trend
in the use of pesticides in agriculture, it is necessary to study their environmental impacts. The purpose of this study is
to investigate the environmental impacts of pesticides on cotton fields in Golestan province.

Materials and Methods

A total of 100 cotton fields were selected around the cities of Ali-Abad and Aghghala in Golestan province over two
agricultural years of 2015-2016. These farms were selected such that to include a variety of farmers. Information on
various pesticides was collected from these fields based on pest type (insect, mites, and pathogenic fungi) and
herbicides type of poison, the number of poisoning times, and the concentration of effective material. EIQ has been
used to assess the environmental impacts of pesticides. There are two types of environmental impact indicators. The
first one is the basic environmental impact indicator that is calculated for each molecule of the effective materials of
herbicides as well as their toxic effects on workers, consumers, birds, fishes, birds, bees, and beneficial arthropods. The
second one, called as EIQ-field use rate (EIQ-FUR), is derived from the basic environmental index and the amount of
pesticide use in the field.

Results and Discussion

These coefficients were calculated for the components of effect on the spray-workers, pickers, consumers, applicators,
groundwater, aquatic animals, birds, bees, beneficial organisms as well as the mentioned three components. Among
these components (farm workers, ecological, and consumer's components), the ecological component showed the
maximum impact (71%), with the effect on farm workers (22%) and consumer component (7%) being in the next
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orders. the highest EIQ-FUR is related to the pesticides with a value of 93.33 and 87% of the total, and the herbicides
are in the next rank. The highest EIQ is related to the impact of the pesticides on three main components of farm
workers, consumers, and ecological factors, as well as the total EIQ, was associated with the pesticides of Profenofos
and Thiodicarb. The ecological component consists of four subsets including the impact on the beneficial organisms,
bees, birds, and aquatic animals; with the used toxins having the most impact on beneficial organisms with 38% of total
toxic effects on the main component of ecologic. The highest impact on the main component of farm workers is related
to spray-workers while the most impact on the consumer component is related to the consumer organisms.

Conclusion

The use of pest resistant cultivars, the modification of the chemical composition of pesticides, and the elimination of
hazardous toxins from the list of pesticides, the implementation of winter crop aggression, the destruction of weeds,
deep plowing, winter water, and appropriate drainage are other ways to reduce the use of pesticide and reduce the
environmental costs of agricultural production.

Keywords: Chemical control, Environmental impact factor, Herbicides, Pesticides
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Table 1- Physical and chemical properties of used soil in the experimental location (0-30 cm depth)

Slooguas Jlaie
Propertice Amount
Conductivity (ds/m) 1.19
PH 7.9
Self-neutralizing material (%) 9.8
Organic carbon (%) 0.68
Total nitrogen (%) 0.07
Auvailable phosphorus (mg/kg) 134
Auvailable potassium (mg/kg) 356
Clay (%) 15
Silt (%) 64
Sandy (%) 21
Soil texture Silty loam
Bulk density 1.30
2 pBy gilwalil Jlw g Ohogas ¥ Joua
Table2- Properties and release year of barely cultivars
5 P> dwg el 39500 Ipvo plu,  Cwd oS P
Cultivar Khoram  Yousef Mahour Nimrouz  Sahra Ryhan Dasht  Torkaman
sibodlil JLo 2011 2010 2009 2008 2003 1994 1993 1992
Release year
iy Cdy Sl
Number)row" p)er spike 6 2 ° ® 2 ®
(ecstle) €65 95 121 100 102 99 102 97 122

Height (cm)
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Fig. 1- Maximum and minimum mean temperature and
total precipitation of barely during growing season

2- Nitrogen utilization efficiency
3- Aboveground N at harvest

4- Nitrogen uptake efficiency

5- Nitrogen use efficiency

6- Grain protein content
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TAN= (N + Ns + Nir) (V) alslss
Nm= OM x 0.0002 (¥) alsles
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Table 1- Analysis of variance (mean square) of yield, nitrogen use efficiency and related traits in barely cultivars

Mean square Ol o (35beo

Ol gle 0] 42y NHI NUE NUtE NUpE GP GNC GY
SOV Df
<
B|O9:;k 3 8.40ns 0.22ns 29.59ns 0.08* 11.46** 4.37ns 406.38ns
pﬁ_) 7 389.75**  38.79** 157.48** 0.04* 2.87* 19.57**  71669.58**
Cultivar
ks 21 17.92 161 11.73 0.24 1.67 1.44 2983.76
Error
“"“SV“”‘” - 21.07 18.19 30.09 23.07 11.99 20.14 18.19

hS NUE (59555 Gla ol NUGE (a5 bas ol NUE il 5,Slae :GY L ls gze pie g o ps 6 g gy Jloso] gaws j3 )b sime o s NS g s it

Ojey Cubly adls NHI als 9y GP by Oiars e :GNC (59 Byas

* significant at 0.05 probability level; ** significant at 0.01 probability level, ns: not significant, grain yield (GY), nitrogen utilization
efficiency (NU(E), nitrogen uptake efficiency (NUpE), nitrogen use efficiency (NUE), grain nitrogen concentration, grain protein

concentration (GPC), nitrogen harvest index (NHI).
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Table 4- Means of yield, nitrogen use efficiency and related traits in barely cultivars

Treatment ,loy NHI NUE NUtE NUpE GP GNC GY
Torkaman .S 12.37 21.15 6.43 0.71 11.46 3.64 184.87
Dasht c.uss 13.04 23.64 6.32 0.79 11.95 4.29 206.60
Reyhan |, 16.82 3171 10.25 0.65 9.86 4.64 277.13
Sahra | oes 16.99 35.46 9.99 0.80 10.65 5.61 309.93
NImMroz ;g 30.88 46.59 19.04 0.51 9.33 6.62 407.20
Mahour ,gale 19.34 29.68 10.86 0.58 10.61 4.76 259.40
Yosef cawgs 17.07 31.78 8.87 0.74 11.07 541 277.73
Khoram ¢, 41.72 69.01 24.42 0.63 10.27 10.79 603.11
Mean ke 20.09 34.36 11.38 0.67 10.78 5.48 300.29
LSDo.os 6.18 9.09 4.10 0.23 1.89 1.75 79.72

(25 2 p5) oiars wle 2l NUE (o5 1 £)5) 3ot Jess 2L NUE (o5 2 p5) 05asis Spae 25 NUE (309) (5950 el pasls :NHI
{grore 3 p5) &> 3,8kos :GY 5 (25 2 p.5) &b (g e :OGNC fs03) &l (559 :GP

Nitrogen harvest index (NHI; %), Nitrogen use efficiency (NUE; gg™), Nitrogen utilization efficiency (NUE; gg?), Nitrogen uptake
efficiency (NUpE; gg), grain protein concentration (GPC ;%), Grain nitrogen concentration (GNC, gg™) and Grain yield (GY; gm™).
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Fig. 2- (A) Relationships between nitrogen use efficiency (g.g™!) and grain yield (g.m?); (B) Relationships between nitrogen

use efficiency (g.g™!) and nitrogen uptake efficiency (g.g); (C) Relationships between nitrogen use efficiency (g.g™!) and
nitrogen utilization efficiency (g.g!); (D) Relationships between grain yield (g.m?) and grain protein percent
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Table 5- Correlation of yield, nitrogen use efficiency and related traits in barely cultivars

uLw GNC NHI GP NUtE NUpE NUE GY
Traits
GNC 1
NHI 0.80** 1
GP 0.006 -0.416* 1
NULE .0.64** 0.953** 0.636** 1
NUpE 0.127 -0.435** 0.733** -0.567** 1
NUE 0.910** 0.923** -0.376* 0.945** -0.176 1
GY 0.911** 0.922** -0.376* 0.878** -0.175 1.000* 1

Juie GNC (p5 2 £)5) jssie Byas 2L NUE (o5 5 p5) 0ioss i oL NUGE (65 52 p.5) 0o Jets 2l)8 NUE (g0 0 3 p.5) il 5Skes :GY

(3253) 039y iy sl NHI (a03) &> (550 1GP (o5 0 p5) &b 0o
Grain yield (GY; gm™), nitrogen utilization efficiency (NUE; gg™), nitrogen uptake efficiency (NUpE; gg?), nitrogen use efficiency (NUE; gg™?),
grain nitrogen concentration (gg™), grain protein concentration (GPC;%), nitrogen harvest index (NHI; %),
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Introduction

Among all the fertilizers applied in the field, nitrogen (N) is the most important element for plant growth, plant
productivity and grain quality. It is important to define the complex trait of nitrogen-use efficiency (NUE) before
considering its improvement through breeding and N management strategies. NUE defined as grain dry matter yield per
unit of available N (from the soil and/or fertilizer) divided it into two components, including (i) N-uptake efficiency
(crop N uptake/N available; UPE) and (ii) N-utilization efficiency (grain dry matter yield/crop N uptake; UTE). N
utilization efficiency (UTE) divided into two components, including harvest index (HI) and biomass production
efficiency (BPE). Nitrogen utilization efficiency comprises harvest index (HI) and biomass production efficiency
(BPE). The objective of this study was to determine the significance and magnitude of variation in N content, NUE,
NUpE, NULE, and grain protein concentration among diverse barely genotypes in years of release. Specifically, we
wanted to determine if there was a positive correlation between these factors and grain yield.

Materials and Methods

This field experiment was conducted under optimal condition, at the Gonbad University of Agricultural Sciences
Research Farm, during the growing seasons of 2014-2015. The eight cultivars were sown in a randomized complete
block design with four replications. Plots consisted of 5 rows with 5 m long and 0.20 m apart. Seeding rate was
calculated for each cultivar using percentage germination and 1000-seed weight to achieve a density of 270 plant m™.
Plant samples were separated in two components at anthesis (leaf + culm and chaff-flowered spikes) and three
components at maturity [leaf + culm, chaff (rachis, glumes, awns), and grain]. Samples were dried at 70°C for 3 d and
dry matter (DM) were weighed. N content of the plant parts was measured using a modified version of the Kjeldahl
procedure. At harvest, a 1.5 m? portions at the center of each wheat plot was sampled to determine their biomass and
harvest index. Statistical analysis was carried out using the SAS software package. Differences among the treatments
were evaluated with the least significant difference (LSD).

Results and Discussion

Analysis of variance for grain yield, NUE, NUtE and NHI traits showed that cultivars had significant differences in
%1 level while protein percent and NUpE was significant in %5 levels. Nitrogen use efficiency ranged from 4.30 to
14.13 g m?, depending on cultivar. Low yielding cultivars had the lowest NUE values. Average value for NUE was
6.99 g m?2. Relationships between NUE measurements with NUtE and NUpE were evaluated by linear regression.
There was a strong and statistically significant relationship between NUE with NUtE and NUpE for all barely cultivars.
Grain yield ranged from 184.87 to 603.11 gr m™2. Grain yield positively correlated with NUE and a negatively
correlated with grain protein concentration.

Conclusion
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The results revealed that during breeding activities for barely yield improvement, NUE and nitrogen utilization
efficiency (NUtE) were increased; while there was no changes for nitrogen uptake efficiency (NUpE). Because NUE
divided into two components of NUtE and NUpE, most of the breeding effects on NUE were associated with change in
nitrogen utilization efficiency (NUtE). It seems that during year of release of barely cultivars no changes was observed
for improvement of protein concentration. It appears that in studied cultivars, grain harvest index increased more
rapidly than nitrogen harvest index which means no changes or decline of grain protein percent.

Keywords: Grain protein concentration, Nitrogen uptake efficiency, Nitrogen use efficiency, Nitrogen utilization
efficiency
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1- The second generation earth system model
2- Statistical down scaling model
3- Coupled global climate model


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=6&cad=rja&uact=8&ved=0ahUKEwjU4ezjgKfXAhXRjKQKHaTLDvIQtwIITjAF&url=https%3A%2F%2Fwww.youtube.com%2Fwatch%3Fv%3D7sNEiVdkghI&usg=AOvVaw3xlQ30MUsY2h6LCaJtr8E_
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwi88-7Bh6fXAhWDPRoKHRd2BcYQFggmMAA&url=https%3A%2F%2Fwww.ipcc.ch%2Freport%2Far5%2F&usg=AOvVaw1lJv66ooHbiskY7W_ToeuB

VPO lol-og cubd (55,0bas Gidy 30 T & pan 5l 5 o 505 2 maldl il Sl gy 2

(IPCC, 2014) RCP Cg b s S509-) Join
Table 1- RCP climate change scenario (IPCC, 2014)
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1- International commission on irrigation and drainage (ICID)
2- Food and agricultural organization (FAO)
3- American society of civil engineers (ASCE)
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1- Evapotranspiration-precipitation ratio
2- Maximum deficit
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precipitation and sunshine for base period in Yazd synoptic station
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Introduction

Water is a scarce resource in the Middle East region and climate change is expected to exacerbate this situation.
Developing countries are vulnerable to these changes, primarily due to their limited adaptive capacities in dealing with
extreme events. Therefore, investigation of this phenomenon will be very crucial in such areas. In the past decades,
water shortage in Yazd province which is located in arid regions of Iran has resulted in transferring the water from
Isfahan. But recently, due to increasing in water demand, inadequacy of this project clearly has felt. Evapotranspiration
and agricultural water requirements are two crucial issues of this area which affected by climate change. Thus,
considering climate change projections and future agricultural water requirements is necessary to determine water stress
risks in the study area, Hence, this study aims to answer the following research questions:

1. Currently, how much irrigation water do we need in the Yazd-Ardakan region?

2. How does future climate change impact future irrigation requirements?

3. How does future climate change influence sustainability of the agricultural water consumption?

Materials and Methods

The data used in this analysis represented into two time periods, including (i) present (values for the period 1971-2005),
and (ii) future, called year 2070 (values for the period 2021-2070). To evaluate future climate changes, daily climate
data from Yazd Synoptic station for 1971-2005 period have been used. Data, including precipitation, maximum and
minimum temperatures and sunshine hours. To investigate the climate changes of Yazd-Ardakan plain in the future
period of 2021-2070, RCP 4.5 scenario has been used through SDSM 4.2.9 software. The effect of climate change on
reference evapotranspiration and agricultural water needs were estimated. Crop evapotranspiration and irrigation
requirements for two periods, were estimated following the standard procedure described in the FAO Irrigation and
Drainage Paper 56 (UN-FAOQ, 2007) and CROPWAT software. Two indices considered to evaluate the sustainability of
the agricultural water consumption in the study area. These indices including the ratio of evapotranspiration to the
precipitation (EPR) and the ratio of maximum agricultural water deficit to the amount of agricultural water need as
deficit index (MD). These indices estimated under present and future climatic conditions. To evaluate the amount of
water used for main agricultural products, questionnaires were completed in the area.

Results and Discussion

The results of statistical validation of the predicted values, showed no significant differences between historical and
predicted values of precipitation, maximum and minimum temperatures and sunshine. Therefore, suitability of LARS-
WG model to simulate climatic data of the study area is confirmed. Investigation of the precipitation in the Yazd station
showed that in spring season, precipitation will be declining and in autumn will be increasing. In other words, the
distribution of precipitation in the future will have significant changes and as winter precipitation decreases the spring
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precipitation will have increasing trend. Results showed that monthly minimum and maximum temperature will
increase in almost all months. Results of estimating agricultural water requirements showed that due to higher
temperature, reference evapotranspiration, crop evapotranspiration and irrigation requirements will be increased up to
4% under climate change conditions. The EPR and MD indexes will increase by 24% and 13% respectively. The results
revealed the imbalance between agricultural water use and the precipitation in the study area. In the other hand, results
of the questionnaires showed that, the water used in irrigated agricultural areas is not in accordance with the
requirements of products and therefore leads to water stress and, consequently, yield reduction of products. Therefore,
in these conditions, appropriate management strategies and planning should be implemented to ensure the sustainability
of water resources in the Yazd-Ardakan plain.

Conclusion

This work focused on the climate change impact on cultivated area in the Yazd-Ardakan plain considering the possible
alterations of crop evapotranspiration and irrigation requirements. According to this study by increasing in maximum
temperature in the future, water needs of agricultural section will grow significantly. Therefore, planners and authorities
should consider this fact for the future water resources allocation and strategies.

Keywords: CROPWAT software, Evapotranspiration, RCP 4.5scenario, SDSM model
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Fig. 1- Location of the study region Golestan Province within Iran (left) and the geographical distribution of the 540 survey
sites within Golestan Province (right)
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Fig. 2- Long-term (1991-2012) average of monthly minimum temperature (white circles), maximum temperature (black
circles), precipitation (black bars) and solar insolation (stripe bars) of Golestan Province
The error bars show the deviations over six different weather stations across the province. The horizontal arrow indicates the growing
period of wheat.
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Fig. 3- Cumulative frequency (%) of (a) irrigated and (b) rainfed wheat fields area in Golestan Province
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Fig. 4- Cultivated area (%) of previous crop in (a) irrigated and (b) rainfed wheat farms of Golestan province
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Fig. 5- Average yield comparison according to previous crop of (a) irrigated and (b) rainfed for wheat fields in Golestan

province
The error bars show the standard error (SE) over fields.
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Fig. 7- Cumulative frequency (%) of disk use times in (a) irrigated and (b) rainfed wheat of Golestan Province
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Fig 9- Average yield comparison different ways cultivation of (a) irrigated and (b) rainfed wheat fields in Golestan province
The error bars show the standard error (SE) over fields.
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Fig. 10- Cumulative frequency (%) of seed amount in (a) irrigated and (b) rainfed wheat of Golestan Province
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Fig. 13- Cumulative frequency (%) of cultural date in (a) irrigated and (b) rainfed wheat of Golestan Province
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Fig 18- Average yield comparison of wheat in different methods irrigation
The error bars show the standard error (SE) over fields.
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IVAY Lo oF o)lods Ve ol (65)9LiS (cwlidh pgo 4y p25 ARRYAS

100 |
- 80
=
<
.
=
=1
2 oy
=
&
E=
i
=
Z 40
g
=
=
-~
o
20
a) hirigated
0 . . .
0 1 2 3 4 s &
Harvest date
(1=1-10May; 5=10-20.June)
100 |
P
-}
2
<
.
=
=
S @
=
e
=
@
=
T 40
=
=
=
-~
&}
20 4
b) Rainfed
0 . : . .
0 1 2 3 4 E 3

Harvest date
(1=1-10May; 5=10-20 June)

ObwdS Ll 45 pad (<) 3 @‘ (<) PNS CwilS FyU oo (Flglyd duo 3 -TY S
Fig. 22- Cumulative frequency (%) of harvest date in (a) irrigated and (b) rainfed wheat of Golestan Province
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Introduction

Documentation is a fundamental and basic step to improve each productive process, which unfortunately does not have
a significant place in the agricultural section of Iran. Production process management in agricultural systems have a
direct effect on yield, productivity, input use efficiency, energy consumption and the environmental impact of
production. Therefore, the need of monitoring and improving the processes leading to the production of agricultural
products is inevitable in order to reduce the challenges associated with farm management in agricultural systems. The
first and essential step in improving such process is achievement to the specific and integrated vision on how the
activities carry out in current situation, so called process documentation. Documenting the production process in
agriculture includes providing all information and activities that shows the course of production from seedbed
preparation stage to harvest stage. Depending on weather conditions, Golestan, together with Fars, Khuzestan,
Kurdistan and Kermanshah, has been one of the most wheat producing provinces in the country in most years (Bureau
of Statistics and Information Technology).

Materials and Methods

This study was conducted in the province of Golestan, in the north of the country, which is located between 36°30 ' N—
38°8' N and 53°51’ E-56°22' E. Among the crops in the province of Golestan, autumn wheat has the highest growing
area, usually grown from the end of November to the end of December, with an average temperature of 14.5 °C and a
total rainfall of 420 mm, and harvested during June. In this study, in order to utilize this method to improve wheat
production in both irrigated and rainfed systems of Golestan province, all management operations performed from
seedbed preparation stage to harvest stage were recorded on 540 farms with different management. Proportions that
farmers applying different method of the management operations were determined through relative and cumulative
frequency distribution. In this investigation, the variations and methods of doing each management operation were
identified. The cumulative or relative frequency distribution was used to analyze the data.

Results and Discussion

Documentation results show that the average area of irrigated farms was more than rainfed farms. Most of irrigated
farms were cultivated by two summer crops including soybean and rice before sowing wheat. Most of rainfed farms had
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no summer crop but they were cultivated by wheat and barley in the previous year of sowing wheat. Most of producers
of irrigated and rainfed wheat have used the moldboard and disks as a primary tillage. In addition, the most type of
equipment which used in cultivation of wheat in both systems was grain drill. Morvarid cultivar was the dominant
cultivar which used in both irrigated and rainfed wheat systems. Applying more seed rate and extended sowing window
in rainfed system comparing with irrigated system were another results of this survey. Half of farmers have used at least
95 and 70 kg Nitrogen fertilizer in the irrigated and rainfed investigated farms, respectively. In both systems, Geranstar
and Topic were the most used herbicides, Tilt was the most used fungicide and Diazinon was the most used pesticide.
Farmers preferred to use of conventional irrigation for their farms. The harvesting time of wheat was ranged from the
early May to middle of June. The average yield of irrigated wheat was 3845 kg.ha! and more than rainfed wheat with
3145 kg.ha'.

Conclusion

The results of this survey provide a broad vision of sub-processes of wheat production in irrigated and rainfed systems
and specification of the exact amount and time of using inputs into production process which could allow a holistic
assessment of Golestan province with respect to environmental, economic and sociological perspectives.
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Table 1- Statistics of monthly precipitation during the growing season of 2014-2015 in the Rawansar district (reference:
Meteorological Organization of Kermanshah)

Jw 35908 Cudwd)l BbE 5 By e e oYl S &2 RIS
Year Mar .- Apr.- May- Jun.- Jul.- Aug.- Sep.- Oct.- Nov.- Dec.- Jan.- Feb.-
Apr. May Jun.  Jul.  Aug. Sep. Oct. Nov. Dec. Jan. Feb.  Mar.

2014-15 177 10.5 4.7 0 0 0 55.2 534 53.7 18.7 324 4938
2015-16  57.6 13.3 0.6 0 0 3.9 315 68.6 58.5 57.8 899 944

o5t a4 L iblgo oSl G ol s 53 (o)
slazel Jlaisl g oliysbiS b lisl ol | calis w55 5o
ol Lol g Lakig) ool «¥lghs & sl 3 8o 3
S olssl aisd
dils b 5,5lS L anlas plosl L izl tolol plosl 5 L3
By CoitS 03 3956 Jlw o] p3 390 )8 4 e l5e cadhaio
Lo il (She 233l adsjo 53 (b (g D (Lol
3 83)lg0 «(5yl3 yrdiged plosil I 8 dalllas 350 dilaie (g5)5liS
i sbile o315 udlS 5l LS gli0 0)le b g 03l w5l Jued

Loy e Jud 5l (aldlyie Cumdgo ol Cusbyo 5 (5555liS
o sly el 3les Olsal a oS g 4yl Geal_ﬁ S
L u»;l_oj Q_il L CeS ()9_70 WA dL‘z’Qﬁ"}) d)bﬁd.}yw'
S o scalue b elyj blud )0 533 2956 sy 50 AD bl
90 5l GleMbl cuns cus adllae (pl 4o .0 pbol [l can b
g asjo y b colo ol5)sliS kg ab iy eSS (Al o)

O wbio jyslis gl VY )l adllas 5)50 (slalins,

A 5 0392 (85l JBLio o stge o J (55,508 Jib 5 03
9 S)bymdd pie 4 i bbb (5yg el 4 Joade )0
sl 0als pasude (L) (H8ly ke diwg) (LS (giledz LSy
LS i Sl Gl (3] ger (oo Bpe il Jlacal b
S 3l a8 o B (5550 9 0 S sS 4S 39500 3591
29lome 5 Liwgy dw ool (ol bl o jiSe Cuny U S
O —iades 5 04 CudS 50 Cyguo & 1S &S Wlowds #8ly 508
(Triticum aestivum L.) v 9 ol paS Jolis oly; lals
lasl @) (Hordeum vulgare L.) b s cpd 3450
gl e ame (5T LA Jlide 4y 4 (Zea mays L)
U 4 (Citrullus lanatus (Thunb.) Matsum. & Nakai) s
adllas dyg0 (slaliwg, o bo .ausb e (Cucumis melo L.)
ol adls Wiz 5 (o )3 (had ©go &) g 0)8 wlidgy olis 35
A 5l s ((sogad g0 4 dils 5 (STl ddls an) Bree
slaliwgy a5 b )3 ol S 5l JB 1545)5 sliwg) «igSus
OS5l goliay oS win e it diSiw gy Y g #yeu



yay QL».M) A o)Lm:B ADRVES ‘55,,L.:.S‘5...;L;..:a oy d.v)..fu \Y.?

Aoy dloye 53 (G pdiged b g pgd (i5u 3 (V9 ¥ Jgha) 43 1) S & bgpe oM S talojl gl i 5

ae)30 AD (sl (500 V) IS i bawgi 0950 Sujelsn b b9y oSl )5 (sipS e Lhyy deyie (29l bl Jold

Coluws 4y gl inccwls j oalaiwl b g cud 5,Sles cadllas 350 cailbdp gyl gy sladde Copie (o) £g5 «udlS BS15 sl
Wb 0313 ress A0 ol cobins dlyw maw (o Jolds (eloiz] Jalge oieen

Cd g Goslann 5ol 3l dsliun yy B 3 Liwg) pb 5 5y5LiS

o 3990 3955 £5l30 51 S B 4 g pe (b Aol JuoST 5l ol (o815 S pte Jolge Y Jgua
Table 2- Agronomic management factor extracted from each chickpea studied field Questionnaires

15 o e Jolgs Olonsgi

Agronomic management factors Description

S5y B Sllos oo Dlee b —lee 9 5k

Tillage date Fall and spring- Spring

Sowing date Mid March- Early April

cubls o, O3 o2 )5 @y 3l edlaal = bloied

Sowing method Hand spreading- Corn row crop planter
A4S Jore S ) and = (e 355

Source of seeds Self consumption, or preparation of the wholesaler
2 by T — e

Seed varieties Local- Bivanij

oL B pan b ke 30 or 45

Seed rate (kg.ha?)

e slacile boj)le J5S pae =S

Weed management Control- Without control

il o 23l 5 55 blgl ol 3yl

Harvesting date Mid June- Late June- Mid July

(3956 — g2 —3556 —paiS) Jgazme 4w b 3556 —paiS) Joazme 93 gl
Tow crop rotation (Wheat- chickpea) and three crop rotation
(wheat- chickpea- barley - chickpea)

=hi wals
Crop rotation

VA g 03)95 o5 o 53 o g 35k )3 wb cdeyja OY b sl olo (323,98 Jol dass g olo tidul pgd dess (b o)lag w3 g olo 531 Jgl dess g bl olo (o 0l w3 -
B 03] o3 o 53 S J 4s) e
g1 0lo (135958 Jgl daws (gloj ol y3 asyie OY g ole Widwl ped deg yd as)je YF CllS Fu b Y
1- The autumn tillage was done during the second half of October to entire November and the spring tillage was done
during the March to the first half of April. 57 farms were plowed both in the fall and spring, and 28 fields were plowed
only in the spring.
2- Planting date of 34 fields was in the mid-March and 51 fields in early April.
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Table 3- Social factor extracted from owner of each chickpea studied field Questionnaires

Sl Jolgs Olbrsyl

Social factors Descriptions

(Jo) 55908 als gy Age groups, 20 to 39, 40 to 49, 50 to 59 and 60 and above
Farmer age and experience

Education level
(LSe) (ol colus
Area of field of the farmers

by, oY g EMysd g 03)S
Villages

Iliterate, elementary, middle, high school, bachelor and above
1t02,2t03,3t04,4to5,5t06and6to7

Kordevand, Shoorbolagh and Lachin

Sl ial38l b sy po Hlaiay sl L |y (o)l pme cogles (LS
SO wile i oo dilg 0)la g sl 2 &5 (55 lacdle w3l
ol opa—d o (Carthamus oxyacantha M.Bieb.) _i>s

FJ8 U ol 5lae s suls Jad > (Glycyrrhiza glabra L.)
Slgo Cls a e (0 by eyl ASlodd juw 5 0ddiles cullS
ol 5155 el 4Bl ialS ia slacale by cogby g oli
Sl Gialidl el ccisls 5l L8 pous wledy jials &S cul
4 (Phaseolus vulgaris L.) Lug) 5,Sdae jials 5 5,0 slacale
Velykis & Satkus, ) 53,5 o Lo ;o j» slacale ade >
(2010
ol @alae cuilS go,b 9 5l Jols (slaosls :eudlS &y,
bowlgl o cciS U aiunlie p olo sidwl Blgl 3 cuss” a8” wial
g YADIY oy ) cudld olypad &y 1y (g iy 3 ySlas olo (13398
2 ey gl 392wy oo ey (JUSa ) oS 5LS VIF/Y
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cublS oyl 09Me (Hajjarpoor et al., 2016) 29 39506 5 )Shas
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Ol 93,5 5y glacide L oy 0 ol sy 4 p2cie 0lS
4y e o pLKe 395 cuslS & cusly Lo (Lenssen, 2008)
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1- Independent samples T-test
2- Standard error
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Table 4- Impact of the studied agronomic factors on the yield of chickpea

pres &5l sy Olagyo (piilio Jlosal

Variable df Mean of squares P value
$ir9SB Slles oo
Tillage date 1 43210 0.001
cuslS o)l
Sowing date 1 5262 0.002
cdls” b,
Sowing method 1 38113 0.001
b Agd e
Source of seeds 1 2201 0.133
)‘:\‘.' Pé)
Seed varieties 1 31184 0.325
0 (B puan FRUBIAYA
Seed rate 1 36086 0.001
s sladdle b oj)le
Weed management 1 25583 0.00
&:A.A:'JI-)){ (’:Q)LJ
Harvesting date 2 6443 0.025
o 1 308 0.63

Crop rotation
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Fig. 1- The effect of harvesting date on the yield of chickpea
Vertical bars indicate Standard Error. In case of overlapping of Standard Error, the differences will not be significant.
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Table 5- Impact of the studied social variables on the yield of chickpea

o L ETSY) Oley yo (pRibo Jlosa !

Variable df Mean of square P value

(JWo) 559LsS ablos g oo

Farmer age and experience 5 2238 0.023

5y9bi Slgus

Farmer education level 4 3061 0.011

(i) ool)) colue

Avrea of field of the farmers 7 1049 0.38
lbus

NP & 9) 2 14239 0,001

Studied village
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Fig. 2- The effect of farmer experience on the yield of chickpea
Vertical bars indicate Standard Error. In case of overlapping of Standard Error, the differences will not be significant.

Chickpea seed yield (kg.ha'!)
2

295 A
290
285
275
270
265
260
255 A T T T T

Illiterate Elementary Middle

High school Bachelor
and above

Education level
295 3 ok g 359Ul dgw ylime 1 =Y UK
Dgr dinlyss ) dxe ciglis lae (glad Sligean &ygo  waiilb o (Standard error) jlxe slas ssms i bagysiw (59, » ($3908 (slodko

Fig. 3- The effect of farmer education level on the yield of chickpea
Vertical bars indicate Standard Error. In case of overlapping of Standard Error, the differences will not be significant.
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Introduction

Yield of chickpea (Cicer arietinum L.) as the most important bean crops of Iran affected by various factors,
including tillage for soil preparationsowing date, sowing method, sowing density, the type of crop varieties, crop
rotation, management of pests, diseases and weeds, harvesting date, as well as social factors such as experience,
education level of farmers and agricultural facilities. In order to assess the impact of common various factors on
chickpea yield production, the study was conducted as field survey in Sanjabi rural district, Kermanshah, Iran. In this
study, we tried to consider the most important agronomic and social factors affecting yield production of pea in the
study area.

Materials and Methods

An experimental survey was conducted in three villages located in Sanjabi Rural district in the Kermanshah
province in 2015 with a sampling of 85 chickpea fields. Data collection was done by two ways including completing the
questionnaire by farmers and direct sampling of the farm. Information extracted from the questionnaire covers tillage,
sowing date, sowing method, seed rate, seed varieties, crop rotation, weed management, harvesting date, and also social
factor including experience, education level and the area of land owned by farmers, and village type. Sampling of farms
was done randomly in six points of each farm using quadrate size 1m*1m and yield of chickpea were recorded.

Results and Discussion

The results showed that applying twice tillage before planting, using mechanized sowing techniques, weed
management and selection of appropriate planting and harvesting date significantly increased the yield of chickpea in
the study area. Accordingly, twice plowing in winter and before sowing in comparison with once plowing before
sowing, with the average yield of 277.2 and 227.7 kg.ha™%, respectively , sowing in March in comparison with April, the
average yield of 285.2 and 244.3 kg.ha'l, respectively , mechanized sowing in comparison with hand spreading sowing,
with the average yield of 287.2 and 245.2 kg.ha, respectively, seed rate of 45 in comparison with 35 kg.ha! for
sowing, with the average yield of 277.6 and 235.5 kg.ha, respectively, mechanical weed control in comparison with
without weed control with the average yield of 298.8 and 248.7 kg.ha™l, respectively, and harvesting date in late June
(297.3 kg.ha?) in comparison with harvesting date in mid-June and mid-July (275.5 and 258.5 kg.ha™* , respectively)
had significant differences in average grain yield of chickpea. In addition, two social factors of experience of farmers
and education level are important factors in increasing crop yield. So, enhancing the experience of farmers resulted in
high chickpea yield. Thus, that the highest and lowest chickpea yield was observed in the farms belonging to farmers
over the age of 60 years and farmers aged 20 to 30 years, respectively. Farmers with high and low educational level

1, 2 and 3- Graduate student, Assistant Professor and Associate Professor, Department of Plant Production and
Genetics, Razi University, Kermanshah, Iran, respectively.
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harvested more grain yield of chickpea compared to the farmers with mean educational level as well. . It seems that lack
of farmers with average education level to agricultural activities is the reason of it. Moreover, the results showed that
the village residence status had significant effects on chickpea yield. Residence in village with increasing the
probability of the farmer's attention, led to an increase in the chickpea yield.

Conclusion

This data would be helpful in understanding the effective agronomic activities and the farmer’s attributes on
chickpea yield in the studied area. Evaluation the crop production using real information of the fields could lead to
increase the awareness of managers and thus taking proper decisions.
Keywords: Chickpea production, Crop Management, Farmer characteristics, Field survey
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Table 1- Meteorological data of Ardabil station in cold
months during the experiment

ol Jw 39y dlaxs b glao Jélas
Month Years Olswsy Absolute min.
Freezing temp (°C)
days No.
JN 2014 18 -5.8
November ~ 2015 22 -10
ol 2014 18 -13.8
December 2015 21 -11
a9l 2015 21 -8.8
January 2016 26 '16
498 2015 26 -18.8
February 2016 14 -13.2

Ghani et ) xil jwsbad o cuis cus Bjle 455 Wl oo
5 V3,5l g ) sl (6,505 adllas 3 .(al., 2008
ma5sS 9 )5 )8 (bl )50 4S5 e GLAS 3 g (il
Thymus ) ;—isgl =45 9 (Sedum spuriun Bieb.) pgsu (sl
Acaretal., ) Bu s byme cowlio sladisS lgicay (Praecox
o5 by oS 45sS Ve ()5l (6,503 adllas 5> (2001
slaShy Clogas (S opje cilise sblio 4 (b0 Co>
039 <S5y gaw (S 3las by s Eld5] A5ke (S05gds8 e
Sisle b o SRy 9 ol (pojliel g S5 SiS 5036
lodisS 5 ab gySeflasl Judg S 9 lan oliwe (i o]
LSSl ((Carpobroyus  acinaciformis  L.) s ,acp>
Lampranthus ) easg, ;U 4 (Ferankenia thymifolia Dsef.)
BAS Bymeopi o ks sble Iy (Spectabilis Haw.
Ui ()85l iy > eized (Shooshtarian et al., 2011)
St G Jroo Bl css jwgldd o iy 4555
(Furcraea giganta K. Koch) g,Ll; (slaaisS aS” L asuie
slea_iss (Rhagodia spinescens R.Br.) jb,Ls zla wl o
(Khalili et al., 2006) siuwa 5,5l

P pwglidd gl (b Jin 5 0 &5 ook Jelse
sladaialgs o iS5 o) (o) i Jood 4 (lgi oo editan
S Col ) b i Al I (o500 G5 0,8 o)Ll ol
= e 3L Je Slie g A8 (0 d9axe |y (LS b S
3 3929 Lo yiis & Cunglie jd (AL sladisS ypu Cglds 3929
JriS blyd )3 oa (35550 4 Jooo 9051 (Jeannine, 2007)
ap Joos ctalogl )3 095 o plosl ST (lsm Ll 1 o g 0k
sle by, L (Triticum aestivum L.) puiS Cozes £ S355
oo & g (ol (glalod (o Lad gy b )|y 8) pudi o
i) 3530 (013 12 SacS s 5 g IS ibisysls (55031
Slyp Lulyd 3 Ladigy Sleoksj dopd bl b gl 9 <85 )3
Sy ais) oS 3 L5 b5 8 )8 duslh 3,90 Sl
035 5l gy (Hy 451 (elie @l (S35E 4 JeS
Lulyd )3 ) 5ko g st 3o (0500 & Jo5 53 i oaigS
Rapacz et ) cuol oai JyiS balys jo )85k 5l yia0 o1 (clgn
J(al., 2015

O 595 il pBl (S350 g Loy 4 Jood (uios
olalS (Stenotaphrum secundatum Walter) (¢ oS
a0 W gl o azan S Cte w bl wgllS cuis ol
9 B 85k o5 Sl x> dw glod jd wian S g 0I5 le
SIS cele ¥ cso 4 015 ol a0 =0 9 =Y (glod )3 uw
O3S 0 (o sl S (5l &S 0 (LS oo 5 s
Sl (5358 9 Loy A5l )3 wdlip)) (5 Jeio EIMA



YVVA glad jo cuisS e (Thymus spp.) criu ol saaiss 5y (5358 &1 Joxd b3y

Celo VW bl w0 (651055 cel ¥ (31,5 b 4y
A e aslodS a4y ax g 48,8 )8 018 ol a0 ¥ gled o
dops 3 (s sl bl b ey i)
g yiSIl cuss (Folwer et al., 1981) wis (s,uSojluil Slooss;
Hy ot Jlosl lam dloldly (g sixe g s 3l Colld
2 OLelS (S5 5 i Jlosl jlam ole Sy Sloossj aoy
B > JoysSl Gy o 4 Gialel ol s (g pS0jlul ailds
sledsss Jol 4esls s plosl L, ST F L bolas MolS )b

Dgr (31,5 b =Y g =Ye =1+ Lod pgd 49318 g puingl Calieo

Lygadld (g 80 5l
Voo Je S o e sl tdaBg S (S oS 0 1)
Wer ol da g 4 oogSue J31 10 S cdl o) e
Sr b odb S5 g 4 g b a8l o yd Ar il s Sle
3 Las ¥ cloy paad Ve G dy (S0 ol I8 )
Joore (VL 56 51 yidg Sole Yo e b Joudy yilo el 55 B+
g3 Ll o yd A il 5y Solo Yoo gl g iy |,
L SYSIA o SEYIY Vel mzs o Job 5 Cios olie
slodbsles jloslital b JS' Jedg IS oljne b <13 stogidy Sl
Minguez-Mosquera & Perez-Galvez, ) ob dwbxo ¥ L5 )

(1998
Chl a= 12.25 Agsz2- 2.79Asss8 (V) alslss
Chl b=21.5 Assss— 5.1 A 632 (Y) alslss
TChl=Chla+Chlb (¥) alslse

@ Judg IS s yasy ;TChl g Chl b LChl @ atsles oyl 4
8lioe S5 J89 )l 9 b Lidg)lS

ol xS eilul sl (El) g SN Cuids (5 5805101
b odlat] Calg Sl cuts (6550l ey il o Dgiw slis
JB1 53 gl Gl p iy SIS sae 03 jolate (nl sl
assy, ol g3 jhaie O il e Yo ylade 5 0dly )5 Sl
(EC1) Lawiges (S Sl Colin diged dngi jl dn cslio VY g 0
Voo glod o Celw o aiged (5,503l 51 s W05 (5,450 315]
S Sl colan ad 3y 3l ey g 0 oniligs oS il dsyo
s S g Sl s e b (6550318 (EC2) b ges
EC/ ) o3y sl Joho (S5 uSI colin p adgl (S xSl colia
.(John, 1999) wi duwlxe (EC2

s 51(S) loods) Ao yd 1 Flodad o yd (g w5031
coiS slaag dliss 4 (N2) i 5l de odile o) sladsgy dlass
(¥ aoleo) 05 duwleo Vo v 3 o ps (N1) o

93 gl

Thymus kotschyanus Boiss. and ) :y ol (sladsss ,b
Hohen, T. fedtschenkoi Ronniger and T. pubescence
05 Sl (Boiss & Kotschy ex Celak, T. daenensis Jalas
Otagl 4555 Hio oy b qilie 9 (£5gliS Sl dsge
51(T. daenensis Jalas) sUs 4565 o (T. vulgaris L.) UL
T. sepyllum ) a5 pingl 4565 )3 9 (w315 codls yp0 Sy
A 4 odi] aw Cabs dmwgs S b 1 (L

35T (519 Jasl pudi yu (S GRS 4o Jaad Ghule ]
o2 G L i b (Bo)b )0 Ml Galisee slaaisS )4
byl s o tawl lawlgl 1o dwle 1 ald 555 tamely S5 51 12N
o Wad S aOldS ol 5 5l a0 YF led L a8
bulyd 3 Laasals ()9, 10) (acee Lalyd ()08 seluwe
St S (e VOXNB) g5l 0511 b slacs,S 5 31 (glon
b 6yt il Vo o b (e 38 jl 8 jolate ol 4l
R W) C)L'> sl g seale ),..5\: ‘_glm‘nb.:l (:lo) 9 b o))
Slilas b plogl (wd ag ©)ygod S slacile b oj)le
hol e 3 iy CutS gBge (22355 5 LS, wiin o gl
N-P-K 555" il oala il L LS )0 p,59lS Ae=F =0 Jlado &
oLl plals au oljl lgn 1> (255 & Jood oy St
doyd S A5y (V Joda) Juwdy) e o1 (elon Lol s y> ws ool
o)) 2050 0325958 V0 3 talesl p93 g gl Jls > oo
(JB9 )18 (i e Sloosij doyd yogMe po> Jlo )>.08)5 1,8
Aol Slobs gl dbje ¥ 5o el clld 5 g olise
B s JysS15 Sps 4y sialej] ol b s ysS 31 (ole g
Job 155506 1t plool )85 0 Ly sl JolS claSl )b
351 6y paiges slogloj pod )5S 5 gl cilise (sladisS

ouuli) yiS daal i 59 (58950 AT 4 Jaad hale ]
2 LoaseS )dy ons J s baulpd ) (5355 (i Jles!
g CoiS 2 Kislo a0 VY (glod b slaslodS baylyas ) oloys o
03l ojlal bl a4 5 Bad S slas)ie baslpd o by VO jo
Odol G030y 3l il il Lops & G annbo yob 4 03
4 Gl bl SIS b olyen ol (olo bl Lawlgl) Jlo olen By
a0 ¥ cled jd celw VY olezsl SB8BI o g odd Jatie lAE
ax ¥ Lo el ya ol Suss o)y ol 5 sl
e g =V V) L 0500 slaley (3 g a eoly rals ol S sl



IVAY Lo oF o)lods Ve ol (65)9LiS (cwlidh pgo 4y p25 \YY.

Gyb I APX o35l culd ioxiw (Nakano, Asada, 1981)
g5 Jsb > siagiby Sl Lawss SloygSul (45 1] (5 Sl
OiSTly ey b plool dads V yloj cde (gl gl YA
153,85 <y (OD/MIN) oyloj o wis Ol s S0 on 3]
5hoolawl b osly wsl,lg 4325 .(Chance & Mahley, 2008)
a5l ool b laosls (Sl duglis 9 SAS 9.1 58l

A ploal (SOl glasels

S255 L bl b yd as oby lis bedly il g 450
Ol o liwe Blod 5l ladigS y sleos] BB )3 oais s
Sglds Sloods; aoyd 9 POD o 55l b wecdg oSl cuts
(L) calises (glod (lajloss (o cpiomed .Cudld 2959 > o
3y90 Slaws pled )0 1o ) V Jlos! o 3 (gl me MBS 5
ool cadled > bads a5 > 45 blite 51wl dgng anlllas
390 b mme lo Y Jlais] e w3 Slesds; duo > 5 POD
(¥ o)
cuis blod jl adllas dy90 sladisS w30 31 clon Laslys )
Jidg)lS sgime g g yiSUl s 5 POD 3] collad ey sl
5 0l @l )3) () pdiges loj o pd Cudls 393 g I3 me BMS
cuis bbd lasy V sl pdaw 3 (o) me BB G5 (yete
SOD 4 APX POD (slaesjsl el g JS by 1S g Sl
5 POD 5] clled blod jlaaigS o i lie 5l.cudly 2459
390 doyd B g ) Jleis] pdaw 3 iy Hlime g xSII s
(¥ Jgs)
U baigS den Juodyl olon g ol Lalps )3z oo o ,yd
S ledseS s (gbmime BMET g Bsilo 0455 o pd Voo liue
P S50 g bl by s sdaliiie Jleodj dus p> bld
slod b osd jlos ol o Sloodsj duopd oy i ozl SBLI
0455 JolS jobay ladisS dan a5 ub saline 3,8 lw a3 =Y+
38 (Bl anyd =Y glod b o Hlawd lalS 55 a8 Jbspd cisile
A=Y ole Lo byl (0 sle onj aigS 51 S zun
sledsss 5 ud saalie bdsS o (g0 dxe AR 55 sl
655 g i Sleodsj duoyd Y+ L T, vulgaris 5 T. sepyllum
Sy 1y (Slesds; o yd opyieS oy O+ L T, pubescence
=5l (¥ Jgion) 292 o yd £o 39 laaisS plo Sleoss; duoyd
JiS byl 55 Glojus e Kingb slacuisST (5550 4 Jood
Az ST g Ol Mo SlagsST a0l L i ead
o O lailpd 3 (985 )18l aw (S35ge G5 4 Jeo (b))

N2
S=— x100
N1 (¥) dolxo

O3y b 8l p)S /0 jghate ol (i iolg 55 051!
e Vo ol a9 ad S Olewl gla 3 plos
iels 5l balo cpl i) adlsl wspd Ve ol Sl gl gus
Jodowo 3l ysid Lo ¥ & naw b 001 joue ¥ oyledds (yesls (Sl
b p5 VB (sl>) cnpded (nb Spme 1y (ee V0l Slo
5 dpol S pad i Lo Yo g sl Sl pid (oo Yo 5y
P ebo ) Gie 4 5.00)5 d8lsl sl Sl yid Jo ¥ g (1Y 50
L oiiSTly s ooly eyl y > o, 8 il dmyd Voo p)5 Ol plos
by e a0 305 ok ¥ e 18 Giigio g b (2dliS
Joloee (6y9 da ad ST y5 458 VA=Y Gde 4y 9 )5 48l
C13 Jhog yiSeml b yiogil OF+ zge Jsb 53 (29 j1b ) jo)8
.(Bates., 1973) us ol SO ylgie 4 Polgi 03,5
30 g0t d S gy o dLﬁ‘aM)_’i Cdlad g 50500
APX" 51T gy &b ygSewl 9 POD" jlapeiuS 53 SOD'
5D 0 asmio slacS 1 o 31 (650510l g gl Seinl jglateas
LS 5y (e 40,5 adls] OT @ ol Gl g sy e ela
2ot oS /0 Jaie ay g 35 MolS b s oS s
Loy ad Joiite (i oo ¥ sloogsis Sum 4 oadolowl Sy
e 5 955 S5 s gl 31 sl e 4 3559
Ol 5 il anyd ¥ glod 2 VFere 1pm oo b adds VO s
)‘ odla_uwl l_) 9) o)La.C )H)J.JL» IBLo.J‘ )l e TR )yqulm
a0 ¥ glod d VFeer 1PM Ho0 L a8 Ve Gds ayo)lugd
L (o) okas Joaia sl plodl Iy 5 Jouds yilo ]S b
JHite poe plon b glacgsy See 4 g 4l yleows Sl 0olizl
A ealawl L"*fb—’)j ga.JLvB d).:fo)“.\.?l LS‘)'? o)La.c U”I )] 9 H W
UielS 5l pSols 13 ol Uy (6 pS0jlal L SOD o 3l clled
byl 3950 oress (NBTY) poylys sh 5, olomsiigt
lime D92 o3l 0)luas 5 Slaws 45l (EDTA®) sl Szl
Giannopolitis, ) o ¢, Sojlul yogil 0F+ zgo Job > 0l
POD (51 cullsd (6,503l ¢l L2iSTy Lol o(Ries, 1977
939 ol ojlas g 59k STy EDTA wland 3L g9l
A 6y Sojlasl yegils Ve oo Job 40 mojol e Jlud

1- Super oxide dismutase

2- Peroxidase

3- Ascorbate peroxidase

4- Nitroblue tetrazolium

5- Ethylene diamine tetra acetic acid
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Table 2- Analysis of variance of the effect of thyme species, freezing stress and species xstress on some
traits in freezing chamber

a0 ub)ss.ui KWWY JPWY Sl
i o &l oo JTEw el $Ggowd Culg yiSII oHon
S.0V df Survival Ascorbate Peroxidase  gyperoxide  Electrolyte Proline
peroxidase dismutase leakage
(G) x5 5 94 .4+ 8.2"™ 165# 13.56™ 12# 0.77"
Species(G)
(S) i 2 76361 57 39+ 2851™ 44 9¢#= 11.2#
Stress (S)
X435 10 94 4=« 2.8™ 35.4%« 8.6™ 1.9™ 0.31™
GxS
las- 54 16.6 1.6 7 7.56 0.83 0.13
Error
il yuad oy 7.43 19.3 25 23.6 13.3 235
C.V (%)

oy ) Jleis ] pdaw 53 I gixe g diopd O Jlain] prdaw 3 I gixe )3 pze ColdS pas (a5 4y g # NS
ns, * and **: Non-significant and significant at the 5 and 1% levels of probability, respectively.
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Table 3- Analysis of variance of the effect of thyme species, freezing stress (sampling time) and species xstress
on some traits under outdoor condition

i ol @ jlaSTn ObySwl STy Jedg,l5 Sy Sy SN Gt oo
SYOAY) o3t Ascorbate Peroxidase  Chlorophyll 3G gomd Electrolyte Proline
df peroxidase soD leakage
Sob 4 0.2m 1.9m gns 17ms 37.9™ 0.17™
Block
(G) w5 5 1.97m 159+« 8.9" 22.7™ 430+ 0.53™
Species(G)
(S) i 2 48+ 707.7+" 803™ 375.5™ 12508™ 1.55M
Stress (S)
xS 10 5" 46™ 4.3m 24.5™ 1117 0.47™
GxS
Las- 68 1.35 5 3.35 10 50.4 0.19
Error
Ol oy 19.8 28.8 19 28 17.3 25
C.V (%)

Ao ) Jleis] daw )3 I pxe g do)d B Jlein] pdaw 50 I pxe )b gz Lgls pas o 4y Taksg # NS
ns, * and **: Non-significant and significant at the 5 and 1% levels of probability, respectively.
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Table 4- Mean comparison of the effects of temperature and sampling time on some traits under
freezing chamber and outdoor condition

Ol Sl Sy o0
s Jidg s o Jrrww Ugomws STy oo Sy SN i
Treatment P e k) S(M_ﬁ) | P JgessSas) 3 JgegsSus) P JeasSw) 53 Jgeg,5m) . (-Wﬁl)
; rviv . - . - 3 wis 0.8 P r
I oies L ones Vet e ke 00
FW.min) FW.min) FW.min) FW)
CC) w4 pp ol SEUT
Temperature (°C) Freezing chamber
-10 100a* 4.9bh 5.5¢ 7.4ab 0.86¢ 25¢
20 L. 62b 7.83a 9b 8.7a 2a 36b
-30 Oc 7.22a 20.2a 6.15b 1.72b 54.7a
Gy dges loj s131 slen
Sampling time Outdoor
a9l 15.4a 100a 4.24b 15.8a 1.96¢ 1.66b 64a
June
ool 7.6b 100a 6.4a 12.5b 8.8b 2a 28.3b
December
4593 5.6¢c 100a 6.9a 8.6b 12.7a 1.58b 28.5b
February

505 Sl (glaals s 903l il o )3 B Jloin] o 3 (6yl5 ime gl e b (gl g gt b > S yide g )l slaySibe
* Means with with same letters in each column and each sections have no significant difference at 5% based on
Duncan multiple range test.
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Fig. 3-Mean comparison of proline content in different
thyme species under freezing stress in freezing chamber
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Fig. 1- Mean comparison of electrolyte leakage of different
thyme species under freezing stress in freezing chamber
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Fig. 2- Mean comparison and chlorophyll content of
different thyme species under outdoor freezing condition
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Table 5- Mean comparisons of sampling time on electrolyte leakage and POD enzyme activity under outdoor freezing condition
and freezing temperatures on survival rate and POD enzyme activity in freezing chamber in different thyme species
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at 5% based on Duncan multiple range test.
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Introduction

Only one-third of the total land area on earth is free of ice and 42% of land experiences temperatures below
—20°C. Plants may or may not establish in extreme cold or hot temperatures, prolonged dry or wet soil conditions. For
this reason, there is a growing demand for native plants in the landscape. Factors influencing plant selection include
assessments of hardiness and aesthetics, ease of propagation and culture, naturalization potential. There is a high genetic
variation in the flora of Iran, about 1810 of 8000 recorded taxons in Iran are native. So there is a great potential for
using native plant in regions with harsh climates. The genus Thymus L. belongs to the Lamiaceae family, consist of
about 215 species of herbaceous perennials and small shrubs in the world. They originated from Mediterranean region.
This genus is presented in Iranian flora by 14 species .Overall, cold acclimation results in protection and stabilization of
the integrity of cellular membranes, enhancement of the antioxidative mechanisms, increased intercellular sugar levels
as well as accumulation of other cryoprotectants including polyamines that protect the intracellular proteins by inducing
the genes encoding molecular chaperones. So, the aim of this study was to assess the freezing stress tolerance of some
thyme species as ground covering species in landscaping projects
Material and Methods

Seeds of Theme species were sown in containers filled with sand, manure, field soil mixture and maintained in
glasshouse. Then, the plants transferred to outdoor condition until the late May. At 24 hours before the end of the
acclimation period, the plants irrigated and transferred in their containers to a freezing chamber with 3°C for subjection
to freezing temperatures (-10, -20 and -30°C). The temperature reduced at the rate of 2°C per h, and after 1 hour at
exposure to the freezing temperature, the containers with plants immediately transferred to growth chamber at 4°C for
24 hours to reduce the speed of ice melting and then returned to the glass. Survival rates, proline accumulation,
electrolyte leakage, antioxidant enzymes activity were used to evaluate the freezing tolerance of species. For field
experiment germinated seeds in container maintained in greenhouse until the environmental conditions were not
limiting factor. After that, seedling planted in outdoor condition and subjected to Ardabil city freezing weather in 2
years. In early spring survival rate recorded. Moreover physiological and biochemical and physical responses of species
were evaluated in 3 different times (June, December, February).
Results and Discussion

Results showed that freezing stress adversely affects growth of theme species. There were 100% survival in all
species under Ardebil outdoor condition (during two years), but under freezing chamber condition plant treated with -
10°C and -30°C showed 100% and 0% survival, respectively. While in -20°C the highest survival rate were shown in T.
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vulgaris and T. sepyllum, but T. daenensis had the lowest. The lowest values of electrolyte leakage were related to T.
sepyllum, T. kotschyanus, and T. vulgaris. The highest chlorophyll and proline content achieved in T. vulgaris and T.
kotschyanus, respectively. Peroxidase antioxidant enzyme activity in T. kotschyanus and T. sepyllum were higher than
other species. While there were no significant differences among the species in superoxide dismutase and ascorbate
peroxidase enzyme activity. According to the results, it can be deduced that T. kotschyanus, T. vulgaris, and T. sepyllum
are more frost tolerant than others. However, because of high survival percent in Ardabil climate and under -20°C, all
species can be used as frost tolerant ground cover in landscapes.

Conclusion

According to the results all of the studied thyme species are frost tolerant but T. sepyllum, T. kotschyanus, and T.
vulgaris have the ability to withstand the harsh weather condition without a considerable loss in their ornamental
potential.

Keywords: Antioxidant enzymes, chlorophyll, electrolyte leakage, native plants, proline
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goledly s 10 pude i g Suwud qoid Jold CuislS pim ad
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Table 1- Physical and chemical soil properties of the experimental site

ey ; Swd 4B o pand 3B annly
L) S Colan (o) J s T ’ -
N el (e 22 oot pesd) Organic . (FFHAS pasuke) (053 52 05 he)
Year  Depth (cm) Texture 7o Available P Available K
EC (dS.m?) carbon (%) € e
(mg.kg™) (mg.kg™)
2014 0-30 G 5o 2.43 0.63 6.3 185
Sandy loam
2015 0-30 G o 2.22 0.77 5.9 203
Sandy loam

odla ] (i o )lows Hlow ya I Bolad jebdy ST SUds diges
A5
9 SAS 9.1 I3 8ls,5 5l edlatwl b baodls 8 ye il jlg 4355
Ao A edlawl EXCEl (g 55umolS 4ol p I baylog05 musy (5o
e d)S alsul (p<0.05) LSD (y9—ojl SoS Ly Lo uSilso

—ady il (Siedan 0 Sdas g a5 Slas by plKa 5o

bylas slal 93y il ytomss B 5l g p)lee 9 pow s
Sl s (6l el s @pegio VIV Colue 4 g cudlS
9 &g yb 50 Sl il sl ¢ JamS )0 by dlis gy > JounS
Vo slasly jlia 5 (o mSoslasl gl i (g pS0jlul olS gl
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Table 2- Meteorological data for sesame-growing seasons in 2014 and 2015

olo
oluilen claoal . ' Month -
Meteorological parameters > e IR e o
July August September October November
2014 2015 2014 2015 2014 2015 2014 2015 2014 2015
(S b 42,3) sy o> 422 419 423 417 394 439 35 353 264 267
Maximum temperature (°C)
(LS sl 42,3) e’ o> 254 256 255 269 223 177 173 181 9 126
Minimum temperature (°C)
(S sl 42,2) o> Lo 351 338 35 343 309 311 262 267 18 197
Average temperature (°C)
(;»g.e»)_um)b Ol 1.3 9.3 0 0 0 2.7 0 15 0.2 11.4
Total rainfall (mm)
(ecske) Jj’“’w 522.3 506.4 490.5 510.1 409.4 424.7 312.7 339.2 202.8 189
Total evaporation (mm)
(32) u““‘“ ) ’MW 4 31 29 26 33 31 32 33 32 56
Average relative humidity (%)
s mine 6,80 s (Sojedam 5y Shos g il 5,Slas cails)lja o g gl

3y Slas Ciuo p ladd 15,6800 x ()bl LiiSan p 3¢ (p<0.05)
& ol Slaw p Kisoslys X 15,6500 (iiSon p ((p<0.05) «ls
O3y oy 9 (P=0.01) (Sofsdgn 3, Shos 5 JoaS )2 1
(Y Jods) 29y jla size (p<0.05) &l )52

Capsule No. per plant
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Fig. 2- Effect of drought stress levels on number of

capsules per plant of sesame (LSD=1.905)

ol ool il as ol lis eodly S po uilyyly 4355 ol

s 53 4l s Sy 3 g Gy S 5 St
5 a0 5, Slas g gl (o8 ad Ll olaws ly i 59 ¢ oS
G p Sizmalp sled 292 (p=0.01) o dae (Slsm 3,Sos
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Fig. 1- Effect of mycorrhiza inoculation on the number of
capsules per plant of sesame (LSD=1.594)
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Table 3- Analysis of variance for the effects of irrigation Ievels, seed priming and mycorrhiza inoculation on
yield and yield components of sesame

Oilegye pufile
Mean of squares

e e Ay A Jgen® Mlias & aily Alias 5 Boasll aliad
et s r;-i ’ s-w'_ ’ T c FULIY] P2t -u
S.0.V. Ud ; _ m o il o by glis ) 4l 9,8 Las Ejglie 3,5Lae
Number of Number of 1000_seed Number of lateral Plant height Seed yield Biological yield
capsules per seeds per weight branches per
plant capsule eig plant
Y)
'l'lual'u['l') 1 204.47° 244 45°* 0.002= 0.029 = 4565 = 34818.67% 437008.62"
{II— s 4 2.006 17.48 0.039 0.015 9.67 3093.08 3847149
S3f Srror
]
ltrilgla;c;r; o 2 21348.09™ 8488.02* 6.132% 5789 2823 4™ 8661268 56" 46920532 91"
Tyl 2 0.40= 7512 0.005 = 0.045 = 037 = 16215 = 3037556 =
Rl g 3273 1334 0.017 0.024 2216 143584 3006.73
;:;ﬂ:n?(;) 2 36.72= 257.02 0.066" 0.036= J215= 17226.78" 163463.72°
M) 155
I\,Ivlﬂorlr};gal-[l\,{) 2 1128.66™ 72517 0.488™ 0.282" 014.71" 43485897 4603237.85"
T TP 2 3.08= 1.67= 0.001 = 0.009 = 1.86= 351927 = 471234 =
=M 2 2795= 410= 0.004 = 0.007 = 161 48* 390 10= 10264 47 =
TI=P 4 535= 6.45= 0.007 = 0.004 = 17.08= 231964 = 2416951 =
FEIES ) 4 207= 198= 0.002 = 0.0008 = 6.15= 1576.63 = 1803752 =
TxPxM 4 g1d= 235= 0.032 = 0.011 = 21.00= 26862 = 000541 =
I<P 4 328)= 481 = 0.012 = 0.008 = 15.82= 441652 = 6283019 =
I=M 4 870 = 1241 = 0.022 = 0.023 = 2400 = 2047.79° 121463.00 =
P=M 4 13.0] = 74.18* 0.046° 0.017 = 38.68 = 190521 = 1733960 **
I=PxM 3 3427= 413= 0.010 = 0.007 = 43.09 = 28823 = 4220031 =
TuIxPxM g 275= 2.79= 0.015 = 0.003 = 449= 1781.58 = 3259919 =
= 95 1741 10.78 0.016 0.020 3272 300726 50407.00
Error
i L - -
) cﬁ%)'ﬂ 484 493 3.81 3.51 407 3.87 3.2

Jpan b g Loy Vg Jlazs] mew j3 ly

s g NE 5 TF F

*, ** amd ns: are stam.ﬁmn at 5 and lper..eut probability lew: _13 and non- significant, respectively.

Gk il 5500 sl B a8 W08 )Ly (Sainz et al., 1998)
(dsefyy polis g ey hud Wlo 2l pole o 38l
@45 3 5 0355 STyl ) Canglie I8l Ol Gl 38l

Lgd o ylswe oS 0, Sl (glinl g ) dgupe o

JgunsS 32 4> &> dlaxs
oS 39 4313 S s Sl 9o Jlice
Sl FMA L JounS 55 &ld laws oy ks g0 )l ixe (p<0.01)
oS 9 G MOSseae 4o z )8 g Sisoulpgyiud jlos 4 bgsye
5 Saesly o slasles a5 bgsye JguuS 50 il 0O/AY L "j
o 35 ol o )3 (F JS) 392 () 1525950 )8 g
O35 AL 150 Siamln sbolosi )3 45 A5 o0 0dalin £ 90
9 )R a9 3y ol Jolye 3 (Gialer hop g Loy
il o) als 3 Shas glial o e Sl (2L Jidg &6 S
&S iy (g il Jolpe (b (135150 (59 5 JmS 5

Lo lass ol 5 4013 3,Slas ,iSlis Jpas vgo dy b (cly]
S plo 5 Sisln «Sipalpgasl snslass 3, 45
5,Slee ]38l s (Brassica napus L.) 1315 5550 55 el

g2y 50 JgunsS dland
DR s Gl L as o L b eSile duglie gl
Oy &S (gyobds A diwlS Wigr o JemS dlaw jl  Sis
odbe (o)lal Jlosi )3 i o By 2 5> JguuS Sla (125205 g
o & ly 4> el cowny POV (SLis s (iS5 g V- O/FY
o VYIS 4 yoie (Wad i) olS WT5bs dopd 04 (gLl
s Jolse (lal 4 s €90 p2 53 JgunS slaws 3 ialS
S oy i 3 ysSue Hloss p0 (Y JSTS) 405,8 (aals) oLS
=S 9 G. MOSSEaE 4565 4 bayye AANA &5gs 42 53 JousS
392 39S g Jlass bgape Ac/HV &5 2 ) JouuS Slass
VoIV ilidl el 2 8ly ;0 G. mosseae g8 5,8 (Y JSs)
A5 (1pg5ee o) LS &) Cond K0y 53 JgunS 3la 4o
P S o8y Jlag 3o 5 Sujgdpd Claogad (poyp 5
Sl 5 Lls 53 a5 03 olo SB isb cilie (glbleg
Oszed 9 b LS 4o FY lise 4 g2 p )5 JguaS 2l
A 4igs y 0 > S a5 I3 sl Iy p95m 6 2,8
G. mosseae L8 L gl jo aig o 50 JouuS dldad oy iy
OhSen ¢ julw (Mehrabi & Ehsanzadeh, 2011) ai oanlie



WAY i) F oyl 1 oo (65,0LaS ol ooy &1 pii ) YT

190 oSy 3 s olaws jd tals (Y SKE) 03,5 (sal)
cillas (Hassanzadeh et al., 2009) (slaa sl Ly ¢ i 5o
5 gdbe (oylol Lalyd ) JomaS po 50 &l dlas oy il
odalie FY/AY (l500 4 G. MOSSEAL 465 1} 5550 7B b puadls
G 4555 pSn b3 Ly el coprllas ()bl Ly 9 03
o ash ol 5y e 758 8 s pie 4 Cuws MOSSEAE
o byl jd a8 sy wld (il as d VIE e 4 1y JomeS
G. mosseae 4s5 15,5 Suo L8 b ey (Mo g Lois Siis
o ]y oS 2 )3 4l dhass djajsSe )88 Bpae pie ) Cuns
A3 o Hlis aS ol il as s MY 5 VOIA slalie 4
sllbsl 51 (6393 1 152,950 )8l oolitil col 5:aS Lyl 5o
JomaS 2 5> 4l ol iy bS5l g s 1y O 54008
SO oS 53 o S (¥ JSd) lei e 65 9l
el 55800 0,18 &5 0 3,135 (Carthamus tinctorius L.)
(Raei et al, 2016) 5 3—b »a bl yul8l
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Fig. 4- Effect of mycorrhiza inoculation on number of
seeds per capsule of sesame (LSD=1.254)

als e 59 9 BME > &l dlawd o ol Sl Doy 53,k ]
(Afzal etal., 2004) 15,5
cel gadg claca a aS s b wlga 15580 (slag )8
5 e dlge g o e Qla g SB Sl oyt w4 e
oS 5, Sdos yinli 8l 5 (Sid 4y Cuoglio iolj8l el donis )
oS Ls“’] ]a.gls) CM‘D‘ &S Canl o303 Ol Cladod gulis W o
9l Gl @ Gl Sgyen P g (Sgeyen S50
Slawlis .(Manafi, 2010) il Jobs s 45 ol Jawslsy o5k,
Sliw Sid i cdd Giliel b as ol ol beald (e (1xSKbe
0y S by Sials Gy o 50 JeuuS S aSles JouwaS o 40 &l
& o JouS g 50 Al Sa (g yieS g (i &S psb
ool slajlas )3 JgmaS o )3 4l BVAY 5 VE/FV (el )ljuo
bl g @8l 5> el Cawndy (Siid Mad 55 g (10ls) gllas
3 oialS 1o YY/F & e (Lad i) olS ol 5l ao s B
oS il Jolse ()bl o 4y s JgunS p2 5> il dlaws
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Fig. 3- Effect of drought stress levels on number of seeds
per capsule of sesame (LSD=1.225)
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Fig. 6- Interaction of mycorrhiza inoculation and priming on

number of seeds per capsule of sesame (LSD=7.34)

JoB O gals cleay Siid (i 50 oS wb odalie 35 (6,500
- il 5 Wb o il Wl Jud  lej e wlS eyt
2B L il (Fischer et al., 1981) Ko y JolS)obo 4y siles
059 oidlS L5 00,8 oo eodd (S i bl ) 15550500
sleg BB L cunjen oS gygbay 30,5 oy (o300 b aily)lin
059 el pie s awslis ,» G. intraradices 4 G. mosseae
byl )0 S oy ety o VIV 5 0/0 sy 1y &l Hlsa
Sty ild 59 doyd /Y 9 Y L iy 4 o B oyl e i
Lo)d YA dgas |y ashy jlia 59 cuali pis 4y Cowd MOSSEAE
3 iy 152 95m 8 b gl sy iy (A JS2) o )38
Gtz S ) el 0390 5 S0 pudls d (Suid 55 bayl
o ad Al jlin 5o il el 1 poSe 38 &5 a8 ()18
Jlep g (Sess i balys jo b, Kokl aly 5 Shee 5ok ol
oo Lwly pen > (Jamshidiet al., 2009) c.osl 3l
oLS 3 gl (i Jlosl Ly ails Yl )5 ialS & 3 S0
oyl adllas oyl gl b oS slansly oled] 5,15 5 ol Skl

(Haidari & Karami, 2014; Kargar, 2014) »,l>
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Fig. 5- Effect of priming levels on number of seeds per
capsule of sesame (LSD=1.254)

wala sl 058
(p=0.05) asls Jli (155 yo Ssmiln 9 152y9-See Jlite
gy ay boye p)S YV L &by jli (g o yidies 292 50 ixe
@ baye p S YNY L o] (pyieS 9 G, mosseae g, 5 Siuelys
JS=) 39 (L3 152)050e )8 (g 9 Sivmlyy g sloyles
may S G byl 5o 4l jlie s (el s oo jlaiay (Ve
bl aSls 0D 5 0)90 Jobo (13 oLSgSy (p0y39) s e
aS w b oLy (Jamshidi et al., 2009) | )LSen 5 (gipiion
Gk ol 3l g oasd asly jlie 5y GRaljl el 1 )98e 3 )18
Ui b, (Helianthus annuus L.) ols,Solsl 4l 5 Sles
oy i by loy ool duglis zuls b o iolidl by 9 (Siis
Sfsosine sy aiblin iy St G5 S Ll L &S
bl L dlio 53 oMo g w0 (St (5 0L e ShalS
Lo d VIV o WY (slalie 4 s e |y &b i (g cogllae
2 ab i (g GRalS A e LSy (Y JSB) ol hals
SIS G 0)93 (b oligSTy (wyd9) ey (St A Lyl
casllas (Fereres & Soriano, 2007) slaasl b zuls oyl .asb

0y93 Lrals Jdody g ol dgaS L5 b yje ralsledl
oiwlejl )3 (Nesmith & Ritchie, 1992) a_sb o als o0
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Fig. 8- Effect of mycorrhiza inoculation on 1000-seed

weight of sesame (LSD=1.049)
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Fig. 10- Interaction of mycorrhiza inoculation and

priming on 1000-seed weight of sesame (LSD=0.204)
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Fig. 7- Effect of drought stress levels on 1000- seed weight of

sesame (LSD=1.056)
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Fig. 9- Effect of priming levels on 1000-seed weight of sesame

(LSD=0.049)
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Fig. 12- Effect of mycorrihiza inoculation on number of
lateral branches per plant of sesame (LSD=1.054)
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Fig. 14- Effect of mycorrihiza inoculation on plant hieght of
sesame (LSD=2.185)

».(Jainetal., 2010) ai &g gl Lials el aouS pAlS
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d_wlie (Banziger et al., 2000) siw) s Jolo Jol5 arwgs
g5 b a8 b Lt 4y gL o 1yeSee e (nSlee
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Fig. 11- Effect of drought stress levels on number of lateral

branches of sesame (LSD=1.074)
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Fig. 13- Effect of drought stress levels on plant hieght of
sesame (LSD=2.282)
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Introduction

Drought stress is one of the most important factors limiting growth and crop production in the arid and semi-arid
world. Plant response to drought stress depends on the type, severity, and duration of stress, plant species, and stress
occurrence stage and farm management.

The sesame, among crop plants, is resistant to drought and heat stress and has great importance in the agriculture
development of arid and semi-arid region for summer planting. But this plant is sensitive to drought stress at seedling
stage and during flowering to seed filling. To overcome the drought stress, the biological solution is one of the basic
strategies that should be considered and can be noted the mycorrhizal fungi. One of the most important types of
mycorrhizal is arbuscular mycorrhizal Fungi, which is important in terms of agriculture; because most crops and
horticultural ability to coexist with this type of mycorrhiza.

Materials and Methods

In order to evaluate the effect of irrigation levels and arbuscular mycorrhizal fungi symbiosis on yield and yield
components of sesame, an experiment was carried out as split-factorial based on a randomized complete block design
with three replications at Agricultural Research Station of Haji Abad, Hormozgan province, Iran during growing season
2014-2015. Experimental factors included: drought stress as main factor in three levels: 100% water requirement
(normal irrigation), 70% water requirement (moderate stress)and 50% water requirement (Severe stress), the priming as
sub factor in three3 levels: without priming (control treatment), hydropriming and osmopriming and the mycorrihizal
fungi application as other sub-factor in three levels: [without mycorrihizal fungi application (control), mycorrihizal
fungi application (Glomus mosseae) and mycorrihizal fungi application (G. intraradices)].

Results and Discussion

Analysis of variance data showed that the effect of drought stress had significant effect (p<0.01) on all traits were
studied. The effect of mycorrhizal inoculation was significant on measured plant responses (p<0.01). Priming
treatments were significant on seed number per capsule (p<0.01) and 1000- seed weight and seed yield, biological
(p<0.05). Interaction effects of mycorrhiza x irrigation was only significant on seed yield (p<0.05), the effects of the
interaction of mycorrhiza x priming on seed number per capsule and biological yield (p<0.01) and the 1000-seed weight
(p<0.05) were significant. The results also showed that the highest seed yield and all measured traits obtained when
using irrigation water requirement by 100 percent (normal irrigation). Inoculation with mycorrhizal fungi species G.
mosseae and G. intraradices compared to lack of mycorrhizal fungi (control treatment) improved yield by 10.4 and 4.7
percent. Priming treatments compared to non-primed (control treatment) increased seed yield by as much as 2 percent.
Drought stress decreased sesame yield, however, the using mycorrhizal fungus can be reduced that effect. The effect of
two species of mycorrhizal on sesame yield and their effect on reducing stress damage was different; So that
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mycorrhizal symbiosis G. mosseae has more than the G. intraradices and avoided the sharp drop in sesame yield in
drought stress treatments.
Conclusion

The results of this study showed that drought stress and water shortage decreased significantly yield and yield
components of sesame. Mycorrhizal fungi improved the absorption of moisture and nutrients under water stress and
increased plant resistance to water stress, therefore increased yield and yield components of sesame. The species of G.
intraradices fungi compared to G. mosseae was more efficient in terms of resistance to water stress. Thus, it seems that
mycorrhizal, in addition to improving the yield due to increased root system development and consequently increasing
the availability of moisture and access to nutrients, can have a positive effect on reducing the effects of irrigation
deficiency on sesame plants. Seed priming, due to better germination, rapid seedling growth, proper establishment and,
finally, the optimal use of nutrients and environmental factors, ultimately increased yield.
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Table 2- Chemical properties of fresh manure and azocompost
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Electrical Conductivity
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Available Zn oz 16 &, . 108.4 96.7 28.8 36.7
Available CU o s b6 e (mg-kg™) 179 14.7 330 234
Available Mn s 6 35 284.0 293.4 360 440
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Table 3- Analysis of variance for the effects of different parameters on the measured traits in canola and wheat

1505 ol gt 2alio a8 ) a3 2 ySlos 039k ke s <y s =3 2l¥
L Sieam 5,5es AR SB i S Il op i
Source of variance of sl ”IJDT/IY IXWAERTS S‘)’\’l’ e Sé C""S sl 595k
canola DFE SY TNU DF AE
\i;r o 1 12541.8" 805253.4" 238.818™ 0.00239" 000277 1 105.98"
F;J;JI’IC;’IZ v 4 125764.0 26705.7 36.736 0.00027 0.01912 4 4.09
gl
Ciop rotation (CR) 1 343884.4™ 98551.6™ 13.982 0.00080"  0.08003™ 1 0.55"
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Statistical analysis of dry matter yield (DMY), seed yield (SY), total N uptake (TNU), soil nitrogen (SN), soil organic carbon (SOC),
ns: not significant at the 0.05 or 0.01 probability levels. agronomic efficiency (AE).
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("and ™ and ns: Significant at the 0.05 and 0.01 probability levels and non-significant, respectively).
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Fig. 1- Regression relationship between seed yield with dry matter yield, total nitrogen uptake, soil nitrogen and soil organic
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Introduction

Environmental concerns are raising due to nutrient leaching resulting from agricultural activities. There are new
researches activities focusing on the practical management options for lowering nutrient runoff and leaching to the
ground water. Alternative farming strategies such as organic and integrated fertilizer management, are being promoted
recently because these managements minimize the environmental devastation.
Materials and Methods

This research was carried out at the Experimental Farm of Agronomy Department, Faculty of Agriculture, Tarbiat
Modares University, Tehran, Iran (35°41'N, 51°19'E, 1215 m above sea level), during 2010-2013 growing seasons.
Research farm was subjected to shallow plowing in Sep 2010 following by disk to be fully prepared for cultivation
practice. Weed control was done chemically by application of Trifluralin (PubChem: 5569, 3.5 lit ha') afterward weed
biomass using a disk incorporated into the soil. Total area for each experimental unit was 12m? (4mx3m), the distance
between each adjacent plot was one meter. There were 2m gaps between the blocks and 1m alley was also established
between each plot to prevent any interferences. The experiment was conducted with a split-plot layout based on a
randomized complete block design with three replications. Crop rotation (Canola-Soybean-Wheat (C1) and Canola-
Wheat (C2)) provided the whole-plot treatments with nine fertilization management (F1: urea, F2: urea + zeolite, Fs:
composted manure, Fs: composted manure + zeolite, Fs: urea + composted manure, Fg: urea+ composted manure +
zeolite, F7: urea+ azocompost, Fs: urea+ azocompost + zeolite and Fq: Control) providing the sub-plots.
Results and Discussion

The variance analysis showed that fertilizer treatment main effect and interaction effects of year x fertilizer
treatments, significantly affected all parameters including dry matter yield (DMY), seed yield (SY), amount of nitrogen
absorbed (TNU), soil nitrogen (SN), soil organic carbon (SOC), nitrogen crop efficiency (AE) in both crops (Canola
and Wheat) (Table 3). As shown in Table 4, the Fe fertilizer treatment in 2012 had the highest DMY (6885 kg.ha*) and
SY (3571 kg.ha*) for canola, also Fs for wheat produced the highest DMY (7365 kg.ha) and SY (4001 kg.ha) in
2013. The maximum TNU was found in the Fg treatment, whereas the minimum TNU was obtained in Fq for canola and
wheat (Table 4). The maximum SOC (1.22 and 1.26) was observed in the second year by the Fe fertilizer treatments
while the lowest soil organic carbon (0.1294 and 0.1201) were observed in Fg in canola and wheat, respectively (Table
4). In the F¢ fertilizer treatment, 16.6 and 21.0kg for canola, and 19.9 and 26.3kg for wheat of seed yield were obtained
per 1kg of applied N during 2010-2012 and 2011-2013, respectively.
Conclusions

The results of this study showed that the application of organic matter resulted in increased yield of rapeseed and
wheat during the four-year period of the experiment. The highest grain yield was obtained from integrative treatments
with combining zeolite. Application of zeolite in all fertilizer treatments resulted in increased both crops yield, nitrogen
efficiency, absorbed nitrogen content, organic carbon content and soil nitrogen. Organic matter alone or in combination
with mineral fertilizers resulted in an increase in the organic carbon content and nitrogen content of the soil and
eventually increased yield in both crops. There is a positive and significant relationship between soil properties and
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grain yield indicating that organic fertilizers improve the growth of the plant and ultimately the grain yield, by
improving these indices. The results showed that using manure and zeolite is a suitable method for reducing the
application of chemical fertilizers and improving stability in agricultural systems. Our results demonstrated that organic
amendments and zeolite in combination of chemical fertilizer could be useful methods to achieve sustainable

agricultural systems.

Keywords: Azocompost, Combined fertilization, Sandy soil, Sustainable agriculture, Zeolite
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Table 1- Mean square of measured traits in corn affected by different fertilizer treatment

[
n (18]
hal . (5] E
k3
3 = 3z 3¢ = o 33
n n a a 3 - < < - © a3 [T K] ke 2 O
% (S % 2, 22 22 4945 a5 3 3= S, T e
4' Y— 3 = o a C _3 L - C n O n = —
Yo 1y 35 35 15 42 35 S 5 sz 3o >
T : 9 = 3 '© = c— n C -3 (=] 2 c AN D
kN L [ o <5}
7 - n rc = N .= n O n n
) ; = 2 G a ] L a & RAN=! 2's a2 s
) b D 3 © © ~ 0 N = . Y o 3 = 3 <
> o L §x O 2 Qa 3 8 \3 o (O] B f
a D E S
S —
=z
2 g z o 2 » » ° 2 o @ £
© 2 < 2 2 2 % 2 % o
© Lo N~ o [N [Te) ™ [o)] ~
ok ™ D S [e ™ < o - o] L 53] 3 —
Block & o Q < ) 1) 3 3 S & e 3
™~ . o N — — o ©
S g S AN i o S
X X
H ¥ ¥ % H "
o H £ £ % % % @ N o ™ 2
o S 3 g g s 9 8 2 2 2 9 o
y o o~ 9Q — — < ~ S ~ e} ~ [P} Y
Treat N~ — — [Te) 5 N =4 [} o
o] 4 N o N S ~ \—| > Qe
q < o o o~ = o N — [S)
— —
<
. < o © © ™ — © s} © N
las o ~ ~ 9] 0 S 2 N p ~ ~ - o
— © ~ ™ ™ = ! H ~N o S o] o
Error S} S =} =} — A N o o © 3 S
s}
oyl
o s N © ~ © © ~ o < T} o) o o)
Sy ™ © ) I %) ) S S N ~ < )
(1052) ™ — ™ N o ™ N ™ —i ™ T ~
CV (%)

bl go (5l gixe pas NS g 2o )d K 5 oy iy Jloin] plaw (3 (65 gime odimd LS sy 4y e g %
*and **= Significant at 5 % and at 1% level, respectively. ns = Not significant



IVAY Glawo) o o)lods Ve ol (65,9LiS (wlisdh pg9 4y y25 \YPY

13 65L5 385 55 A slagi b a8 03 sl (T0) (Labosd 5 555
Slid g0yl i 4 1S 3 oSS VD5 Vee g (Th) Sl
LB doyd gy i) a3 ()l dxe BMBI (T2) poaigel
Cosly 45555 355 Sl Sl aen, S G e (¥ Joue)
Asgari, Majidiyan, 2000) 53,5 » <) ;3 M Job il58l
Sial38 b 3,5 by 50 (Sadeghi, 2000) _Eslo ywomen .(1999;
PSS V¥ V50 A sl G ()l dne sl (159558 Oliee
oL (59 -cudly 3929 b S5k 3590 53 S p3 alls (5950
Sy (397 255 g (e & bogrye IOl Jgb (S oS 3
yolis soal)d &S a0 JlaS 4yl ()l sine gl Ay b &S
IO Jsb Gials8l e a5y Jsd s 3 b5 ey lié
g 0

+ 595 26 (5 5 Bpms jlad 1 W g 3Dy 4 Al dlass
(Ts) pysigel Slied g 0psl i i a2 U2 )3 £ S5k 0 5 2V
5 9LS 255 By im0 pic) dalls g cady o dild dlaad oy b
9 5O b &S sl 1) cauny o wlby dluw oy yieS (To) (oo lowss
Lls deo)d @i aw )3 5l me WS bl ol b (yriren
sl el 35 (Marschener, 1995) yioww)lo (Y Jgia) L35
e Sy b lagl bl g olis ol Joleie Gpas il )5 oS
Hordeum ) 5= asby 5, Slos a e > g 4l i 59 casl
Akbari etal., ) o )LSen 5 ST .csl )38l (vulgare L.
P A 5g ¢y5es 098 g iul38l L 48" Ldges sdaline (2005
b o Sloe g il o 59 9 SNy aiby Sl (W b (W
Al 03 48 (e 53 oS 2 2l Sl ()b x5k
23U 4 ol Ladl 038 wsls (IS ojllay jhud pate 39 o0
o o Wogee (pdw) 9 olS 48 0ad plosl (Bl yobo 4y g 0L
Gy g 0dnid plodl ogd A ogee (59 40 (gl il o PL
YL Ceand g 00 JS5 platal pobo 4y J5 ogae (59, 5> Lol
25 4 (Khodabandeh, 2005) slo o 431> 9 9 S'gr b 0500
o3 358 Byae cle 4y aally LS5 loj 0 Ts jlewd o duy 0
el 035 45 Joleie olie dlge a4y olS slitwd Cumdg ¢ piii
5 Oty Gl 4 i (alend 5551 (ol 058" 325 &S >
Jbes ol > el s 03,5 (o0 pind (9392 o tod B 0)93 Jsbo
8y a0 Dlaay uSis el epiidin o yiwd BB jowd
g 0

Ts ot Loools :5 e duliio gulis ool 5 iigy glis)!
5 (e BV W) cutls 1) lisy] oyt bojlosd oo & S
oman 9 395 L3 1y (pe Bl WV/F) i) oy y2aS (To) aals
20aly Lo (gylo ime M A dald a3 byles ple
o935 (Evans et al., 2003) ))\Sen 5 3ol dix 2 (Y Joi)
Olej 4y 8 gli)) (I8l crge LS &5 ()95 28 &5 05)8
S5 (pomen 9 3 LS 55 |y gLl Shas ag (w,
a5l 368 13l cov @) wig glisy) a8 sl lis (Asgari, 1999)
aang b g o sloeS Cpan Lol il (g)ly pme i3l
gl (5 Cd )b iali8l oy 4 SB > Cute 0l
b 5l aslasly olewd (gl dgS 558 4 G (5 i ).ul.)
i ol dlauly & J] 51255 o 103 o (L5 Lo
olals 3, Slee g 0y Glaljdl cuw Bpae oS polis jila
9 e &S —ilejl > (Yazdani et al., 2008) s¢— o
ey Cilie ol 3L g9, (AzizZi et al., 2008) ), Kon
2ol ploul (Matricaria recutita L) Slodl 6l cunguaS
- o il 8l (CangueS ey duoyd il b aST 055 S sualie
by ddsye )0 aS dy o plal 4 i odalie wigy glasl > gyl
P b g oy pegad o @lé polis d i (i)
Lol 0395 5 Joleio Ts (6365 lows

ool an im0 3l ols zols (wloly (g 43 g3, dlaes
395 Ciliste (sla Lo 3l cow M jo i, slass (V Jgie)
5 e (L5 LasSilse duglio 128,55 51,8 sbosd 5 ool
s oanliie blagd s (6 sine OS] 455 (gybol Ll
oL (Kafi et al., 2005) o, Kon 5 35 Lisbojl 5| Jols gl
Lg)»b Syd Al b (Symed g Sy J3lye 53 ()Ll dlad aS sl
9 4559y S Joldie 31 Lol el atily M 50 caydy dlass )
L a9l M o aily Cusy olaws o xe ialjEl el (o)l
bly 3 5b o a8 5l Sf sy o () oS o0
2yS (o )3 e

i 45V Jgia) o ol (:Slee Slasliie W Jobo
PSS B 9 PV + gl 395 5 By 1> P sk
S Ly o 5l s g (Ts ) posigel lid g 0jgl i 4 S
355 55 ¥ Bpman e ) o) iy Jloin gdaw )3 ) ixe
Slind g 0jgl oy do )L )3 p 9 LS Ve e 9 VT (g5l
BM3] s 55 Lajlows ol L 48 sel cawd 4 (Ta) pouigal
395 Span pac) 22l 53 55 M Job o ieS Aidgr (53 xe



\YPY (Zeamays L.) @b ails 3 Shos 5 gl y Sluoguas

355 Aisro (o lowi 43 3 8L ol (g S8 NI (A (ile A lio —Y Joua
Table 2- Means comparison of some measured characters in corn in difference treatments manure
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Introduction

Chemical fertilizers have a significant effect on food production in the world and are one of the essential
components in today's agriculture. It has been reported that the doubling of agricultural food production up to the 1990s,
partly attributed to the increasing the use of nitrogen and phosphorous fertilizers by 6.9 and 3.5-fold, respectively.
Increasing the use of chemical fertilizer in crop production systems, resulting in many environmental problems such as
water, soil and air pollutions and also increasing the vulnerability of the agricultural ecosystems through the declining
biodiversity. Therefore, conventional agriculture approaches in today's world are not acceptable because of relting
onapplication of too much on artificial inputs and auxiliary energy infusions such as chemical fertilizers and pesticides
creates an unstable farming system.. Organic fertilizers, such as animal manures, are able to increase soil water holding
capacity, reduction drought stress, increase soil microbial diversity, improve the physical structure of the soil and
prevent soil erosion. Various reports suggest that the combination of chemical and manure fertilizers to improve the
quantity and quality of crop production is more effective than the separate application. Oikeh (1998) found that in five
varieties of corn that are affected by nitrogen fertilizer, grain yield and 1000-seed weight for all varieties increased.
Therefore, the present study was designed and carried out in order to determine the effect of chemical and manure
fertilizers and combination of them on grain yield and yield components of corn and to obtain the optimal composition
of these fertilizers.
Material and Methods

In order to investigate the effect of different amounts of chemical and animal manure fertilizers and the
combination of them on grain yield and yield components of corn (single cross 704), a field study was conducted in
2004-2005 growing season in agriculture experiment station of Zabol University Iran. The experiment was conducted as
a randomized complete block design with four replications. The experimental treatments were TO (no fertilizer), T1 (90
t.hal cow manure), T, (200 and 150kg.ha?, nitrogen [N] and phosphorus [P], respectively), T3 (45t.ha’ cow
manure+100kg.hat N and 75kg.ha* P), T4 (30t.ha* cow manure+133.32kg.ha* N and 100kg.ha* P), Ts (60t.ha* cow
manure +66.66kg.ha® N and 50kg.ha* P). Sowing was carried out in the first half of March. Filed irrigation during the
growing season was carried out every 7-10 days.
Results and Discussion

Results showed that yield dry matter, plant height, number of grains per ear, number of grain per row, economic
yield, biological yield, and harvesting index were affected by different fertilizer treatments. The highest grain yield
(4825kg.hat), biological yield (7850kg.ha™t), length of ear (23.9cm), number of kernel per ear (36), 1000-seed weight
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(176.1g) and plant height (198.3cm) were obtained at Ts (60t.ha’ cow manure +66.66kg.ha’ N and 50kg.ha! P)
treatment. There was a significant difference between T5 with other treatments. The results showed that there was a
significant positive correlation between grain yield and ear length (r=0.86**), seed weight (0.61**), biological yield
(0.67**), number of the kernel per row (0.97**) and plant height (0.86**). In addition, combined chemical and animal
fertilizer treatments compare with single chemical and animal fertilizer treatments had more effect on yield
components. There were no significant differences between T; (chemical fertilizer) and T, (animal manure) in terms of
grain yield.
Conclusion

Based on our results, It can be concluded that the combination of 60t.ha® cow manure + 66.66kg.ha? N with
50kg.ha’? P was the best treatment to produce corn in the studied region.

Keywords: Biological yield, Combined fertilizer, Economic yield, Harvest index
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