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Introduction to the Persian Journal of Agroecology

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

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

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

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

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

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

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Introduction

In the second half of the last century the yield of some crops have increased drastically worldwide. This
increase has been associated with genetic improvement and technology development in chemical inputs,
mechanized and irrigation. Tollenaar & Lee (2000) showed that the mean yield of corn in United States of
America during the last 60 years of the last century has increased from 1 to 7 tons per hectare in which new
hybrids and nitrogen fertilizer were two main contributing factors. This has also been reported in Iran. They
showed that average yield of wheat during a thirty-year period (1971-2003) increased by 62 kg.ha™. However
yield stability has not been considered in their study and other similar investigations. Yield stability is an
indication of yield variation in response to short term environmental fluctuations. When a phenotype is grown in
different environments or in a particular environment during the course of several consecutive years, yield
variation between different environments or consecutive years will be observed which is due to interactions
between genotype and the environment and the magnitude of such variation is an indication of yield stability.
Therefore stability is different from sustainability which is an indication of sustaining yield in long term. In fact
stability is a component of sustainability in agricultural ecosystems.

There are evidences indicating a negative relationship between high yield and stability. The purpose of the
present study was to investigate stability dimensions of cereals yield in Iran.

Materials and methods

In this study long term stability pattern of grain yield of wheat, barley, rice and corn were analyzed during a
40-year period (1971-2011),using two different methods. In the first method the residuals of regression between
crop yield and years were calculated as stability index. For this purpose different suggested regression models
including linear and bilinear were fitted to yield trend data and the best model for each crop based on statistical
measures, was selected. Absolute residual (the difference between actual and predicted yields for each year) as
well as relative residuals (absolute residual as percentage of predicted yield) were also estimated. In the second
method yield stability was estimated from the slope regression line between average annual yield of all cereals
(environmental index) and the yield of each crop in the same year.

Results and discussion

Results indicated that in wheat and barley absolute and relative residuals increased during the study period
leading to reduction of stability despite considerable yield increase. However, rice and corn residuals followed a
decreasing trend and therefore yield stability of these crops increased during the 40 years period. The same result
was observed with the environmental index method but in this case reduction of yield stability in barley was
lower than wheat. There are evidence showing that wheat yield has increased in the world scale, it was
accompanied with more variation.

Based on the results, yield and yield stability of cereal crops in Iran has increased during the 40 years period.
However the percentage of increase in stability was lower than yield. Application of nitrogen fertilizer reduced
stability. Increasing the cultivated area, improved yield stability of wheat, barley, rice and corn .

Conclusion
Yield and yield stability of cereals has increased during the 40 years period in Iran but the extent of

instability increase was lower than the yield. However yield stability for wheat and barley showed a decreasing
and for corn and rice showed an increasing trend.

1- Professor of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
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3y ytaen 150 5Las )3 o1 5508 5 (20 o 25/09)
e 3 o 1 (3 Jpss) 33 s 15186) s oS5
G byl 5> (s 303 S5 5 el b 0w gy 6l
By Fiwgid 50 JMid] doe s Yleis] dliis oyl .l O D400
Sarker et al., 2005; ) <ol 0yt g oLS Sdpplio (claan])d
= Seis i sl slaadllas s .(Jones & Tardieu, 1998
9 5 caw (Salvia officinalis L.) 5 e (slaaslo

digs gldayf

S A5 gl o stme 53Tl ol uilly 4 28 gl
o 13 (2 Jgiz) cutls o318 00555 Jib 5 652 65
g2 )T (a8 pues St )y o koo 90 51 g (ol
(2o s5ls 112/58) 318 02 55,5 Jsbo g (2o 5L 162/58)
Jodo) caaly iulidl aop 47 919 (s ay as (a5 4 Cond
oials ol Blate 5 il Jltd hals cglis)l s’ e (3
Al e (Seid i lylid )3 ok (008 S g e
i Slilee a1y glas)l y> el (Cabuslay et al., 2002)
g (Soid S dawly 4 Jhegd > IS 4 Glyie (Suis
by Jos 3 plagisn 4 @l caa g dlge ag Sials
gl )) jlas 5l (S5 Jeily 4 olS olitwd pas colyg )3 g olS
sl

C5 g bgine 5k 4 IS eI S)i Jsb g g i)
a0 o) e oy 5 (2 Jgin) 855 )8 Sangamraa 3l
35,8 LS jlas 5o e 8w 98/36 4 153/65 sy
4 S 8 g2 Bl Jgloxa )L 93 5 )bl L Pl Sengumisal
9 99y (3 Joan) el jilipl woy> 10 311 sy a4 sals
3y)LS a8 45,8 3155 (Russo & Berlyn, 1990) -LJ,
2hElge Ol (Rl g (LS GRS il cage Seaget il
LS dlgo (] 39800 135 Glaggeyen Cullad S 25
adox 5l (Sgasgn and Ol 5 2929 )b LS (Jobo 13y
> 4 LS 5 g (Atiyeh et al., 2002) ST ol 5
1y Lo Jolow 2y Al o Senganinnl > (Nardi et al., 2002)
2y g Jsbo e 1yl b Shagen Ylansl iy 13 555 coo
0351 50 oloj b8 Uy ol IS lis ) 5 wigy i) Liuliil o

ol
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Eruca sativa ) wlue olS gli)l 5 pad iol58l como Saogat ]
=S b polio (Albayrak & Camas, 2005) +s (L.
9 N3 e Sy Sy Mo LB 3 Sagid
S9o9n Sl 5392y Jd 4 g il SB (SKjgden 5 (olerd
iS4 e «oplplio (Samavat & Malakuti, 2005) >

ol ol y 5 gl dBlu ylad daws

gs Sid 9 5009

o5 Jlie 31 a8 e o L (4 Jgaz) (uilyly 4505 ol
Slasi 3 092 o gine A5 KB 5 5 (g g Smgerdpel 5 (SuiS
b plys Seagatad 215 )y g e oo 5051 Gy (6l
Cowd & gy S g 5 39 i (b Jgbre )b 93 5 )bl
(6 Jgie) ]

(Bettaieb et al., 2009) coul oas )] [ FSis
OiSsly Bl p b o (b g Jl Seagerspl B pan
33 )5 LSy Lo a5 s L b Silie dunlio (2 Joda) cusb
1y 58E i bl Jslxe Jlogd 5 5ol L ply Siageniend
Tobw L (ol cixe M) a8 cuils ( yio Juo 20/75) adlus las
oy 14 sals a0 cuus Lol s oanlio 365 opl pgw g pgd
a8 1w e ot (2 i) il 42328 gl catly a3l
30)8 395 5 sine Bl e jy Somgertnad 9 (Suis i flie
ol 039y Jho (Suid i b aBle Jad (i1l 40 Siogundiul
Cil 2g3g ;006 b Shogadipnl Zalaw (o (6 )b ize B3]
ke 4 Ylaisl 45 59 Iy e G331 (b als L Lo
Can 039 )9§J._,o Sl = ;i».ayb..\...wl u{l} ))).)lf PG
Dl Carge S5 5> Seagamtand 2318 glasdllas 3.3 Jga)
polis Glie g SS9 @Bl Jobo Bl Jlad ¢ J5 oS g Jsbo
Capsicum annuum ) (glaels Jalé olS 5 Slas Cpicmod 9 olie
5, 6,50 adllas > (Turkmen et al., 2005) 4 (L.

o4 Sl Bl Jad g o055 4L 3IasS (RIS (0 S, g iy £ 1 2 Sogumnl g (Sl G5 GI3T (il ly 42525 -2 Jgao
Table 2- Variance analysis for the effect of humic acid and drought stress on plant height, inflorescence length, number of
branches and stem diameter of roselle

e 1 i W,
151 <z . ) . .
i gl @3l aa Sy oIS Jsb S8 L Sl Wbl ylad
SXOAY) df : .
Plant Inflorescence length  Number of branches ~ Stem diameter
height
"_’5"_ 2 290.01 322.37 3.08 18.31
Replication
(A) (i i3 2 2273.70" 3960.15” 18.54™ 261.07"
Drought stress (A)
X Sid
e o 4 469.72 295.03 111 4.92
Drought stressx Replication
() “s‘“"”"’ S 3 480.10 172.44™ 4.82" 15.87"
Humic acid (B)
IX Swid g -
Sero g o 6 60.60™ 26.50™ 0.40 157"
(AxB)
s 18 94.99 25.50 0.06 0.69
Error
(10 9) Sy g . 6.60 5.32 3.15 4.13
CV (%)

Bize w9 do)d iy 9 S Jlois] pdaw )3 ) gxe i 4 NS 4

* k%
3

** *and ns: Are significant at 1 and 5% levels of probability and non-significant, respectively.
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GIF Sl gt B g (£ ,8 WL sawd (IS (0 FS ) 3 Job i S )] 51 Sl 9 (Suld A5 O131-3 Sy
Table 3- Effect of drought stress and humic acid on plant height, inflorescence length, number of branches and stem diameter

of roselle
gy 5| o3I Jsb L5 slass 2‘5'“’ )J“;
o Tt (o L) (o ) = ’;‘tgfn‘“
Treatment Levels Plant height Inflorescence Number of diameter
(cm) length (cm) branches
(mm)
s PN dm‘
o . S..:.u.‘ S5 o
(5 ) 755 plocshe) 50 162.58" 112.58* 9.19 25.09°
Drought stress
(mm evaporation of evaporation
basin)
100 14457 95.65" 8.41° 19.30°
150 135.54° 76.28° 6.57° 15.86°
s 137.70° 88.99 7.28" 18.10°
Control
Wl bl 146.46™ 93.98" 7.82° 20.60°
Once irrigation
55l b by
3L Jobee b
s 1S
Sl Saogad Once irrig;tion 152.49° 98.02° 8.38" 20.89°
Humid acid and once
spraying
5 ol b b
sk > . . . .
Once irrigation 153.65 98.36 8.98 20.75
and twice
spraying

A I i doyd gy Jlesn] grdaw 13 SIS (ygei] olol gty > aldie g gyl dlael *
* Means in each column, followed by similar letters are not significantly different at the 5% probability level- using Dancan test.

P L pizen (4 Jgan) catly 1) Spls Sis 5 5
5 G ol Syl At &S 53 ol i S
@ Gl L (4 Jsiz) 355 b tae 99 ol 5 Ssogansd
Db ol pals sald 4 Cuws SyulS Sis g 5 5 WA
oS Syl iy I ol &5 & Sy 0ol 3929 4 s
2 ol ey JSis slaplil g g canlio gy 43) 4 5l
ISy (St 8Bl il g gy L) Cilisee Sl
SpelS 3)Shos 53y 4 e Culd 3 Sl e 3 Shes (Sl
Gl 81 3y Slas o nlS 95 35 sl > s
i3l 5 S s LS ol gl EalS & Lo (Sis
Sl ol (2lon S50 & Gl iy 4 (55wgtd lgo oliais]
L Semgutrind Yloin! oy ol 5> (Sreevalli et al., 2001)
tloord ( Splio Clled S99 2ty (i Slge 5 Ol ol 8
PO 5 (—ial) 9 (g Aoy gl Cule ) 5 S (3

Iy Seiid i ol Sopgupdwl a8 a0 Ll guls
el a1 g ol dlge g Ol Ll Ll cuw g 03 LialS
Iy plalS sy Scagaddsd 3,5 L Sl 5 5 59 SR
9 2o ()8 Claogiad 390 b g olS (559l 58 oS 321
S bl > il e plosl by 4w o s S (S
0y Slas SLid 59 (Saoged dlgo 38 L &S b yasedie ol
(Avena sativa L.) ¥4y (slaaxalS 5 (Zeamays L) o)
rSen Suagd g o (Shariff, 2002) cély (ls sxe Liolj0l
ey Ll edSjpe G byly b cood dias oyl cwl
.(Kulikova et al., 2005)

Spels Sid 9 5059
‘wagf)awlfgiuoa))u)sf&.obiawo)lwul))l
Oty e yioshee 50 5 Gy o)l Jlaws (B Jg) 241
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oo 9.9 55hos Saglgd g0 Slio s Srogapil 5 S 15 51

Hoekstraet al., ) aus Sl 51 caols s b plawgs]
il o ailee 31 (53555596 ol 3 5 (2001
S e bl laeuS 5 ol i (il pioren .55l (Sis
SO g bl g (29ySee OMex lai (Jaee daske
Jlie glyie el oad (B (Jamo g (ploond 9 (o308
Bgonia semperflorens > ;psluwgsl jlaie 48 coul o 5)l55
i ey li 8l ool Bl Gl G5 bl o L
Jsb > ROS! ouiitans B> dhsg 4 (ibuwsis] gy cllis
(Zhang et al., 2010) w3b o gilacus] i
o e N1 IRMBERE WX W
ol ol 45 (5 Joan) 29381 L5 sy S pmnls y3 il
5 30>l g (Gendy et al., 2012) ()|, \Sen g sai> 5 b isle)l
o=l ccdlles 55 cls > (Ahmad et al., 2011) )lSen
(8 oSy olinie) Senganspnl 1 cle @ Canl (Son gl

13l (4395996 )l ) (iliwnsi] i o0lo g (lsis

i30S palS 5 Slos el Atudlss 048 3iiusgtd clacdly
2ge S 50 (il Jsle Gygo 4 Shaginnl 3 )18
Delfine et al., 2005) 15 oLS pl 5 3,8les (a3 24 i3l
o3 5 Il o Spngebind (gl Joloxs U Cangsa 5

(Ahmad et al., 2011) 15,5 S ouls s 5 5 38

Osbacs 933
5 (St 5 5l o8 gl gine pg 4 bl liee
P98 S 5 Ol s (4 Jsiz) €855 )8 Spogenasl
pmol.g ™) aus i) lass 5l o Sois i zolaw )3 (pilewgs]
s il oy 172 sals 4 cuws a5 w6l cuns 4 (0/49
Jes 53 (0738 pmol.g™) byl @liee o ynir (5 Ja2)
a0 (b sl 5L 93 5 (il b ply Seogamtanl 58 LS
Al 5 LS5 5l i oslst] (B Jsiz) sl cuns
Ay oo JSi ) an gl glacdplie I (S5 09,5 45

VP S lwghil g S plS SWiS ()59 9 5 (19 gt SS9 57 (359 2 Saogaiew! 9 (Swid T OIT il ylg 455 -4 Jgse
Table 4- Analysis of variance for the effect humic acid and drought stress on fresh and dry weight plant, fresh and dry weight
sepal and anthocyanin of roselle

. L. s & =' .
LY . . (s3]
R @y % 03 Wy Suid 039 ol 5 s - cosbowasst
% pole ] Plant fresh B 5 G59 S panlS’ Ol gl
A . Plant dry : .
S.0O.V ? weight weight Sepals fresh weight Sepals dry Anthocyanin
df weight
’_"“ i 2 314227378 16319611.8 4288.53 820.08 0.008
Replication
(A) s s 2 197488016  1082244474.3™ 22311733.69" 618038.08" 0.27"
Drought stress (A)
Drought S5 a8 a5 89674548 47787145 50390.15 1049.29 0.01
stressx repllcatlon
(B) Sengeh ! 3 3111171017 17283979.7" 124620.25™ 28102.76™ 0.009"
Humic acid (B)
x e Wt Kk Kk
“g'*"’"’“(’;‘ USB)“‘" o 6 57956595 3299538.3 181618.25™ 5817.49™ 0.0006™
X
Eﬁzr 18 9092051 436098 84895.50 3122.88 0.0022
(o) s o2 - 4.29 4.16 5.59 6.35 13.84

CV (%)

. : . - . - . * kK
)‘3wﬂ)¢£5M)>éﬁ5‘5%J\4*>‘c]@4)3)‘>wwy“i-nsj ¢

** *and ns: Are significant at 1 and 5% levels of probability and non-significant, respectively.

1- Reactive oxygen species
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Table 5- Effect of drought stress and humic acid on fresh and dry weight plant, fresh and dry weight sepals, and anthocyanin

of roselle
o w; e ol s St gy
S = & g Tt " [83)
o P es ok 2 ‘9)59135) ‘9)59135) S ylS 5 (339 ) _ )J.Jgog)gg)
o o (Hus (b Fresh weight (,tSa ,» (L5252 0,55k5) (0,5
Treatment Levels ) ) ioht sepal g
Fresh . Is (kg.hat ry weight sepals )
. Dry weight sepals (kg.ha") (kg.ha?) Anthocyanin
weight plant - 0 haty g (umol.g”
(kg.haY) p g. pmol.g
SUid | s 50 84176° 19589.5° 6541.25° 1100° 0.18°
. "M 100 67625" 15735.7° 5266.33" 891.17° 0.35%
3 50 o sluo)
(e St
Drought stress 150 58923" 13672.3" 3816° 646/58° 0.49
(mm evaporation of
evaporation basin)
5
= 64322° 14972.7% 481.3° 824" 0.31°
Control
d’k‘;' "‘_"““_(i 67604° 15663.6° 5004.3* 846.56° 0.32™
Once irrigation
9 <£)'-:-3i L )'eJi
5L Jglome LS
[l Phiua
i b b ab
Snat] S@QHumld Once irrigation 70977 16508.2 5368.3° 903.44% 0.36
acid and once
spraying
99 Gl b )b
uwb‘bbu )b' a a a a a
Once irrigation 78062 18185.6 5646 946 0.38
and twice
spraying

A I e doyd gy Jloso] g p3 SIS (yg0i] olol gy > aldie gy (glyls dlael *
* In each column, followed by similar letter are not significantly different at the 5% probability level using Dancan test.

Gl W S g 5 (13 8 B LD 3aaS 1 Sogainnd 9 (SuBS LT e O151-6 Jgan
Tabel 6- Interaction effects drought stress and humic acid on number of branches, fresh and dry weight plant of roselle

Sl FERSLS (IS 3 0,55S) Ba 5 0jy  ([ESB )3 0,5 5kS) AT SS9
Treatment  Number of branches  Plant fresh weight (kg.ha™) Plant dry weight (kg.ha™)

A;B; 8.13% 74338 17280

A:B, 8.63™ 79229 18421

A4B; 9.36° 84717° 19686"

A;B, 9.63" 98420° 22961°

A;B; 7.60°" 62072° 14480°'

A;B; 8.10% 64948°" 15010°'

A,B; 8.83™ 68506 15928°¢

A,B, 9.13° 74974% 17524°

A3B; 6.13° 56556 13150"

AsB, 6.73% 58634 13559

A3B; 6.96% 59707 13910°'

AsB, 7.20° 60793 14070°

A I e oy gy Jlosn] s 13 SIS 903l oll gy > aldie g gyl dlael
level using Dancan test In each column, followed by similar letter are not significantly different at the 5% probability.
Sogubd] (Sengebdol (byns pie oaimd L Loy 4 By g By By By g1 (oM pses St 1 s o Juo 150 9100 50 olao sy s Ag 9 Ap Ay

B Jsbee s> 5 )l T L olyan bt o Bl Jplome et 5 ool ST b ohas )bt ()l ol L olyon bt
Ay, A, and Az are 50, 100, 150 mm evaporation from pan class A respectively, and B,, B,, B3 and B, are no use, once with irrigation,
once with irrigation+once spraying, and once with irrigation+twice spraying of humic acid, respectively.

I ixe g Cte (Simmod ghb Glio Ken yoluwgs] » dadlas oy 9o Silis (s Sicasan
I me g e oy 3y90 Ol b piluwgi] ( Siusen At A ob gl (7 J9A>) dalllas 5y50 Glaw (Situed olyps
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W Py

- Cols 4 el ga SgieMe oS 5 Sy il
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Introduction

Roselle (Hibiscus sabdariffa L.) as a medicinal plant belongs to the Malvacea family. Their active ingredient
increases under water stress. Humic acid bacteria derived from humus and other natural resources have hormonal
effects and can improve nutrient absorption to enhance performance especially under stress conditions .

Materials and methods

This experiment was conducted in the research of agricultural education centre Jiroft in 2013. Field

experiment was carried out as split plot design with three replications. Water deficit stress set as main factor with
three levels (A= Irrigation after 50, A,= 100 and As= 150 mm evaporation from pan class A) and humic acid
was in four manners (B;= non humic acid, B,= once with Irrigation, B3= once with Irrigation + Once spraying,
B,= once with Irrigation + twice Spraying). Humic acid was used to form Irrigation spray in order to arrange
with compactness (10 kg.ha™), (250 mi/100L). In late September, which coincides with the end of the heading,
plant height, inflorescence length, number of branches, stem diameter, fresh and dry weight of plant, fresh and
dry weight of sepals, were examined. Wagner method was used to measure anthocyanin content sepals (Wagner,
1979). Finally, data was analyzed using SAS 9.1 and means were compared by Duncan’s multiple range test at
5% level of probability.

Results and discussion

The analysis of variance showed that drought stress and humic acid had significant effect on growth
parameters, vegetative and generative yield and anthocyanin. Drought stress decreased plant height,
inflorescence length, stem diameterand fresh and dry weight sepals. The highest values of these traits was
obtained in the first level of stress (50 mm evaporation from pan class A). Due to the reduction in mentioned
properties, reducing the pressure tolerance and the subsequent reduction in drought conditions was considered
as division and cell enlargement. The reduction in growth parameters by drought stress can be due to disorder in
photosynthesis and reduction in photosynthetic. The impact of drought on each of growth parameters could
finally lead to a change in the performance of the roselle calyx production.

Drought stress increased anthocyanin content. The highest phenolic compounds anthocyanins (0.49 pmol.g")
was obtained in three level stress (150 mm evaporation from pan class A). Antioxidant flavonoids had protective
effect during drought stress and due to the role of anthocyanin in protection from sun during oxidative stress,
ROS was directly removed. The results showed a significant interaction between stress and humic acid on
number of branches, fresh and dry weight of plants. The highest value of these traits treatment was observed in
first level stress (irrigation after 50 mm evaporation from pan class A) and in four level of humic acid (once with
irrigation + twice spraying). Plant height, inflorescence length, stem diameter, fresh and dry weight of sepals and
anthocyanin were significantly affected by humic acid. The highest value of these traits was obtained in four
humic acid (once with irrigation + twice spraying). Humic acid can reduce the effects of drought, increase
absorption of water and nutrient and the growth of plants by physiological changes in plant and by improving
the physical, chemical and biological characteristics of soil, in order to improve growth parameters, vegetative

1, 2 and 3- MSc Student of Medicinal Plants, Department of Horticulture, Assistant Professor, Department of
Agronomy and Associated Professor, Department of Plant Breeding and Biotechnology, Faculty of Agriculture,
University of Zabol, Iran, respectively.
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and generative yield and anthocyanin in the experiment.
Conclusion
Sufficient moisture in the soil and high genetic potential for optimum usage of the potential environment are
essential for plants. The amount of humic acid due to its role in improving the nutritional conditions of the plant

can play an important role in offseting the harmful effects of drought stress on the plant.
Keywords: Bio-fertilizer, Calyx yield, Drought stress, Medicinal plant
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Table 1- Physico-chemical properties of the test site soil
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Table 3- Analysis of variances (mean squares) of the effect of treatments on the measured traits
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opX¥ poslwliss
VxBxF
“ 29 1 462" 132.06™ 3.38™ 0.001"™ 611556.7™ 270450.1™ 40.3™ 4.68™ 0.03™
&9 X poplaolg X CusgeaS
VxBxZ
. 1 6.09™ 2360.6™ 23.03™ 0.0002™ 59220.7™ 354492.1™  0.000001"  11.02™ 0.01™
&9 XX g g
Vx F xz ns ns ns ns ns ns ns ns ns
. 1 3.05 1239.5 1.095 0.0003 2523.0 29057.5 0.08 2.52 0.08
KX opX posluwliss
BxFxZ
XCungreS 0)9 1 4.75™ 1417.8™ 2.87™ 0.003™ 13200.3™ 4389.1™ 0.08™ 46.02" 0.55™
So XX pupllas
VxBxFxZ
s 1 1.88™ 861.7™ 0.22™ 0.0001"™ 7203.0™ 176297.5™ 0.33™ 7.52™ 0.06™
Error 30 32.05™ 2195.2"™ 60.1™ 0.03™ 970684.0™ 292064.3™ 86.6™ 26.2™ 0.65™
( ’():\“/”(;'/“)“*” - 3.01 6.11 3.47 4.40 4.39 6.56 11.59 131 8.37
0

9> Sbdsle 1Z gl (b sl (F o uplaolad 1B usgaS ay9 1V

V: Vermicompost, B: Thiobacillus, F: Iron spraying and Z: Zinc spraying
Mo sime BB 35 pis g doyd SO g gy Jloiis] o jd o e BB 35 4 NS o

*%* *
¢

*,** and ns: Significant at 1 and 5% of probability and non-significant, respectively.
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Table 4- Effects of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured traits of corn

039 W) 35des i
Slapa Wb e ekl Sy WRSes -k ool () ) e
o (o55) IW ,» ) (euile) i pSekS)  HeSS)  neS r»er (s0,9)
Treatment  1000- Number (5o Stem (2 (susa (pSshs  (pFgks Protein
Seed of seed Stem  diameter Biologic  Seed yield Fe Zn (%)
weight per ear height (cm) yield (kg.na (kg-ha™y  mgkgh)  mg.kg™)
(9) (cm) Y
Vo 178.5" 706.8° 207.7° 3.84° 21352.7° 7457.2° 75.45 34.12° 8.95
\ 196.4% 826.0° 238.7° 4117 23490.7° 9015.8° 85.04° 44.08° 10.33
Bo 185.5° 7535 222.2° 373 21802.9b 7731.3b 75.66" 35.95" 9.14°
B, 189.5% 797.3° 22422 4217 23040.4a 8741.7b 84.83° 42.25° 10.14%
Fo 186.8° 763.8° 220.2° 3.96° 22128.0° 8004.9° 75.37° 37.83° 9.49°
Fy 188.1% 769.1° 226.2° 3.99° 22715.4° 8468.0% 85.12° 40.37° 9.78
Zo 186.6° 752.6° 220.8° 3.98° 22314.1° 7918.0° 79.04° 36.79° 9.30°
Z 188. 3° 780.3° 225.6° 3.96° 2252922 8555.0°% 81. 45° 41. 41 9.97%

) cstlgome g iZo onl ol Jsloxe b Py coml (il Jglone (1942 (Fo e upbuolin b By« uphuliad (g Bo cussiaS oyg b IV1 wusgueS 039 09 Vo
5 Aalee L iZ1
Vo: without vermicompost, V1: with vermicompost, Bo: without Thiobacillus, B;: with Thiobacillus, Fy: without iron spraying, Fi:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying
Al o Juoyd K a3 S (glaials dix y905] (slus p BB o L Coglise g *
* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.

& Comd |y pAiS pgp lise CuwgneS 0yg 5l odlatul a5 wizdly yo
P et OB (g aemd oo Gl ()3 dre sob 4 als
sy by 4 (Splio o] b (sl p5Y (S LS
9 335U (Weisany et al., 2013) 25 o (g3b a3 0 &) olS
5l eslil a8 W3S 3,155 (Hernandez et al., 2010) ., Ko
Lactuca ) sals' ;o (555, olie ohal38l o CusgraS 039

sl o5 (sativa L.

o sbiculs gud g S )
390 Slio plad yo ugluwbad (S L &)d )4 gty ]
5,555 (3 Joion) 39 o ime Bl glis,) clitaol ay (¢ pSojll
)_.oL;C d)l_w.)])i 90 9 039 ))é_o u.)Lc) Sk 2 04 d)m
sl Ay g il (aLuST SLS 3 48 15 salsd o0 ot
Cois yuolie coIMs (il Coge mb dwl 5 Lled S yaa g
4 Bes SB 133,555 (ialaS 590 0LS Lawgs bl s 503
oosbwbad o ySh aler I LIk 5y g 5 () &0
o= lo .(Besharati & Saleh Rastin, 2000) 5,.5 . & )g0

b oS L gl pae o Cond )3 Al Jlia g 4l e

3y Slos p Gioli 8l conge olS 5y Sloe sl3 ol 5 j50l5 8l

Sras ol ymogde D9d e (Mg Wl 3)Slas 5 Sfglon
A G yd 3 3390 o] e Lol Bl Cage CuvgueS 0)g
2 ol e 2oyd 12 (i3l CongeeS oy 5 ookl b anlid
9290 (S9) Ui CamgeeS (o9 L jlass il (g 3 1) )5 ally
Joan) als Lialisl sals & Comd (I3 gxe yob 4 55 1y )3
Sipa S 050 0 5y 5 o0l e 1B hmgi o (4
CwgraS oyg 5| o3litwl > 4 (Solanum lycopersicum L.)
(Bahrampour & Sharifi Ziveh, 2013) cowl sas i,l5-5
g Cunl 980 polie Ol Gl sl (bl Jlo CuvgeaS' 00y
"0 u..;l)sl ‘) olﬁf U.:L\.C .)]9A )lJ&A Sk LY u.w?wfuo)9 039).9]
L o) 5 ool pogmas doy ByiansS jolis je Stalél am
Jahani et al., ) o )LSen § Sl buwg CasgueS oyg 3l o3l
Lenin & Ravimycin, ) cywessl, 9 ¢ o (Pistacia vera L.)
odmd i35 o» (Arachis hypogaea L.) uojplsl (2013
2 CawgaeS oyg 33l a8 b Lt e (inlesl oyl ol ol
Comd o SRl Cage 5 951 5I5ime )3 )3 35290 uBign e
5 (Joshi et al., 2013) ), Ken o 5> (4 o) 15 sl o
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o5)3=5 (EL.Tarabily et al., 2006) l,LSen ¢ kol,ls !

Sal 15 bS] &S 5,855 S s slacs ST & WS
Pl ahenlge Ola g3 ,Slas o gas b &) dg 00 gl el
o3| (Sharafi et al., 2010) J,LSan ¢ by 1ol iliil @3
s ey Jlia yjg il 3 Sdae (I3l ) 1) walewlad (ST
(Brassica napus L.) o5uly i8S o o,8 46ls sl g 3Me
ol o o] s 4 gl b gl ol & WS s )5S

S)b caslae

Dol s sald & Cud (gl xe [inli8l (6L b o il
o opbls 5 pSL L il iy sl o 1> SGjglgn 3 Slas
3y Slos peizman 0 lis ol aald 4 cuns (5 bz yobo
Sloslatwl oy s ial53l (6L el b o yd 12 dg0s 4l
1o 1051 Gt 1y )3 53 39290 ol e usbslons 658y
OS50y 5 5y Olie 0sde a0l ]38l eoliiwl pas 4 Cuws
o el olajlos )3 003 10 915 s o D (3 D9340
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Table 5- Effects of the two-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured
traits of corn

us 3,Sdos 3,Sdos oo 555
FE I M}“ sl ’w Sie W e ) o
Sows (0,5) ails I ) (eile) PRMS) e ekS) x » (3o,3)
Treatment 1000- Seed  Number - ( Stem (U2 (2 (o, 55k . Protein
- of seed diameter - : (e85
weight (g) Stem Biologic Seed Fe Zn (%)
perear  peight (M) yield vield  (mgkg N
(cm) (kg.ha?)  (kg.ha) ) (mo-kg’)
VB 1755 658.6°  210.1° 3.49° 20733.0°  6694.8° 69.25° 30.7° 8.52¢
VoBy 181.4° 755.0°  205.4° 418 21971.3°  8219.7°  81.66° 37.5 9.38"
V1B, 195.6 812.4*  238.0° 3.97° 22872.3"  8767.8° 82.08° 41.1° 9.77°
V1B, 197.3° 839.7%  239.0° 4.25° 24109.1*°  9263.7° 88.00°% 47.0° 10.8°
VoFo 177.5° 7036°  204.1° 3.81° 21152.3°  7273.3° 69.75° 36.5" 8.71°
VoFy 179.5° 7101° 2113 3.86" 21553.0°  7641.2° 81.16% 31.6° 9.19°
ViFo 196.1° 824.0°  236.3° 4.10° 23103.6°  8736.6° 81.00% 44.1° 10.28°
ViF; 196.8° 828.1*°  241.0° 4.12° 23877.8%  9294.9° 89.08° 44.0° 10.38°
VoZo 177.2° 687.9° 2055 3.81° 21268.8°  7227.9°  74.20c 3l.4c 8.60c
VoZy 179.7° 7258°  2105° 3.86" 21436.6° 768655  76.60™ 36.8" 9.30°
ViZ, 195.9% 817.3*  236.7° 4.10° 23359.5°  8608.0°  83.80® 42.1° 10.01°
ViZ, 197.0° 834.8%  240.7° 4.11° 23621.8%  9423.5° 86.20° 46.0° 10.65°
BoFo 184.6° 7321° 220.8® 3.71° 21537.7°  7507.5° 67.80° 35.7° 8.95
BoF: 186.5% 7389°  2276° 3.75 22068.2¢  7955.1¢ 83.50° 36.1° 9.33°
B:Fo 188.9% 795.4°  219.7° 4.20° 22718.3%  8502.3°  82.90° 44.5° 10.03°
B.F, 189.8° 799.2°0  224.8® 4.20° 23362.6°  8981.0° 86.70° 39.9° 10.24?
BoZo 184.3° 715.1° 221.8% 3.71° 217125  7397.3¢ 74.25° 32.4° 8.78°
BoZs 186.7% 755.9° 2273 3.75 21893.3°  8065.3°  77.08™ 39.5°% 9.50°
B.Z, 188.8% 7901  220.6° 4.21° 22915.8*  8438.7°  83.80® 41.1° 9.82%
B.Z; 189.9° 804.6°  223.8° 4.20° 23165.1*°  9044.7° 85.80°% 43.3° 10.45°
FoZo 185.8° 746.1°  217.9° 3.94° 22045.1°  7647.0° 74.30° 37.2b 9.20°
FoZ1 187.3° 781.4°  2225® 3.97° 22210.8*  8362.8°  76.40™ 43.53 9.40°
FiZo 187.8° 759.1*  223.8® 3.98° 22583.2°  8188.9°  83.70% 36.3b 9.78%
FiZ; 188.9° 779.1°  228.6° 4.00° 22847.6°  8747.2° 86.50° 39.3ab 10.17°

) stlgome g iZo oml Gl Jsloxe b Py coml (Ll Jglone (1942 [Fo e opbuolns b By« uphulis (g Bo cussiaS oyg b IV1 cusgieS 035 09 Vo

5 Aalee L iZ1
Vo: without vermicompost, V1: with vermicompost, Bo: without Thiobacillus, B;: with Thiobacillus, Fq: without iron spraying, Fi:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying
J.wbue Ao yd S 5|a.u » oijb laels A O}o)"\ 1) » M bJJ.m.\OLi'J QjL&Lo t.é5)> *

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.
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Table 6- Effects of the three-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the
measured traits of corn

52 ois £, s s
; Ald dlass a8 a8 5 T, - ..
&l 1>l Slw 3w sl Sigen M .

. i , ¢ oLs) el oem

o5 (o) M L) (el peSsks)  ReSR) el » (303
Treatment ~ 1000- ~ Number (5% Stem (b (Husa (e 5 9ks (ofsks  Protein

Seed of seed Stem diameter Biologic Seed yield Fe or e (%)

weight ~ perear height (cm) yield kg.ha~  (kg-hahy  (mg.kg™) Zn
© (cm) 5y (Mg-kg™)

VBoFo 174.0 653.0° 205.8™ 3.46° 20448.8" 6443.5° 59.6° 31.8° 8.26°
VBoF1 177.1% 664.3° 2143 3.53¢ 21018.3° 6946.0° 78.8% 29.6° 8.70%
VoB;Fo 181.0" 754.2° 202.5° 4.17%¢ 21855.8% 8103.0° 79.8% 41.3% 9.16°
VB1F; 181.9° 755.9° 208.3" 4.19® 22087.7%¢ 8336.3™ 83.5% 33.6° 9.60™
V1BoFo 195.3°% 811.2% 235.8° 3.96° 22626.5" 8571.5™ 76.0° 40.5° 9.64"

V1BoF; 195.8° 813.5% 240.8° 3.98™ 23118.0™ 8964.2° 88.1% 41.8® 9.89°
VB 196.9% 836.7° 236.8° 4.242 23580.7% 8901.7° 86.0% 47.8° 10.91%
V;BiF; 197.72 842.6° 241.2° 4.25° 24637.5° 9625.7° 90.0% 46.1% 10.87°

VoBoZo 173.5° 626.1° 205.9™ 3.46° 20631.7¢ 6364.0" 67.8° 26.3° 8.13°
VoBoZ: 177.5™ 691.2° 214.2° 3.52° 20835.5% 7025.5° 70.6 35.1° 8.91%
VB1Zo 180.9° 749.7° 204.2° 4.17* 21905.8% 8091.8¢ 80.6% 36.5° 9.07%
VoB1Z; 181.9° 760.4° 206.7™ 4.20° 22037.7% 8347.5™ 82.6° 38.5™ 9.69°
V1BoZo 195.0° 804.1® 236.2° 3.96" 22793.3™ 8430.5 80.6% 38.5™ 9.44%
V1BoZ; 196.1° 820.7° 240.2° 3.97° 22951.2" 9105.2% 83.5° 43.8% 10.10™
V1B1Z, 196.8° 830.5" 237.1° 4.25°% 23925.7% 8785.5™ 87.0° 45.8° 10.58%®
V;BiZ, 197.8% 848.8° 241.0° 4.25° 24292.5° 9741.8° 89.0°% 48.1° 11.21

VoFoZo 175.9° 675.7° 201.6° 379 21085.8 7029.2° 68.6° 32.8° 8.36°
VoFoZs 179.1° 7315 206.7™ 3.84° 21218.8° 7517.3% 70.8 40.3° 9.06%
VoF1Zo 178.6° 700.1° 208.4™ 3.84° 21451.7° 7426.7% 79.8%¢ 30.0° 8.83%
VoFiZ, 180.4° 720.1° 214.2° 3.88" 21654.3 7855.7¢ 82.5% 33.3" 9.54°
V1FoZo 195.7° 816.5% 234.2° 4.10° 23004.3° 8264.8° 80.0%° 41.6° 10.0%*
V1FoZ, 196.5° 831.4% 238.4° 4.10° 23202.8° 9208.3%® 82.0% 46.6° 10.5®
ViF1Z, 196.1° 818.0° 239.1° 4.11° 23714.7° 8951.2° 87.6° 42.6° 9.98%¢
ViF1Z4 197.5% 838.1° 242.9° 4.12° 24040.8° 9638.7° 90.5% 45.3° 10.79%

BoFoZo 182.9° 702.4° 2175 3.68" 21455.3° 7124.5° 66.5° 30.8° 8.53°
BoFoZ1 186.3°% 761.8%° 224.1%® 3.74° 21620.0% 7890.5° 69.1° 41.5® 9.37°™
BoF1Zo 185.6° 721.7° 224.6° 3.75° 21969.7° 7670.0% 82.0° 34.0% 9.04%
BoF1Z, 187.3° 750.1%® 230.5° 3.76° 22166.7° 8240.2" 85.0° 37.5™ 9.63"
B1FoZo 188.6° 789.8° 218.4° 4.20° 22634.8% 8169.5™ 82.1° 43.6® 9.87%¢
B:FoZy 189.2° 801.1% 221.0° 4.21° 22801.7%° 8835.2% 83.6° 45.5° 10.20%®
B:F1Z, 189.1° 790.4° 222.9%® 4.21° 23196.7% 8707.8%® 85.5° 38.6™ 9.77%¢
B.F1Z4 190.5% 808.1° 226.7% 4.24° 23528.5° 9254.2° 88.0° 41.1% 10.70°%

) stlgome g iZo oml ol Jsloxe b Py coml (il Jglone (1942 (Fo e opbuolias b By« uphuli (g Bo cusgiaS oyg b V1 wusgieS 039 09 Vo

$95 bslme b2y 4
Vo: without vermicompost, V1: with vermicompost, By: without Thiobacillus, B;: with Thiobacillus, Fq: without iron spraying, Fi:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying
J.wbue Ao yd S 5|a.u » oijb laels A O}o)"\ 1) » M bJJ.m.\OLi'J QjL&Lo t.é5)> *

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncans' test.

ey ol A g Ngdi oo SB 2SS bS] S 4 0ud

o Il |y a] LS 5 el g ool ialS |, S pH
P Slei 8L L S il & 1008 flo orizen lag)]
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coar yiocwbio byl d slogl Jlasl a1y il ol b

e bl e g 328 Lasme 51 gy odliiul g aalS )l il
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Table 7- Effects of the four-fold interactions of vermicompost, Thiobacillus, iron spraying and zinc spraying on the measured
traits of corn

N3 o3 £w)! 38es o
oAbl Al dile,kd Syjglew AP 3Nes - - k) 9, "
’ B o ) i sheo) 5 o
o (2,5 W “Hl)  (eBle)  ppSeks) nerdk N 2P (o)
Treatment  1000- ~ Number (5o Stem (s (U (055 (5% brotein
Seed of seed Stem diameter Biologic Seed y|e|d (9;913*5 Zn (%)
weight —~ Perear  poione M vieldkgha  (kgha) Fe — (mgkg?
() (cm) N (mg.kg™)
VoBoFoZo 1711 601.8 201.6° 3.41° 20360.0° 6149.0" 58.0° 25.0" 7.80¢
VoBoFoZ;  176.8% 704.1% 210.0" 3.50° 20537.7¢ 7638.09" 61.3" 38.gPedef 8.72%%
VoBoF1Zo  176.0% 650.4°" 210.1% 3.51° 20903.3% 6579.09" 77.6% 27.6%" 8.45™
VoBoFiZ;  178.2% 678.2% 218.5° 3.55° 21133.3% 7313.0¢ 80.0° 31.6M" 9.10%™
VoBiFoZo  180.6™ 7495 201.6° 4.16° 21811.7%€ 7909.3° 79.3 40,6200 8.92%f
VoBiFoZ; 1813  758.8"™ 203.4° 4.18° 21900.0%% 8296, 7°%f 80.3° 42.0%c0 9.40%f
VoBiFiZ,  181.2% 749.8% 206.7" 4.17° 22000.0% 8274.3% 82.0° 32.3°MN 9,200
VoBiFiZ; 182.6° 762.0°% 210.0" 4.21° 22175.3%¢ 83983 85.0° 35,0%M 9,9gebedef
V1BoFoZo 194.8° 803.0%¢ 233.3° 3.95°% 22550.7°% 8100.0%f 75.0% 36.6%7 9.26%™
V1BoFoZ; 195.8° 819.5%¢ 238.3°% 3.97° 22702.3°™ 9043.0°% 77.0% 44,30% 10.0%cde
V1BoF1Zo 195.22 805.1%¢ 239.1° 3.98° 23036.0%¢ 8761.0°¢ 86.3° 40,3000 g gpbodet
V1BoF1Z; 196.5° 822.0%¢ 242 5% 3.98° 23200.0%¢ 9167.3%¢ 90.0° 4330 10,1630
V1B1FoZo 196.6° 830.0%¢ 235.1° 4.25°% 23458.0%¢ 8429, 7 85.0° 46.6% 10.83%¢
V1BFoZ; 197.1% 843.4% 238.5°% 4.23° 23703.3%¢ 9373.7% 87.0° 49.0° 11.0®
V1BiF1Z, 196.9° 831.0%¢ 239.1° 4.25? 24393.3® 9141.3%¢ 89.0° 45.0%° 10.3%c
V,B,FZ,  1985° 854.3° 24347 4.26% 24881.7° 10110.07 91.0% 47.3° 11.42°

) stlgme g iZo onl ol Jsloxe b Py el (Ll Jglone (1942 (Fo e upbuolin b By« uphuli (g Bo cusgiaS oyg b V1 wesgieS 039 09 Vo

53 Aalee L iZ1
Vo: without vermicompost, V1: with vermicompost, Bo: without Thiobacillus, B;: with Thiobacillus, Fy: without iron spraying, Fi:
with iron spraying, Z,: without zinc spraying and Z;: with zinc spraying
J.wbue Ao yd S 6|a.«) » oijb laels A O}o)"\ 1) » WS bJJ.m.\OLi'J qu.'bo ;95)> *

* Means in a column followed by the same letter are not significantly different at p<0.01 based on Duncan's test.
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Introduction

Half of the world's population suffers from micronutrients malnutrition. Use of bio-fertilizers in sustainable
agricultural systems is important in production and enables plants to absorb more water from soil and improves
plant nutrient uptake and photosynthesis. Benefits of vermicompost application in agriculture is due to its
content of organic matter, plant nutrients and plant growth promotion. Vermicompost increases the absorption
and transition of nutrients from soil to roots and improves plant growth (Simsek-Ersahin, 2011). Zn and Fe
application is highly important; foliar application causes faster and higher absorption rate and cures deficiencies
symptoms (Ghaffari et al., 2010). Thiobacillus is a chemolithotroph bacterium, receiving energy from sulfur
oxidation. This bacterium acidifies microcites in the rhizosphere, increasing the availability of nutrients to plant
roots (Kaya et al., 2009). Regarding the benefits of integrated nutrient management, this experiment was
conducted with the aim of testing the effects of Fe and Zn foliar spraying, Thiobacillu sthiooxidans inoculation
and vermicompost application on growth, yield and bio fortification of popcorn maize.

Materials and methods

This experiment was conducted in 2012 at the research field of Islamic Azad University, Tabriz branch, Iran.
The experiment was conducted in factorial in the form of a randomized complete block design with three
replications and four factors: vermicompost application in soil (0 and 2 t.ha™, applied in strip form below the
seeds before cultivation), inoculation with Thiobacillus thiooxidans, with a population of 10%cfu.g™. Sulfur was
inoculated with T. thiooxidans prior to application. Fe chelate foliar application (without spraying and two times
spraying of 0.002 concentration of 13% Fe chelate) and Zn chelate foliar application (without spraying and two
times spraying of 0.002 concentration of 15% Zn chelate). Maize seeds (Zea mays L. var. popcorn KSC. 600)
were planted, after being inoculated with Azospirillum, at the rate of 66,000 plants. ha™. Then, 10 plants were
harvested from the middle rows of each plot and grain yield was measured. To measure the absorption of
nutrients, 5 other plants were harvested from each plot when grains were at dough stage and dried at 70°C oven
for 72 hours. Then, samples were grinded and analyzed. Finally, data were tested for normal distribution and
subjected to statistical analysis using SAS. Duncan's multiple range tests was used to compare means at p<0.05.

Results and discussion

Results indicated the significant effect of vermicompost on 1000 kernels weight, the number of kernels/ear,
stem height, stem diameter, grain yield, biologic yield, Fe, Zn and protein contents. The effect of Thiobacillus
inoculation was significant on all measured traits except for the stem height. Fe foliar application significantly
affected stem height, biologic yield, grain yield an Fe content. Zn foliar application had also a significant effect
on the number of kernels/ear, stem height, grain yield, Zn content and protein content. Results of this experiment
generally indicated that application of vermicompost, Thiobacillus, Fe and Zn had improving effect on maize
yield, yield components and grain quality.

Conclusion

Nutrient management is one of the most important factors in successful crop production, so, it was tried in
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this experiment to take advantages from soil microorganisms to find a suitable method for sustainable crop
nutrient management instead of chemical methods. In recent years, increased application of chemical inputs to
agricultural fields has caused several environmental and health issues and reduced the quality of products. So, as
the results of this experiment showed, integrated nutrient management with lower dependency on chemical
fertilizers is a promising method to reach sustainable and healthy production and food safety.
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Wl los Lyl 5 4 ols s JLuSiis pos Jlo gy (o
&> sbod buwgio &S gyob 4y il b Jlo ple & Cud  Jolate
3 35psS (omple) il g 31,5 Lo 42y yio 5 (42903 olo
PaSpla g b Jlo 95 cpl crodl g b Jlw plo 5 Jomo
A18)S5 18 ool 3590 el Cawd @y (99 )Skes g pgd o
& alie Loy Cuandg Lo g (Sl olhen Blod J sae Jlo e
adlbs oyl 5 Jols gl ol sl dilae cosedily o o

D945 0313 e (6 yiiin ylisebol b os] (sla Jlo 4 X150

o Ghalel Joome (alahin (355 9 Jobo 105 L2l gl =2
40 1351 Uy s geas ) gliisy) 5 34°20° N 47°19'E sy
UL 361 o) = amoy = 55 51 talogl e S il
21y otalefl Joxe (2025 (S5, 5 aliale glod bawgio 50 1
oSl )b B 5 (naleil ol amd e L3 B sl L
e Ay o 9o (e dalad 93 )3 ST Hlea b (Solar JolS
ol boyless 00,8 1] 1391 lisls b 1385 5l 5 Lo Lt
- Sile (pasS-ag50 ‘(:_\S—uipj A= pAS Al 9> gl iy
(L Jgas) 39: paiS-(Carthamus tinctorius L.) 5,5 4 puS
ORI L o308 s (e (siloslel g paiS=p1iS Cglis 5
035 > )y Sy ulS Sl B g ol il BT 50 bS5
395 )liae 3,5 plooil yio ke 25 alold b I8 das b cosls i
400 14 olise 9 039l 5 2 plimd g i 5l NaPso Jge s S|
Firp slacide Ly oj)lue cpa 003)5 ool @ ye i 53 5
gl 45 odlitl S )3 3 1D i 4 (635095 ile
e 3 s5LEmy bss g e s il Sl 5 pasS= i
2Igl8 Uy ot LSy patS-Sible wglis 5 b odlitl
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200 5 yzo 5L 25 alols b )5 a3 5l oslil b aclye o8 030l
Or2s Bub il i sladile boj)le 005 plosl @ e i 53 )4
Sl pAS-3555 9l 53 A plosil Jlu o olo (323)9)8 53 (i
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halojl (12l gl y3 (e axkid 95 15 (£, 9l slajlowi -1 Jgoar
Table 1- Rotation treatments in two sites in years that experiment was conducted

2006-2007  2007-2008 2008-2009 2009-2010 2010-2011 2011-2012

=1y5 ol slaylen

Rotation treatments

L, L, L, L, L, L L, L L, L L L
pAiS-piS

W W W W W W W W W W W W
W-W
fore w ff wow ffowow ff o w
f-w
LS= 3¢50
P79 w ¢ ¢ w w ¢ C W w ¢ ¢ w
c-w
piiS- Sl

W V V W W V V W W V V W
V-W
L5 5318
Psw’lswsswwsswwssw

sl o 5,518 ¢ Sl IV 3956 1€ ¢yl i (paiS W 9 2 proj ankad g 1 puoj asbob s 1Ly g Ly
L; and L,: Are sitel and site 2, respectively, and w: wheat, f: fallow, c: chickpea, v: vetch and s: safflower

30 -
——2006-07
—&—2008-09
20 - —=—2010-11

........ 2007-08
--m--2009-10
—e—2011-12

25 1

15

Temperature ("C)
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G600
—+—2006-07 & 2007-08
—&—2008-09 --m=-2009-10
—a—2010-11 —e—2011-12

500 4

OCT NOVDEC JAN FEB MAR APRMAY JUN

832918 ©ligiod o] > islojl (sl (b (815 gladiad (Cuwly Cuon) (2025 (1)l 9 (G Cronw) Wlialo (Slod bawgio -1 JS

39,y w22
Fig. 1- Monthly mean temperature (left) and cumulative precipitation (right) of crop seasons in dryland agricultural research
station- Sararood in experiment years

o oul p Jlo 3 (35 Jloss iz 31 Jlo (Lol 5148 3l
(2 Jga2) 292 o stme s ol 32 oslis ool ST Jg eings o sine
§) ol a8 casb 1y e oyt 1388-89 Jls ys gy glis)
Sladlo ;S5 4 cas Jlo ol 55 18y calio baylpd Lenlys
1388-89 JLw y3 (Su5,b sleodls osalie g 391 ivlejl sy
ol Jlo 3 gl it 148k 0 Cundy ol w3 (1 Jga2)
) Cawo U)I » i dL{bu9L) ))I f.}uf LY &Lm“)l dl)J FIM)
45 1388-89 JLuw > Jlio (gly sl o puiio glite (sl JL

Cowl 039 usl_u £9d 0593 g Cwl 0dg L.MA)L\A uf..\j)b. Mo9

puliS g eldi yf
el )3 0y 51 b s (55 Vgene i) il
15 oalS o b el 51 515 e i) LalsEl ad olals
Ol @ () 1 3 09 Cpuine Cuje (LS dnlr S
i) gl ) S A8l 2Bl a] ol (Sas Capnguas
ol el ols (YL s ladS )y Sl wlS ¢l
Al eBse iyt 0 1) oSy el S el Cogas
Col 350 ()95 ) (g9) oS Eli)] (priomod An3 (00 1,8 Jriwgid
olts puS wigy £lis)) S pe Luili,ly 4550 (Mazaheri, 1994)
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O3l Bl Sl e g ol ey LS G b Sl ea 1y (alS
oS« Wy ¢l (Yang et al., 2001) s> o LialS gy
O 2 0993 Jsb 3 ol (oMo oaimd ) Lis s Jlia (59 ¢ 2
Iy 3, Sles S ol 5Ses o (Harder et al., 1982) wib o 4l
Lopez-bellido & ) aas 5,3 5L cos lals jl Lan
ol s 5 e oS pe Wil )l 4355 @l (Fuentes, 1986
Jlo 30 gl 9 gl 31 9 09y 4l iz o (pl p Sl yil &S 0l
piS &b Jlia (355 (2 Jgz) W39 )l tme IS & i (55
5 93ek 325 (3 Usie) 292 oo 4 ) i, 1388-89 Lo 5
O3 4S5 453,S y)55 (Lopez-bellido et al., 2000) ,\Son
5 ol S Sy ol laogls (sles o pasS &b lin
Dogan et al., ) o), 5an 5 593 .59 Jlgie paiS oS 51 5L
0y93 9 (b Iy paiS sl Jlia 59 b me B3] pac (2008
g 93956 IS )b Kol b pusS ciliso (lasglis j> (o9l

3,8 IS ledsle

gl 53 paS gy i)l )3 SIS L gl 3 puiS Wiy £l
» piS wg el (1390-91) 5T Jlo > Jg cdidls oo 3959 L
(3 Jgao) ol @il LialS 5956 Cglis  Cond 5,15 1 oglis
P pNS A8y il 3 SO e Gl 8 S donis Glgiee
b Jlez 0)99 4 53 9 S (0 Jop (o) 2 F SV b gl 093
Golae Ll aL bl pasS aSe glayl gy pme (LialS 3]
paS L il g b, Slus] wgss wslis > (Ghaffari, 2002)
29l 090 dw a3 |y pS Wgy glas )| Ho me MBS pas (g)ld

D905 85

puiS adls 5158 059
3 d3ien (s SLEBle3 S ) 3 Tyl iy amily
olej 3 oSl bl 0 S5 n i 42 @ b Loy 25
Ol Lo%; SLidlod )3 5l s Ol D9 0yly (Ko &l 05
039 9 My 393 (Bly Jrusly 4 Loy & 59y salgd e
Fiwgtd Ol s 4 3l vgmg Jlais! cpl bl e ialS aib

PN (K 5elgn 9 il 3,Shas (@ po e > i Sla calan 3 Al Slaad (&I 132 (59 Ty £, 8 po iyl @525 -2 g
Table 2- Analysis of variance for plant height, 1000- grain weight, grain per spike, spike per m?, grain and biologic yield of

13 43 4,
IR 039 : >)
&3l as s . Pl > Qg g, @ g 2> Al Bl
JRENT AR s 5 Sles FHI L Ssilon ¥ EW) L1
SOV o Grain yield 1000- Grain per Bi(;io ic Plant &yere
Grain np '0g height df” Spike per m?
. spike yield
weight
(¥) Jeo 10335900™ 614.3" 180.9™ 78044800  15700.3" 2 266898.0
Year (Y)
1l
12 56057 3.6 10.6 640534 1299 9 8839.6
Error 1
(T) o 4 757995 4.1™ 11.4™ 4088580™ 88.8™ 4 20485.6
Treatment (T)
JL;:\’(““ 12 156390™ 5.8 8.9" 3626190" 14417 8 17764.8
2 las
48 30564 4.7 6.3 469378 25.6 36 6015.9
Error 2
S 79 481721 27.8 14.2 4104050 657.9 59 17864.1
Total
(03] sl s 15.2 7.3 16.4 16.8 73 24.8
CV (%)

B gre pf g 0o )d S5 g gy Jloin] paw )0 )b gxe i 4 NS 4

** *
¢

*,**and ns: Significant at 5% and 1% probabilty and non significant, respectively.
ol Sglize co ol sl (odl3] oy 1wl 0ads (65 03101 Jlo A jd @oye so 5D bt dliss 100
oo: Number of spikes per meter square was recorded in three years so degree of freedom is different for this trait.
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9 Sayled 5 a8 S 5olam 3 Shas g (0 ke )3 dliinw Sad caliiun )3 &l Slaad (il 158 (359 iy ] (Lo dnlio -3 Jgua
Gliseo g Jlw
Table 3- Mean comparison of wheat plant height, 1000- grain weight, grain per spike, spikes per m? and biologic yield in
rotations in different years.

2008-2009  2009-2010 2010-2011 2011-2012  pwSSle

Mean
(o Sl aigs £lis,!
Plant height (cm)
paS=p S 355 84.3% 86.7 506" 665
Wheat-Wheat
R 32.6' 99.7° 80.3% 69.6 70.5°
Wheat-Fallow
A 36.4' 104.5% 82.0° 65.6% 72.1°
Wheat-Chickpea
Siler puis 328 1083° 771" 664  711°
Wheat-Vetch
elind 32.1' 103.9° 76.0° 59.4" 67.8°
Wheat-Safflower
oSl 33.9¢° 100.1° 80.4° 64.1°
Mean
(55) &l 515 &5
1000- grain weight (g)
paS=p S 28.3" 38.1° 23.2' 262" 28.9°
Wheat-Wheat
ohlmpas 30.0% 38.4° 25.5" 255" 29.8°
Wheat-Fallow
2 pS 30.5° 36.2° 24.4% 26.7 29.4%
Wheat-Chickpea
d&u—Fﬁ 3O4b 363a 260df 251df 2953
Wheat-Vetch
S5 pas 30.2 NG 27.8* 254" 303
Wheat-Safflower
oS 29.9° 37.3° 25.4° 25.8°
Mean
s 5> &ild dlass
Number of grains per spike
pusTpS 10.9° 16.1* 19.0° 1517 153
Wheat-Wheat
N 10.8° 20.0° 17.8¢ 1479 158
Wheat-Fallow
2555 paS 12,5 20.4° 17.6% 1557 165
Wheat-Chickpea
Siler puis 1159 19.6® 14.4% 143% 149
Wheat-Vetch
S,i5-pas 11.4' 16.2" 14.6% 14.9% 143
Wheat-Safflower
oSl 1.4° 18.5° 16.7% 14.9°
Mean
&0 p0 3> Al dlaxi
Number of spikes per m?
pAS—puS 23814 233 .54 254.0°F 241.9

Wheat-Wheat



379 L px8 £l); Oluogas By g aild 3yKlas p iidw £1,5 sl 5

el pas 152 6' 362.62¢ 480.0° 3318
Wheat-Fallow

:y’d—f.-uf 189.5°" 373.5% 481.5% 348.2
Wheat-Chickpea

SlempaiS 184.3°" 286.5°¢ 479.5° 316.8
Wheat-Vetch

5 ,l5- 08 2146 324,29 439.0% 325.9
Wheat-Safflower

oSl 195.8° 316.1° 426.8°

Mean

(2 53 0,554S) S999m 3,Sdas
Biologic yield (kg.ha)

pASTpAS 1957.5¢  37525% 320637  4786.1° 34256
Wheat-Wheat

e 1531.3%  6800.0°  3821.3°  3470.0° 39056
Wheat-Fallow

2 pS 2208.8"  8577.5° 44550  40505%  4822.9
Wheat-Chickpea

Salempas 1835.0° 7375.0° 35963  3909.0°  4178.8
Wheat-Vetch

ST paS 19138°  6857.9° 31650 42069 40359
Wheat-Safflower

oSle 1889.3¢ 6672.6° 3648.8° 40845

Mean

A YD e doyd gy Jlesn] grdaw 1 S5 90l Bab oo ya )3 Al gy (Sl (la pSilio
Means within each section fallowed by the same letters aren’t significantly different at the 5% probability level of probability based
on Duncan test.

Pine cho ol Jlo 3 gl Jlie 31y Jlo (Lol 51 a8
9 93k 39 (2 Jgiz) 05 Joisine st osls Lol 51 Jg wiag:
S5 ixe M3 pae 55 (Lopez-bellido et al., 2000) ,\Son
L slaJlu o paiS 80500 (10)li5 a1 p0 e 0 dliww dlai 3 1y
il gy gyayie ) Ald 2l loe 5 Ol caslie bl
3 4S8 395 o0 0nlie 3 oled Jodo 4 4395 L (3 Jgus)
ol g a8 pglie S 51(1390-91 JUo) laoglis 0y9d o3l
2 aliwoliw pyieS Jo cpl p2 a8 gysb 4 o bles Cano

ol Bl gl plo b duslio j3 1) o p0 o

S5 oa 9 Slas
A8 b olis pa5 S fglm 3 8o (i)l 428 gl
3y Slas (2 Jgan) wagr o ine ] Jlw 3 sl 5 Jlo
1387-88 Jlw )3 5 ¢yt 1390-91 Jlows 3 pasS So5olsm
(3 ) aials 1y Ginlajl cos Jlo Jlaz e )3 s (a8
gl g 3900 M5 1) Sfglgm 3 Slas (g yieS puS=pAS gl

alsiig o difa alaes

aS ol ol paiS Al ;0 &b dlawl S pe uilylg @ j0
bmime yue sl gl 5 09 b pme oyl g Jlo Sl leid
Lol blod | ptalegl (slalo glis & g b {2 Jpa) 230,
)ul_) oo Al [, asly sl a5 355 e blaxl lea 9 O
2y Shas T2l e 53 bl o Sglite lgm g O puito Ll
5l 0y Slae Jd& )0 1) ppw o i &l ol lals \/9‘*’“’
Gilise slacy pis 15U cov caw opl (Jamshidi, 2008)
593 il oo alpuw aore calise baylyd piomed 9 (£);
Lopez-) )l)LSen 5 gash 3o (Khan, 2002) aad o olis
sogls 1y b, wb sl iol53l (bellido et al., 2000
Lacgls pluw g paiS Jlsto i b duslio 1> lapsS L puiS
gl 3 Jls g Jlo b iae 5 prizmen ol 3,87 lgie
W20 )35 1y dliis 53 &by slas

g0 50 5o by lass
by i g ye o > dliw sl S po il yly 4y o0 gl
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lSan 5 o84 .3 )5 clla (Ghaffari, 2002) it 4 (2008
s 41y 3459 3l am pAS (cdieo oo pas (Dogan et al., 2008)
ol 5 ola 35e Ol s pSh b S L 3556 (0358 el
gl 1y pasS &l 5 Slee iol8! (Chan & Heenan, 1993)
oials Gy I SB Jlosle coiS” il 4 by ye puiS- 9
Stevenson & Kessel, ) JusS g oyomigrinsl g s CIN s
22950 pa S gl > paiS 5y Slae ual3él 5 (1996
31 =5 1y paiS pglie S 4y s (Pisum sativum L.)
ud by polis (onld 5 puS Slais)lon 432 (A0 4SS
slacls o puis by 3 Slas  Sied 153, laic 3,565 4
<3l s Lo plon 53 (S8)b ggeime b (qwy 2 3)90 ke
L el oy Shos paS Jlgto Sl e 4 laoglis (oolos
bl wl cplpl cccul dzily jb sxe 5 Cote (Siumon (S35,
odlae bl jloolitul Jously paiS” Jlgte cuiS ) oS 39 oo
Lopez-bellido et ) o ,LSen g gauls jog) ool 4Bl jials’ a3,
» 1y pasS ash oy Slee o —ely5 Lol @glize 1 (al., 2000
OIS (2le g Of cilises bl 5 s &) calises (sl Jl
ol pisS Al o Sles ot 5 (ke iz L] 38
Arachis ) uejpblimpais 5 paiS-pais (clacgls )3 s

3,91 cuws 4 (hypogaea L.

(3 Jsiz) 550 Sesedsns 2,8kos s s 3556-paS o5

dily o ySlac
Slas ob ol puiS @b 5,Sloe Sy (uilyls 4505 gl
dunglio (2 Jgiz) 351 5o gtme o Jlo 3 sl 5 glts ¢ JLo
4S g0 asule calisee slacigly pd puiS ab 5 Sles (1Sl
8 Laogls andy an o Jomly oS 3 paiS=paiS Jlag
2 355 Aoy |y aily 5 Slee oy D956 paiS gl 5 B S
«SslompaiS Cgls L WS S o gjlel Llod a8 wis
paS ails 3 Sles (4 Jgia) cuils )8 K5 ,J8-p08 5 Ll paS
o=l a 318 e oS Cunl 009y aliie gl dar jd Jol Jlw jo
2l b duwlis )0 pasS Jlgte cuiS Lt ol gl as” ail Juds
ash o Slas s oSl o (Js el ois bles G lagls
S Lacsglis a1 )b sxe jobo 4y paiS lote cuiS )0 paS
ped JLuw y 3956 L glis j3 puiS il 5,Slee (4 Jgia) ol
ails 3, Shos p)lez 5 pgw Jlo 3 Jg 35 loogls plo I pi
Vicia dasycarpa ) sl ¢ yinl b puS clacgls p puiS
asly 5 Slee s o lis a5 wilons ol 5l i b Koo (Ten.
Iy Lacgls ol wae sYe b (w5l el opl alsl azl
Dogan et al., ) ol Lsen g oBg> ols)liS b bl opl.adb o

Wiso g Jw 3 (29lT s lon yd (USR 43 0,59LS) EuS Aild 5 yShos (il du o -4 Jou>
Table 4- Mean comparison of wheat grain yield (kg.ha) in rotations in different years

2008-09 2009-10 2010-11 2011-12  wSlw

Mean

pasTpS 695119 1443.2°
Wheat-Wheat
el pas q b
62401 2354.1
Wheat-Fallow
25 S 806.7°F  2657.7°

Wheat-Chickpea

49539 51879  788.1°
911.3*  866.0" 1188.9°
1182.6% 74500  1348.0°
1078.0®  870.0° 1283.4%

859.4°" 69120 1147.4°

Sl puS 813.9°  2371.7°
Wheat-Vetch

S5 pus 5090 2288.1°
Wheat-Safflower

oSk 7381°  2223.0°

Mean

905.3°  738.2°

A HB e doyd gy Jles] grdaw 1 (S5 90l Bab Cenndd ya )3 Al gy (b (olauSilie
Means within each section fallowed by the same letters aren’t significantly different at the 5% probability level of probability based
on Duncan test.
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Introduction

Crop sequencing with a particular arrangement in a 2-3 or more yearly period is known as crop rotation.
Considering crop diversity and soil fertility crop rotation is essential because it prevents soil degradation which
is a result of sequential cultivation of one crop causing nutrients imbalance, exudation of different compounds
and antibiotics from crop roots. Determining crops sequencing, affects crops yield and its quality. It was
reported by many researchers that including the forage crops and legumes as a winter crop in rotation either for
forage production or green manuring, i.e. growing two or three crops annually was a necessary practice for
improving the soil fertility as well as increasing the annual revenue. So, this study was conducted to investigate
effects of different crop rotations on grain yield and some agronomic traits of wheat in dryland conditions.

Materials and methods

The experiment was carried out based on randomized complete block design (RCBD) with four replications
in two neighbor sites in dryland agricultural research sub-institute Sararood - Kermanshah during six years from
autumn 2006 fall to 2012 summer. Treatments were concluded five crop rotations as wheat (Triticum aestivum
L.) - wheat, fallow - wheat, chickpea (Cicer arientinum L.) - wheat, vetch (Vicia dasycarpa Ten.) - wheat and
safflower (Carthamus tinctorius L.) - wheat. All crop rotations were included wheat so in one site the first year
wheat was cultivated in all plots and in other site the other components of crop rotations were cultivated. Plot
area was 10x20 m> Plant height (10 randomized plants), number of spikes per meter square, number of seeds per

spike, thousand seeds weight, biologic yield and grain yield were analyzed.
Results and discussion

Main effect of year on wheat plant height and yield components were significant and showed different
climatically conditions in experiment years. Interaction effect of rotation x year was significant on wheat plant
height and number of spikes per m? and in the end of rotation period (2011-12) effect of continuous wheat
appeared on number of spikes per m® as in this year the lowest number of spikes per m? in continuous wheat
observed compare to other rotations. Ghaffari (2002) considered the rotation of chickpea, sunflower (Helianthus
annuus L.) and fallow with wheat and reported no significant effect on plant height of wheat in three period of
rotation. The results of thousand kernel weight showed non significance difference among rotations and year x
rotation interaction that were similar to results of Dogan et al. (2008) in two rotation period of wheat and
sunflower, canola (Brassica napus L.), chickpea and forage pulses. Results of composite ANOVA for biologic
and grain yield of wheat showed significant effect of year and treatment x year on these traits; and continuous
wheat had the lowest yield and other rotations were located in higher classes. Continuous wheat treatment at the
last year had the lowest spikes per meter square among rotations. Stevenson and Kessel (1996) stated an
increasing trend in wheat grain yield in pea (Pisum sativum L.) — wheat rotation compared to continuous wheat
due to breaking of diseases cycles and availability of potas, phosphorous and sulfur. Correlation between wheat
grain yield in different rotations with total precipitation showed that in all rotations except continuous wheat,
there was a positive significant correlation between precipitation and wheat grain yield. So, it can be concluded
that continuous wheat has reduced the potential usage of optimum growing conditions.

Conclusion
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(*- Corresponding author Email: a.abdolahi@areo.ir )
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Rotation of wheat with each of these crops (chickpea, vetch and safflower) can be proposed, considering the
importance of crop diversity and additional yield of these crops.

Keywords: Chickpea, Fallow, Safflower, Sequential cultivation, Vetch
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Table 2(A)- Mean comparisons interaction of intercropping and wild safflower in studied feature
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jpadile wg 10 + (%65 Ssl-%35 4o) 2 801° 1 642 2 893°10
(35% Barley-65% common vetch)+10 weeds
sppails g 1045 (Al cuis 0° 3.6° 1.747"

Sole cropping of barley+10 weeds

Ay )b gme BMS] 18 (S 905l ol do > g Jleis] a3 (gylel blod 5l Syniie B K Blis )b slapySile ygiw ya ¥

* Means with the same letters for each column haven’t significant difference at 5% probability level according to Duncans’ test.
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addlho 5,90 Olio 45 aiing S5 500 il g bolseo CullS Joliio 151 (uibo dmglio (&) 2 Jgua
Table 2(B)- Mean comparisons interaction of intercropping and wild safflower in studied feature

o ean P Sl ddgle A SIS 0l
3 2 oY) Saile Sis adgle : iy
~ (s Lesa 2 o) (&5 5t p5)
Treatments Dry weight of vetch (t.ha™) Dry weight 011; barley (t.ha D}y Weigh  of
wild safflower (g.m?)
sppcile 53 15 Jgone Sile s a8 2.921" 0 12.00%°
Pure Cropping of common vetch-15 weeds
jpacile a4 15HUBE Joene Sslom Y45 52 2 801° 2 133 7 90
(45% Barley-55% common vetch)+ 15 weeds
jyacile a4 15HU35 Jgene Sslem %65 52) 2 701" 2 947 g o4t
(65% Barley-35% common vetch)+ 15 weeds
jpacile a4 15HMAD Jgene Sslm¥55 42) 5 7780 5 93 7 199
(55% Barley-45% common vetch)+ 15 weeds
jpcile &g 15+(%65 vy Sale=%35 5}) 2.802° 1.603% 5.77%9
(35% Barley-65% common vetch)+15 weeds
spdile 69 10t gs allb cuis 09 3.403 3.467%(0
Pure cropping of barley-15 weeds
syl &g 20+J9m Sile Ll s’ 2.95% o° 17.45%
Pure cropping of common vetch-20 weeds
jyacile a4 20455 Jgene Sslom Y45 52 2 802° 2 033 10.91%¢
(45% Barley-55% common vetch)+ 20 weeds
jyacile a4 20435 Jgene Sslem %65 52) 2 706°" 3.033° 12.83%
(65% Barley-35% common vetch)+ 20 weeds
sypcile dg 20+(%45 Jexe Sil=%55 9>) 9 774cdet 2 832 11.198bcd
(55% Barley-45% common vetch)+ 20 weeds
)').m_é.l.c Lo 20+(%65 J?"“’ Saslo=U%35 9>) 279 1.56ab 8.593b_f
(35% Barley-65% common vetch)+ 20 weeds
sl g 20+9> oAl cus 09 3.2872 5.3>¢

Pure cropping of barley-20 weeds

s I3 gine OS] 338 4S5l gl ol oy gy el sy (el blod I S yntie By Sy Bl (ol slacuSilie gt pn 5 *
* Means with the same letters for each column haven’t significant difference at 5% probability level according to Duncans’ test.

ploi jo S o) (g pmlp Cuud g Silo > PLER GaMus|
Lol LERSL) 39y 55,50 S 5l 5ymcile = bglsee S gglaw
65-35 ;Lo jl e an o (1/36) (iS5 (1/85) oyt
4 LERT al crol cws & salimss > 45-55 4 salimss )y
L a8 59 1/83 Jolse smy> 20-35-65 oS 5 j> ( Jio y4bo
BM3] oyl g M3 soyd 1/08 ¢l)l> canli-45-55 LERT
inlojl 5y90 cli ol plas 15 bole cuiS (caiodgmw ;Soby junb
Sl Coms |y sl JBLG 9 o515 38 3929 (ol b il e
i b a8 (bgle cutS 5 wud (clajlowd 4d) s lo owe;
(Hauggaard-Nielsen et )15 e ilae yoSho Liolel 5l Juols
Ly 5 baylogs g9 el ;3 alis pie cle Vil al., 2001)
OhlSan 5 190 izman il oo Sialojl 3,90 blio )3 39290
3 byl b5 Logme,d bl cuss’ (Tsubo et al., 2004)

LER (Morris & Garrity, 1993) 5,5 5 w50 ¢ wimon

bolyd jl e pd g (dame G4 2929 Lalyd 0 )
b pialS S 0 S a8 )8 as ddlles (ol izl (gole
LeoleS ol (l8) )08 by e cbgliee pi > Sile
Oty 1 Ab Jlgs olS (I LER (jials &y joxie jpaslacile
0545 by be jl i Jsome Sile )3 (> (05 Sl S
o cpyieS 9 0/96 ply 5ymcale wgy 10 L aoy> 65-35 4wy
93 oy Cpmr 3,5 dsle aali w0 y3 35 =65 S5 )3 (0/9)
CpinS 9 Oy Cpiomed el Cowd 4 B! Ao, 6/25
=30 69-35 (6,10 (slacuns e 2 omes sl Comas
Jolee ey an amlim o> 45-55 4 1o > 20-35-65 aals
b 9 oppieS cp (4 Jgis) del cuns 4 0/43 5 0/92 0/92
5y sloas 5 dal s 4 M3 o> 53/2 (g 3 PLER
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Table 3- Land equivalent ratio in different treatments of intercropping weed Interference with wild safflower

Silo F32 o) SRlp G i ey Sy Camd e Sl S
Sos Syexe 9 5
Treatments Partial LER of common vetch Partial LER of barley Total LER

jpacile g aalit (U5 Jgens Silo U045 42) 0.93 0.85 178

(45% Barley-55% common vetch) +control
jpacile gt 2aLit(U35 Jgane Sile - %65 42) 0.9 0.8 17

(65% Barley -35% common vetch) +control ' ' '
jpacile gt aalit(I45 Jgane Silo - %55 42) 0.93 0.43 136
(55% Barley-45% common vetch) + Control
jpadile ga 1alt(U65 Jgane Silo - %35 42) 0.93 0.92 185
(35% Barley-65% common vetch) + Control

jpacile dg 10 HU55 Jgane Silo - %45 42) 0.96 0.58 154
(45% Barley -55% common vetch) +10 weeds

il a5 (! Al =0

jpadile dg 10 HU35 Jgane Silo - %65 42) 0.93 0.85 178
(65% Barley-35% common vetch) +10 weeds

e a5 (! Al =0

jpacile dg 10 045 Jgane Silo - %55 42) 0.95 0.83 178
(55% Barley-45% common vetch) +10 weeds

jyacile ag 10HYB5 Jgeno Sslo - %35 ) 0.96 0.45 141
(35% Barley -65% common vetch)+ 10 weeds

jpacile 4 15 +(% 55 Jgene Sislo - 945 o) 0.95 0.62 157
(45% Barley-55% common vetch)+ 15 weeds

jpadile 15y 15 HU35 Jgane Silo - %65 42) 0.92 0.86 178
(65% Barley -35% common vetch)+ 15 weeds

il a5 (! il =0

jpacile 15y 15 045 Jgane Silo - %55 42) 0.95 0.86 181
(55% Barley-45% common vetch)+ 15 weeds

jpadile 15y 15 HUB5 Jgane Silo - %35 42) 0.95 0.47 142
(35% Barley -65% common vetch)+ 15 weeds

jpacile dg 20 HU55 Jgane Silo - %45 42) 0.95 061 156
(45% Barley -55% common vetch)+ 20 weeds

il a5 (! il =0

jpadile dg 20 HU35 Jgane Silo - %65 42) 091 0.92 183
(65% Barley-35% common vetch)+ 20 weeds

jpadile dg 20 HU45 Jgane Silo - %55 42) 0.94 0.86 18
(55% Barley -45% common vetch)+ 20 weeds

o ile s Y Al =0

jacile dig 20H(%65  Jgeno Sslo - %35 ) 0.94 0.47 141

(35% Barley -65% common vetch) +20 weeds

Cl 4568 ey eulBy jo ol (gl By Sy a il S
& ygmo Slwlxa ¢ ialesl ool 4> (Gaungwei et al., 2006)
2 Jaero Sislo baloo s 3o (gl ol s oS ol Lis a8 )
e an) Gl SOl 5850 Lajlew pled 13 g b duglis
5l Silo (sly CR oy g (a8l35-65-35 5 55-45 (slacuS
a9 sly 9 (2/64) 10Ls-45-55 Lgle JoSo oS 5
oialesl cpl 53 (4 Jous) el cuws 4 (1/83) 1ali-65-35 ¢,k

cutS elipl )3 cpnj 6 plp Cand 03l ol 4 a8 By
wUle (L o gype SMo uisred wad oo ol |) bl
s T4l g0 byl cuiS (gaiodgw g (£) olalS <ols,
5 Csdo (gxadgw Bl S I S S 2 B sl <)
o (gdodguw LBl S 5l 555 ST g anib dgng (gl e
L ol 81 g pdy Kl ladisS balowe cuiS g g4 o0 Sl
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015 CR Lials cosly 5 a5 Sitlo s pae 59 (oaljil
cuiS oy $9y SWlae gols Daraeimofrad et al., 2013)
i jymidle £oi g Dl 3 poss a5 ol LS yacale - bglse
oirleil @l coms 5l (S @l ul g e ol Canns

(Cardinaet al., 1991) 1l o pol>

oialafl 2)90 olS 93 51 oy s w3 s &5 LD st
ol 4305 o gl (2B) (s 3 g B e ol & e
15 4 10 5 5,mcale (ST Lilidl b Joexe Siblo )3 aS & j90
23 ORIBl g 5 Ll el ) s yeyte 3 w5 20 4
iy S5 5y acale L o Sile bl cusS (o b lis

rong 55 5 e | (Jgano Sl —g2) biglse ot ol S =4 Jain
Table 4- Competition relative (CR) of intercropping (common vetch-barley) with weed wild safflower

e Frore Swilo Culdy Comi g2 Coldy S
Treatments CR of common vetch CR of barley
spacile g anlat (55 Jgene Sl -U45 &) 0.89 111
(45% Barley-55% common vetch) +control
jpadile ot aalit(%35 Jsane ko - %65 42) 0.47 208
(65% Barley -35% common vetch) +control
jpadile oot aalit (45 Jsane Sl - %55 42) 264 0.37
(55% Barley-45% common vetch) + Control
jpadile ot aalst(U65 Jgene Sl - %35 42) 054 183
(35% Barley-65% common vetch) + Control
jpacile @54 10 HU55 Jgane Silo - 945 42 135 073
(45% Barley -55% common vetch) +10 weeds
jpacile 6y 10 %35 Jgeno Sislo - %65 02) 203 0.49
(65% Barley-35% common vetch) +10 weeds
jpacile 6y 10 %45 Jgeno Silo - %55 ) 139 071
(55%Barley-45% common vetch) +10 weeds
jpaile ag 10HUB5 Jgano Silo - %35 o2) 114 0.87
(35% Barley -65% common vetch)+10 weeds
jpacile 4 15 4% 55 Jgane Silo - Y45 45) 195 0.79
(45%Barley-55% common vetch)+15 weeds
jpacile gy 15 HU35  Jyeno Sislo - %65 ) 198 05
(65% Barley -35% common vetch)+15 weeds
jpacile gy 15 W45 Jgeno Sislo - %55 52) 135 0.74
(55%Barley-45% common vetch)+15 weeds
jpacile gy 15 HUB5  Jyeno Sislo - %35 02) 108 091
(35% Barley -65% common vetch)+15 weeds
jpacile gy 20 HU55  Jyeno Sislo - %45 02) 127 0.78
(45% Barley -55% common vetch)+20 weeds
jpacile gy 20 %35 Jyeno Sislo - %65 02) 183 0.54
(65% Barley-35% common vetch)+20 weeds
jpacile gy 20 %45 Jgeno Sislo - %55 52) 133 0.74
(55% Barley -45% common vetch)+20 weeds
jpaile ag 20465 Jgane Silo - %35 o2) 107 0.92

(35% Barley -65% common vetch) +20 weeds

oy ST a8l el gng ghlasMo 5 cglis (LT Jlas
adgle cppitin g g Jgane Siilo 3.2 Ja2) 351 (e25 lag]
L (Lo 5 o5 31883 5 2/996) salim Lalls cuiS o St
5 Jgeme Silo (3)b 5l iy 3l B3] as > 22/84
390 1> 1y 5,Shas oy yidir bglseo elinl polo o 53 65-35 bglsxe

Sl dd gle o Slac
wdgle 3y Slos oy (g SO g bl clipl (iiSeny
(1 Jgae) (pO/0T) 55y Joisine Jgome Sl 5 g Sis
ol 3,90 oS 90 Bl 9 Sy KB (39 5 et esls
eilime clajlogs (g g )3 Ll adly 1o 5 ddgle 3 Slas
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g = Jgore Seilemgn) 10-65-35 Sy oS jgo cpl

sl ey 4y 20-65-35 §15-65-35 (L ( iy S5,
Dy Sy o5 279 4 2/802 2/801

S5 Jgeme Silo jl odel cuwd 4 K abgle oy yieS

.(Daraeimofrad et al., 2013) wils Jolse (459 20 4 15 10 canli) ;pacile zglaw plos 5> 35-65
i 5 el (2 Jgis) cily s LS > o5 2T 4 2/T712
1/56) sl 5las 20-65-35 Jlo & agle oy 208 cor bglse
-35-65 4 15-35-65 10-35-65 ,Les 5.k ;I ([l o oy
3/033 4 2/947 3/093 s 5 4) w592 5, Shas oyt s, 20
S sy Lol ol 3 g B 4S5 (S o oy
1y s o og Glalejl 050 (slajlass plo o )3 3,Sles
e Wb duwle BB o 22/84 (5 5 Jgeme Sl
472 5 15 g 20y 0142 (Sslo 0Jg5 o ity o M3 340

6 85 ot
iy lns &S sl 5Lt adlllas oyl 5l Jols gl
g SMedgw glapadls le 3 )Sles p (R2y JB Sl il
Dy &S Wb asude Gialejl cpl 13 .5)b e ladale J S
prie (Jgone Sile =g2) inlojl 2,90 LS 95 51 o 1 ) g
2ty BB s aoed ) ol jyacale d3gS g 2w )y
039 5 Sl bl @l 23,5 e Sl ol (2B, ol

U e ol olise 4« Ssle blseo e cdgle wg ;) vgw
Ylainl |y ol ool 45 48,55 518 dimg 515 5 5 b culs,
b s gl I iy edlainl g (98 CaS 1D Ay cpid
sxsh ol (Carr et al., 2004) o, Son 5 58" bl (] 3
byl b ccle d cunl (S bolee JoSo slinl aes (o cglay &8
A5 0)93 (b 53 odd CF Gyl a2 g (SN asle (K59
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Introduction

In agronomy, natural outlook has been expressed in different forms which stable agriculture is an example.
Stable agriculture is ascribed to the authentic management of agricultural resources, which in addition to
fulfilling the ever-changing needs of humans, maintains the health of environment and capacity of water and soil
resources. Application of herbicides, besides being costly, resulted in the selection of herbicide resistant weed
species and has become an environmental contamination factor. However, reduction of herbicide consumption is
one of the goals of modern agriculture, with several methods being suggested, including intercropping. In natural
conditions of production, environment conservation of weed existence requires cost. One of the important
preparations in weed control from the perspective of sustainable agriculture, is using intercropping system. The
aim of this study was to determine the role of crop diversity on weed and crop production based on the beneficial
effects of intercropping system than pure.

Materials and methods

In order to study effects of mixed and sole cropping of barley with common vetch on their biologic yield and
utilization indices, an experiment was conducted in Agricultural college of the University of Lorestan, during the
growing season of 2013-2014 with 24 treatments using the method of rows replacement series technique by the
randomized complete block design in a factorial arrangement with three replications. First factor included 6
levels of intercropping: sole cropping of common vetch (100%), 55-45 (Common vetch-barley), 35-65, 45-55,
65-35 and sole cropping of barley and second factor included 4 levels of weed wild safflower, control, 10, 15
and 20 plants per m. In this experiment WCE, LER and CR were measured. The data were subjected to analysis
of variance (ANOVA) using Mstat-C computer software. Mean comparisons were performed using Duncan s
multiple range test at two levels of significant 1% and 5%.

Results and discussion

There was significant difference between minimum and maximum dry weight of weeds, the results showed
that barley have important role in weed control wild safflower. Therefore, weed control efficiency in 15 plant in
m?was higher thantwo 10 and 20 plant in m% The lowest WCE (161.27%) was found at 15-35-65 treatment,
but, the highest WCE (51.99) was obtained from 15-65-35 (Wild safflower-common vetch-barley) treatment.
Computes showed that WCE, in 15 plants of wild safflower/m? was more than 10 and 20 p/m’. The reduction in
weed population and biomass in intercropping systems with barley may be attributed to shading effect and
competition stress created by the canopy.

Thus, result showed that reduction rate of common vetch in intercropping, with bearing compatibility power
to weeds reduced LER. CR for common vetch intercropping component in comparison with barley in total
treatments was>1. The highest CR, for vetch obtained from treatment 45-55-control (2.64) and for barley from
seed ratio 65-35-control (1.83).

Conclusion
The results in this study showed various seed rate had noticeable effect on forage yield, LER and weed
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control. In this experiment changing seed rate in two tested plants (barly- commen vetch) changed the number
and weed species, as a result noticeable changing was created in their competitive power. Result showed that
seed rate (35% barley-65% common vetch) was better than other treatment, not only in use efficiency of
environment, but also it had more dry forage yield. Also, former seed rate had effective role in decreasing the
weed biomass. This important result was related to reduced light penetrate at the bottom of cover crop and
probably lack of competition in access to environmental resources was also affected. So using this seed density
for mentioned area is recommended for reducing weed competition and improving the quality and quantity of
dry forage.
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Table 1- Geographical coordinates and climatic data of the regions under study
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Table 2- Soil characteristics of the areas studied
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Table 3- Chemical properties of alfalfa residues

o9 clle o
Nitrogen concentration Carbon
(Ny) o5 (N2) bawgio (Ns) 3L AW 5
Low nitrogen (N;)  Medium nitrogen (N,)  High nitrogen (Ns) Percentage Weight
(M)ﬁ) (M)ﬁ) (P)f)
(%) (%) (9
2.78 3.55 4.46 38.16 7.63

23,5 dusloo (518 4’ 9)0 sblis 1338) 20 )3 )8 soyd G paliols I S lade *
* To calculate the amount of organic carbon, concentration of organic carbon multiplied by the amount of plant residue placed in a
litter bag.
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Table 4- Analysis of variance (mean of squares) climatic conditions, residue nitrogen concentration and time duration on
carbon dynamics residue alfalfa

- yS A3 et g culi (68151 40 i gle
eutesil 018 OF ©6)y00 gzjl)rsbo;l)Z:comr:siti;)n ¢ )df ’ S.0V
Remaining carbon  Carbon loss P
rate constant
19.31 4.42 4.72 x 10° ““‘“
Region
6 .
0.10 0.03 4.80 x 107 ool ks
Error
2.37 0.57 0.84x 10° o Mehmekl
Residue nltrOgen concentration
0.19"™ 0.15™ 9.20 x 107 4 bla: (g clalé X edlato
RxRNC
12 o s
0.15 0.05 5.30 x 107 o sl
Sub error
7.77 3.06 2.03x 10° ole;
Time
3.07" 0.82" 11.45 x 107" 6 i X sl 5 ol Ll
RxT
0.13" 0.09™ 1.60 x 10°" 6 clej X Ll g ke
RNCXT
0.05™ 0.05™ 0.79 x 107" 12 e X Ll (555555 CLale X ailais
RXRNCXT
54 .
0.08 3.66 0.60 x 10°® P b les
Sub sub error
5.10 41.79 43.03 i (10p3) lyees

CV (%)

{(oe; ) (Ll (525 cdale RNC) (aidaze :R)}
{(R=Region) (RNC=Residue nitrogen concentration) (T=Time)}

ime pf g doyd iy o S5 Jloin] mwaw 3 (g5l sre i 4 NS
*, ** and ns: Significant at p=0.01, 0.05 and non-significance, respectively.

* k%
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Table 5- The interactive effects residue nitrogen concentration and incubation period
on carbon decomposition rate constant

SOV

O @3 s ol
Carbon decomposition rate constant

1

day’

N1 To-60
N1 Teo-120
N1 T120-180
N1 T1g0-240

N2 To-60
N2 Teo-120
N2 T120-180
N2 T1g0-240

N3z To.0
N3 Tgo-120
N3 T120-180
N3 Tigo-240

0.00218*
0.00082*
0.00116"
0.00126"
0.00263*
0.00037¢
0.00148"™
0.00267°
0.00308°
0.00085“
0.00217%
0.00307°

{5 3t =T) (Ller (5592 o5 cdalée = N g Ll 5920 bawgto clalé = Np thley (5592 o8 cdale = Ny}
{(N;=Nitrogen low concentration, N,-Nitrogen medium concentration and Ns=Nitrogen high concentration) (T=Time duration)}
55 o b 63 sine BT g ylol Sl 5l )b S jnie G Ky bl &S el il
Means with at least one common letter are not significantly different.
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Table 6- Interactive effects of regions and time duration
on the amount remaining carbon

i s (05 pibosdly 5
S.0.V Remaining carbon (g)
JTeo 6.86"

J T 6.80%
J Tig0 6.71%
J T 6.51%°
N Teo 6.42°
N Ti2 6.07de
N Tig0 6.03%
N T 5.77¢
S Teo 6.27%
S Tz 6.10%
S Tigo 5.01°
S Taso 3.669

{las53,L0 =8 5 Ll =Ny =) (loj i =T)}
{(T= Time) (J= Jiroft, N= Narab and S= Sardouiyeh)}

S5 ot b I gime M) gyl i ) S ptie By K Bl el (slapSile *
* Means with at least one common letter are not significantly different.
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Table 7- Interactive effects of climate conditions and time duration on the
amount carbon loss and carbon decomposition rate constant

(59 5% )5 w3585 s pw ol

(p5) Cots5 )y lde

”:Oé:‘/u Carbon decomposition rate constant Carbon loss (9)
- (day™)

J Toe0 0.00178% 0.6655°
J Teo-120 0.00052° 0.1831°
J T120-180 0.00063¢ 0.2366°
J T1g0-240 0.00104% 0.3005°

N To-6o 0.00285° 1.0877°
N Teo-120 0.00091 0.4113%
N T120-180 0.00060° 0.2179°
N Tigo-240 0.00090% 0.2717°

S Tors0 0.00328° 1.3601°
S Teo-120 0.00064¢ 0.2374°
S T120-180 0.00360° 1.1715°
S T1go-240 0.00506% 1.3298%

{(892)l0 =8 5 0l =N e =) (oo i =T}
{(T= Time) (J= Jiroft, N= Narab and S= Sardouiyeh)}
S)I0 an b gyl sine BT g lel Sl 5l ls S e G S il oS elapSilie
Means with at least one common letter are not significantly different.
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Introduction

Various factors like climatic conditions, vegetation, soil properties, topography, time, plant residue quality
and crop management strategies affect the decomposition rate of organic carbon (OC) and its residence time in
soil. Plant residue management concerns nutrients recycling, carbon recycling in ecosystems and the increasing
CO, concentration in the atmosphere. Plant residue decomposition is a fundamental process in recycling of
organic matter and elements in most ecosystems. Soil management, particularly plant residue management,
changes soil organic matter both qualitatively and quantitatively. Soil respiration and carbon loss are affected by
soil temperature, soil moisture, air temperature, solar radiation and precipitation. In natural agro-ecosystems,
residue contains different concentrations of nitrogen. It is important to understand the rate and processes
involved in plant residue decomposition, as these residues continue to be added to the soil under different
weather conditions, especially in arid and semi-arid climates.

Material and methods

Organic carbon mineralization of alfalfa residue with different nitrogen concentrations was assessed in
different climatic conditions using split-plot experiments over time and the effects of climate was determined
using composite analysis. The climatic conditions were classified as warm-arid (Jiroft), temperate arid (Narab)
and cold semi-arid (Sardouiyeh) using cluster analysis and the nitrogen (N) concentrations of alfalfa residue
were low, medium and high. The alfalfa residue incubated for four different time periods (2, 4, 6 and 8 months).
The dynamics of organic carbon in different regions measured using litter bags (20x10 cm) containing 20 g
alfalfa residue of 2-10 mm length which were placed on the soil surface.

Results and discussion

The results of this study showed that in a warm-arid (Jiroft), carbon loss and the carbon decomposition rate
constant were low in a cold semi-arid (Sardouiyeh). The most suitable temperatures occurred from April to
October in arid and semiarid climates and soil moisture is probably the key contributor to the rate of
decomposition. The highest carbon loss in alfalfa in the cold, semiarid climate for a period of 8 months was
32.64%. The highest carbon decomposition rate constant was observed in the first 2 months of the incubation
time. These results indicate that higher nitrogen residue resulted in greater decomposition of plant residue and
lower carbon remaining in all tested climates. The higher nitrogen content of plant residue potentially increases
the concentration of nitrogen in crop residue and may increase the decomposition rate.

The strong relation between decomposition and climate has led to the belief that favorable climatic
conditions can increase the decomposition rate on a global scale and positively decrease and distribute
greenhouse gases in the atmosphere. In arid and semi-arid ecosystems, it is difficult to assess the decomposition
rate based on climatic data; it seems to be related to temperature and available humidity. Furthermore, Austin &
Vivanco (2006) reported that, in semi-arid climates, the litter decomposition rate decreased by 60 % when solar
radiation was attenuated; they concluded that photodegradation exerts dominant control over litter
decomposition in a dry ecosystem.

Conclusions

1, 2 and 3- PhD Student of Soil Science, Professor and Assistant Professor of Soil Science, College of Agriculture,
University of Zanjan, Iran, respectively.
(*- Corresponding author Email: Saeid55@gmail.com)
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The results showed that, precipitation of the study area and soil moisture played a key role in the plant
residue decomposition rate. In the cold semi-arid climate which moisture was available for decomposition of
plant residues for a longer period of time, OC loss and decomposition rate constant were higher than those
obtained for warm-arid and temperate-arid climatic conditions. It may be concluded that crop fertilization, which
increases P and N concentrations of plant residue, increases decomposition rate of plant residue but decrease its
mean residence time in soils.

Keywords: Carbon decomposition rate constant, Carbon loss, Climate condition
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Fig. 1- Leaf area percentage of soybean in different layers of canopy in presence of fenugreek(a), winter veteh (b), Persian
clover (c), chickling pea (d) and monoculture of soybeans (e)
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Horizontal bars in each shape shows standard error.
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Fig. 2- Effect of different treatments on total leaf area of soybeans
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T,, T,, Tgand T,: Simultaneous planting of soybean with fenugreek, winter veteh, Persian clover and chickling pea,
Ts, Te, T7 and Tg: Planting of fenugreek, winter veteh, Persian clover and chickling pea and Ty and Tyq:
Monoculture of soybeans in weedy, and weed free respectively.
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Means within a same letters are not significantly different at 0=0.05 based on Duncan’s test.
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Fig. 3- Effect of sowing date on leaf area of cover crops canopy
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Table 2- Effect of treatments on weed leaf area vertical distribution
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* Means within a same letters are not significantly different at a=0.05 based on Duncan’s test.
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Fig. 4- Effect of different treatments on total leaf area of weeds
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Ty, Ty, Tz and T4: Simultaneous planting of soybean with fenugreek, winter veteh, Persian clover and chickling pea,Ts, Te, T7 and Te:
Planting of fenugreek, winter veteh, Persian clover and chickling pea and Ty and T;,: Monoculture of soybeans in weedy, and weed
free respectively.
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Means within a same letters are not significantly different at a=0.05 based on Duncan’s test.
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(b), Fig. 5- Dry matter percentage of soybean in different layers of canopy in presence of fenugreek (a), winter veteh
Persian clover (c), chickling pea (d) and monoculture of soybeans (e)
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Cover crop planting three weeks after soybeans. Date 1: Simultaneous planting of soybean with cover crop and Date 2:
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Horizontal bars in each shape shows standard error.
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Fig. 6- Effect of different treatments on total dry matter of soybeans
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Ty, Ty, Tz and T,: Simultaneous planting of soybean with fenugreek, winter veteh, Persian clover and chickling pea,Ts, T, T7 and Tg:
Planting of fenugreek, winter veteh, Persian clover and chickling pea and Ty and Tyo: Monoculture of soybeans in weedy, and weed
free respectively.
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Means within a same letters are not significantly different at a=0.05 based on Duncan’s test.
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Fig. 7- Effect of sowing date on dry matter of cover crops canopy
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Table 3- Effect of treatments on weed dry matter vertical distribution
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* Means within a same letters are not significantly different at a=0.05 based on Duncan’s test.
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Fig. 8- Effect of different treatments on total dry matter of weeds
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Ty, Ty, Tz and T,: Simultaneous planting of soybean with fenugreek, winter veteh, Persian clover and chickling pea,Ts, T, T7 and Tg:
Planting of fenugreek, winter veteh, Persian clover and chickling pea and Ty and Tyo: Monoculture of soybeans in weedy, and weed

free respectively.
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Means within a same letters are not significantly different at a=0.05 based on Duncan’s test.
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Introduction

Amount and vertical distribution of leaf area are essential for estimating interception and utilization of solar
radiation of crop canopies and, consequently dry matter accumulation (Valentinuz & Tollenaar, 2006). Vertical
distribution of leaf area is leaf areas per horizontal layers, based on height (Boedhram et al., 2001). Above-
ground biomass is one of the central traits in functional plant ecology and growth analysis. It is a key parameter
in many allometric relationships (Niklas & Enquist, 2002). The vertical biomass distribution is considered to be
the main determinant of competitive strength in plant species. The presence of weeds intensifies competition for
light, with the effect being determined by plant height, position of the branches, and location of the maximum
leaf area. So, this experiment was conducted to study the vertical distribution of leaf area and dry matter of
soybean canopy in competition with weeds and cover crops.

Materials and methods

This experiment was performed based on complete randomized block design with 3 replications in center of
Agriculture of Joybar in 2013. Soybean was considered as main crop and soybean and Persian clover (Trifolium
resupinatum L.), fenugreek (Trigonella foenum—graecum L.), chickling pea (Lathyrus sativus L.) and winter
vetch (Vicia sativa L.) were the cover crops. Treatments were included cover crops (Persian clover, fenugreek,
chickling pea and winter vetch) aDid you mean:

nd cover crop planting times (simultaneous planting of soybean with cover crops and planting cover crops
three weeks after planting of soybeans) and also monoculture of soybeans both in weedy and weed free
conditions were considered as controls. Soybean planted in 50 cm row spacing with 5 cm between plants in the
same row. Each plot was included 5 rows soybeans. Cover crop inter-seeded simultaneously in the main crop.
Crops were planted on 19 May 2013 for simultaneous planting of soybean. The dominant weed species were
green foxtail (Setaria viridis L.), foxtail grass (Alopecurus myosuroides Huds), and red root pigweed
(Amaranthus retroflexus L.) in the experimental field. The other weed was considered as the others. At the
soybean canopy closure stage, a vertical card board frame marked in 20-cm increments was used in the field as a
guide to cut standing plants including soybean, cover crops and weeds. In each vertical layer of canopy, leaves
and stem samples were separated. The leaf area both crops and weeds were measured with a leaf area meter
LICOR-3000A (LI-COR, Lincoln, NE, USA). Stem and leaf samples oven dried.

Results and discussion

The results showed that the maximum leaf area and dry matter of soybean was varied in different layers of
canopy depending on the type of cover crop and cover crop planting time, while delaying in planting of cover
crop causes lower leaf area and dry matter than the plants were planted at the same time with soybean. In most
cases, the maximum leaf area index and dry matter accumulation of weeds were obtained in primary layer (0-20
cm). The maximum weed leaf area (290.4 cm?) was observed in simultaneous planting of soybean with
fenugreek and maximum of total weed dry matter (12.4 g.plant™) was observed in soybean without weeding,
while the minimum of weed total leaf area and total weed dry matter (0 cm? and O g.plant™, respectively) was
achieved in planting of winter vetch after 21 days of soybean planting. Also delayed planting of winter vetch

1, 2 and 3- MSc Student of Agronomy, Assistant Professor of Agronomy, Faculty of Crop Sciences, Sari Agricultural
Sciences and Natural Resources University, Sari, Iran and PhD Student in Crop Ecology, Faculty of Agriculture,
Ferdowsi University of Mashhad, Mashhad, Iran, respectively.
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produced the maximum grain yield (3792.6 kg.ha™) of soybean in weedy plots, where it had the greatest weed
suppressive ability than other cover crops.

Conclusion

Winter vetch can suppress weed with competition and allelopathic mechanism, so we can conclude that
winter vetch planting21 days after soybean planting is suitable replacement for weed suppression in sustainable
agriculture.

Keywords: Canopy structure, Chickling pea, Persian clover, Winter vetch
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Table 3- Mean comparison of quantitative indices of saffron affected by planting date
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* Means with at least one similar letter are not significant different (p<0.05) based on Duncans' test.
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Table 4- Mean comparison of quantitative indices of saffron affected by irrigation management at the first and second growing years
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* Means with at least one similar letter are not significant different (p<0.05) based on Duncans' test.
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Introduction

Saffron as a winter active plant with low water requirement is the most strategic medicinal plant in arid and
semi-arid parts of Iran. This slow-growing plant has narrow leaves and no aerial stem, hence weeds can be
overcome it. Moreover, because of its root and canopy structure an important part of different resources is not
used by this low input crop. Therefore, the use of associated crops could be an effective way for increasing
resources use efficiencies (Koocheki et al., 2016). Appropriate corm planting date is another important factor
that affects saffron growth and yield. Results of some studies show that late spring is the best time for corm
planting (Ghasemi-Rooshnavand, 2009; Koocheki et al., 2016). In addition, irrigation management has been
evaluated in some studies, but irrigation immediately after corm planting has not been investigated previously.
Therefore, the aim of this study was to investigate the effect of irrigation management, planting date and the use
of some companion crops on flowering of saffron during two growth cycles.

Materials and methods

This experiment was carried out as a split-split plot experiment based on a Randomized Complete Block
Design with three replications at Research Station, Ferdowsi University of Mashhad, Iran in 2009-2011.
Experimental factors included: planting date of saffron as main factor (first of June, first of August and first of
October, 2009), the irrigation management as sub factor (irrigation and no irrigation after each planting date) and
the companion crops as sub-sub factor [Persian clover (Trifolium resupinatum), Bitter vetch (Lathyrus sativus)
and control). Corm planting was done in 10x25 cm distances with 12 cm depth. In the second year irrigation was
done again in the plots which were irrigated after planting in the first year at the same previous dates.
Companion crops were sown after first flower picking (November, 2009), then their residue were returned to the
soil in coming spring (May, 2010). Therefore, data were analyzed as split-plot in the first year and split-split-plot
in the second year. Data analysis was done using SAS 9.1 and means were compared using Duncan multiple
range test in 5% level of probability.

Results and discussion

Results showed that most growth and flowering indices of saffron were significantly affected by
experimental factors. Quantitative indices of saffron were decreased considerably by delaying in planting date in
both studied years. The highest flower yield was obtained in June planting date (28 and 98 kg.ha™ in 2009 and
2010, respectively), while the lowest was shown in October planting date (18 and 34 kg.ha™ in 2009 and 2010,
respectively). Enhanced growth and yield of saffron in spring planting date is because of real dormancy stage of
corms in this time. All studied indices were superior in no-irrigated treatments after planting in both studied
years. The flower yield was 9 and 43 kg.ha™ in 2009 and 2010 in irrigated treatments, respectively, while these
values were 37 and 78 kg.hain 2009 and 2010 in no-irrigation treatment, respectively. It has been reported that
irrigation during the creation of the primary leaves in the corm buds is negative, while irrigation after this period
and simultaneous with the beginning of primary reproductive organs creation is suitable for saffron flowering.
The application of cover crops improved partially the quantitative indices of saffron, particularly in Bitter vetch
treatment. In addition, the highest flowering rate and the lowest leaf appearance rate were observed in June
planting date, no-irrigation and Bitter vetch cover crop treatment. The positive effects of short-growth cycle

1 and 2- Professors of Agroecology, Ferdowsi University of Mashhad and Assistant Professor of Crop Ecology,
Department of Agronomy and Plant Breeding, University of Birjand, Iran, respectively.
(*- Corresponding author Email: Rezvani@um.ac.ir)
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companion crops on saffron is related to improvement of soil physical, biological and chemical properties, soil
temperature regulation, prevention from nutrient leaching, N-fixation by Fabaceae species and help to weeds
control.

Conclusion

In total, saffron corm planting few days after the falling leaves in spring, no-irrigation after corm planting,
avoidance from untimely summer irrigation and the use of appropriate winter cover crops are good strategies for
saffron production.

Keywords: Bitter vetch, Corm, Flowering rate, Medicinal plants, Persian clover, Saffron
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Table 1- Energy equivalent of inputs and outputs in Pistachio production in Zarand county, Kerman
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Q\”Mh .
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Machinery (hr) Singh, 2002
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(1)sT) Lis cal . :
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(e 9 ) 5 . -
ki 92 .
Fungicide (Copper oxychloride) (ko) p.55ks Mohammadi et al. (2008)
(&gSTL) iSaale Ka) - .
i 238 .
Herbicide (Parquet) (kg) p55ks Mohammadi et al. (2008)
kel M) o 102
Water for irrigation (M) o ' Acaroglu (1998)
’SJ | cele lysls 3.6 Mohammadi et al. (2008)
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3 Sles PS5k 273 P
Vield (ko) . Mirzaei (2010)
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Table 2- Total energies input and output in pistachio production in 2010 at Zarand county, lran
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Total energy equivalent (MJ)

SIS e
Percentage of total energy
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Inputs and outputs Quantity per hectare (MJ)
(‘-"“LM‘) LS)f)L{ S9y 656
Human labor (hr)
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Machinery (hr)

Fossil fuel (Diesel) (L)
(F;?LS) Lm; 650
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Urea (kg)
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Triple super phosphate (kg)
(F;?LS) [ aand 40
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Pesticide (Actara) (kg)
Fungicide (Copper oxychloride) (kg)
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Herbicide (Parquet) (kg)
(oo sl oI 7560
Water for irrigation (m>)
Electricity (k W hr)
3959 38 S
Total energy input

Yield (kg)

1481.76 1.24
3762 3.15
24776.4 20.74
23490 19.66
15150 12.68
4440 371
7670 6.42
1990 1.66

920 0.77
4760 3.98
7711.2 6.45
54432 45.57
119423.36 100
40950
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Table 3- Total energy input in the form of direct, indirect, renewable energy and energy input—output ratio in Pistacia vera
production in Zarand county

bgad L (MJ. ha'") Jisa ;5 Jg5e
Indices
a .. a ‘
f"‘“‘”“’ &or . 88401.36
Direct energy
b .. s e
el s)f‘b 27260
Indirect energy
c . . a e
e 655 . 9192.96
Renewable energy
d .
boass  e5 )
RNERAS Gy s 114130.4
Non-renewable energy
8299 555 Jf 119423.36
Total energy input
(3% 2 p)55kS) 651 Bpao T 0.34
Energy use efficiency (kg.MJ™)
il oo 0.012
Energy productivity
oAk 5y -78473.36
Net energy

ST (SIS i cile (NPK) (pliond 355 Jos paituns b (5551 =D stloign el o 5 st iU (i 900 (558 (55565 Jolis patvs (5551 0
g S b g0 Jals piglbnnaog (6531 =0 aile )l T g (65508 55 Jali pianiog (6551 -C tlion (e 1318 108) (25 58  (1)ST)
Al I gndle (e s5S 305 5 6 (1) Sl (lgshl) 25 e NPK) (pliost cslosys
a- Direct energy including human labor, diesel, electricity and water for irrigation. b- Indirect energy including chemical fertilizers
(NPK), herbicide (Paraquat), pesticide (Actara) and fungicide (Copper oxychloride). c- Renewable energy including human labor and

water for irrigation. d- Non-renewable energy including diesel fuel, electricity, chemical fertilizers (NPK), herbicide (Paraquat),
pesticide (Actara), fungicide (CSopper oxychloride) and machinery.
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Table 4- Economic analysis of Pistacia vera production in Zarand county, Iran

(Js3l50) JiSa 3 jlao

1S 5 o odlys
9> 9 Bosly Quantity per hectare

Inputs and outputs

() cspSoft 1oy (glj) & Conid

. ; (HleSa) oo Ty y> 4
Prices per unit measurement

Cost per unit area (ha)

(MJ) (Rials)"
(cele) 5558 90 656 18750 12300000
Human labor (hr)
(cole) e¥Tgpile 60 70000 4200000
Machinery (hr)
() (3)) o 5 440 1500 660000
Fossilfuel (Diesel ) (L)
(ps555) 39! 55 250 2400 600000
Urea (kg)
(b5 Joyctand g0 255 400 3600 1280000
Triple super phosphate (kg)
('P; S, ) (1) osed] 10 80000 800000
Pesticide (Actara) (kg)
(pS58) oo 1918 oS 2S5
Fungicide (Copper oxychloride) 10 80000 800000
(kg)
('P’f%) (d’ﬂ’li) osule 20 80000 1600000
Herbicide (Parquet) (kg)
. e ) S 7560 4500 34020000
Water for irrigation (m®)
(cebs Slysls) st 2 15120 80 1209600
Electricity (k W hr)
S i S5 57469600
Total cost input
oAl 2 1500 80000 120000000
Gross benefit
ol 290 62530400
Net benefit
Sl 45 ol oMol (55002 555 y0 SO Calus Sl niad IS
* All of prices were obtained from website of central bank of the Islamic republic of Iran.
adbio ) Ol 39408 @ v b.Canl basye Gros slaols ;I O
Ol 93 ey ol sbao ji Cumdg (g Slyou g adlllas 390 & S Ao

oz ) Sluges ol (slddlate O oo ol adaio
6 am plosl o15,5LiS” o Of caslio @55 9 o Gpaa Sials
O P 4 cgejps o slooshe 5yl p ogde )b oyl
S9rs 82909 SLAGTPI O 2 298 SeS 35 e e Wy
W ly Byae (65l opyieS S, Jo5lKe 148176 | (5,18
Mov jlaS Ll dgw (golamdl Hai | puman ol (olaid] 45
A g samd L a5 v Jb, 62530400 L plp s Jols dtug

ol ddlaio )3 diuy Adgi (oLl

700 L duolie 3 055 Gl ped ) A Mg (6551 L

3 (2199) 555 {1128) i (112) Ao e o
ool el s o)Ll ] & wlie s a5 (1/23) LS
» Jo5l%e 119423 g el (639, (550! JS -l (0/34)
239 S > 5518 40950 Jolse (29,5 (5551 JS g S
9 A S a5l 30 sla g5l (g9y5 slacsiyl om
S > g3 2477614 54432 L sy 4 (o (slacd gus

by g S sl i OB pume A | w0 i



459 ..pg soladl Juloni 5 435 5 (295 359939 S5 A o

&l

Abrishami, M. 1994. Pistacia vera of Iran. Center of Academic Publication, Iran 672 pp. (In Persian)

Acaroglu, M. 1998. Energy from biomass, and applications. University of Selc-UK, Graduate School of Natural and
Applied Sciences. Textbook (Unpublished- Turkish).

Avrian, T., and Zolfeghari, S. 1994. Instruments economic-financial in service policies water management. In First
EWRS Workshop on Regional Resource Water Management. Isfahan, Iran, 10-11 September, 175-185. (In Persian)

Central Bank of Iran (CBI). 2011. Economic Time Series Database. Awvailable at web site:
http://tsd.chi.ir/Display/Content.aspx (verified: 7 July 2011)

Cordi, R. 1997. Historic Geographical Zarand and Kohbanan. Kermanology Central, Iran 253 pp. (In Persian)

Dick, W.A., and Doven, D.M.V. 1985. Continuous tillage and rotation, combination effects on corn, soybean and
oat yield. Agronomy Journal 77: 459-465.

Erdal, G., Esengun, K., Erdal, H., and Gunduz, O. 2007. Energy use and economical analysis of sugar beet

production in Tokat province of Turkey. Energy 32: 35-41.

Goswami, D.Y. 1986. Alternative Energy in Agriculture. CRC Press 407 pp.

Hetz, E. 1998. Energy utilization in fruit production in Chile. Agricultural Mechanization in Asia, Africa, and Latin
America 29(2): 17-20.

Javanshah, A. 1999. The study of flowering Pistacia vera and methods for its suspension to prevention of spring
cold. PhD Horticultural, Faculty of Agriculture, Tarbiat Modarres of Tehran, Iran. (In Persian with English Summary)

Kazemi, H., Alizadeh, P., and Nehbandani, A. 2016. Assessing energy flow in rainfed and irrigated wheat fields of
Shahrekourd Township under two tillage systems. Journaa\l of Agroecology 8(2): 281-295. (In Persian with English
Summary)

Kemal, E., Orhan, G., and Gulistan, E. 2007. Input—output energy analysis in dry apricot production of Turkey.
Energy Conversion and Management 48; 592-598.

Kizilaslan, H. 2009. Input-output energy analysis of cherries production in Tokat province of Turkey. Applied
Energy 86: 1354-1358.

Kuesters, J., and Lammel, J. 1999. Investigations of the energy efficiency of the production of winter wheat and
sugar beet in Europe. European Journal of Agronomy 11: 35-43.

Mirzaei, H. 2010. Modelling energy input- output in production of Pistacia vera. In First International Workshop of
Modelling Plant, Soil and Air, Rafsanjan, Iran, 14-15 November p. 29-45. (In Persian)

Mohammadi, A., Rafiee, S., Mohtasebi, S.S., and Rafiee, H. 2010. Energy inputs—yield relationship and cost
analysis of kiwifruit production in Iran. Renewable Energy 35: 1071-1075.

Mohammadi, A., Tabatabaeefar, A., Shahin, S., Rafiee, S., and Keyhani, A. 2008. Energy use and economical
analysis of potato production in Iran a case study: Ardabil province. Energy Conversion and Management 49: 66-70.

Ozkan, B., Cemal, F., and Feyza, K. 2007. Energy and cost analysis for greenhouse and open-field grape
production. Energy 32: 1500-1504.

Ozkan, B., Cemal, F., and Feyza, K. 2004. Energy requirement and economic analysis of citrus production in
Turkey. Energy Conversion and Management 45; 1821-1830.

Ozkan, B., Kurklu, A., and Akcaoz, H. 2004. An input—output energy analysis in greenhouse vegetable production:
A case study for Antalya region of Turkey. Biomass Bioenergy 26: 189-95.

Panahi, B. 2002. Handbook of Pistacia vera. Publication of Agricultural Instruction, Jihad- e-Keshavarzi 73 pp. (In
Persian)

Rasmusson, D.C. 1985. Barley. American society of Agronomy. 677 South segoe road Madison, Wisconsin 53711.
USA.

Sadatmoazeni, S., and Karbasi, A. 2009. Measurement of energy types by use of meta analysis method, study of
producers Pistacia vera in Zarand, Iran. Agricultural Economic and Development 16(61): 1-16. (In Persian)

Sartori, L., Basso, B., Bertocco, M., and Oliviero, G. 2005. Energy use and economic evaluationof a three year crop
rotation for conservation and organic farming in Neitaly. Biosystems Engineering 91: 245-256.

Singh, J.M. 2002. On farm energy use pattern in different cropping systems in Haryana, India. Master of Science.
Germany: International Institute of Management, University of Flensburg.

Tahamipour, M. 2009. The study of effective factors on production risk Pistacia vera in Zarand, Iran. Agricultural



1395 5l 3 o)les B o 15359l cwlivis pgy 43 i 460

Economic and Development 16(63): 1-19. (In Persian)

Uhlin, H. 1998. Why energy productivity is increasing: An 1-O analysis of Swedish agriculture. Agricultural
Systems 56: 443-465.

Vecdi, D., Kamil, E., Harold, M.K., Dawut, A., and Caglar, E. 2006. Energy and economic analysis of sweet cherry
production in Turkey: A case study from Isparta province. Energy Conversion and Management 47: 1761-1769.

Yilmaz, 1., Akcaoz, H., and Ozkan, B. 2005. An analysis of energy use and input costs for cotton production in
Turkey. Renewable Energy 30: 145-155.



Journal of Agroecology =t $39LaS (gl pg2 4 pids
Vol. 8, No. 3, Fall 2016, p. 452-462 i 452-462 . 1395 30l; 3 ojlesd 8 alr

An Input-Output Energy and Economical Analysis of Pistachio (Pistacia vera
L.) Production Systems in County of Zarand, Kerman Province

S.R. Amiri" and P. Rezvani Moghaddam?
Submitted: 27-07-2011
Accepted: 30-10-2012

Amiri, S.R., and Rezvani Moghaddam, P. 2016. An input—output energy and economical analysis of pistachio
(Pistacia vera L.) production systems in county of Zarand, Kerman province. Journal of Agroecology 8(3):452-462.

Introduction

Pistachio (Pistacia vera L.) is one of the most important export crops of Iran which has an important role in
non-petroleum exports and has over $800 million benefit per year. However, production of this crop faces many
problems in main production centers, especially in energy efficiency and productivity. The pistachio is a native
crop of Iran and Syria. The major producers of pistachio are Iran 55%, America 20%, Turkey 10%, Syria 9% and
the other countries with 6%. Iran is the major producer of pistachio in the world with more than 60 % of global
exports. Kerman Province with more than 270,000 ha under cultivation produces 77 percent of this crop.
Moreover, Zarand county with more than 45,000 ha under cultivation plays a major role in the production of
pistachio.

Energy flow is one of the topics of agro-ecology in the world and energy output to input ratio is calculated in
various agro-ecosystems. One of the indicators of agricultural development is energy flow. So, different studies
in the world have been done to evaluate the energy efficiency in the agro-ecosystems. Studies on apricot
(Armeniaca vulgris Lam.) showed that energy efficiency can increase with appropriate management practices
with minimum dependence on non-renewable energies.

Energy consumption is divided into two parts in agriculture: direct and indirect energy. Direct energy is the
fuel, machinery, electricity, energy required for cooling, heating, and lighting. Indirect energy includes the
energy used in the production of fertilizers, seed production, machinery, and pesticides. Energy efficiency is an
important factor in increasing productivity, especially in agricultural economy of developing countries.
Although, many studies have been carried out on energy consumption in the agricultural systems, the analysis of
the energy input required to produce pistachio is very low.

Therefore, the objectives of the present study were to determine the input and output energy rates, energy use
efficiency, and other energy-related factors in the production of pistachio in Zarand county of Kerman province.

Materials and methods

This research was conducted in the spring of 2011 in the county of Zarand. Zarand is located in the
northwestern province of Kerman. In this study, some producers were selected and primary information was
collected using questionnaire directly. All data (input and output) were converted to energy equivalent quantities
and then energy efficiency was calculated. Random sampling was done in gardens within whole population and
sample size was determined by Ozkan et al. (2004):

Nox5txt!

TN —Ddl+s2x £

Where n is the required sample size, N is the number of holdings in target population, s: standard deviation, t
is the reliability coefficient (1.96 which represents the 95% reliability) and d is permissible error (5%).

Basic information on energy inputs and pistachio production were transferred into Excel spreadsheets, and
analyzed. Based on the energy equivalents of the inputs and output (Table 1), the energy ratio or energy use
efficiency, energy productivity and net energy were calculated:

1 and 2- Higher Educational Complex of Saravan, Department of Plant Production, Faculty of Agriculture and
professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran,
respectively.

(*- Corresponding author Email: amiriseyedreza86@gmail.com)
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Energy efficiency= Energy input (MJ. ha®) / energy output (MJ. ha®)
Energy productivity= Energy input (MJ. ha™) / pistachio production (kg. ha™)
Net energy= Energy input (MJ. ha™) - Power output (MJ. ha™)

Results and discussion

The results showed that total input energy for Pistacia vera L. production was 119423 MJ. ha™, whereas total
output energy was 40950 MJ. ha™. Energy efficiency, energy productivity, and net energy were 0.34, 0.012
kg.MJ™* and -78474 MJ.ha™, respectively. The highest input energies were related to electricity (45%) and fossil
fuels (20%) which had the highest effect on decreasing energy efficiency. Economically, the total cost of
Pistacia vera L. production per hectare was 57469600 and the net benefit was 6253040 Rials.

Conclusion
It was concluded that extending proper agricultural management and sustainable exploration of natural
resources can enhance energy consumption efficiency in Pistacia vera L. production. Moreover, due to the
shortage water and the critical situation of the aquifers in this region, city regional water management should

consider measures to reduce water consumption and improve the distribution of water between the farmers to
help the sustainability of the aquifers and more efficient production.

Keywords: Energy efficiency, Input, Net energy, Productivity, Renewable energy
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Fig. 1- Dry matter accumulation in different irrigation regime (A), different levels of salinity (B) and mass and cultivar (C) of
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Introduction

Water shortage in Iran has always been a limiting factor for crop cultivation. Drought stress at different
growth stages, especially flowering and grain filling stages decreases the yield of the plants. Drought stress may
limit yield of medicinal and aromatic plants by reducing the harvest index (HI). This can occur even in the
absence of a strong reduction in total medicinal and aromatic plants dry matter accumulation, if a brief period of
stress coincides with the critical developmental stage around flowering stage. Water stress is the most influential
factor affecting crop yield particularly in irrigated agriculture in arid and semi-arid regions. It is necessary to get
maximum yield in agriculture by using the least available water in order to get maximum profit per unit area
because existing agricultural land and irrigation water are rapidly diminishing due to rapid industrialization and
urban development. In general, 15% of the Iran lands are saline and sodic (Parsa, 2000) and it dues to the use of
widespread of water resources and the soil salinity of the farms. Unfortunately this factor (soil salinity) gradually
becomes more serious, in fact even in none-saline water irrigation with salt accumulation in the soil in long
period of time it may increase and the result will be the limitation of the products (Sharma, 1996). The analyzing
of the growth and product is a method for discovering the factors which are effecting on the plants. The purpose
of the analyzing of the plants growth is the reaction of the plants to the environmental factors (Sangwan et al.,
1994). Cumin (Cuminum cyminum) is one of the most important economic and medicinal plants that can growth
in arid and semi-arid conditions. Cumin is mostly grown in China, Uzbekistan, Tajikistan, Iran, Turkey,
Morocco, Egypt, Syria, Mexico, Chile and India. In the ancient Egyptian civilization cumin was used as spice
and as preservative in mummification. The purpose of this study was the effect of drought and salinity in
different phenological stages on some of the growth characteristics of cumin cultivars.

Material and method

The experiment was split plot in a randomized complete block design with three replications, in Ferdowsi
University of Mashhad, Iran during growing season of 2008-2009. Factors were including irrigation times (11:
one times irrigation, 12: two times irrigation I3: three times irrigation and 14: four times irrigation (control) and
with two levels of salinity stress (irrigation with normal water and saline water five dS.m™) and two cumin
cultivars (Sarayan, Indian cultivar RZ 19). To determine the physiological properties of cumin every 14 days
five plants from the bottom half of each plot was randomly picked and transferred to the laboratory and some
specifications such as green area, plant dry weight and the number of side branches was measured. For Data
analysis software Mstat-C was used. The growth parameters were calculated and graphs were drawn by Excel
software.

Results and discussion

Dry weight variations were significant bzy increasing irrigation. The highest amount of dry Weight for
treatment with three times irrigation (260 g.m™) and the lowest amount for one time irrigation (193.5 g.m™) were
recorded. Salinity too causes decline dry weight in such treatments that dry weight with the use of normal water
was 252 g.m? and with saline water was 199.6 gr/m™. In the various experiments conducted on cumin, it was
found that the process of creating green area in this plant is slow, especially in the early period. According to
various sources, maximum green area index for cumin not exceed the greater of 1.5 and for a large part of

growing season is less than one. One time irrigation treatment showed the lowest green area index. The highest

1 and 2- Professor and MSc Student in Agronomy, Department of Agronomy and Plant Breeding, College of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran, respectively.
(*- Corresponding author Email: mkafi36@yahoo.com)
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CGR was in three times irrigation with 7.92 g.m?.day™ and the lowest CGR was in one time irrigation with 4.87
gr.m?.day. Leaf area index duration increased with more irrigation. Green area index duration was 15.63 m? leaf.
m land in three times irrigation and By reducing irrigation frequency has been significantly reduced.

Conclusion

In this experiment, all of the growth indices were affected by drought and salinity. The lowest specifications
were in one and four irrigation times with saline water. Also between Sarayan and Indian cultivar, Sarayan was
better than Indian cultivar under salinity condition.

Keywords: Crop growth rate, Green area index, Irrigation period, Irrigation regime
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Table 1- Impact of irrigated wheat breeding program on yield, cost and shift of supply during 2000-2010
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Table 2- The cost of projects, cost of researchers and colleagues
based on type of project in released irrigated bread wheat varieties during 2000-2020 (unit: million rial)

sl 4z
sy sy &3 9 Olye digsa J5 YR
s e Ol e dlax Ol 4y 32 > RETIN LI 9 039
095 &Y Colw of Ko S CO¥Y o Wb 0%
Tvbe of proiect - Number of oL Cost of oo Total cost of ey 035
YPe O project  Number  researchers ~ Number of  researchers Cost of researchersand  Cost of project
of sites colleagues colleagues colleagues and jermplasm
exchanges
Lide by o8,1 (53155 &
o
Breeding 646 1158 609 37353.7 20678.1 58032.4 4845.4
varieties with the
national origin
o Lo b 0B g2l 4
Sl
Breeding 134 223 73 4328.4 1144.1 5472.7 1474.4
varieties with
international
origin
@l ks 780 1381 682 41682.2 21822.2 63505.1 6319.8
Total of breeding
Sl 811 1043 322 71824.8 13805.9 85631.4 9906.3
Pathology
o« 30 82 36 2364.7 898 3262.7 292.6
Agronomy
i 2 6 4 707.5 250.2 957.7 311
Quiality
e 54 133 81 13705.1 4892.2 18596.7 547.3
On-farm
95 i
Research-for 82 231 90 13690.5 3883.1 17573.4 542.2
development
Tgltsal 1759 2876 1215 143974.8 45551.6 189527 17639.3
Sources: Research results Geios ol tisle

1380-89 glaJuw (b a8 as 50 59, 9 4Bl JUH! i (5135 2 (Wl )5 9 (L om0 4l 32 (5500 =3 Jgo
Table 3- The mean of cost for researchers and colleagues, held of achievements transfer week and field day of wheat during

2000-2010
JUy) olSwirgs dilale Geis  Jb ) LomunSS dildle Ggis 2 gl Jby) €L JUl ads gl JU)) asyje o
Juw (olo 2 g1 (olo 2 g1 (59 (595 2
Year Salary of researchers (Rial Salary of technisian (Rial Technology transfer week Field day
per month) per month) (Rial per day) (Rial per day)
2002-2005 4419556 2783064 3115861 2596551
2006-2010 12637389 6031474 7750462 6458719
Sources: Research results Geios ol tisle
NS alop 033b & awl odd iy Caniio 1811 638 e lo yuo Al 55918 guu 9 paIAL wel yu
(5 Jgios) i anle 1oyd 50/5 adlllas 590 pl8,) liiss ) oL pAiS 08,23 e Lalls aalps b b5 @yl b

@ dtus (gdel)d g glansn alisee (ola Julos 0,9 )3 0yl sub oascie Ly 3)le 26797 e 4 1380-89 (cla Jlo p>
o8 Cod (1uSls alls delpy Jls ool Byl (Byme sl o JUy S il oly s d s 4 06 s 09> (pl j3.00,5
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9 09aln Gy it L5 1381 Jluo 3 00 dypme o
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Table 4- The mean of cost implementation for research project, research-extension and research-comparative in wheat
breeding program during 2000-2010

(Jby) slaibie Slinios 0595 (b)) o Ui 0595 (S 239 5 (i o 239 5
Juo Regional research project (Rials) National research project (Rials) (JY,) 29y (Juy)
Year SlFa belwyshia  @Fa el sl Research- Research-
extension project comparative project
Agronomy  Agronomy/pathology Agronomy Agronomy/pathology (Rials) (Rials)
2002-2005 7594800 9750200 8774800 11520400 6315952 -
2006-2010 13384400 17183000 15464600 20303000 12037644 19039400
Sources: Research results s ol tisle
() oorben 10515) 1380-89 sl b 0 520 ol 3 085 ) (g5 (53,5 -5 Jgun
Table 5- Cash flow of released irrigated bread wheat varieties during 2001-2010 (Unit: million Rials)
Jalod 093 oABL aelps e GABL el Jb 55! wip Jb od5)! oA Jb d5)!
Period Gross income Cost Present value of gross income  Present value of cost  Net present value
1982-1986 0 14 0 2286.6 -2286.6
1987-1991 0 358 0 25673 -25673
1992-1996 0 3119.8 0 95379 -95379
1997-2001 351 25574 3779 337750 -333971
2002-2006 248533 132785 1290451 784537 505913
2007-2011 2195588 91294 5428374 318772 5109602
2012-2016 17722467 0 21638435 0 21638435
Titsal 20166938 253145 28361038 1564398 26796641
W3a & ol Cuns 181 S el g 50.5%

Internal rate of return
Sources: Research results

Benefit-cost ratio

50 s isle
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Table 6- Cash flow of released irrigated bread wheat variety with different origines during 2001-2010

, Oake) B Jlo 533 . N
e Jlo o8y Lo o5, (Ju, W 4 bl Cownd (woy3) 81> 025 £ 5
Yree?ga?; Region of variety ~ Varieties ~ Net present value Benefit-cost ratio In:i:E?L r(%/te) of
(Billion Rials) ’
ey 5027 147 61.6
Pishtaz
e 827.4 215 58.7
Shiraz
S = 1438 49.2 52.7
National Himocfn
2% 169 45 30.8
Shahryar
2002 » 104 4.2 47
L,U.QJI ) Dez
udv‘ -
: oy . 2. 1.
International Tous 88.6 9 31.6
& 8554 37 50.1
Total
Darya ., 121 4 317
6, 1735 5.5 34.37
Arta
oWl 102 2.8 24.5
Sepahan
o 459 7 39.1
2006 oo Bam
National o 15.1 1.2 19.6
Sistan
& 790 3.1 303
Total
2007 ol e 1552 13.2 51.4
International Bahar
2008 e Py 9333 155.5 90.9
National Pishgam
ok 75.1 1.8 24.7
Parsi
<! 64.6 1.9 24.8
e Arg
National e 256 3.4 32.4
Sivand
wlolon Sl 5609 76.6 111
2009 International Morvarid '
& 6005 18 51.1
Total
N t.“g” | Mﬁﬁ;ﬂ 755.3 10 50.1
2010 ationa =
547 2.3 29.4
Total
Sources: Research results 3o ol tisle
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Introduction

Agricultural research is important and one of the determinant factors of development of technologies in
agricultural sector. Among agricultural research disciplines, breeding programs, especially, wheat breeding
programs are one of the applied approaches in improving of production and food security. Based on a study by
Byerlee & Traxler (1995), economic benefits and Internal Rate of Return (IRR) for Impact of International
Wheat Improvement (for all breeding programs) were estimated US$3.0 billion per year with internal rate of
53%, and economic benefits for Impact of International Wheat Improvement (Attributed to IWIN) was estimated
US$1.5 billion per year during 1966-90.

Materials and methods

The main objectives of this research were to determine shift of supply function of variety and impacts of
breeding wheat varieties on reduction costs, and determination of economic return of released irrigated bread
wheat in breeding program for the period of 1991-2000. Wheat varieties included; 23 varieties of released
irrigated bread wheat by wheat breeding program of Seed and Plant Improvement Institute (SPII) and Provincial
Agricultural Research Centers. Ex-ante and Ex-post methods were used in this study. Measuring criteria for these
methods were; quantity of shift in supply function, cost-benefit analysis and internal rate of return of varieties.
For estimation of reduction costs and shift of supply function of varieties in breeding program were calculated
following Brennan et al. (2002):

va = (TCh /yv(without))_(TCh /yv(with))

PSS =C, /P,
Where:

C.p: Cost reduction due to breeding program, TCy: Cost production per ha, Y, witouy: Yi€ld of check variety in
breeding plots, Y, win): Yield of new variety in breeding plots, PSS: % supply shift in breeding program and P,
price of wheat grain per kg

For assessing economic criteria, Net Present Value (NPV), Cost-Benefit Analysis and Internal Rate of Return
(IRR) were used: Following Brennan et al (2002), gross benefit of irrigated bread wheat research in different
regions (B), annual shift of genetic improvement of variety due to breeding program (k) and Fixed and Variable
costs due to research and extension of irrigated wheat breeding in experiment years (TVC) were estimated as
follow:

1, 2, 3, 4 and 5- PhD Student of Agricultural Economic, Assistant Professor and Associate Professor in Economic,
Faculty of Management and Economics, University of Sistan and Baluchestan, Zahedan and Professor in Agricultural
Economic, Faculty of Agriculture, Ferdowsi University of Mashhad, and Principal Scientist, International Maize and
Wheat Improvement Center (CIMMYT) in Iran, Karaj, respectively.
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B, =P xQ, xK,
K, :ZV X0
TVC =C°S +C,,

Where:
P.: Price of wheat grain in year t, Q;: Quantity of wheat grain production in year t, V: Proportion of area of

varieties in year t, gi Genetic improvement for varieties i, S: Number of full time breeders and technicians
involved in irrigated wheat breeding program, C*: The costs of breeders and technicians in year t and Cvt: Fixed
and variable costs of research and extension activities in year t

For economic analyses of genetic improvement of a variety, profitability indexes including Net Present Value
(NPV), Benefit- Cost Ratio and Internal Rate of Return (IRR) were calculated following Brennan et al. (2002):

NPV :Zn: B _Z”:TC“)
' A+r)" @A+r)"

t=0 t=0

" B n, TC
PVB, =Y —Y_ pvC, =) —

= @+r) o (1+71)

Where:
PVB: Present value of benefits, PVC: Present value of Costs, r: Discount rate and n: period

Results and discussion

According to the results of this study, the mean reduction of costs for released irrigated bread wheat varieties
during 2001- 2010 was estimated as 109.8 rials. The mean of shift in supply function for released irrigated bread
wheat varieties during these years was estimated as %5.31. The mean of Net present value (NPV) for released
irrigated bread wheat varieties in study periods was estimated 4463.5 billion Iranian Rials. Based on results,
breeding program of irrigated bread wheat was economic.

Conclusion

In general, released irrigated bread wheat varieties with national and international origins in irrigated wheat
breeding program of Seed and Plant Improvement Institute (SPII), Iran, was economically profitable. New
Released irrigated bread wheat varieties have had considerable impacts on cost reduction and increasing of

farmers income.
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