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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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Table 6- Analysis of variance for flower and stigma yield of saffron in condition of humic acid and corm weight application

oS glo ©3l3 4y JS slaxs 55 o SO IS W S (i
S.0.V df Number of flower  Flower fresh weight  Stigma fresh ~ Stigma dry weight
2009-2010
NS ns ns * ns
2 84.87 141.20 56.29 11.25
Block
4;;. ")}5 2 ** ** ** **
. 18484.62 93530.63 2144.36 130.83
Weight of corm
Ko | *k *% *k *k
0 e G]M . 5 880.30 9298.34 202.55 27.81
Levels of humic acid
Ko | X ay oy *k *% Hk *
w5 S TR 03 10 1517.77 8108.43 19036 18.41
Corm weightxHumic acid
ks 34 103.09 1259.32 16.57 7.39
Error
(03] Sl o2 - 19.15 31.54 25.09 69.37
CV (%)
2010-2011
15
S 2 302.85™ 170.10™ 0.26™ 0.69™
Block
4;;. ")}5 ** ** ** **
2
Weight of corm 1922.21 16031.04 146.80 5.60
Ko | *k *k *k *k
0 S G]M . 5 1863.98 29874.07 169.30 7.41
Levels of humic acid
Ko | X ay oy F%k Fk *% Hk
w5 S TR 03 10 2946.04 14949.51 96.23 5.09
Corm weightxHumic acid
ks 34 252.05 1433.33 9.18 0.87
Error
(1053) st o - 17.99 15.63 17.75 26.15
CV (%)

Do 9 hoyd S g gy Jlain] pdaw 53 )b dne sy 4 NS

** *
3

*,**and ns: Represent significant at 5 and 1 probability levels and non-signification, respectively.
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Fig. 1- Interaction effects of humic acid and corm weight on stigma dry weight of saffron two years 2009-2010 (a) and 2010-
2011 (b)
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Means followed by the same letters are not significantly different (p<0.05).
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Introduction

Saffron as a food, spicy and medicinal plant has more than 62000 ha under cultivation with about 250 tons
annual dry stigma production in Iran, which includes about 90% of its world production. Therefore, this plant
has a specific value in agricultural export products of Iran (Fallahi et al., 2014). Due to the important role of
saffron in Iran’s agroecosystems, the improvement of its agronomic practices is essential. Nutritional
management and mother corms size are two of the main factors affecting growth and yield of saffron. Humic
acid is an eco-friendly fertilizer that improves the physical, chemical and biological properties of soil. This
nutritional source has hormonal compounds and exerts a positive effect on elements absorption, quality and yield
of plants. In addition, in saffron cultivation, it is possible to produce considerable amounts of stigma by using of
standard mother corms with a minimum weight of 8 g. Because, large corms have a positive effect on stigma
yield especially in the first growth cycle and the weight of replacement corms and consequently saffron
flowering in the other growth cycles (Nassiri Mahallati et al., 2008). Therefore, the aim of this research was to
investigate the interaction effects of mother corm size and different rates of humic acid on growth and yield of
saffron.

Materials and methods

This experiment was carried out as factorial based on randomized completely block design with three
replications in research farm of Ferdowsi University of Mashhad, Iran, during two growing season (2009-2011).
Experimental factors were consisted of mother corm weight (4-5, 6-8 and 9-10 g) and application of humic acid
(0, 20, 40, 60, 80 and 100 kg.ha™). Mother corm planting was in early October, 2009 with 10x20 cm corms
distances and planting depth of 10cm. Humic acid (dissolved in water) was used along with the first autumnal
irrigation in two season growth. Flower and stigma yield of saffron were measured during autumn of 2009 and
2010. In addition, three corm clones were selected randomly in each plot and then all replacement corms were
removed after leaf withering in May, 2011. Corm measured indices were included of number of replacement
corms per clone, total corms weight per clone, scale weight per clone, mean replacement corms weight and
number of buds per replacement corm. Finally, data analysis was done using SAS 9.1 and means were compared
by duncan’s multiple range test at 5% level of probability.

Results and discussion

Results showed that planting of larger mother corms improved the growth indices of replacement corms and
saffron yield. The total weight of replacement corms per colon (91%), number of flowers per square (84%),
flower yield (66%) and stigma dry yield (154%) were higher for the larger mother corm (9-10 g) than small
mother corm (4-5 g). This result is similar to findings of Nassiri Mahallati et al. (2008) which concluded that
planting of more than 9 g mother corms improved the growth and yield of saffron. Selection of appropriate
corms is the main factor in saffron cultivation, because the flowering capacity of the plant depends heavily on

1, 2, 3 and 4- Professor of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad, Assistant Professor
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the weight of planted corms. Planting of small corms is not affordable because they usually do not produce
flower in the first growth season (Kumar et al., 2009; Mohammad-Abadi et al., 2011). Moreover, application of
different levels of humic acid had a positive effect on the growth and yield indices in saffron. In the highest level
of humic acid application (100 kg.ha™), the amounts of mean number of bud per corm (10%), mean diameter of
corm (19%), mean weight of corm (70%), number of flowers per square (38%), flower yield (39%) and stigma
dry yield (183%) were higher than control. The positive effects of humic acid on the growth of plants is related
to many factors such as increased water and nutrient absorption, increasing the availability of elements,
development of plant root system, higher chlorophyll content and change in enzymes activity in the plant
(Sabzevari et al., 2010).

Conclusion

Generally, the findings of current study revealed that the use of large mother corms (more than 9 g) in
combination with humic acid application had positive effects on replacement corms growth and stigma yield of
saffron.
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d ) Gili8l Oy )3 Jaazs 93 (pl 3 Slas jials” a8 a6l
o yS waSlies il cute il den a5 ol ol olis o] o)l >
&y K9y 51 oLy, .(Lal etal., 1998) 5,5 aales ol
5308 > Sl 5 Clpw HiunsS Bblin 1 piS 5,Slas 5 Loy
aS a5 osby yLis ((Hussain & Mudasser, 2007) ks
5 (GDDY) st 35, 4z ys st (ialy 8l sl s iyl
25 3390y 3ol 3 3580 (GSL) Pty o s sials
oy 1-24 ialS dod (0315 lo a3 > 4w b 1/5 38l &
Pyl o p 23614 (ials g clgw dilaie ,d puiS 5,Slas
15U o gilpdl &S Jbs s il aalgd o o s ddhie
3o o il Slead) )93 Job > (S)L e 500y
oIS s puiS

> eale Ghlidl as umy e (Lt ba o 2 geme
S ] o 405 53 Gl Aol 5 L Sl o35 e
Oliios ploxl g0l cutly wlss (65ygliS (is p (oo
ol Ly (615 g S 53 e 3blis > 03,25
3 Jlasis 55,80l Jlo 3 sy oo yhai 4 (g9 05 0]
0525 9 b Ol wlie 0351 5l 4 (3L Oyl 08
Lo g odd g ks jlos il Jlo stz (b lul g
Banivahab ) col 4l jials o cuas oMl g 69 i3]
(& Alijani, 2005

=hi P 3 g2 g paS oSl g Cueal 4 2gi L cplpls
Caid el byl 5 L5l Bua b gaiod cpl clin o ddlais
g2 g puiS Ol Bpas Clidd oy g ST w0 93 0 a2
blyd a GuiSly o adlate ol (2lhj QLS (et Oloie
85 Ly soild]

W dg, 9 3ge
Ol G5 > ey yioshS BLT0A Cang b iz iy (o
95 s |y ogin el bl Colue 5l as )3 25 4 azily )3
el b o Jloud 31 b s ol ol 03l oliazs]
SLaplioped 4 ot g pla)S g Qg Gl 4 g
Ol 2950 dgiome (Luslidl )9l &) 550 3l g b g g3

1- Growth degree days
2- Growing season lengh
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s by OIS e 50 Lol g g0 el (520 10 glis))
Lo eonlplan a1 1o 3550 (g 00 93 gyl 15 5 59, 50 yieghS
Jie slaosly csyd a4y 3l sy cbnodls (3) asles 51 onlizal

(Alizadeh, 2011) w& Joas lyol,S

L= 4 868 « U, (3) olso
“ La(67.75Z 512}

993 gLyl o ol e iy 41Uz g Uz cdsles (ol j0 &S
ol 3 (6503l oo gl ,Slis Z g il e sy 10
Olojlw 5 (e 035l 5l Jgame cutlyyy 5 cllS )b
oS adate oldl g5 ol 2 103)5 81 s (6ysliS Sler
15 SB,ke Sl 1o Gl el Siddass g Sis gy
Jyamme 18y 095 Jgbo (2led 9 e 0lS dnngs g 15, 2 l)
A5 gyl gls iSa g o)lol 96 i 5l Lad 0,93
303l 0)90 )3 Jguamo g3 ,a cuilS 5o, (Allen et al., 1998)
Lo (b cndlS )b 5 ailjy) bawgio 0l a2y gullas ol
Ol 42y oo ups - 23,5 3550y 03l 1o ol By o
Sl 51 S sl by 0)93 55 Jgae CBlS g9y 5l (o
oS Oyl ggerme b e by ploj U Sy B lex
Jpame Sl G0l 4 drgi b g b dglio ol 0)9 5 Jame
a2y Jlas as oyl 8y oo 51 pn Job wainl 093
il dae Ol 423 9 Jleg pAS il culie o)l >
bl oyl (Emam, 2007) el 51,5 b 45,5 20 515
lidlgn oSl Lol Bl Aty dilale ) b 3 )l
slas olojlaw 3l osel Caws a4y SleMbl (58,5 Jlai > b g divyw
2 (ola o 35 uiS120 a8 (el copud (59l 5 (s9liaS
15/56 yilys lgn Lawgio ol doys loj cpl 5> a5 w43 )8 las
5> leasals (o Joules 4 drg b cwl oS ile a2
g5 aie 93 b Sy sl 0 g2 S Jab ol (slop a4
5> coilS olul ol p {Emam, 2007) 5,5 o & )jgo piiS |
3 g 3 s (381 ) oo Ao iy 5395 i 9
sy als po 1 (KC) (LS o pd ¥ guaee 13y Jolyo (s
KC _yusws 5 (Allen et al., 1998) -y dibaio auldl 95 olul
“lS Jae by (lad abigp Bk jleygd 93 sl slale
KC .(Alizadeh, 2011; Allen et al., 1998) 15,5 34l <l
9 (KCrig) 3=y (Slbe 0,95 (KCini) A5y (ool als o 4 gy s
FAO g o1 46l slo Jgis 1 (KCend) plagy 4l yo 15T alais

D5y Aalg ials oman (RIEN N9, ol Sl e g 03b &) 08
Byae (i i o (o3Latdl M) g Camer IR plple
5 olae o Tl 4 i sl il sl 535
Farajzadeh & Feyzi, ) ceils salg 35U clolxlS slajls
(2012

0255 0yll8 s s ds (b LARS-WG Jao Lawgs 03> 0 g5
0393 sl wlislgn (slaodls s g lmodly b5, daoshs
&y oolol opl . (Semenov & Barrow, 2002) 5.5 o &g
Al (w053 (58,5 a5 0 b Il psls Baiod )0 Jdo ol sl
Jols Jae 5L 590 (sloodls casly 0,93 loie 4 1976-2006
5ol celin g (o)l s slod oS (glod &iljg, polio
(s Sl (o 1035 405 W Silgins (ouliillgn oS
5 il 3l e (4 Jgin) 235 dslone pulitlyn (slaodls dlls
Ll 4l 0)95 (sl Jie 3959 Skl 45 9 Laosy (5ilocs o
-ooly (gjlwand ;3 LARS-WG Jas oUlgy 51 liabl 51 g i
Je lawgi o Aoy (gloodh dunlde 55k 5l s wwlidlen sla
51 ladsiz) 4l o) )3 350 (00 csnlite) (ly (slaosls
2 o9e8 IS5 Jao slaosls e elidiogy) Caz Jue ol {2
3l osliul Ly (ST ams 93 (sl sguas 03 1) g ECHO-G
Sl o wa 8l a5 B yre 45 APCC oy ol A (g9l
g 43 |, o1 (Abbasi et al., 2010) cul 'p)SanSlied (oo,
5 A SLod cdieS glod ()l (ool slaosly il ol
A5 Wy o] Jlo 30 u.{lIéT el

a0yl 099 )3 ETo (e Cg dbmjially el 2 093l
ddy s as coul o 50 aws Cugby 5 0L ce o slaosly
o=l syl Ol oY a8l Jao (29,5 (slaodh cudgize
Cgh) Oliwe 90 Gy S ipl & dagi L)l g2y bajial)ly
25 ) 51 02lizl L ctitn & a3 b g Ll )3 e
awloen fosn] Jlo () 010] (slaoygd sl Layially cpl i
by (bl csla e 31 oabial b abaly ) o lizel M 03
(Alizadeh, 2011) cuul oa plos! o laie

Wind=9.495+(0.633x T nin) - (0.386 XTpnay) (1) alslee

Humidity= 93.453+(1.658 XTniy) - (2.926 XTpa)(2) asles

Cogby Humidity ¢ oL ey WiINd 558 &¥oleo

25 U cans o 1y ol iy wlidled oS! jo sl o
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@l )bl O glise 5 )l 593 cJgame 1 sl (Bpas
Ol (£5,0LiS slas ylojlo g (555l liind o jlu ccalises
Lot (63959 CleMbl L il aoles )3 00,5 81 g lusl5
e plosl Col Jao (c29)3 45 3 Slae g9, p p3Y Jobo
2las L LARS-WG Jas o (gl ordBl (lrodly dunsldo
09951 b (533e 1987-2006 3Lo5 030, gl iy ol o8l
IS yiuo (58 gy pgeil o 485 )3 duglio 350 T
0l (gilw o g (Slaline 1olie o gy xe Cglds aS 2 oyl
Aoy i e 3 (ABly polie b alidy g aleS slod (5L
Olod 3 Jlagine Colis s92g pas (e o (1258 9 2)b 3929

g gl

sl Js i) (paans
olel 0y93 (slaodly auslio 3,b I LARS-WG s b))
5 )bl slapygejl 5l ool b Jao buwgs oas sy (slaodls o
el oyl S 8 opl sl ab plosl gluslio slalages
Jie 5 as (9o 1987-2006 (slo Lo (clol 0,95 (sl 4L
Je slao2g s L)l sl )5 12l 555 3e b 09
slod il Jlea lyp oni Jio 5 (SLad sleodls LARS-WG
Slogad cpizzan 5 (8] Slel) QLB 5 G5k iy el
9 B35 4 Hlume Glysl alale pWSlie Jolis bl (o lal
Ay Selygiam o] 135S 0Bl dbm] ly Jae guiallys
Cowd t @ls (251 sladgin) <85 5 s 5 o0 5,90
e dglio Caz gl T (295 sliged 93 90l 5l el
Loyl (xdly polio b a9 4o (slod (i)l o (¢ jlw Jio
2 Bly 5 (gilwde polie ro (gl bxe Cglds aST Mmool
L M|l il 5y50 50 2)l6 g3 o yd gy (g )bline plaw

b el xe 00=0/005

sl Jods odol Cawd 4 KCong 9 KCpig yolie .0 gl sl
5 94 laadslee jl odlitul b g ddlate  oull leMbl &) 465 L
(Allen et al.,1998) w45 puowuas
KCmid = KC-mid-tabIe + [OO4(U2 - 2) - OOO4(RHmm -
45)1[h/3]°2 (4) wolee
KCend = KC_eng-tavte + [0.04(U; — 2) — 0.004(RHpin —
45)1[h/3]°2 (5) wolee

Cowd & (BLS oo Hlae IKCrigtaple dlsleo oyl jo oS

ooyl do (KCong.taple iy (Sho dl>yo (gly Joio ] ol
) el dls po A1 da (lyy Jgi jlosal s> 4y LS
2 ) yte 93 i)l ool ey 1Up (520) ol g5 S
Uz (fie il o (10)9) ol s gl RHin 5 (46
S Jgame gl 0l 331 CleMbl 4y dagi b 10d dgsloes M3
Cugby Pl Glise 48 Bl jio 4 Jpazee glis)] 1Sl 52
ol ] wliiilor ylojlo 3| Jouazme Ay 0)9d 4 dngi b (ponns
ilwniye 5 iy 5 (6 Jgaz) KC jalio guoeas 51 g

30 il s b b))t c(52959 slabld 4 g Laodls
Oli=e Cropwat |l3-8ls 5 51 oslid b «ol b uno o] Jlo
Allen etal., ) cunle ety by 4 8ly g smiliy 35 9 e
3 6l 3kl Llys ;> USDA g, 4 e SN,b 4 (1998
Ay 0,93 ;oL 93 cpl ol 5L g 0 dnwline ST g Jsb 0,93 93
PLb 2825 5 5yl 96 o)led 4y s ) 00 &)l (B9, polusl 1
3y Sles A i (Allen et al., 1998; Kamali, 1989)
LS Jae wia jlodliwl L oa il 0,93 13 paS Jguame
loosls clios » s CERES-Wheat o 5l sslizsl L DSSAT'

sles ol Iy g Ol alig) (slaos) )Y Jl38le 5 (295
90l sy gyt inds o8] Clels dgn Jls o iSTis
Srpain dallan | (S5 colys 038 500 (Y55
LS Jice wiaw <0 53] s 5> (Mansouri, 2012)
2 olejen & (6,500 Gans )0 o Ceres 4l Jao L DSSAT
2391 52 ol sliel g oy A plosl pAS (gl g At Ll
.(Mansouri, 2012) ¢l oagwy Gl & sy bl ¢l
B SLs SleMbl ilo e Jie 5l 390 leMbl L

1- Decision support system for agrotechnology transfer
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63¥uo 1987-2006 5,95 45 Wi g 2limns] 281y 33 3l0 g LARS-WG Juto ouwd (6 sl conddl glaodls  bmogi o)lel -1 Jgun
Table 1- Descriptive statistics of climate data simulated by the LARS-WG model and actual values recorded in Birjand

stations for 1987-2006 period

sl Wi (2ode) o354 a,) Lod dipeS a,) Lod iy il oleb
o3 s Feute) ooy (31,5 il (31,5 il (e lus)
Data Statistics Precipitation (mm) | , Sunlight
Tmin ( C) Tmax ( C) hours (h)
) ol 13.4 8.3 24.45 9.00
bl Mean
Observed >kl Sl 15.14 7.8 9.02 207
Standard deviation
. ol 12.2 8.2 24.42 9.26
045 dygl Mean
Predicted lutaul Sl 12.66 7.77 9.01 1.99
Standard deviation
1y 23l L LARS-WG Juwo i (6 jlwdnand ool (sl20313 dmglio -2 Jou
Mo 1987-2006 5,95 45 wir yt 81Kunns!
Table 2- Compration of simulated climate data by LARS-WG model with the
recorded values in Birjand stations for 1987-2006 period
- ilw as 1d) Lod dioS - a1
2 b (o) iy F IR T i) sy (S5 o el
Statistics Precipitation (mm) (o1,% Tmax CC) Sunlight
Tin (C) max hours (h)
Lo 0.884 1.1 0.17 2.8
t-Test
 Sbiee g 0.396 0.29 0.86 0.015
Significance level
%95 lisebol aliold -1.82 -0.92 -0.28 -0.06
95% Confidence interval 4.28 0.299 0.34 -0.47
(et 0.956" 0.999” 0.999" 0.988"
Correlation

(acels g3) ol I stz 8oy> S Jloin s > (Siampans ¥*
**: Correlation is significant at the 0.01 level (2-tailed)

Az > dgeS slod Gl Gl S g 390 aled Jlo 3y
b oo il Lauslgl) oylo olo 33 aob 0y9d 4 s 0aisl 093 b
sl dy il o 3,8 o a0 U2 lie 4 (02098 )
0/7 b (eoMee 2039 15 2010 655 ,> Lz yy diveS slod (pSSlio
8/1 51 1976-2006 sloj 0,93 4 o ialjdl 3,8 lo 4y
mol> il 2 (yrizmon (A Jgaz) sy o0 31, 5l )3 818 &,
Aty (1S3l o (P95 olo 3 2 & ¢ Jao Lags 0nd gl (sla
molo plw 13 )5 dalgs Iy LEalS b oyed b duwslis 1 ] lod
slrolo o Loy iolidl b o ]38l Loy diiy 1Sle Sl sla
4o by lod ialjal oyt g 0390 Wrole L 5l jiy Jlo 350
JS5 23 gin) el o5l s 93 3505 L 458 olo

5 L)l (adly polia g 0 (gilo e slaelil o 5
Silsde @l S Glgice gycnl 105 3929 (3 (Kiren
29l Sl Jae ol DS il o Jd BB oS ]
Gl 20 4ol jos )Ls ool olKiuy] )5 onldl glaosl
.(Babaeian et al., 2005)

aia s dllais ( Sah b g Lea &l jaas
oled )3 a8 &)l 23 e & amd e L5 Jao 39l
(3 Ja) hbiise Gl Al 0593 4 s 0] ) o slaole

sloolo )3 aieS (slod Gilibl oy il (Jdo (i slee
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o111 5 e b (slo byl 1alS o e dmd gl oo
Aaled ol s S0)L Jlw sla fad plu )0 cyly 050 4 Cans
20,3 315 395 0] 5 bl (S5l Lawgie 455k 4 il
byye (S8 RIB it (3 92 sladgin) 2 aals st
Loyl bl 3 a5 (gygb ar sl job 5 sl slaJuad 4
U5 (Sasl sly b )3 9 03 b (o)l 090 by Loy
Sk odas (izmen loe (Rl AL 090 & Cund Aoy
- o Jl (3 Jyaa) 352 a0l S ol £l > b Jund
Glaej slaled ilial g o o i 665 4 dog b &S 29,
IS5 g sl bl JS5 & ean] 3 o Syl yuin {3 o)
Do awlS By o3y B

L awolio ;5 2039 1 2010 095 5> iz y diin (slod (pSilio
Sl b oo a3l 08 il 433 06 i 4 (Jeb (g ol o9
ol B 3 55 gedaus > ilizo (glaolSiu) adlla | ¢! 5
1S (slmolSiun] ST )3 lod ytalidl Xigy qoal yusts 65lunylS]
,».(Rahimzadeh & Asgari, 2005) cul 43,5 )13 10l 5,90
Soliom €25 dod ol juis b pogad )3 S0 (hedlllae
2070-2099 , 2040-2069 2010-2029 sloj 0,95 4w (slp Ay
Jie slai g g lel (e eliosy 5l olizal b 3o
AS asuie 3 dg,cadS asgs ;> HAACMS3 g oges 03,5
1961-1990 a4l 0,93 ds Carnd (s 090 Aw y2 y Lod &S

.(Alizadeh et al., 2010b) c.él, salgs il38!

e (L0 0,95 13 (o o) ()l dilalo (yuSilho 5 (15 s 2 )3) by el (Slalod ailalo (ilo (Bl G033 cunnlio -3 Jgin
A; §92,bm SUso 32 LARS-WG Jae 31 o3kiian] b ez yas 13 (2039 G 2010 o,93) auiv] ;5 byl 00wd (s by 23l b (1976-2006)
IPCC sus 0 s
Table 3- Comparing the actual monthly mean of minimum and maximum temperatures (°C) and mean monthly

precipitation (mm) in the current period (1976-2006) with their predicted values in the future (2010 to 2039) in
Birjand, using LARS-WG model based on IPCC confirmed A; scenario

253) i (5lod ble il i (slod Sl (e ) 5k bLe (ko
(615 s (515 sl 42 ) (e

Jlw glaole The mean monthly of The mean monthly of The mean monthly
Months minimum temperature (°C) maximum temperature (°C) of precipitation (mm)
u’.’é 5)3.3 uaj D)sb u.’ﬁ B)sb u.'j 5)3.3 u.’ﬁ B)sb uaj D)sb
Current Future Current Future Current Future
455 -2.8 -1.9 10.5 11.7 29.90 21.52
January
92 -0.4 1.2 131 15.3 31.80 33.17
February
oke 3.8 5.0 17.9 20.0 41.90 48.59
March
! 9.3 9.4 24.7 24.7 15.58 16.90
April
o 13.6 14 30.3 30.8 5.65 4.63
May
9 176 17.8 34.7 34.3 0.60 1.09
June
N 194 195 35.3 35.4 0.10 0.21
July
<3l 16.4 17 34.3 34.5 0.10 0.26
August
ol
118 12.7 315 34.5 0.50 1.60
September
| 6.7 7.6 25.9 26.4 2.80 2.44
October
el 23 3.4 19.4 211 7.89 6.66

November
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).me.)

; -1.2 -0.09
December

13.4 13.6 24.77 29.75

-2039) 512,495 513 Lyl 359151 9 ((53Yue 1980-2009) il Jlus 30 ;5 iy Sy giunnws 0t | _owrlinilgn glaodls uSilo -4 Joua
(5% 2010

Table 4- The average of climatic data of Birjand synoptic weather station in the last 30 years (1980-2009) and
estimating of them forthcoming period (2010-2039)

ol il )y saly  debeys (STeyg
Climatic parameter unit Current  Future
- -C;)IPQ)JJéLb 518 ol dx 8.1 88
Minimum temperature °C
-CQ)IPQ)J)?SI» 51 ol dx 243 24.9
Maximum temperature °C
A}l)',)(.';)l)f 4 bhugie 51 ol dx ) 16.2 16.9
Mean of daily temperature °C
Sre 9 gl 3ol s s 39y > eghS 161 168
Wind speed (at 2 m height) km.day™
(st gl doy>
; - 36 35
Relative humidity %
8] el Ceelu dlass 121 117
Sun hours hours
o opk oz Focke 1616  167.3
Total yearly rainfall mm
Wlig) 35 9 s bowgie o
. 4.83 4.96
Mean of daily ETo mm

Climate type: arid and semi-arid

Sa'wss:ﬂ:"!.mﬁ‘

Sl 208 5505 (slmols I (ot &) Copd Y35 (lje o
255 e S92 2B 4 Fall oty pe a4 (3 Jg2)
Jelse Jolize @yl ol a8l e IS 5L g pe oS o5
Ashraf et ) asS o s |y 3w 9y oline 457 ol ol
(31550 10 b 55 10) (s¥g5 olo ;3 ETo ylie oy -(al., 2012
olo plu I (od Cugby 5 oyl liee olo cpl )45 odaliie
o G 2b Cspur 5 dllig) Ol a2y yiShe g JBls 5 piaS
Aeyioo 115 4 (3 Jgaz) aslise e o VL 53 ool b
Cowl 0ads oo (ol 13 ETo (l5ae (ilisl el Jolge oyl dcgomns
L gally 1 So yb )3 s 0 dagi b am s pe 3 (1 U
oaal 093 )3 &2y oS Jomailiy 555 9 e oo c(s0ll
oS g iy ooyl ol G (1 JS2) 055 dslos
ausli 9 Y5 sleole > iy 4y dad 090 wiilen ETO l5ue
Az d eeldl sl gl ) 500 (Siwly 4 d2gi bl o
28l e ETO (59, JiS )55 Jale cpptage Jale cnl el

[(Nikbakht et al., 2007)

oeyad 3 oY Jde S8 L gladlllas ol ol b L]y o2
2010-2039 o,55 > o9 bl )3 Bl i o i
Slass Lials liwl j3 b sds ) Hles Sl 5l S oo
asyd 073 50 55 bod 4Vlo (4 Sibe il 38l g s (slajg,
Jad & basye lod ailale iglial o iy 45 sl o 3,8 5l
Abbasi et al., ) 34 g 5,5 5l o> SO liwe 4 ylise
(2010

&0 ol 923§ pa danilas
Olysed 5o A2l g2p0 olS 555 9 50 liee 29l
2 b glaole jd dinyy cubd euldl baylyi 4 angs L ETo
e opyieS &S amd e yLis ((e>Me 1980-2009) b 090
as (1 Jss) asb o (cyone 10 U (65 10) gl olo 1> ETo
Cowl aslioy @yly s dnyy wSlis 5 Bl jlade o a8 glyl
g bl Yl olo (ul 53 o bl i 425 (3 Jg2)
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(Emam, 2007) 5,5 (oL corl puiS Jguamo cuslS conlio
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2010) ol 45 g (507 s ygimw €1980-2009)  hed 2593 45 Wir gy > BliSeo gLrolo 43 (ETO) g po 0bS 5580 9 e duny Lo -1 JSW

S g 53 ((wgy By 2039 U
Fig. 1- Comparison of reference evapotranspiration (ETo) in various months for the current period (1980-2009;
dark columns) and the future (2010-2039; light columns) in Birjand

5 {paS Jgmamme (0 )9)l) 155 (Slo b pgus dl e [ Jpanee
(0 cadby b Jypame (Siwy 11 oloj j) puis a3y 5T als e
Sl 3 bl ol (Allen et al., 1998) codl oad s
ol ol Jsbo (5 gaz) 0,90 ciliea Jole gl puiS
30 530 120 40 )b il 8, ddlaie j> paS Wiy 415l
Jolye 3l o pa Jsb (Niazi et al., 2005) coul o s g,
5148 adlato walil 4 an g b BB Pl w5 5l 55 9> A3, A s
Allen et al., ) 153,52l ol Siiddos g Suis g9
2500 L5 2000 @ o35 g (om0 @y a3 3 ggemo .(1998
2 (Emam, 2007) 15l e Jpazmo 15y 0393 JS 13 g, 2
drog aloye 3 @2 g pAS A5) 0,90 Jsbo oy Wadygly 3l
Sz LSl oloj ol 3 & (5 Jgaz) sl (g2 alo ) oS
A g JBlas 5 03,8 gy Jlo 3y Jgad )3 1y 355 (S5
3 Jga2) Mlioe ol e el 2 iy, @yl 42y
gl 5 (Jud 0)93 3 (030 Ll ) Egede 4 g b
LSI)—f ol 3)9])_3 LSL“C’)IP 43,3 3l ol dewlxe GDD L L'J

Gosb 3l oanl 0)93 53 ST 21 1o &l @yl 43 bawgie

ORal3l 052 b sl 3o 2 12,8 35900 ol (655 ke
Sl dnyd bawgie Jg sl 1 allle &l an)> bwgie S
0l D walll poss byl ys Cow ¢ Jde sladyglp sline p ol
Lowgio b) 735119 & (olo yee 29) ,uS121 5l oS cuilS ol
2 b Juasl (6,5 sl 42 15/95 &g, )l 4y
gl CudlS gy ST (b )3 o ol 4 2 L 35 g2 (ogead
» s s ol 31,5 ko 1818 sg0s &)l amy> (s
2 sl 0393 53 ez il o agd g ol ST s o o]
035 359052 (Caigmy) ool 3 ol bl )3 g (o 3) (oo 0l
=59y 42 2300 13, 0)95 JS 53 pAS 2e28 )l 020

0595 280 0,95 (Ld (cipumii ,> (EMmam, 2007) wsb o 43,
Al yo Joldh dlsyo oz Siiddog 9SS 3blie )3 paiS A,
) 2d) > als e { Jgama adgl 43y 5 jale loj) 43, gl
dxagh ko po tas e iy Aoy 80 b u) gl Aoy ol
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-adgs dg9an) 116 b (casly loj g a3, (sl 073  0/4
Job P KC oacel caws 4y pdlie opl (6 Jgia) 43 3,91y (o2
aibaio ;> e KC ol cuwd 4 polie b 3udos oyl jd A3) 090
L 0 duogi pdlie b 3 ¢ (Tomar & Otoole, 1980) L.l
3 i pae 4 dogi b oy Slysen (Allen et al., 1989) s
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Job (i8IS ol s 5T s s oo a5 4 8L nlgs
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N gt D (2039 15 2010 0)9.:) b.\;.gj 29 (1980—2009) ‘:l}ﬁ 2590 0 9> 9 P.\S .\.w) 2,90 JQ]O‘S JQ'\?
Table 5- The length of growing period for wheat and barley in the current period (1980-2009) and future (2010-2039)

in Birjand
Jyasw (595) a0y Jolp0
Crop SLjoy9d growing stages (day)
Time frame AV 909 Jad e had slel E905%0
Initial Development Mid-season End-season Total
s e i) 55 05 e 30 140 40 30 240
Wheat Current (1976-2006) Growing period (day)
A_J” "9 42 400 850 450 600 2300
Growing degree-days
5 (i) 25, 029> b 32 119 42 33 226
Future (2010-2039) Growing period (day)
> LA"‘B ()5)) Ay 093 J?lo 26 122 35 36 219
Barley Current (1976-2006) Growing period (day)
L;‘ ()5)) Ay 093 J?lo 31 93 38 31 193

Future (2010-2039) Growing period (day)

2 S cuils s 4 ST ole DETe jhade Jab Lalys 1.6
Jlye 3 0l 93y 5zals )15 55 5 (5551 20) ole () pguw amd
hadie (a8 olS (algn slaplil aw (392 05 5 A (bt
sk ole & s Jgae (3555 9 5 Gline proluon ole )3 30

(ETe) Jgons @25 9 yads
lyais (6 Jgas) KC g (1 JS3) ETo @lpuss @ 4395 b
2 olS 93y a by 0490 Job 3 (ETe) Jpae ym5 5 s
Jsia) 1355 3500 il slaole S5 & (ST g Jlob Lyt
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dgdse Jibolo 4y Cuns Jgae 3,85 gy (lalS el olge
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Table 6- Comparison of crop coefficient and evapotranspiration of wheat and barley in the current and future
months in Birjand

PRV

P

Wheat Barley
ke R Jr‘*’““d)” 9 po R Jmfsr” 9 po
Months Crop coefficient (KC) (e o) Crop coefficient (KC) (% o)
ETc (mm) ETc (mm)
‘slx.éb)g.ﬁ ‘_;i 0)9.3 ‘sla.éb)gb L.;i 0)9.3 ‘:lx.éb)gb L.;i 0)9.3 ‘:lx.éb)gb L.;i 0)9.3
Current Future Current Future Current Future  Current Future
5 0.4 0.4 149 202 0.3 0.3 206 347
October
rely 0.41 0.41 30.7 32.7 0.41 0.42 30.1 32.9
November
ol 0.54 0.58 28.8 32.8 0.62 0.7 32.7 39.9
December
4 0.7 0.78 30.3 40.1 0.84 0.99 42.5 51
January
“9° 0.8 0.97 56 67 1.05 1.16 66.8 79.4
February
ote 1.04 1.14 116 135.4 1.16 1.00 128.3 116
March
/;};fi‘l 116 116 1832 1882 081 037 1235 272
.l 1.09 0.7 230 149.5 0.27 -- 34 --
May
o3 0.51 -- 71.9 -- -- -- -- --
June
o 761.8  665.9 456.9  381.1
Total

(B Jsiz) abe p1alS Jgame 555 5 55 e <S5
Jomame iy olo ol pad and jd sy adlaie ) ypicred
25 o plol
2 paS 0y lole plad )3 0l axpy Jhlidl 4 e b
2 gmame 5y5 9 5 Olire b 0)9> & o o] Lyl
w0l 093 13 .(6 Jga) Bl e (il oo sle yd 5> 4 aole den
9 25 KC e & i b g Conl Jguammo clpy (o (o0 olo
75069 > 439 00 yieST (Jad 0)93 4 S ool 3 5
0393 33 Sl dmyd Gialidl o) e odn] )3 paS M) 090 oy
3y90 53 il o xd 0,93 5| a8 Jguamme ETe JS olime o]

b8 slrole 4 Cuns @yl 4y 3Sls g JSlas oo ol )

oilidl s de (3 Jgan) adlioe 18 bl i g YL
a2 Il s 4 {5 Jga2) ysl 9 oople slaele 5 sl
9 755 KC gline p i b Slee alo jo 2 0l (s 5 )l
(sl 0)93 3 (0 Jgan) sy o Shis oo ol 3 55 52 G0
olo blsl )3 s> sl g (3,8) 995 elo )3 puiS A3, el o o
LS (St a0 By (s dos) (o
a5 a8l jialS ole (1ol )3 Joame ugid g il Jro
ol 01 0ad o o WSy 8y Cawd 3l s 4 olS 0niiS 5y
Solo & Caus iyl an > 3Slas g JBlas (o158l ey e ol
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SuSe > coxSoyio 6400 L yo Lo 640 <059, 240 s 090
Sl oo ol 85 atlaie )3 wlie gl 303,525l
G 4y yio oo 624 T 5Ls puiS Jguae 43 09, 220 09
1 359050 ol cal )3 @ p3Y (Niazi et al., 2005) cul ol
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Fig. 2- Comparing crop water requirement for wheat (a) and barley (b) in different months in the current
period (1980-2009; dark columns) and the future (2010-2039; light columns) in Birjand
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Introduction

The global climate is changing and, despite efforts to reduce greenhouse gas emissions, weather variation is
inevitable. Meanwhile, agriculture as a major water consumer will require adaptation to these variations, along
with other challenges, to guarantee its persistence and sustainability. Given the arid and semi-arid climate of
Iran, water, as a main limiting factor for agricultural production, plays an important role in determining the type
of farming activities (Osamu et al., 2005). Crop water requirements and evapotranspiration are the main cause of
water consumption in agricultural sector, the both accepted to face a dramatic increase in future under influence
of increasing temperatures resulting from climate change (Koocheki et al.,, 2001). In this regard, the
foreknowledge about future changes in climate and its effects on agricultural water use can be helpful for
farmers and decision-makers. This study aimed to evaluate the climatic conditions of Birjand plain in the next
two decades, and to investigate the effects of climate change on water consumption of wheat and barley as two
main crops in this region.

Materials and methods

In the present survey, the effects of estimated climate change in Birjand plain on water requirement of wheat
and barley and wheat yield in the 2010-2039 period were studied. Based on average weather data for the last
thirty years from Birjand synoptic stations, climatic parameters of temperature and precipitation for the time
period of 2010-2039 were simulated with LARS-WG5 using A; scenario confirmed by the IPCC. Wind speed
and relative humidity also were estimated for the future period. Common planting and harvesting dates were
obtained from local farmers and Birjand Agriculture Organization and duration and crop coefficients (Kc) for
early, developmental, middle and final crop growth stages in the current period were extracted from FAO
Irrigation and Drainage Paper No. 56. For the future period, these dates and growth stages duration were
estimated by matching the average daily temperature at the current time with the time of their occurrence in the
future. The reference and crop evapotranspiration were calculated based on Penman-Monteith equations and
effective rainfall was determined with USDA method. Crop water requirement was also calculated using the
CropWat software and effects of climate change on crop yield was evaluated using DSSAT model. The genetic
factors were taken from the study of Mansouri (2012) in Birjand. Other required input data (edaphic and crop
data) obtained from Agricultural Organization and local farmers.

Results and discussion

The results showed that the minimum and maximum temperatures of the future years will increase, and there
would be an approximately 3.5 percent more annual rainfall in the future decades. The largest temperature
increase will occur in cold months, with a maximum rise in temperature of 2 °C in February. Overall, the
average maximum temperature for 2010-2039 would be up to 0.6 °C higher than current period in Birjand. These
higher temperature will result a significant decrease in the length of crop growth period, so that the time of
planting to maturity will be reduced from 240 and 219 days (in current terms) to 227 and 193 days (in the future)

1, 2, 3 and 4- Former MSc student in Agroecology, Associate Professors, Assisstant Professor and former MSc student in
Water Engeenering, Faculty of Agriculture, University of Birjand, Birjand, Iran, respectively.
(*- Corresponding author Email: mjamialahmadi@birjand.ac.ir)
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for wheat and barley, respectively. Koocheki et al. (2001) has estimated 26 days shorter growing season for
wheat in Mashhad due to higher temperatures in future. Despite higher reference evapotranspiration, crop water
requirement will drop in the future between 19.5 percent (wheat) to 22.5 percent (barley), due to earlier planting
of these crops and their shorter growing period. Indeed, due to the shorter duration of crop growth under climate
change condition, the wheat yield will be reduced by about 30 percent. It was also previously estimated that
despite an increase in carbon dioxide, wheat yield will be lower between 13 and 28 percent towards year 2050,
which depends to location and employed general circulation models. Obviously, the agricultural practices and
management should improve to comply with the inevitable climate changes. Increasing tolerance of wheat
cultivars grown in this area to higher temperatures, especially during flowering time, can be effective in order to
adapt to climate change.

Conclusion

Climate change is one of the main challenges facing the agricultural sector, especially in arid and semi-arid
regions, and simulation of its effects in the future, can be useful for the planning and policy making to ensure
food security for the community and welfare for the producers. The models which used in this study have
already been successfully used in different studies.Our results showed that the use of these models to predict
climate change and its effects on crops water requirements in Birjand plain will be possible with a good
accuracy.

Keywords: Crop coefficient, Evapotranspiration, General atmosphere circulation model, LARS-WG
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S jokd &S 4igS e st = OLjee 0L 0, Lo
Phytoseiid species Forest Orchard Farm crops Plant species number
Amblyseiinae
Amblyseius herbicolus Chant - 14 5 13,61
1,2, 3,8,13,15, 22,23,
Euseius amissibilis Meshkov 36 33 21 24,28, 29, 32, 41, 43, 54,
56, 60, 63, 68, 69, 72, 79
Euseius finlandicus 10 3 ) 32,60, 71, 78
Oudemans
3,12, 18, 25, 27, 35, 36,
Neoseiulus barkeri Hughes 11 1 21 41, 44, 46, 50, 62, 63, 65,
77
Neoseiulus umbraticus Chant 5 4 23 3, 6, 14, 29, 35, 36, 61
Neoseiulus imbricatus
Corpuz-Raros & Rimando i i 16 518,70
Neoseiulus bicaudus ) ) 4 59
(Wainstein)
Neoseiulus marginatus i i 2 64
(Wainstein)
Neoseiulus sp. - - 1 46
Proprioseiupsis levis
(Wainstein) 2 - 9 3,24, 63, 64
Proprisseiupsis messor 2 ) ) 63
(Wainstein)
1,2,3,4,5,6,7,9, 13, 14,
15, 16, 17, 19, 21, 22, 23,
24, 26, 29, 30, 31, 33, 34,
Transeius caspiansis 212 152 111 35, 38, 40, 41, 42, 43, 44,
Denmark& Daneshvar 45, 47, 48, 51, 52, 53, 54,
55, 56, 57, 58, 60, 61, 62,
63, 65, 66, 68, 69, 71, 72,
73, 74,75, 76, 78, 79, 80
Typhlodrominae
Paraseiulus triporus Chant &
Yoshida-Shaul 14 3 4 9,14, 15,21, 34,63, 72
Paraseiulus soleiger Ribaga 12 2 - 31,60, 71
Typhlodromus athiasae
Porath & Swirski 10 8 ) 2,7,8,15,17, 44
Typhlodromus tubifer 24 7 ) 114 19 30
Wainstein e
Typhlodrumus bakeri. 10 ) ) a4
(Garman)
Typhlodromus kerkirae
Swirski & Ragusa 1 1 ) 6,11
Phytoseiinae
1,2,7,9,10, 14, 20, 22,
Phytoseius plumifer 35 94 23 25, 29, 30, 33, 34, 37, 39,
Canestrini & Fanzago 45, 49, 52, 59, 69, 71, 72,
73,75,76
Total 384 322 240 946
JS 2o (41%) (34%) (25%)
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0l (6 y9laen 5,55 slaaiS Cunes 203 10 516 50 L5
Joliis 1y Laass” IS U760 goeme j> a5 sish olaidl 393 & |,
475 slis Amblyseiinae odlgls ys;5 ,3,1K5 a8 698 51540
(%13) L 90 4 T. caspiansis 4555 4 by ye (068 ) o sac
gy L] pdaw aisS oyl sl E. amissibilis 4565 4 by yo
S5 bl slaaiS 4 039l S5 slalijee g9, 9 422
S jlle oS 9y (> 9 LS 255 9 e 5 dacSidnd
4 odnlie
=SS 3ai pl )3 08 (6ylaen s 5l (6 )b
Sy e S IV g Il slaog)S 53 g 0390 (soges sl
4 yud A )65 o )8 (McMurtry & Croft, 1997)
a8 g A Aty Lo e i alar 1) lpds 5 03,5 b
» L T. caspiansis 455 .5 )b 5,6 slaas 5l 4 & Jslos
550 g LS e Sl gyl slacSiins lapss (LY
055 g liwe U sloalS jlads L ad sanlie WSl
Rafati ) ool osel s 4 o595 113 03k 3,8 ya ¢l & o wljg,
Jloei ) )] quwg L] o 4 4595 L .(Fard et al., 2004
58 > 355 adly a2l i S 8555 1 51 p98
gl oge 185 LS je (slacSind alox 51 SBT3 Sojglse
S Ll 8,8 o slr pgw 09)5 3 &5 aaS s Jlles
5 i iy o2l 9 o] 465 gy 45 cul Neoseiulus s
b gl i 4l 5yp slacile o ;oS s,
P 903, S by (63035 jawss o EUSEiUS i sladisS
F9 03909 Clital (5,6 sbalS jlog)S cpl kil S sl IV 095
Clyis 5 s 5yl sladS daid ) ales jl laaiS Lo
055 93 00 (6yglar SLaassS e 3 A o 405 )
05,y 5l Typhlodromus athiasae 5 Neoseiulus barkeri
i g (gl aSgS a5 g5k 035 ol Pl Siglg
5 4y o9l g0 ) S48 K b (0093 5 ()l <S4

Yy oo 99,8 4 ()1 sladiS g oo 5 ade p (silulay ol



1394 iuno3 A oylas 7 alex (55,3 LiS quslids pgg 45t 466

M 4 jasls o) (Moghadam, 2003) il e o8 £95 oljee
Ol yieS (6548 1) 05 liee Canl U (slaassS )gb Cod dS"J
Ol )0 opo id 2BeSs edld cdls pl o 1 e e
SloapiawsS] ly by (BloSy (a3l )b (e 55 (2
s a5 00673 4 0/536 0/618 sy 4 oly; g L (S
Myesy Ll [ SlgS o5 5l Anals s o L 457 el
0aLi ialS cow (T, caspiansis) cle 4565 3¢5 5 ol

ol 00 £l L@w dalllas 5y50 (glapiupgST o (310

4 ecnlply e e L 1) sl Oglite sladieS 4 leie
Sl ySomls (Mg 95 dl S5 Hho 4 adld
.(Ejtehadi et al., 2009)
3 1632 %> lals claas ly g -ools (asls
S jasls b a8 wi )9 1673 Lel); ool slaas ¢lp
oald ol a0l s ime 3Ms] (1/332) gm0 lisyd (co)
Ul e il 350 13 5 XS o ;a5 35 B 15 1 Voomo
Shnol> (s yio 51 48yl @ sl 315 ) i L 1/ ) yiaS
S (G @l lp i g Cdn plie B3l 465 S e oS
g ol HLib Cov G 4 b a5 conl )] 4l o 08 o

Sl (£1)j 9 (EL M QLS g9y M j5kd 5 I &S (JBIGSG 9 g9 Ld glapas Ll -2 Jga
Table 2- Richness, diversity and evenness indices of phytoseiid mites on forest, orchard and farm plants

oasLs K glals SEL ol oy K oSle
Index Forest plants Orchard plants Field crops Total mean
AL sl
e 2.089° 1.208" 1672% 1.656
Margalef's richness
Ogorm E95 b b a
. L 0.690
Simpson's diversity 0.671 0.667 0.731
TR YIS a b a
Shannon-Weiner's D. 1632 1.332 1.673 1.546
..~‘ .
o S 0.618" 0.536" 0.673" 0.525

Pielou's evenness

ol 805 (5591 o L)l (59 31 5SS S & SLjae (LS 0L 9 05lewd -3 >
Table 3- The number and host plants that predaceous mites were collected on them

3 0ylowd
8 ko ol &S oLS &y ;\IO ol &S olS oy
No. Plant species Plant family ' Plant species Plant family
] 09l a1 PSS, ot plS
Zelkova carpinifolia Ulmaceae Armenica vulgaris Rosaceae
2 “’9” uL-")'“‘K 42 CL OFR) (”SL Aot
Prunus spinosa Rosaceae Melia azedarach Meliaceae
3 (sbd! gl oyl 43 e Ol o
Sambucus ebulus Caprifoliaceae Pteridium aquilinum Pteridaceae
el RS 44 0y gy sl 9
Spiraea crentata Rosaceae Cupressus arizonica Cupressaceae
s S}l 4y 45 ey S W
Smilax excels Liliaceae Populus caspica Salicaceae
J,«,f)" uL-")'“‘K 46 F9§)9“’ uL"-**f
Mespilus germanica Rosaceae Sorghum bicolor Gramineae
Eriobotrya japonica Rosaceae Malus communis Rosaceae
o Il sl JI w3l Jed
8 Cercis siliquastrum . 48 .
L Caesalpinaceae Cornus australis Cornaceae
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15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

a1l
Acer plantanoides
S5 3
Acer velutinum
L3
Robinia
pseudoacacia
o0,
Eryngium
caucasicum
AUl
Punica granatum
pesy
Ficus carica L.
el
Parrotia persica
E
Viburnum opulus
$S
Ligustrum
ovalifolium
&r
Oryza saltiva
bsh
Quercus brantil
&
Cydonia oblonga
Salix babylonica
J&
Citrus sinensis
bl @
Tecoma radicans

Loee)

Gossypium
herbaceum
gy
Mentha longifolia
w95 g
Amaranthus
retroflexus
o
Raphanus sativus
Rumex acetosella
Rubus fructicosus
Al Sigi
Morus alba
Sy
Alnus glutinosa
g
Platanus orientalis

13!
Aceraceae
13!
Aceraceae
ollel 4l
Papilionaceae

oz
Umbelliferae
Jl
Punicaceae
Sy
Moraceae
sl
Hamamelidaceae
Aol ool
Caprifoliaceae
OF2)
Oleaceae
oS
Gramineae
bsh
Fagaceae
ol puds
Rosaceae
Salicaceae
Rutaceae
Ligss
Begoniaceae

Malvaceae
olbelis
Labiatae

9> g
Amaranthaceae

Cruciferae
Polygonaceae
ol
Rosaceae
Sy
Moraceae
K
Betulaceae
Sl
Platanaceae

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

«_:9: ol
Morus nigra

P
Trifoliumn resupinatum

e slies

Buxus hyrcana

Persica nucipersica
9% aded
Callistemon citrinus
P
Populus alba
Hedera helix
&TJL;—C
Ziziphus jujube
2
Pinus eldarica
oS
Sesamum indicum
IS
Conyza bonariensis
925
Juglans regia
55
Urtica dioica
sl (g
Anchusa italica
»

Rosa sp.

ssole S5
Verbascum sp.
Lo J5
Rosa damascena
Pyrus communis
s
Prunus domestica
oS
Prunus cerasus.
09
Citrus limon
Loy
Phaseolus vulgaris
yon
Carpinus betulus

50
Vitis vinifera

Cg
Moraceae
bl &l

Papilionaceae

s
Buxaceae

ksl
Rosaceae
290
Myrtaceae
Salicaceae
Araliaceae
e
Rhamnaceae

2
Pinaceae
oS
Pedaliaceae
swlS
Compositae
925
Juglandaceae
S5
Urticaeceae
oy s
Boraginaceae
s S

Rosaceae

Sy S
Scrophulariace
ae

ot S
Rosaceae
ot plS
Rosaceae
ot plS
Rosaceae
ot plS
Rosaceae
Rutaceae
bl wlyy
Papilionaceae
okbas
Corylaceae
)55
Vitaceae
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34 ko> Sy 74 b bS5
Diospyros lotus Ebenaceae Citrus reticulata Rutaceae
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Celtis australis Equisetaceae Persica vulgaris Rosaceae
40 Sl o 0845 80 %5 ool o8
Fraxinus excelsior Oleaceae Jasminum fruticans Oleaceae
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Introduction

Mites of the Phytoseiidae family have been extensively studied as biological control agents of different mites
and insect pests. Some species also feed on nematodes, fungal spores, pollen and exudates from plants and
insects. About 2,300 phytoseiid species belonging to 90 genera have been described in this family (Chant and
McMurtry 2007). Considerable efforts have been made in recent years to the collection and identification of the
predaceous phytoseiid mites in Iran (Rahmani et al. 2010). Despite some studies on phytoseiid mites in Iran, our
knowledge remains limited about their fauna and diversity in Mazandaran province. The data of these studies
showed that until recently, only 75 species were reported from Iran. The objective of this study was to evaluate
the species diversity of Phytoseiidae and access to effective predatory mites for biological control of injurious
mite pests in Sari, the center of Mazandaran province (Southern coast of the Caspian Sea, 35 ° 47-36 ° 35'N, 50
° 34-54 ° 10'E)

Materials and methods

Samples were taken from 80 plant species belonging to 46 plant families including forest trees, orchards and
farm crops representing three types of ecosystems from September 2011 to October 2012. Harvested samples of
each plant were separately collected in plastic bags and labeled with region and date of collection. The bags were
transported to the laboratory on the same day and stored in a refrigerator at about 4°C for up to a week, until the
materials washed for mite extraction. Samples were composed of leaves, stems and shoots of different ages and
the number of leaves per sample varied between plant species. In order to assimilate the samples, a volume
nearly equal mass of each sample were put in a two-liter water container. The mites were floated on water by
adding 1.5 liters of tap water and a few droplets of detergent. The plant leaves and shoots were shaken for
several times until the mites fall from the plants into water. Plant materials then removed from the solution and
discarded. Mites in the solution were separated by pouring the solution through sieves of 20, 50, 200 and 400
meshes. Mites transferred into a labeled glass jar for further processing and identification in the laboratory. The
mites were cleared in Nesbitt's fluid and mounted in Hoyer’s medium on microscope slides. The slides were
dried at 45 °C for 1-2 weeks. Then the edge of the coverslip was sealed with colorless nail polish to prevent
absorption of the air moisture. All specimens collected were nominally identified to species level by using a
Nikon phase contrast microscope (E600) and related identification keys.

The scientific names of the plants were adapted from a dictionary of Iranian plant names (Mozaffarian 1998).
The ecological indices including Margalef's richness, Simpson, Shannon-Wiener and Pielou's evenness were
calculated for species diversity, dominance, richness and evenness of the mites in different ecosystems. Some
mite specimens were sent to Dr. E.A. Ueckermann of the ARC-Plant Protection Research Institute, Pretoria,
South Africa for identification or species confirmation.

Results and discussion

A total number of 946 mites of 19 species belonging to 8 genera of three phytoseiid subfamilies namely
Amblyseiinae, Typhlodrominae and Phytoseiinae were identified (Table 1). Most individual mites collected in
this study, 698 mites in total (73%), belonged to 12 species of the Amblyseiinae which 68% of them (475 in
total) were Transeius caspiansis and 13% (90 mites in total) were Euseius amissibilis. Phytoseius plumifer, the
single species of the Phytoseiinae and the species of Typhlodrominae amounted to 16% (152 in total) and 10%
(96 in totals) of the collected mites, respectively. In this study Amblyseiinae also had the highest proportion of
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species (63%), while Typhlodrominae and Phytoseiinae had 31% and 5% of the species, respectively. Most
phytoseiids collected in this study were mentioned above species that formed 76% (a total of 717) of the whole
collected mites. These species were the most frequently found predators on varieties of plants. They were found
on plants associated with tetranychid, tenuipalpid and eriophyid mites and small insect pests such as thrips and
whiteflies. They were very common and were examined from 80 plant species, they observed on 59, 22 and 26
plants, respectively. It was interesting to observe these predators on some plants thatthere were not
phytophagous mites. Therefore these species are generalist predators and are known to feed on pollen and
exudates of plants and insects. Overall, mean mite's biodiversity indices of Margalef's richness, Simpson,
Shannon-Wiener and Pielou's evenness were 1.656, 0.69, 1.546 and 0.525, respectively. Actually, when a
community has many about equally abundant species, it is said to have high species diversity. But when a few
species are present or like this study only a few species are abundant, then species diversity is low. The low
Shannon-Wiener and Pielou's evenness indices also showed relatively low biodiversity in the area.

Conclusion

Despite that 19 phytoseiids species were found in Sari, the present study revealed a low diversity of
phytoseiid mites in this region. Most phytoseiids collected in this area belonged to Transeius caspiansis, Euseius
amissibilis and Phytoseius plumifer (a total of 717) species. However, it was expected that many additional
species could be found by similar studies in the same area, especially when other plant species were sampled.
The diversity of plants in the forest, orchards and farm crops were far greater than the number of plant species
sampled in this study.
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Table 1- Analysis of variance for economic yield in the corn and peanut intercropping

&dlaidl 5 ,Sos
i aalio &3l a>,5  Economic yield
SOV df Oy gwej @lal
Corn Peanut
S 2 95.13"  101.92”
Replication
Bl 2 0.02* 556"
Planting system
o9 2 017"  29.63"
Weeds control
i, om St 1 876"  48.75"
Row spacing
. X e -
| O X Sl e 4 009"  7.58™
Planting system x weeds control
i) O Jolyh X S 2 0.65% 454"
Planting system x density
. X 4 . 5 *k
Oy X akd, o ol 2 012"  62.30
Weeds control x density
lacisd) o olgd X oy X cadlS o2
_‘—°e. ) G Jolgd X o _ 0.02" 3.14™
Planting system x weeds control x density
e 34 0.24 3.30
Error
(09 s a2 - 1578 20.06

CV (%)

Kk K ns

bo)d Sy g g e 3 e g i gee it S 4 I
ns, * and **: Non-significant at 5% and 1% probability levels, respectively.
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Table 2- Means comparison of for economic yield in Row

spacing and weedy different levels in the corn and peanut
intercropping

Sl pranan wilaidl >, Shos

Planting system  Economic yield
O e el

Corn Peanut

P - 8.42%

M, 3128 943

M, 3188 933

z 3.10% -

i sladile (e
Weeds control

Wo 3160 8.06°

W, 302 861’

W, 321 10512
s, o S

Row spacing
Dy 3538 g11”
D, 273 1001°

o ipbl (alld S (ldls Gt slacuws g 4 1 Z My My P
DAL S g el £100 + )3 7100 (iejpboly 250+ <3 %50
9 (029 LS g pas G sladile (g oo 4 Wo, Wi, Wo 3
o 5lo 50yt Lo 40 Hlacins, oy Jolgd cus i 4 1Dg, Dy g 5L
P, My, M, and Z: Planting ratio, sole crop peanut, 50%
corn+50% peanut, 100% corn+100% peanut and sole crop of

corn, Wy, W, and W,: Non-weeding, once-weeding and twice-
weeding, D, and D,: Row spacing, 40 and 50 cm

S e G S il sl o alnSile glass yo Sl 5 g 0
Slis so > gy Jloin! daws )3 Sl (glasals Wi yg0] Lolul p i
..xﬁ)\.xS LS)er'—"" LS)L".‘

* Means in each column and for each treatment followed by at

least one similar letter are not significantly different at 5%
probability level using Duncan's multiple range test.

Jolgd 3 )3 g a8 Glacins) o Joolo > (el i

Onod 3 M50y (6yde Cudle lde glib i clacasd) oy
Msly oS ol 0 5yl35 MaLy g g3 bglseo cutS awyp 5o L,
20,0 15+ ML 253 25 jles 13 (0/54) codle oy ST
Bt ) ol J15)0 p 92 4 Cand (it e VL WSTH L g
Laylows Joliizo 131 ko 4uwlio .(ISlami Khalili al., 2010
bl ) e 4 Cdle (adls e cp i o Ob L
29 (Apem 118D ) oS (slacins) o Juolsd b cpg 5L 93 o
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(Zhang et al., 2011) cuul 0390

03Il 9 ©)5 bolsee CulS 15 Culd) g (o w55 e G aS LS (puily,lg 450 -3 Jgaa
Table 3- Analysis of variance for agrissivity index, relative crowding coefficient and competitive ratio in the corn and peanut
intercropping

Pl eers
. Ind =5 ) oo wls N L-\: . .
4,3 S5 = @ P ey gl
5 b 2 o= o jeloly P el s
Pl K T At Relative . ©2
SOV ;! cullé Relative : Competition .
e df Aggresivity i crowding index of Competition
crowding coefficient of index of corn
coefficient of corn peanut
peanut
. ’I‘_)“t_ 2 0.246" 0.28™ 0.01" 0.36" 0.05"
eplication
2 glaile oy 2 0.009"™ 9.96™ 0.19™ 0.02" 0.03™
Weeds control
L”:*” e 1 4013 26.01" 0.37" 0.03™ 0.41"
ow spacing
X5 gladile g
iz o Jolgd 2 0.634" 26.11" 0.1" 0.54"™ 0.05"
Weeds control x
row spacing
L
c 10 0.049 0.523 0.015 0.006 0.009
rror
(“”)C ‘;’/"2;)“"‘” - 22.77 24.02 19.86 5.09 18.97
0

. . . . - kk K
M))&Sﬁj@c]mu)a)bwj)bwﬁ&wf@. 9 S

ns, * and **: Non-Significant at 5% and 1% probability levels, respectively.

boldeo CulS ;5 0 sdle (g iliio goba 9 Ldsd) o ol )3 Culdy g (o 08135 Cadle (gL ad L (ke dnlio -4 Jgoa

ojeldl g
Table 4- Means comparison of agrissivity index, relative crowding coefficient and competitive ratio in row spacing and weedy
different levels in the corn and peanut intercropping

5o sladile ey Cudle s o33l c On:;l:t’it‘i’:: i:j o
Weeds control Aggressivity Relative crowding coefficient
o) Pl @y o el @y e @Il @y
Peanut Corn Peanut Corn Peanut Corn
Wo 0.94% -0.942 4292 082 1.45°2 0422
WA 0.97°2 -0.972 2722 0.67% 156" 0.552
W, 1022 1028 173" 0.44° 1572 0532
bociss, et Jolsd
Row spacing
Dy 05° -05° 4122 0.782 1.48° 0.65°
D, 1.45° -1.45° 171" 0.49° 1572 0.35°
2 sl g st s 3 yte 5l B0 g o 5lo 40 Gy, Aol oy D2 D g 1 9 g bt g pas g slacile g iy 4 W2 Wi, Wo
o5

Wy, W, and W,: Non-weeding, once-weeding and twice-weeding, D4, D,: Row spacing, 40 centimeter and 50 centimeter
B85 ()b i (gl glds oy gy et aws y3 SOl (glaals dix 90l olel p cdiaan Syt By K Bl b &S olaySike *
*Means in each column and for each treatment followed by at least one similar letter are not significantly different at 5% probability
level using Duncan's multiple range test.
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Onm Joled alyshas ol Lis 4565 90 ColBy Comd (oamyp
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coldy Lasls a5 Kdges oamlive el duw (iinlojl )3 D g d0igy
a5 oL & Cunl Sy 1 S5 0 lgen aoxisy

o teyd ey dw jlog I 0wl bl o @yd 4 caws

03l 9 €5 bolse CulS )3 (o) (6 21 Sl (il lg 42325 -5 Jgaa
Table 5- Analysis of variance for land equivalent ratio in the corn and peanut intercropping

55 il @il x> (moj (5152 o
S.0.V df LER
W 2 0.02"
Replication
Bl s 1 0.01"
Planting system
o9 2 01"
Weeds control
ey, ox J‘”‘?‘a 1 0.004"
Row spacing
. X ol -
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ns, * and **: Non-significant at 5% and 1% probability levels, respectively.
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Table 6- Means comparison of for land equivalent ratio in row spacing and weedy different levels in the corn and peanut
intercropping
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lacis3) g ol
Row spacing
D, 1032
D, 1012
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srogstls 50 oyt s 40 Hlaiss) (o Jolsp <y 4 D2 D g Sl 99 g Y
My, M,: Planting ratio, 50% corn+50% peanut, 100% corn+100% peanut, W,, W; and W,: Non-weeding, once-weeding and twice-
weeding, D, D,: Row spacing, 40 centimeter, 50 centimeter.
mre olel gl a0y gy Jland a3 oS glasels sz el bl etn Snte B Sy Pl G o Do Sile losi o sl g s 0 0
5l gyl
* Means in each column and for each treatment followed by at least one similar letter are not significantly different at 5% probability
level using Duncan's multiple range test.
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Introduction

Evaluating yield in intercropping systems is based on selecting compatible plants with appropriate
characteristics to establish minimum competition and maximum cooperation, and the application of suitable
agricultural practices (crop density and intercropping ratio). The use of plant species with different
morphological characteristics in terms of nutrient uptake and utilization of growth environment, and the least
competitive species in ecological and environmental factors in a fixed nest causes possibility of presence of two
plants in the same ecological niche and better use of resources (Banik et al, 2006; Mushagalusa et al., 2008).
Competitive ability of species in the intercropping is estimated using the relative interference parameters and
determining the dominant species (Dhima et al., 2007). One of the indicators to evaluate intercropping is
competitive ratio which is the competitive ability of the crop in the form of a better expression (Dhima et al.,
2007). In general, the intercropping is one of the ways that increases the stability of agroecosystems.

Materials and methods

In order to study the effects of density, weedy and various proportion of corn (704 Variety) and peanut (Goli
Variety) intercropping an experiment was conducted in 2012 in the Agriculture Research Station (Chah Nimeh)
of Zabol University. The experiment design was factorial in randomized complete block design with three
replications. Experiment factors consisted of planting proportions in 4 levels (sole crop of corn, 50% corn +50%
peanut, 100% corn + 100% peanut and sole crop of peanut), weedy in 3 levels (non-weedy, once-weedy and
twice-weedy) and the space between rows in 2 levels (40 and 50 centimeter). For appointment of dominant
treatment, Relative Crowding Coefficient (RCC), Competitive Ratio (RC), Aggressivity and Land equivalent
ratio (LER) were calculated. All treatments were planted in a row of peanut and a row of corn. In intercropping
alternative treatments and increasing sowing ratio with bush density change (the distance change between two
bushes on a row) and variable distance between two rows (40 and 50 cm) were carried out. In monoculture and
alternative intercropping systems, the distance between bushes for both plants was identical, but alternative
intercropping, a row of corn and a row peanut were planted and there were 30 plants of corn and 40 plants of
peanut per unit area on each row. To intensify the intercropping, the distance between plants on the rows
decreased and due to variable spacing between rows, number of plants per unit area increased and there were 60
corn plants and 80 peanuts plants per unit area on each row.

Results and discussion

The highest yield for corn (3.18 t.ha™) was obtained in a intercropping of 100% corn+100% peanut and
peanut (9.43 t.ha™) in 50% corn+50% intercropping of peanut respectively. This means that the proximity of the
legumes and grasses can be more productive in terms of intercropping than mono cropping system. The reason
could be due to biological nitrogen fixation and increases in light absorption by roots of peanuts. Results
indicated that various factors had significant effects on valuated index. The highest and least LER was in 100%
corn + 100% peanut and 50% corn + 50% peanut. The highest RCC was for peanut, treatment non-weedy at

1, 2, 3 and 4- MSc student of Agroecology, Assistants professor and Associated professor, Department of Agronomy,
Faculty of Agriculture, University of Zabol, Zabol, Iran, respectively.
(*- Corresponding author Email: mahdieh.rajaii@gmail.com)
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higher population (7.41) and least was in the corn, treatment once-weedy at lower population (0.4). Corn
competitive ratio on peanut in all treatments was less than one, which indicated peanut had advantage over corn.
Based on this scale treatment with less density and twice-weedy was more dominate. The Aggressivity index for
corn in all the treatments were negative but increased. Therefore in the all indices peanut was the dominant
species, this was referred to better use of resources and weed control.

Conclusion

The results showed that both morphology and structure of the components of a intercropping, in dominant
and recessive forms are effective. Row spacing and weed control are factors affecting the competitiveness and
profitability indicators in intercropping. Peanut was the dominant species and a top competitor in corn and
peanut intercropping with higher Aggressivity index, relative interference and higher competition and to the
effective use of environmental resources and weed control, which makes it the most serious rival for corn.

Keywords: Aggresivity, Land equivalent ratio, Relative crowding coefficient, Yield
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Table 2- Analysis of variance (mean squares) for leaf area index max (LAl max), total leaf chlorophyll and plant
height in different replacement intercropping patterns of soybean and millet

Lgw Syere o3,
Soybean Millet
U ) Sl ) PS5l 85
8 Zlo ol omsls S dSes €| - 5 ddgyls €W
S.0V " Total &g oasle Total Sg
E’ chlorophyll Plant Sy o chlorophyll Plant
Sy height LAl height
LAl max
WA 2 0.5950"™ 0.00059"™ 2.255" 0.0137"™ 0.00628"™ 1.353™
Replication
byl o8 3 17.724™ 0.0015 32.738" 5.322" 0.0420" 0.142"™
Intercropping
e 6 1.4577 0.00042 3.916 0.3701 0.00673 1.6382
Error
(10) @l 2 24.43 3.39 2.87 21.86 9.14 1.853
CV (%)

I xe e NS o yd S g gy Jloin] gaws j3 )b dme sy 4 FF g

*

*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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Table 3- The effect of different replacement intercropping patterns on leaf area index max (LAl 1), total chlorophyll and
plant height of soybean and millet

Ly Seeo o)

T YON; Soybean Millet

cdls P 5 ) I Jdg S Gy i) P S ) I Jdg NS g gl
Planting ~ &hw sl (s gj505 0 (el Thw o3l (S gjg e (el

ratios Sy Total chlorophyll Plant height Sy Total chlorophyll Plant height

LAI (mg.g") (cm) LAL (mg.gY) (cm)

100S: OM 7.21° 0.57° 64.8°
0S: 100M 4.20° 0.759° 69.3°
75S: 25M 6.57° 0.61° 68.30° 1.07° 0.996° 68.9°
50S: 50M 4.07° 0.62° 72.8° 2.52° 0.995° 69.0°
25S: 75M 1.92° 0.63 69.0% 3.33* 0.836% 68.9°

L5 ()b dme BB oy gy Jlein] ans j3 (Kb (glaiely Lix 90l ol gt o 3 S yidie gy (gl sla il *
* Means followed by the same letters in each column are not significantly different according to Duncan s multiple range test
(p<0.05).

03l 9 Lgw il 3 Sos (g1l y2 (5Nl bgldee CudS Gl gagRl 51 (a0 (50Rilie) (puilyyly 2525 -4 Jgu
Table 4- Analysis of variance (mean squares) of the effect of different replacement intercropping patterns
of soybean and millet on yield components

Ly Seeo ¢35
Soybean Millet
Sl P
)5'.'3*5 é!b“ "i )': dm b"\&; .- . - o ‘)59 - & . - . .
SOV LU 5 dgr 4> Al dlaxs s dg 4D duogd dlaxs &l wo (39
df ¥ Number of seed Number of 100- Seed
Number of pod per plant 100- Seed panicles per plant weight
per plant weight
"_’S . 2 2.696™ 384.7° 0.01333" 0.1514™ 0.00043"
Replication
byloe cuis 3 6.1339" 3135" 0.9355™ 0.7278" 0.000031"
Intercropping
ks 6 0.6782 37.15 0.0588 0.08476 0.000265
Error
(o) Sl o2 2.24 5.89 1.80 4.16 2.51
CV (%)

I xe e NS o )d 5 g gy Jloin] aws 53 Jb dme i 4 FF g

*

*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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Table 5- The effect of different replacement intercropping patterns on yield components of soybean and millet

Lgw e o))

L Tuvoe) Soybean Millet

cuils i T . . . @l e (39 . o e @l e (39
Plantin Gy yd AL dlaws dgr 4> Al dlaxs (o48) dgy 4D dudgd dlaxs (055)

ng Number of pods per  Number of seeds per P2 Number of panicles P2
ratios
plant plant 100- Seed per plant 100- Seed
weight (g) weight (g)

100S: OM 34.8° 90.55° 14.2°
0S: 100M 6.31° 0.652°
75S: 25M 36.3" 104.2 13.3° 7.5° 0.64*
50S: 50M 38.2° 1155 12.9 7.2 0.64*
25S: 75M 37.3° 102.9°* 13.3° 7.0° 0.64*

L5 ()b dme BB oy gy Jlein] ans j3 (Kb (glaiely Wix 90l ool gt o 3 S yidie gy gl sla il *
* Means followed by the same letters in each column are not significantly different according to Duncan s multiple range test
(p<0.05).
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Table 6- Analysis of variance (mean squares) for biological yield, grain yield, harvest index (H1) in different
replacement intercropping patterns of soybean and millet

bgw Seeo o)
Soybean Millet

e il s LR 35es PECH:

SXOAY df S5elam &l 2, Sos o5t S99l &l 3, Sos .
Biological ~ Seed yield s Biological ~ Seedyield =77

i HI i HI

yield yield

Rep;;)(j’:tion 2 1442.5" 107.57™ 24.89 277.66™ 9.313™ 1.957"
In];’:;" 0;‘;;9 3 80384 14203 8.134™ 91165.72"  8679.61"  2.066™
E::Zr 6 452.94 63.83 4.51 575.21 6.828 1.874

(M’a)cj’("j )*”""”' 5.81 5.33 5.19 6.44 2.191 4.23

0

I xe e NS o yd S g gy Jloin] gaws 53 Jb dme s 4 FF g

*

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

3 gt oty Jis 4y ol 3,-Sloe ls 3l Lglsa S
3oy Lug 9 o3y asdllas ;> 3.5 (Tavassoli et al., 2010) ,\Son
Slyi (alB cuss ) Lgl g o5l a3 Slas &8 165 S ssaliie
(Ghanbari et al., 2010) ,Kan ¢ (58 591 bglsxe (slacuss
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Wl ST 558 balore it ) (alld s o lah ol 4l
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Fig. 1- The effect of different replacement intercropping patterns of soybean and millet on the biological and seed
yield of soybean (A) and millet (B)
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Table 7- Analysis of variance (mean squares) of weed density, Shannon- Weiner index and soil
respiration at replacement intercropping of soybean and millet

o il @il aryy 5 gdle by o515 P97 oPW pas s SB i
S0V df Weed density Shannon-Weiner index Soil respiration
"_’S . 2 3.2000™ 0.00456"™ 1.246
Replication
byle i 4 120.567" 0.5914™ 6.906"
Intercropping
%%
8 3.1166 0.0498 0.1504
Error
(n03) Sl o2 11.46 21.21 173
CV (%)

I xe e NS o yd K g gy Jloin aaws 53 Jb dme coi 4 KK o *
*and **: Significant at 5 and 1% probability levels, respectively. ns: non significant
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Table 8- Mean comparison of weed density, Shannon-Weiner index and soil respiration at replacement
intercropping patterns of soybean and millet.
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100S: OM 34.66° 1.70° 51.77°
75S: 25M 31.33%" 1.59° 54.49°
50S: 50M 19.67° 0.99° 53.83°
25S: 75M 22.66° 0.98° 53.90°
0S: 100M 28.00™ 1.29° 50.00°
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* Means followed by the same letters in each column are not significantly different, according to Duncan’s multiple range test (p<0.05).
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Table 9- The land equivalent ratio (LER), aggressivity (A) and actual yield loss (AYL) in different replacement
intercropping patterns of soybean and millet
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9 a At AYL sy AYL s AYL 1
25S: 75M 1.159 -0.026 0.026 0.137 0.163 0.300
75S: 25M 1.200 -0.055 0.055 0.172 0.227 0.399
50S: 50M 1.143 -0.004 0.004 0.156 0.160 0.316
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Introduction

Intercropping is a multiple cropping practices involve growing two or more crops together. The most
common goal of intercropping is to produce a greater yield on a given piece of land by making use of resources
that would otherwise not be utilized by a single crop. Intercropping is one of the ways that causes more stability
and increases protection and security in ecological farming systems. Intercropping is an agronomic practice that
lubricity movement towards ecological agronomic system, increases the efficiency of resources (Mushagalusa et
al., 2008) and vyield stability. Intercropping is a sustainable practice used in many developed and developing
countries and an essential element of agricultural sustainability. Many intercropping systems have proved to be
better than sole crops in terms of yield because intercropping makes better use of agricultural resources and
reduces interference of weeds. Muhammad et al. (2008) reported that intercropping of millet (Pennisetum
glaucum) and cowpea (Vigna unguiculata) is the most predominant cropping system in the Sudan and Sahelian
zones of West Africa. Millet is the staple diet while cowpea serves as a source of vegetable protein. Considering
the importance of intercropping towards sustainable agriculture this study aimed to determine the best
combination of soybean and millet in mixed cropping to optimal use of available resources with minimum crops
competing with each other.

Materials and methods

In order to study the effects of soybean (Glycine max L.) and millet (Panicum miliaceum L.) replacement
intercropping on agronomic traits and weed species diversity, an experiment was conducted at the Research
Station of Agricultural Faculty, of Bu-Ali Sina University, in 2014. The experiment was carried out as a
randomized complete block design with three replications. The replacement intercropping series consisted of
monoculture of soybean, monoculture of millet, 75% soybean+ 25% millet, 50% soybean+ 50% millet and 25%
soybean+ 75% millet.

Weed diversity was calculated using Shannon- Weisner diversity index (Equation 1).

_ >.[P; Ln@)] n,
Equation (1) H=-id , P= n

Where N is the number of individuals, n; is the number of individuals related species i and S is number of
species.

Biological and grain yield were determined at the end of growing season. Before harvesting, plant height,
LAI max, total chlorophyll, number of pods per plants, number of soybean seeds per plant, number of millet
panicles per plant and 100 seed weights were measured in 5 randomly selected plants. Analysis of variance
(ANOVA) and Duncan’s multiple range test (DMRT) were performed.

Land Equivalent Ratio (LER), Aggressiveness and Actual Yield Loss (AYL) were calculated as follows
(Dhima et al., 2007).

Ysm+ ans
Equation (2) LER= Yss  Yum
sm Yius Yins Yom
Equation (3) A swybean= Y55 X Zem - Ymm xZas A pijer = Ymm % Zus - Yo X Zu,
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AYL= AYI—soybean+ AY Laitiet
Where Y and Y are the grain yields of intercropped and sole soybean, and Ypns and Y, are the grain
yields of intercropped and sole millet, respectively. Zs,m and Zys are the mixing ratio of soybean and millet,
respectively.

Results and discussion

The results showed that the highest seed yield of 219.8 and 171.9 g.m™ belonged to monoculture of soybean
and monoculture of millet, respectively. Intercropping reduced maximum leaf area index of soybean and millet
but leaf chlorophyll content of soybean and millet were increased. The highest number of pods per plant, number
of seeds per plant of soybean and panicle number per plant of millet were obtained in 50S:50M ratio. Mean soil
respiration rate in intercropping treatments was 4% and 8 % higher than that of monoculture of soybean and
millet, respectively. Tavassoli et al. (2010) in a millet and common bean intercropping system, showed that grain
yields of intercropped millet and common bean were significantly higher than those of millet and common bean
in the corresponding sole cropping.

Intercropping patterns of 50S:50M and 25S:75M were successful in reducing weed plant density and
diversity in comparison with soybean sole cropping.

For all intercropping treatments, land equivalent ratio (LER) was more than one. Maximum value of LER
(2.20) was achieved in 50S:50M intercropping. Soybean and millet intercropping at different levels of
replacement did not have actual yield loss. Calculating the aggressiveness showed that millet was more dominate
than soybean. The maximum relative crowding coefficient of soybean was observed in 75S:25M, however that
of millet was obtained in 25S:75M and 50S:50M intercropping indicating that millet is more competitor than
soybean.

Conclusion

Land utilization indices such as land equivalent ratio, relative crowding coefficient and aggressiveness
indicated that intercropping of soybean and millet in comparison to sole cropping, increased economic usage of
land in different mixed proportions. According to above mentioned indices the best proportion of soybean and
millet intercropping was 50:50. Aggressiveness index of components showed that millet was more dominant
than soybean.

Keywords: Competition index, Diversity index, Land equivalent ratio
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I) ‘_J9_Aa>u ]a_wy u.)l.)._f— .)|9_,o u.).> u)l)lf 9 b.))f O‘“‘;L’ |) olﬁf
Parmar & Sharma, 1998; Eghbal et al., ) oh aalgs ilsel
@ Lol iiS o S8 S spols 4 juw 368 lalS (1995
e CadsS g e 3)8es el ()95 (2lord 365 ol yon
Ore 9 0L ()92 (2l18 yolis mlio )3 g9 sbul 3k
Fageria, ) 53,5 — (Zeamays L.) &,5 wls cudbo yil38l
e ialS 1 oMo b g (liassd 265 £l 3,15 .(2007
S plerd g (3 (olyS 390 9 (alrewd 295 B puan
i g (Oriza sativa L.) gy «)d 0 ash 3 Slee j30l58
=l 555 yizmen b Jols (Saccharum officinarum L.)
Dy \Jl_J |) U] d)_aa.o u;l)Lf 9 u)9)_1.1..} u_BlJ)l; ‘0)91 l) bl)o.m
G yae (Majidian et al., 2009; Sakurai & Kokhkar, 2005)
0598 Iy b ol il b sals b awslie (0 o 558
(Yazdani et al., 2009) 13,5 asb > Slas Liulél cel M
cbale 45,8 ol3 8 (Omidi et al., 2006) )l,LSen g (sl
Sipa S\l ieS 659 S B (o i 3 Ll g &b ) (g
el (65,985 o s cov S Laylys el Cawd 4 Jglie
ol Jgliio (65595 b dunlio j3 )yd adyy Ay glp canliol
o 3,5 o olS by Ol s )3 Cudgime el bylps oyl
Mg et loej )35 Lo g 009 yiden Ay A8 (slual 53 Ll
&)lag (Ruijun et al., 2006; Wilhelm et al., 1998) .S -
5y)LS aS 45,8 byl5S (Uhart & Andrade, 1995) »l,u1
4 Sais ool awass Glibl 4 e (a5 loj 40 )59 5
Laure, ) ,55Y sl aldl IS 16y o ol 53 5 I
0595 Moyd 82 sgs el slaime; o oS sl bl (1985
355 el ool 3¢5 Byan b 1) saolis 2o y3 BT g yiund duoy> 29
eH 5 i Jaamme 3,Slee iSlis 0 )9] Cund 4 Crge yal oy
ay el 39S inlial ol iohial 1o 1) olewd (W3S B juas
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395 55 40 Lol 4y g s 365 T e oloows g (ol 355 s
91 (365 Gyan (yo ) aalis Ty g e

S g 9> 4 (alend 355 pow 93 L g Jw 395 Ty (20 Bl
@ (lrond 395 pow U L g2 o 395 Ty 0> 4 0kile Bl pgu
bl olped a5 g3 w365 Ts «uyd &y 0sile (Bl pows 93 5 9>

SE alonsd 9 (Sujd ol (S -1 oo
Table 1- Some physical and chemical characteristics of soil

) JER ORI ocC (.\.\o).:) d)j oS Had oy ol g9y BRe uwe
cél EVIRVV) . e (%) P K Fe Zn  Mn_ Cu B
Texture pH (5% 52 it ‘1-"“’:) (25945 13 9,5 o)
EC (dS.m™)
(ppm)
b =
Loam- 8.2 3 0.34 11 100 284 026 4.86 058 1.07
sandy
o1 395 (2lowd (olsd (B2 -2 Josa
Table 2- Chemical characteristics of cattle manure
(woyd) JunS B (aopd) S gjosd  (wwoyd) U pawly  (wo)s) JS jod  (ao)d) JT opsS
Ash (%) Total N (%) Total K (%) Total P (%) OC (%)
36 2.33 1.89 0.80 22.86

$395 ilites (5bslowd 13 9 o 355 U (59 M )3 -3 Uy
Table 3- Total nitrogen percentage of barley green manure

1w 2l 3w 4l Sjlew 6l 7 jlowd
T, T, Ts T, Ts Ts T,
Sy
Conventional tillage 2.07 2.24 2.16 2.27 2.33 2.17 -
SiySb
No tillage 1.98 2.16 2.09 2.18 2.26 2.04 -

355 pows 93 olyods 4y 9> juw 395 (T3 o> & (NPK) lers 355 JolS Cpne b slyod g jow 395 1 To ¢ pliond 355 g (ols o 3l odlitsl (y9ds 93 5o 35 Ty
To coloond 5 (o> 395 ol bgleo b g o 355 s 43y oy 53 9 52 @0 (2loond 395 powr S L g2 o 355 Ty w)d @y ole (B pow o g 92 (bowsd

(35 CBpan cyg) w0l T g ol> 398 (5 40 Ly g jauw 348
T,: Green barley manure without taking cow manure and chemical fertilizer, T,: Green barley manure with full use of chemical
fertilizer for barley, T3: Green barley manure with two- third chemical fertilizer for barley and the remaining one- third for maize, T,:
Green barley manure with one- third chemical fertilizer for barley and the remaining two- third for maize, Ts: Green barley manure
with 50-50 mixture of cow manure and chemical fertilizer, Te: Green barley manure with 40 tons cow manure per hectare, T7:
Control (without using fertilizer)

L S maw o ooyl w008 adlsl SB a4y e cuils |
2 Jlw 80 5 0 g ol cuiS ad balswe SB L 1 eolasl
Py SB o b el cse by .cd )8 Oy ol LT ol
(28l moeoxy o je dw 1) (5l Wle oY slacdlye g
(oess w5)) g2 sl 55 3,90 ,s liee 0 plol (mdadss
e b g (s &g 4 g2 2t 05 S 3 25518 150

S opsl g Jp s Sl g copalty Slilgus) liasds 365

P205 9 Kzo w[wl).: 9 )lISdb )2 F)f?lAf 165 9 90 ‘75 UI)"" L
35 A5 b S a3 (S 5 p Slis AL/A 5 45 iy s o,
3 390 S a0l 355 plgis @ puly 9 Hid (pleerd
A jd bl Gygun 4y 09l 00,5 ool cuslS I S alolBM,
Oloj o (ool 365 .0 olatw] 3Bl g (p3dony «ublS als ye
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.(Ghushchi et al., 2010; Hamzeie & Sayedi, 2014) 1,8
g0 2l (i Ol ) G SBa e ) W] SialS
o A Cows SB i plSowul cel albs oplaib o YU
g audny 20y ol 2 9 29800 i polie o ials g Jghtie
Chassot & Richner, 2002; ) ;%5 ol .0l oo LialS sl
3,8 yliS aplie guls (Manxiang et al., 2015

(5 Jgis) el e 3L @) oS gl 368 wlio
loond g (old 355 Brume oy juw 355 5 bl jo glas,l M3
by lste) Ts jlass 4 canns 2oy 13/85 4 22/91 1y coiy @
2 el a8 BMBI(5 Jgan) 92 (oliond g o (o8l 358
ol (s08) Sluoguad: 2 o 395 St il 5l LS Srmw 368 o
OWen 5 (ohe gl b 4l (pl ols o) 1) aald b awlis 5
b cel Guw 38 53,5 555 45 (Momeni et al., 2014)
28 dyoo 4 culh Cllas 398 g0 ol pige A3y 9 polis
355 5 stloossh (ool 355 bslses) T Jlas )3 (g 2 by
395 4 pyas S 9 05 & (ploord 365 pgw 93) Ty sles {0
yolis 4 yiaos bjlo 4y b duglio )3 ol 365 e g (om0
L)l (a3l g ) 51,8 olS jlast o (g peclel S5 @ olie
b 2 5 oy o 38 s (B Jpie) 2 eali b 5
P13k yge Gpany g BpaseS polic gy 4 Sly oo ol
ol a8\ 8 )18 L S5 jlaud 90 09,5 j0 dmd |y 8 ol HLas]
ly e Lajl oyl 3l oacel Cuns @y bt gols 55,50 o), Kimg s
.(Ghanbari et al., 2007; Obi & Ebo, 1995) les,S 5,155
Jo35) 395 )b e oLS gli)) 5 368 muio b (65,951 blize 3l
(4

R O NS PR SYTE L 'Y ER TSR
(8 Join) 590 doyd SO Jlesnl o j3 )b ne B3
39S 3l s 58 TIA3 &b i (59 Jslite (5559515
BUB1 S 295 428 Jlito (65,551 3.5 Jsiz) 252
9 Al d9>9 ol.:f dwu)) C))9l>.u » W) .)I)T u.:]..\.c )AoL.C 9 J.dlgra
Syl Fhawgid Lilgi oo olS 95,05 oo )1y olS Lt 5 () 4
b gi9 p 358 mlie b8 5 0 |y ey g ol plol
28l b ol ) T slos 53 b ylia 059 (4 Jgaz) 39 5 ine
38kas 4 oliwd el Ts Jlogs (B Jgin) 351y g5 18/58

2 olo il 1D )3 adadgs als po 4 g obS 0y b plo]
ol jlodlatul b g oy SB gwaw (59 5l Johite (55,95
3,5 Jie Jlad 3)90 ) & g2 0395 plad g 0dd 3 )5 pl>
30 o an g iy &5 o 0 SISy g & 358
ol (65,95 B s )3 A8 0315 SB- &y Joo b o5l
" 1SR 0 1 e Ol 4 guSLl S iS e b bl g
Cad L L ()65 on 4 (o syl bl b laydy g ud (5L
S ool b )3 SB waw 59y 92 sladigy .85 g0
3 S ol g adlaia )3 (059, 120) Lcamge sl e @ 228
Shald g kg 0855 plonil (S g o8 2l 4 >
=8OS b o L3 SB (g oanls b 4y e
ool 0 i 4 5 e (8 e 4 €315 iy (i o
oaiwl 3)50 08 139: ya Bl 15 i) (55, alold 5 S8, ]
3w ¢ JolS Sy alspo )3 390 104 Lol S S b poud )3
s sluws ol gl las 5 K05 Ol Solay jgb 4 4 10
g Cdldy adld il i 59 (I > cady dlass ccaydy jo
Colis wpdls Blo 5l uy b 6030l gl (9, I Jsbo
8 olal 2)50 sl oleg 3Shes 250 (gl @pe o i
1935 Al duopd 14 cugby ol p il 5 Sloe .85

53,5 o3kl SAS 9.2 (¢,lel l3éle 5 5 o g o5
o 3 S lacials 133 e ) Lin il S5
3,5 ealatwl oy gy Jleis

aS ol Ll oS Guilyly an s mls laigy gl )

Se g m Jlel maw 13 g0 i) 098 @te 5 (5595
Jslite (65,9515 53 oL glisy) (4 Jgaz) 0,15 o sine b 2o
oy s ialisl (6559 S o wiaaw b olid y> woy> 4159
o S 4 aliasd 5 (b e 358 0,5 (8 Jga2)
i Jymaze gl S upied BB (59 9 jad SlBl
S5 5 bt Sl Sl o ole il
L (8,5 )8 4 Cons jolis Gl cely Wl o 5 0900 S
P lyes g oy el (ol Ko latsw 20,8 SB maw )
ol S L Ll 0,5 by L5 5 Jslitio o5 aoncs
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10, 80 B 14 o wils 5,Shes 5 003 25 b 5 &l 59 459y
Hay & ) ,Sllg 5 o ol oLis el aals lS & cous
g0 i9i 395 48 La )l 5l iy bl (walker, 1998
S9)ce JaE] 393 ge Sy o plgd 5 SiS o3le a5 i lél
)90 33 295y S ()59t Byae (Aali3l L M 4l
N iy i 395 e glio 5 (65,981 Jlo JiiSen
L Ts )loss 53 5 Jshiie (555515 13 9 pod Jlow Lo 55 &b
b S I olge alisl (1 S2) s Jobs p)5 246 4 Sike
g Sk Sl (S anjpr daly 4 18 e yied JB ]
oSl (Bl g Jsl Jlw )3 JolS 4o sl (B o 8 35
Al Jopo b i 59 Gal3l 3 Wl e da Jlo sl lag]

.(Rezvantalab et al., 2009)

it olie glio ) £95 sbnl Bk I e CudS L g jide
395 3y)LS b @) by Ql Cud il uiomen g ol ()9 00
S e polie 2,05 (ilodll 4 plasd 295 olyon 4 Sus
)Sbos cles 3 9 FYL ablie (g 4 (elid el g 038
» (Mir, 2014) , . .(Fageria, 2007) 34—3 s gl
32 g g2 e 8l Cely g s 355 08 ol 295 (sl
oilielly &l e )59 oAb (Sesamum indicum L.) aous” 4b
L as" 02,5 45,155 (Mentler et al., 2002) L Sen o Jlie .ol
o oig ol el S 5 05 60 Gl 4y (ol 2987 S2ld)
PS5 15 (il coge (T) oo 398 Bpan b )3y 4ib
gyl g )lag (B Jgis) s aals 4 cous &b a9

S9-S5l 0 4SS 5158 (Uhart & Andrade, 1995)

G509 LB Cu o o gl )3 5,Sdos sl5al g 3,50 1 (6395 Blidro qslie Ol 1 il ylg 43555 -4 Jgus
Table 3- Analysis of variance (mean of squares) of the effects of different fertilizer resource on yield and yield
components of maize under different tillage management

TN 1 A S R PO NI IVCRRL o BN
i obie ; : “’9;'5“;‘" Ear U iy, @l Cudlyy 1 3Ses
3y an - _ . R
S.0V s heiaht length Number of Number of 1000 Harvest  Grain yield
df el row per rain per row Grain index
ear Y p weight
L;ﬁf;;‘; 1 2211.44"  98.15" 1.64™ 457.33™ 1158.85"  48.762™ 51302349
3 S X sk * * -
j;ziilllgj; 1 126.29"™ 1.14™ 0.046™ 55.048 21 8.04 2452825.19
Et‘:)r 4 154.11 0.324 0.703 0.798 2.393 0.405 32168.56
Ferti“’zirfg‘;ource 6 3297.85"  114.89" 0.362™ 491.17™ 491.31" 76,714  39640261.40™
298 e X Jlo
Year x fertilizer 6 70.13" 2.33" 0.244"™ 14.60™ 24.159™ 3.027  516450.242™
resource
55 e X 5055 " " " " "
Tillage x fertilizer 6 25.41" 5.06 0.157™ 21.58 20.802 4.87 2566965.63
resource
X (55,556 X Jlo
25 gshe 6 25.99" 1.75" 0.273™ 10.18" 6.056" 1.77" 572300.21"
Year x tillage x
fertilizer resource
E”” 48 57.54 0.541 0.241 0.675 0.97 28.57 14969.73
rror
(“”)C ;"Z;;)“)‘” 3.33 3.42 3.47 30.07 0.43 1.79 2.32
0
I ixe Coglds pie g Joyd S g g e 3 b dxe cuS§ 4 NS ¢ KKK

*,** and ns: Are significant at p< 0.05, p< 0.01 and not significant, respectively.
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Table 4- Comparison of yield, yield components and other traits in different fertilizer sources and tillage

waj’ al.m A1 slaxy &b 452 459 &Tu 415 5,8os
Joss Slosd o G2 gW)| w’ ) ?Za) ) 3 (55 SBR s e5ek)
Treatment Treatment (o) (% P Number  1000-Grain %) (b
levels Plant height (cm) Ear Number  of grain weight Harvest . .0 yield
I?ngt)h of row per row (9) T(ge)x (kg.ha'!)
cm per ear (]
S S CT 233.16% 22.85° 14.27° 29.09° 232.45° 4378 6057.85°
Tillage NT 222.90° 20.42° 13.99° 24.42° 225.02° 42.26" 4494.85°
T 198.3° 16.6° 13.8° 16.41° 218.75° 39° 2097°
T, 214.08° 18.1° 14.2° 20.08f 223.75" 40.5"™ 3465
365 e T 228" 21.2° 14.02* 26.41° 226.50° 42.41%¢ 5561°
Fertilizer T 230.83" 21.9° 14.21% 28¢ 228.25" 43.50*° 5762°
sources Ts 240.25° 24.08° 14.3° 32.25 233.75" 44,83 6566°
Ts 243.75° 24.9° 14.03 33.75° 237.33* 46.08 7019°
T; 241° 23.4° 14.14° 30.41° 232.83° 44.75% 6465°
YiCT 229.7° 21.7° 13.9° 256 230.8° 42.8° 5460°
&39S X Jlo YINT 217° 19.8° 13.7% 22.6° 222.3¢ 40.6° 4238°
Year x tillage Y,CT 236.5° 23.4% 14.5° 32.5% 234% 44.7° 6656*
Y,NT 228.7° 21° 14.2° 26.2° 227.6° 43.8° 4751°

Al e o g Jlesn] gaw 13 Sl geil bl 5l gime Coglis BB S yiiie B K )3 g g pp 4D 09,5 yb (slapSile ¥
* Similar letters in each column show non-significant at 5% level probability based on Duncan test.

395 pows 93 olyon 4 9> s 365 T3 gn & (NPK) slosss 355 JolS' (B pno b olyod g 3w 355 T con s 365 T «6505 5 o INT Jglite (55,951 :CT
To coliosd g (o 395 o bglseo b g2 o 355 T w03 4y pges 93 9 52 4 (2loowd 395 pow S b g2 o 355 T 0> 0kils (Bl g S g 2 &1 ol
(35 CBpmn cyg) w0l Ty g ol> 398 5 40 Ly g jauw 345
CT: Conventional tillage, NT: no tillage, T,: Green barley manure without taking cow manure and chemical fertilizer, T,: Green
barley manure with full use of chemical fertilizer for barley, Ts: Green barley manure with two-third chemical fertilizer for barley
and the remaining one-third for maize, T,: Green barley manure with one-third chemical fertilizer for barley and the remaining two-
third for maize, Ts: Green barley manure with 50-50 mixture of cow manure and chemical fertilizer, Tq: Green barley manure with 40
tons cow manure per hectare, T;: Control (without using fertilizer)

W Conventional tillge = No tillage
260

240

220

200

1000-grainweight (g)

YA1T1 YAT2 YAT3 Y1T4 YATS Y1T6 Y1T7 Y2T1 Y2T2 Y2T3 Y2T4 Y2T5 Y2T6 Y217

Yearx tillagex fertilizer source
Sl 0,3 &ld Y132 439 3 395 awie X (6559 B Xl WiiSed p -1 S
Fig. 1- Interaction of year x tillage x fertilizer source on maize 1000- grain weight
oxile (Bl pouw g 9> 4 (o loowd 365 pow 93 olyed 4 g o 395 T3 g 40 (NPK) slhaws 38 JolS bpunn b olyads g jaw 365 T2 conr o 365 T1 pgd JWY2 Jol Jlo 1Yq
Gy cyon) 1ald T7 9 ol 368 540 b g juw 365 1T e oliond 5 (ol 395 Ciuad bgloo b 93 o 358 T o) ds pows 93 9 9 1 oloowsd 355 pguw S b 9 joaw 395 Taec)d &
os5
Y1 First year, Y2: Second year, Ti: Green barley manure, T2: Green barley manure with full use of chemical fertilizer for barley, Ts: Green barley
manure with two-third chemical fertilizer for barley and the remaining one-third for maize, T,: Green barley manure with one-third chemical fertilizer

for barley and the remaining two-third for maize, Ts: Green barley manure with 50-50 mixture of cow manure and chemical fertilizer, Te: Green
barley manure with 40 tons cow manure per hectare, T;: Control (without using fertilizer)

I Jobo (4 Jgae) s0b olits IS sl 2 1y (sl sine O - SB 51 s ol oSy il s 4 s 1M Job
J_wl)u_a 6)44_‘»94.9 .)|9.o Lﬁl){ 695 lafo &S JM} AA:.)) ey LY )9{ CJL.A » L;j)gufli ;.)9§ é}L.A 5 JL“’ ‘)9§ <o C;L.A «Sixs
a2lye (IS alge 2g:aS b dl> ol 3 oS Azl sl iy Loy SO Jlais ! mdaws 53 058" milie 3 (65,55 > Jlo 5l g
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bl callae Wb ilisl Cayny o dils dlaad 5 0,8 Gygo 08>
" i 4 Caad Joliie (65,815 40 (aydy 10 &by sl
2 Jghie 55981 5 (0 Jgas) b (50 (55,0515
B 2pS e )8 olS )Lzl 3 sl plié yolie adgl gl Jls
Uiyl aS dgy saled SYL &b & axdS bas g (gy55L e
P SIS e ) (g2 D9 had) )3 yidey & Slas
9 o5 (Sdawgy Miloo il 92 s Cagh) adllas 350 adlate
)bdluﬂouslﬂf@u)wdﬁcbdb@m»fwg
m00, 5 ddsge 3 0lS 0,5 )18 oLS Hlad) o wiles e ol Jlo
b L (6)9)l 5 298 dlge (S Do 39aS LSS
aS waly pdel (Wilhelm et al., 1992) l,LSen 5 olobs
P g dmd o yials Ty I aib sl ol g dgd 0 0LS (gl
Jlw o cady ;o &b sbw o 3YL b o ials 5 Slas colys
43 a0y sluws xSk b Ts Hled 53 9 Jghie (65,5815 )3 g pgd
09 ol oSty o i (3 JS) el s @ s o s
o 5 (S5 Ll Soe 5 3 Logad glie polie
Pl g poglhe 5 4 (SLEdlod)S Llpd &5 33,5 0 sl S
2 ab ol g 305 dnlge e b olS (550,L &S (5o 4y 058

el il i)
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Far len

FI1IT1I ¥Y1T2 Y1IT3 ¥Y1T4 ¥Y1TS5 Y1T6 Y1
Year= fertilizer source

9 s—ob 265 L\ow S ladgS 095 o Lgllae M Ay 9uis
0 S el 5 e polie s I T slge s oM 48 jw 565
4 obord 355 2,) 5 L oo ol S ) olhe (oled )3 Al
S90S jlgoaly jlBolS Ll o ) Slie yolie coles &jaw
I Jsb o sl ol ol sloiio Sl i polis
Aol dy Cans |y a0 365 5 (olowd ¢ old 365 bglses 5,8 L
Nuralvandi ) 4,53 sleasl b 3o opl bt &S o dngs
eyl (et al., 2011; Mazaheri & Majnunehosseni, 2007
o955 (Uhart & Andrade, 1995) 19,50 g &ylag .coib
23S ol > 2liE polis s (ieri i plalEl &S K8
olitl ol s I 4 Siis odbe [anass il 4 s
Majidian et ) oLLSen 5 baome 33,5 o I > L) Cae puo
I JS 35 I3 sl 035 il 838 ol (al, 2009
WA0)S il e 5e 9 candy o Wl slus (M Jlab (M ol
29 Jgbite (509 SLE 3 pgd Jlo & bgrje I sk cn 5YL
(2 JSs) sel cowd @ yio 5l 28123 Sl b i e
Cdy g &l dlas 598 Calises mlio 1cBydy 4 A1 Dland
9 3317 &l slaws Ts Jlow 1 (4 Jgia) 590y xe M5 (6l
wl b oo ol gl oy e sae 16041 & sluss opl aalis y
owel Wdges )lo a5 (Yazdani et al., 2009) ol )Sen ¢ Slo3

4 SLisled 8 2 o sl 0y 40 ()59 505 Lo9.\a> e pole
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Fig. 2- Interaction of year x tillage x fertilizer source on maize ear length
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50 m Conventional tillage
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YIT1 YI1T2 YIT3 YI1T4 YIT5 YIT6e YIT7 Y2T1 Y2T2 Y2T3 Y2T4 Y2T5 Y2T6 Y2T7

Yearx fertilizer source

oy ydy 4D A Blard g 395 Awie X (65,05 X Jlw LiiSod p -3 JSui
Fig. 3- Interaction of year x tillage x fertilizer source on maize number of grain per row

Jlw 53 55y S5 (e i 53 38as Ralj81355 00 )1 )95 52
Lo ccel S8 paw o LG Lil581 L ol Jlo 4y Cund pod
Oldllas g gl Jlo 4y Cnd Jguamo jioS (iS5 g S Cugb,
L (Ghushchi et al., 2010; Talgre et al., 2009) , %>
9> Jr 355 (1255 bobe g (559 S &5 )5 ()5S polie
BB bty 9 j3ud (595 ljl el SB L abend g (o
o=l el fioren 8l ilisl s Slas 5 13 )5 ol o yiuod
S (Omidi et al., 2006) ),LSen ¢ (causl (cloaBl b oo
4 Cans adgl la Jlo 10 (65,5515 oy @il 5 Slos L0905 ol
oanlie dlw 93 Liulojl 5 ;> (Sarrantonio & Scott, 1988)
dumlio )d Jolite (65,05 5955 i 5 ab 3 Slas 48" 05,8
Hr b e yde frw 398 (bl e 53 S B b
U (Kinhara et al., 2011; Tiscareno et al., 1999) s,
Jomaze 3,8dos d9u0 )3 Blg o (65)9 S Borior s & 2035
dalllas pl j . adl Phe e jld 0 SB leidle g polie Gis
oYL oS g gy b 5ySlas 268 alisee mbio ).ub
g ,LSe 5 p,Se LS 7019 Jldo b Ts jlas @ aily 5,Shes lado
G LS )3 p,59 LS 2007 e b sl & o Hlude o 2eS
255 Ly Gl 3 (o 395 oS a0 3 4.5 Jgaa) b8
g Gl S pdols @ Slgie fow 358 5 (olierd
sl glodas (i 5y wiwgmw ool 15 b e Jowmws
Jym ]4»:9) ‘_,’.)IJ..C .5199 u.).> u.)l)lf 9 b.))f L)‘“AL I) alﬁf u.)l.)&
b glej Jab o SB a8 Glussad e il g Gilial )
Parmar & Sharma, 1998; ) -, 55 slaasl L mwls o)l
bl o, cillae (Eghbal et al., 1995; Anna et al., 2012

2y Gl Spe bl 4320 ol (I 45 B3, dlaxd
2 iy 2l by ()b gine b oy 2y90 (slaless 145
O 3 iad,y 3l & sy s 4 (4 Jgan) ol plas I
I8 e Sl 535 o i 5 s b S
S 2t polis A cuslie pwyiwd llyd )3 (> 35
Majidian et) ;S5 oo (claaidl b imgh cpl gols 4S8 oo
b el (al., 2009; Choukan, 2012
Hlas b gl Sy Gulbly 4555 wls [dild 3Shos
395 il plie (651 > Jlw (iSen o (55,955
il plio 13 ()l o cilie glie 3 Jlo (iiSeny
e 3 255 alisee mlio j3 (65,0513 0 Jlo (iiSeny 5 255
(8 Jgas) cusls (o)l ime 1l &l 5 Shas o ys S ezl
o el e 4 Jolise (65,5 5l ,Shes liae op 5YL
" e & G S 3 2555 1563 il 5 Sl 28l
S8 ang oz Ol ) oIl .0 Jsiz) 35 558
Oli3l pogMe (ol g (aliend 3957 L olyon o 3957 (i S
o s 4t ey sl SIS s B (35 5
5 ot i dam ot oM asle 23l el ol
4ol )3 g Joarme ady sl Sl g 39000 SB(Su
59,5 SUs o 3 Lley 53,5 )5 4 S 3,kae il
b5 Sles 65y B 0 4 Comd Jgl Jlo > Jglite (65,5515
pgd Jlw p oS Jbs jd amd e s il s )s 28 ¢Sy
P aS sy i 4 (5 Jose) dyie 203 40 4 s )
b ol S sl Ll Jabie (65,9058 53 py> b
Olie 5y by IS byl a8 Jogatie (g &
S Ay jl ol s 0 )b Hladl o gymin olie dlge



507 . lails ed o Shac (glym! g o, 5las 1 395 cilisio ailio i1

slisl il (S oS l>u1 Shoasl o ab g olS aingy slrojlw oy
by el Ol Ab 5 Slas (i sl duloe
ceel as Lle oa)h aib o Sles lypus & (3L (SKiwls
S 8 WU e J§ Sis g 5] it aib 3,Slas 94
a ccdby (asls p YL 0ed o cuiby (edld s cel
eSke b i 4y gdm ey 0 To 5 Ta ol 3l w5 Ts Jlags
(5 Jgas) wzils )3 xoys 44175 4 44/83 46/08

9 Jghte (65,9515 53 9 pgd Jlo 3 Cudlyy adls (i
(6 Jss) sel cowd ) 2103 50 (4, Silo b T jlos 5o

LS (59,5 Gl (aleond 3957 (BB ¢ il s 5
(29550 435 £9yb )3 9 M) 093 hlg) 3 ()9 (B
oo BB (ol blge (13905 wali Coles 53 g Jew g (8 358
Scherer et al., 1991; ) , 5> ;Laixe guls b adl o).l
9 oo 395 i xzsh pMel 45 (Majidian et al., 2009
Sy o oS ) Cuibdy asld dguy 5 Al ud y cel b
4 (ool 398 5540 olyor ) jow 365) To slewi 3 3)b Slyen
@0l 5L 3)90 (238 polie 103 9 gy g o e S5
2Bl e s g baylyd 3,5 o )18 olS LSl )3 )0
9 A yty il 4 (g b (g weid dlao Llgh o ) byl yd oyl
cloe mlo Ly assl ool bl ool Gl él caby jasls
(Mojab Ghasroldashti et al., 2011) ol,LSan g il pad
oadld hlisl cely (3g s 098 widly Ly o cuib callas

20,5 o Cpd pd Cudldyg

B Conventional tilge % Notillage

egrain yvield (kgha 1)

YITL YAT2 YIT3 YIT4 YIIS YITo YIT7 Y2T1 Y2112 YZT3 Y214 Y215 Y216 Y2TI
Yearfertilizer source

)b Aild 3o 1 g5 Rako X (65595 B X Jlw LiiSod p =5 IS

Fig. 5- Year xtillagexfertilizer source on maize grain yield

9 Joliio (65,815 5l il 5 Sloe oy i a8 3 LS adllas oy
ial53l el o ay ,lSa )3 p,5LS B4T0/6 5 Slos b g jlos
g phie p ol as ol L 4 Joltie (6555 0 5 Slas
Fiwgid Caules olS byl ol )3 ()3 )1\8 olS Hlad] > cdgpaw
O3l (il g A8 )08 0 gy Ay I g e plosil (g i
5y Slas colpd 3 9 S p3 ash lia 59 9 cardy jo al slaws
(Astier et al., 2006) l,LSen ¢yl (4 JS3) cb Lil38l
g =S 0,Sloe ilil el S L juw 365 bolswe cin)S ol
20,5 35 SI mdaws )0 jauw 365 48T Sloj 4 Canns pd S
3y8des Jlade cpyide 395 @ik 9 (5595 Lo (iiSeny 390
L g sles 50 g Jolisio (6j)s S5 ped Jlo o )i jo ails
(5 JS) el s a4l 3 p)55kS 9400/3 5 Shoe :S5kie
355 g old 365 13 dgmge olie dlge aS pl s 4 Jol Jlw jo
b bl o oyiwd JBB ol (gl Gpas | axy alolbM jw
Jbw 2 898 b oyiod JB K3 4 (09)See 4520 bawys
aS opl bl 4 aib e olie olie jl g8 xie gl SB pgd
o=l el el aily g3y J dlge 4550 gl (B s b
el el (Pimentel, 1993) fion wlis b Liolosl
aS ol ol S pe by 40 ls 1wl g ad Ls
S Caliste mlio (5jys S Jlo [iiSany 55y S B il
G lisee mlio ;0 (655818 wos cilisee plie  Jo LiiSeny
a3l g 0gS calises mlis )0 (65)s S S LiiSeny g 255
Ol doyd gy 9 S Jloin ] gl jd (gl Gixe BB il

039 3o mutud (SigSe (S o)l cails p yasls (4 Jgus) sb

m Conventional tillge & No tillage

10000
8000
6000
4000
2000

grain yield (kghat)

T T2 T3 T4 5 T6 17
Fertilizer source

Gy aild 3 Slos 43 355 Ao X (55595 iiSod p —4 JSUS

Fig. 4- Tillage xfertilizer source on maize grain yield



1394 (ylino) & ojlouis 7 ol o 53)aLiS owlidh pgy s pis D08

® Conventional tillage  #No tillage

60
50
40
30
20
10

a ab
ab ¢, ab g ab ., ab ab ab ,, ab sbab b ab abgy ab ab ab .1 b

ab ap p b ab

YI1T6 YIT7 Y2T1 Y212
Yearx fertilizer source

Harvest index (%o)

YIT1 YIT2 YIT3 YIT4 YITS Y2T3 Y2T4 Y2T5 Y2T6 Y2TI7

G115 )b Cild g (et Ll 3 365 anie X (63591 X Jlw GiiSen 31 -6 S
Fig. 6- Interaction of year x tillage x fertilizer source on maize harvest index

pald olS (sl (Ui dlge Sy eb lhend 435 L5 oS

P g G bare (S0 s ol 3 Jg 25 e & 35 Ao
auld b (u_nla 9 >9§) Sl g 0 SB sl

O

S owin Guins opl jl odel Comd 4 ol bl p

435 25850 3 Slas ulfl el 5 Vs ploj 53 b Siae

O Cud |y (e BB 65 oberd g jew o ob 395 Al

L w365 00,8 coleg jocaih gl 51K pa a8l 5,18
Jolisio (65,015 olyod ay liosd g (o 355 Cauas bl

Sl PSlie i onld By 4 Joliie (65,55 255 0
F s Same @y g S oaiiSan o5 glag S el
gy g 2By g 0,580 (5559 ig & Camd (s Oyl
S90S A5y e 53 5 ol g s olis & iy syt
13y SB YL w815 U 4 659 e 5> gl Jlo (b cély
5 e pole s O Gla iS4y jod s 4 g 00l dgu00 dly

2l sl ]y )3 )3 aily 3 Sles cadgl Ad) ool (yous

&l

Anna, B., Francisca, S., Iker, M., and Jaume, L. 2012. The impact of organic and mineral fertilizers on soil quality
parameters and the productivity of irrigated maize crops in semiarid regions. European Journal Biology 53: 56-61.
Astier, M., Mass, J.M., Etchevers Barra, J.D., Pena, J.J., and Deleon Gonzalez, F. 2006. Short-term green manure
and tillage management effects on maize yield and soil quality in an Andisol. Soil and Tillage Research 88: 153-
159.

Campbell, C.A., Zenther, R.P., Selles, F., Biederbeck, V.O., and Leyshon, A.J. 1992. Comparative effects of grain
lentil-wheat and monoculture wheat on crop production, N economy and N fertility in a Brown chernozom.
Canadian Journal of Plant Science 72: 1091-1107.

Chassot, A., and Richner, W. 2002. Root characteristics and phosphorus uptake of maize seedling in a bilayered
soil. Agronomy Journal 94: 118-127.

Chukan, R. 2012. Maize and maize properties. Publication of Agricultural Education 427 pp. (In Persian)

Das, M., Singh, B.P., and Prasad, R.N. 1991. Response of maize (Zea mays L.) to phosphorus-enriched manures
grown in P-deficient Alfisols on terracel land in Meghalaya. Indian Journal of Agriculture Science 61(6): 383-388.
Eghbal, B., Binford, T.F., Balyonspregor, D.D., and Anderson, F.D. 1995. Maize temporal yield variability under
long term manure and fertilizer application. Fractal Analysis Soil Science, Society American Journal 59: 1360-
1364.

Fageria, N.K. 2007. Green manuring in crop Production. Journal of Plant Nutrition 30: 691-719.

Ghanbari, A., Ahmadian, A., and Galavi, M. 2007. The effects of irrigation times and animal manure on yield and
yield component of cumin (Cuminum Ciminum). Iranian Journal of Field Crops Research 3(2): 255-262. (In
Persian with English Summary)



509 . lails b o Shac glyml g9 SKlas 398 cilisie ailio il

10- Ghushchi, A., Jurablu, A., Silespur, M., and Hadi, H. 2010. Effect of tillage and crop residue management on soil
characteristics and forage corn. Journal of Agroecology 2(3): 428-436. (In Persian with English Summary)

11- Hamzei, J., and Sayedi, A. 2014. Reaction of bulk density, agronomy characteristics and barley yield in different
tillage method in Hamadan. Journal of Science and Technology of Agriculture and Natural Resource, Soil and
Water Science 18(70):147-156.

12- Hay, R.K.M., and Walker, A.J. 1998. An introduction to the physiology of crop yield. John Willey Sons Inc.,
Publication, New York.

13- Kinhara, J., Bationo, A., and Mugndi, D.N. 2011. Conservation tillage, local organic resources and nitrogen
fertilizer combinations affect maize productivity, soil structure and nutrient balances in semi-arid Kenya. Nutrient
Cycle Agroecosyst 155-167.

14- Laure, D.A. 1985. Limitation fertilizer. p. 409-432. In West Journal Jewell. Energy Agriculture and waste
Managment process. Agriculture waste manager conferance. Ann Arbor-science, Ann Arbor. MI.

15- Majidian, M., Ghalavand, A., Karimiyan, N., and Kamkarehaghighi, H. 2009. Effect of nitrogen fertilizer, animal
manure and irrigation on yield and yield components of maize. Electronic Journal of Crop Production 1(2): 67-85.
(In Persian with English Summary)

16- Manxiang, H., Tao, L., Lingging, W., and Chenghu, Z. 2015. Effects of notillage systems on soil physical
properties, and carbon sequestration under long-term wheat- maize double cropping systems. Catena 128: 195-202.

17- Mazaheri, D., and Majnunehusseini, N. 2007. Basic principles of agronomi. 5" Edition. Tehran University Press
320 pp. (In Persian)

18- Mentler, A., Partaj, T., Strauss, P., Souman, H., and Blum, W.E. 2002. Effect of locally available organic manure
on maize yield in guinea. West Africa. Research paper. 17" wess. Thailand 85-91.

19- Mir, M. 2014. Effect of green manure on soil physical properties, yield and yield components of sesame in Sistan
region. MSc thesis, University of Zabol, Zabol, Iran. (In Persian with English Summary)

20- Mojab Ghasrodshty, A., Belluchi, H.R., and Yadvy, A.R. 2011. Effect of compost and nitrogen on grain yield,
forage productivity and some morphological traits of sweet corn. Iranian Journal of Field Crops Research 4(1): 1-
16. (In Persian with English Summary)

21- Momeni, A., Bahmanyar, M.A., and Pirdashti, H. 2014. Effect of different application of green manures, animal
and biological fertilizers on dynamics of N in the soil, leaves and maize. Journal of Agricultural Ecology 6(3): 595-
606.

22- Nuralvandy, T., Ardekani, M.R., Kashani, H., Vazan, S., and Sadeghi Shoa, M. 2011. Effect of chemical and
organic fertilizers on morphological characteristics and yield of sweet corn. Agronomy Journal 7(3): 1-12. (In
Persian with English Summary)

23- Obi, M.E., and Ebo, P.O. 1995. The effects of organic and inorganic amendments on soil physical properties and
maize production in a severely degraded sandy soil in southern Nigeria. Bioresearch Technology 51: 117-123.

24- Omidi, H., Tahmasebi Sarvestani, Z., and Ghalavand, A. 2006. Assessment of tillage patterns, row spacing and
planting date on quantitative and qualitative characteristics of Rapeseed. PhD thesis Faculty of Agriculture, Tarbiat
Modarres University 131-132. (In Persian)

25- Parmar, D.K., and Sharma, T.R. 1998. Integrated nutrient supply system for DppG8, Vegetable Pealpisum sativum
in dry temperature zone of Himachol Paradesh. Indian Journal of Agricultural Science 68: 247-253.

26- Pimentel, D. 1993. Economics and energies of organic and conventional farming. Journal of Agricultural Ethics 6:
53-60.

27- Rezvantalab, N., Pirdashti, H., Bahmanyar, M.A., and Abassian, A. 2009. Study on corn yield response to different
types and amounts of organic and chemical fertilizers, Journal of Agricultural Sciences and Natural Resources
15(5): 1-10.

28- Ruijun, Q., Peter, S., and Walter, R. 2006. Impact of tillage on maize rooting in a cambisol and luvisol in
Switzerland. Soil and Tillage Research 85: 50-61.

29- Sakurai, B., and Kokhtar, L.O. 2005. Effect of organic manure and chemical fertilizer on the soil fertility and
productivity of plant Archives of Agronomy and soil science 51; 325- 334.

30- Sarrantonio, M., and Scott, T.W. 1988. Tillage effects on availability of nitrogen to corn following winter green
manure crop. Soil Science Society American Journal 52; 1661-1668.

31- Scherer, E.E., Agostini, V.J., Wildner, L.P., Nadal, R., Sivestro, M., and Sorrenson, W.J. 1991. Poultry manure and



1394 ylino) & ojleis 7 ol o 53)sLiS owlith pgy asp25 D10

32

33-

34

35-

36-

37-

38-

nitrogen for maize on small farms. Agropecuaria Catarinense 4: 8-11.

Tajbakhsh, M., Hassanzadeh Ghurttape, H., and Darvishzadeh, B. 2005. Green manures in sustainable agriculture.
Printing 1, Publishing Jihad Uromia University 215 pp. (In Persian).

Talgre, L., Lauringson, E., Roostalu, H., and Astover, A. 2009. The effects of green manures on yields and yield
quality of spring wheat. Agronomy Research 7(1): 125-132.

Tiscareno, M., Baez Gonzales, A.D., Velasquez Valle, M., Potte, K.N., Stone, J.J., Tapia Vargas, M., and Claveran
Alonso, R. 1999. Agricultural research for watershed restoration in central Mexico. Journal Soil Water
Conservation 54: 686-692.

Toor, G.S., and Bahl, G.S. 1997. Effect of salitory and integrated use of poultry manure and fertilizer phosphorus
on the dynamics of P availability in different soils. Bioresource Technology 62: 25-28.

Uharts, A., and Andrade, F.H. 1995. Nitrogen deficiency in maize. Il. Effects on crop carbon — nitrogen interaction
effects on kernel number and grain yield. Crop Science 35: 1384-1389.

Wilhelm, W.W., Bouzerzour, H., and Power, J.F. 1989. Soil disturbance residue management effect on winter
wheat growth and yield. Agronomy Journal 81: 581-588.

Yazdani, M., Pyrdashty, H., Ismaili, M.H., and Bahmanyar, M.H. 2009. The effect of optimizing the use of
chemical fertilizers, organic and biologic on yield and yield components of maize (KSC 604). Proceedings of the
Tenth Congress of Crop Science and Plant Breeding, Seed and Plant Improvement Institute, Karaj, Iran p. 42. (In
Persian)



Journal of Agroecology =t S39UaS (pwlicls pg2 4y
Vol. 7, No. 4, Winter 2016, p. 499-512 A s 499-512. p 1394 fliwoj 4 syleis 7 ol

Effect of different fertilizer resources on yield and yield components of grain
maize (Zea mays L.) influenced by tillage managements

A. Ghasemi'*, A. Ghanbari?, B.A. Fakheri® and H.R. Fanaie*
Submitted: 31-01-2015
Accepted: 31-08-2015

Ghasemi, A., Ghanbari, A., Fakheri, B.A., and Fanaie, H.R. 2016. Effect of different fertilizer resources on yield
and yield components of grain maize (Zea mays L.) influenced by tillage managements. Journal of Agroecology 7(4):
499-512.

Introduction

Due to the development of sustainable agriculture and the reduction of utilizing chemical fertilizers, it is
essential to use organic fertilizer. Organic matter is vital to soil fertility and its productivity. To maintain the
level of fertility and the strength of soil, organic matter levels should be maintained at an appropriate level.
Unfortunately, the level of organic matter in soil is generally less than 1%. One solution to increase the soil’s
organic matter content is to use organic fertilizers such as animal manure, green manure, and vermicompost
(Nuralvandy, 2011). As a correction factor, green manure can increase water supply and nutrient soil
conservation (Tajbakhsh et al., 2005).

Materials and methods

In order to assess the effects of fertilizer sources (green manure, cow manure, and chemical fertilizer) on
maize yield and yield components (KSC 704) under tillage management, a field experiment was carried out at
Zahak Agricultural and Natural Resource Research Station in two years (from 2013 to 2014). Before corn
planting, barley was planted as green manure in the fall of each year. The experiment was conducted as a split
plot arranged in a completely randomized block design with three replications. The main plots were tillage and
no tillage, whereas the sub plots were: 1-barley green manure (without application of fertilizer), 2-barley green
manure with applying 100% chemical fertilizer (NPK) to the barley during cultivation, tillering and stemming
stages, 3- green manure with 2/3 of chemical fertilizer to the barley and 1/3 to the maize, 4- green manure with
1/3 of chemical fertilizer to the barley and 2/3 to the maize, 5- barley green manure with 50% animal and
chemical manures, 6- barley green manure with 40 t ha™ of animal manure, 7-control (non-fertilizer application).
Corn was planted on 15 March each year. Phosphorus, potassium fertilizer, and animal manure were added to the
soil as the base fertilizers. At full maturity, 10 plants were randomly selected and the plant height, the number of
kernels per row, the number of rows per ear, the seed weight, the harvest index, and the ear length were
measured, separately.

Results and discussion

The results showed that in comparison with the first year, in the second year a significant increase was
observed in plant height, ear length, number of kernel per row, weight of 100 seed weight, harvest index, and
seed yield. The highest grain yield was obtalned from the conventional tillage systems (mixing the fertilizer with
the soil) with the mean of 4494.85 kg. ha™. Other characteristics, except the number of row per ear, increased
more in the conventional tillage than in the no tillage. Fertilizer sources were significant for plant height, ear
length, number of kernel per row, weight of 100 kernels, harvest index, and seed yield. The highest grain yield
was obtalned from the sixth treatment (mix of animal, chemical and green manures) with the mean of 7018.5
kg.ha™. The interaction of year, tillage and fertilizer sources indicated that the highest grain yield and 100 seed
weight were obtained from the conventional tillage systems and from the 6" treatment (mix of animal, chemical
and green manures) with the means of 9400.33 kg.ha® and 246 g, respectively. In the conventional tillage,
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microbial decomposition occurs faster than in the no tillage. Nutrients are released in vicinity of the plant roots
and it can be placed conveniently at the disposal plant. In this way, the sixth treatment will achieve higher yield
and better quality, because it can create diverse sources of essential nutrients for the plant; moreover, it can
increase absorption capacity in corn.

Conclusion

In conventional tillage systems, where the sources of fertilizer are mixed with soil, the plant is placed in
direct contact with the soil degrading bacteria, accelerating the fertilizers’ mineralization, and ultimately,
improving the plant growth. Due to high soil density, the root growth limited during the first year of no tillage.
Organic Food Systems (green manure and animal manure) provide the mineral food for plants. However, the low
rate of mineralization in the early stages of root development can limit the nutrient availability. Nevertheless,
these limits are removed over time. Integration of green manure, animal manure, and chemical fertilizer with
conventional tillage not only strengthens the initial growth but it also accelerates the mineralization. In general, it
can be concluded that application of green, animal, and chemical manures and conventional tillage for corn
production can both reduce chemical fertilizer and environmental pollution and play a positive role in increasing
the yield of maize.

Keywords: Barley, Ear length, 1000- Grain weight, Harvest index, No tillage
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Table 1- The main climatic indices of Sarayan during experiment
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olo (o o) Silualo (50 o) (w0,3) ailale Sl L3I (51,5 b a) (51,5 (il a,3)
Months Monthly Monthly Monthly Monthly Average of Average of
precipitation evaporation average sunshine minimum maximum
(mm) (mm) humidity (%) hours temperatures ('C) temperatures ('C)
e 0 381.4 18 336.5 20.5 34.8
ij 0 461.7 14 381.9 22.8 36.9
Aljgust 0 4252 13 369.9 22.3 37.3
Sep’{é’;’n:ber 0 329.0 15 350.6 18.4 36.2
Oct)gber 0 238.0 23 288.6 15.0 29.8
ol
November 26 94.2 45 265.8 05.2 18.3
Decormber 11 25.1 48 220.2 02.5 14.9
.)9.\» sy olﬁf u_mf 9 Lf°‘§ 3)5\109 » u.)l>)49.w d)Aa.o alises Ll 045 03)91 2 J9J.> ) ol .5)9.0 u.)l>)49.w C;Luow
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12 Jgin 5 odlaid 5y50 ()bl OF Sluogad (Bl g lo=e (59, 18 5 19) zl,y coplol ylae 31 s Jold L ()l
ol 005 cohw » )loles U L w3 bl o)lleS syl

ohalejl )3 o3kl 3)00 3 g 9 5yl O SS9 (0 Fiete -2 Jgo
Table 2- The main properties of irrigation water and superabsorbent polymer

Sl T S glaad e
Qualitative indices of irrigation water

(o Mof
S S Caln " cJ Js 5 s ) s el )
2 ooy 39 550) ‘::5 ‘ e . 3 Cowndd) ( 9'-’-:%”“ 3 Cuownd) 2 Cuomnd) ( W;JS
(o si5kes BSly o ’ Oskes 3 ’ , 9o 53
EC pH (y9ekeo Ci;f?j: ) Mg*(ppm) Ng&’m ) Kg‘zf)‘;*; , Crem
(uS.cm™) TDS (ppm)
1300 7.81 8510 48 515 156.4 0.45 170.4
e pgw b Sy
Superabsorbent properties
9 e eSS e
A T
b Cluogas ﬂ(’i& ” ( 2o oe) oSly padle 2 omiejgSe) (a09) I\EIJLN') ply> (p5
Appearance > Grain size pH (20 55k Moisture daerqL_Jm Water
Density (mm) EC (umem?) (%) urability holding
(gr.cm™) Hm. (Year) capacity
(997)
e 455 1.1-15 0.5-1 7.4 1754 11.6 7 330

White granule
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1- High volume instrument
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Fig. 1- Influence of water salinity on the water absorption capacity of superabsorbent at two different temperatures
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Fig. 2- The relationship between water temperature and water absorption capacity by superabsorbent
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Fig. 3- Effect of dehydration frequencies on water absorption capacity of superabsorbent polymer
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Table 3- Analysis of variance (sum of squares) for effects of irrigation management and superabsorbent polymer on yield and
quality of cotton.
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S Jgb

Iy

¥ galie a5 o9 Fiber Uniformit o] "
S.0.v &2 Cotton yield - Y Strength Elasticity
df length index
"’SJ . 2 23812™ 1.63™ 0.88"™ 9.02" 0.01™
Replication
e 2 6179494 4.95" 4.48" 22.02° 0.06"
Irrigation management
T o pde X L1,S5 o .
d’}ﬁ‘ I 2R _"’SJ_ 4 2657922 6.27™ 2.70™ 16.92" 0.09
ReplicationxIrrigation
g 3 2422049 2.88"™ 5.57" 2.41" 0.01"™
Superabsorbent
D3y guX gylul Cy e
Irrigationx 6 2813158 4.86™ 7.22" 36.63" 0.03™
Superabsorbent
Ef:; 18 2065264 13.09 29.95 47.69 0.14
T(;ill 35 16161702 33.70 50.81 134.73 0.36
() et s - 2.96 1.55 5.22 1.29
CV (%)
a0 = . e s
35 qulie .)' b LRI s S e y Cond oligs U1 )
e &5l . . . ’ ¢ " Ripening Short fibers Cugb
S.0.V " Micronaire Brightness  Yellowish ; S
df ratio percentages Humidity
Rep)l‘ic)ition 2 0.37™ 9.35" 0.64™ 0.0003™ 1.74™ 0.33™
ol capae 2 0.05 438" 351" 0.0002" 6.82" 0.66™
Irrigation management
LS)L.‘.J o pe X )‘)ﬁ ns ns ns ns ns ns
S Ml 4 0.81 7.84 10.21 0.0021 9.71 0.63
ReplicationxIrrigation
g 3 0.28" 3.26™ 0.51™ 0.0008™ 8.76" 1.86™
Superabsorbent
D3y guX glul Cy e
Irrigationx 6 0.19" 1.22" 11.74™ 0.00002" 15.97" 1.64™
Superabsorbent
ELB 18 1.49 20.36 43.59 0.0035 49.13 7.08
rror
T(;ill 35 3.22 46.62 70.23 0.0072 92.15 12.22
(“”)C :’/"2;)“’“” - 6.39 1.36 14.98 157 25.69 8.96
0
oyd K g gy Jlei] gdaw 53 ls e BB Dy g )b dxe IS 3939 pie i 4 *F o * NS

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



021 s pF ol ks g 559 o Sl yad &y gy 3> 3l yrgm O W 3 3

Sl Gl g maiane adyy s > 4 a5 4k wile Slals
U1y ¢ (Khajeh Pour, 2005) azils |, S 5 gres (slaayY
ol 45 (65500 990 il a8 Ll g (Medgw (lje
A yrgw luS i ShlS iSlis &Sl pl 25 L8 an gl 350
YU cuaS b SB g ol plie jl a8 ol Sbews BB Sl
Rahbar & Banj Shafiei, 2009; Seyed Dorraji ) .5 ool
Oles S9S Limgis , (et al., 2010; Rousta et al., 2013
g p)5 335 o3lital 3,90 Dl g 5y bansgs adie Ol e
b awlio )3 a8 oxlil 3590 (ol Of (slp (e opl &S Jbs o
s ol lid ChS Sitdday gblie O b §) (gybus
S9S Himgin D Cpioed g0 I el 2,5 120 & el
3 eSS 60 Gopan b dnlie )3 O3l g p S5k 90 b pae
a0, Shoe Lialidl p e 3 s 4 LS a0 ool oyl
90 )9) 18 9 12 J—Aﬁ]?ﬁ l_) Lf)l—‘j dlm)lm\: Pl ASJ.: cCadls
B Sl oe g0 ol (4 JS) 1 55 ol (nl 5 )Slas talS
oJ._))I.))l) ul))l A58 L{bu)b))?w RVAVS29Y ul.sm}u: )I u’.>)) LY B3

[(Jahan et al., 2014) sl o

iy Sl cudas -2-4

"5 sbasles 9 OOl g SBpae il golaw Jilite
95 B8l s BUI LS slaasls 5l S s » bl
bl el WU lapSibe anlie mbs (3 Jgia)
)p@wuﬁaw@w’lﬁﬁdab‘;mdw@;
Jsa) 18,5 15 oyl Sglite slacy o 5L o elie
(Fathi et al., 2011) )L Sen o oub aiaib ool ».(4
il 3 093 e85 18 bgte Bl 09 )3 )5 55, 18 (gLl Jlas
1 bl oyl olos > GUI it olise 9 (Bl9iss (a3 li
colb e g 668 s aib > byl plSouil olise ol il
28,5 )18 bwgie 09)5 1 |

Jlesl U o e aS ol lis Limgh opl guls ggemme p
w25 S8 b iy olS 5 Shae o 0l g (5l laless
2 S5slS 03l iyl lsie 4 oS Ol Brme 3 0
L ol cpl dges (o o 5 b o Hlod 4 Sitdaes sble
Ghorbani Nasrabad & ) o >3 ¢ 3bl s Sb,8 claassly
(Akbari Nodehi, 2013) a4, 4 (Hezarjaribi, 2010
=l 3 2o TH B T0 el a8 3,8 5155 a8 5yl Slgd e
2 I) uT ;9).\440 u’.)l)lf J"‘?“gr" Jnlf 6)Lj l) c\.wul.a.o 2D Ay blﬁf
Lega D ohdgd ;0 .aad Giuliel o Slee jialS gl olS oy
balyd o a8 ud ol sy ey ) OF G (gl
2olg 5l dlols Sgu ¢ S pae o 5l ooy 50 ials b Ol codgixe
Fardad & ) wi salgs ply JolS )bl 51 Jols 3guw b Ol o>
JsSit5 51 ) (23S g5l 5 o225 Jole 2l 4 olS s
1y o8 e o Cagb) (Jlgh a2 ol b eadlipe (o358

Khajeh Pour, 2005; ) 33,5 o 3, Sles galS g i,
Ghorbani Nasrabad and Hezarjaribi, 2010; Akbari

Gk § s)leleS Jlosl sy g 55 4 el (Nodehi, 2013
S 2looygd 3 posad 4 lul ez Sl L g )lol Bls
2 e 3L Mgt ol g8 (SitS A5 4 oS Comlus
b sl aky celj s Of wlie 3l (syg0 e Gl
3ySdee Gl cage (3905 U j OMlo g yo Sl Bpan
38kas 3l g Cute b g2 (e B2l gl 0B b
Tohidi ) Ly ;Lals g) o alie clilas gl L 4y
Taherkhani et al., ) .5 (Moghaddam & Mazaheri, 2012
(Jahan et al., 2014) (Beta vulgaris L.) s._3,u:> 4 (2013
S gb) 0,85 d90 5l 28U it sl cploo)h cillae
(Seyed Dorraji et al., 2010) 4l o > pygw B puaa I 5
s 5935 pimaf ) Sl 5 ol IS U lise g nl L
My oo ybai 4390 203 10 dgas e 4 BUI > Shes 380
oS Sl ) wsus (g yie 5l 25 4Y 3 SluS 5 opl G yae o

2 g adl Al gy ohlS e olisl glaady, b



1394 ylouo; & ojlois 7 ol o5 3y9LisS olidh pgy s pis D22

7000 -

6000 -

)

5000 -

{(kg.ha'!

4000 -

By
o s

3000

S

2000 -

Cotton vield

1000

H 0 Superabsorbent (Kg/ha) O30 D60 @90

15 18

Limigation mtervals (day)

ay oL 3 (g 3,5M0s p1 OB pgw b pae Wik ggha 5 (Goktl St lajlow Jiliie 1 -4 S
Fig. 4- Interaction effects of irrigation management and superabsorbent polymer on cotton yield
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1- Akbari Nodehi, D. 2011. The effect of different water quantities on yield, water use efficiency and cotton yield
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Introduction

Reduced availability of water resources in many arid countries including Iran, particularly in response to the
indiscriminate harvesting of water reservoirs and climate change, has created concerns. Therefore, the
sustainable use of water resources especially in agriculture is a necessity for these countries. Strategies such as
deficit irrigation and superabsorbent application are two important ways for improving water use efficiency in
agricultural lands. In deficit irrigation the crop must be irrigated less than its required water. Therefore, some
reduction may occur in crop yield, but the savings in water will improve the water use efficiency (Akbari
Nodehi, 2011). Superabsorbent polymers also increase the nutrients and water holding capacity of soil for a long
time and thereby reduce crop water requirement. However, the effectiveness of these materials could be affected
by dehydration frequencies, temperature and irrigation water quality (Karimi et al., 2009). Due to the limitation
of water resources in many parts of Iran, the aim of this study was to investigate the possibility of cotton
production under deficit irrigation along with application of different rates of superabsorbent. In addition,
simulation of superabsorbent efficiency at different levels of salinity, temperature and dehydration frequencies
(swelling and de-swelling) were the other objectives in this study.

Materials and methods

1. Laboratory experiments

In these experiments the effects of temperature (4, 10, 20, 30 and 40 °C), salinity (0, 0.25, 0.5, 0.75 and 1%
NaCl solutions at two temperatures of 10 and 25°C) and frequency of partial dehydration (from 1 to 5 stages
watering and 70% dewatering) were simulated on water absorption capacity of superabsorbent polymer at
laboratory of environmental stresses, Sarayan Faculty of Agriculture, Birjand University.

2- Field experiment

This experiment was designed at Research Station of Sarayan Faculty of Agriculture, Birjand University,
Iran, during 2014. The experiment was carried out as factorial arrangement based on randomized complete block
design with three replications. Study factors were consisted of different levels of superabsorbent (0, 30, 60 and
90 kg.ha™) and deficit irrigation [irrigation intervals of 12 (control), 15 and 18 days equal to ~120, 155 and 190
mm evaporation from pan, respectively]. Seeds of cotton (Khordad cultivar) were sown in 20 June, with 60x25
cm distances in 3x4 m plots. The harvesting of cotton was performed at three times on 27 Oct, 10 Nov and 17
Nov. At the end of experimental period the yield and quality indices of produced fibers including fiber length,
uniformity index, strength, elasticity, fineness (micronaire), brightness, yellowing, ripening ratio and short fibers
percentages were measured. Finally, statistical analysis was employed by using the Duncan’s multiple range test
at the 5% level of probability.

1, 2, 3 and 4- Assistant Professor of Crop Ecology, Faculty of Agriculture, University of Birjand, PhD Student in
Agroecology, Ferdowsi University of Mashhad, MSc of Agronomy and BSc Student of Agronomy and Plant Breeding,
Sarayan Faculty of Agriculture, University of Birjand, Birjand, Iran, respectively.
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Results and discussion

Results of laboratory experiments showed that salinity had considerable negative effects on water absorption
capacity of superabsorbent in both 10 and 25°C temperatures. The amount of water absorbed by superabsorbent
reduced by 73% and 85% by increasing salinity from 0 to 0.25% and to 1%, respectively. In addition, the effect
of temperature changes was significant on the water absorption capacity of superabsorbent. The highest value of
water absorbed by the superabsorbent was obtained at 20 °C treatment. The amounts of water absorbed at 20 °C,
were 8% and 13% higher than 4 °C and 40 °C, respectively. In similar study it has been concluded that swelling
of polyaspartic acid hydrogels decreased when the temperature of the aqueous media increased from 25 °C to
60°C (Zhao et al., 2005). The amounts of water absorption ability of superabsorbent during 1 to 5 watering and
dewatering cycles were 266, 311, 334, 340 and 355 g g, respectively. Results of field experiment showed that
cotton yield was significantly affected by irrigation management and superabsorbent application. Application of
60 kg ha™ superabsorbent along with irrigation intervals of 15 days was the best combined treatment in terms of
fiber production. Moreover, experimental factors had no negative effect on the quality indices of produced
fibers.

Conclusion

Results of this experiment showed that superabsorbent application and deficit irrigation are the two potential
strategies for cotton production in semi-arid regions, especially if low saline water sources are used.
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5- Crop moisture index

6- Drought area index

7- Standardized precipitation index

8- Standardized precipitation evapotranspiration index
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1- General circulation model
2- Weather generator
3- Long ashton research station weather generator
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Table 1- Climatic characteristics of selected weather stations for the different regions in Fars province
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Fig. 1- The geographical area of the study locations
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Table 2- CO, concentration (ppm) in different periods and
scenarios in the future (Nakicenovic & Swart, 2000)

h"l’k_w 2011-2030 2046-2065 2080-2099
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Table 3- Classified scales for SPI

M NN S e Normal Lasgio Y gy by
Classified  Special Severe Medium Medium Severe wet Extremely
scale drought wet wet

o

-2>SPI  -1.99<SPI<-1.5 -1.49<SPI<-1

value

-0.99<SPI<0.99

1<SPI<1.49 1.5<SPI<1.99 2<SPI
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Table 4- Results of climate model evaluation for rainfall, radiation, maximum and minimum temperatures in Shiraz
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Fig. 2- Zoning map of the Fars province based on SPI in
the baseline
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Fig. 3- Comparison of SPI index in baseline and future climate change conditions in the study locations of Fars province
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Table 7- Comparison of emission scenarios under future climate change in Fars province regarding to SPI index using t-test
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Introduction

Today, Climate change issue is one of the main challenges for scientists and due to the critical role of water
in human life, the study of climate change impacts on severity and frequency of drought in each region seems to
be indispensable (Hulme et al., 1999). Drought is usually occurred over a period of water shortage owing to less
rainfall, high evapotranspiration and pumping a huge amount of water from water tables. This issue could have
extensive consequences on agriculture, ecosystems and communities. The objectives of this study were to predict
meteorological parameters, calculation of drought index and its zoning under the changing climate in Fars
province.

Materials and methods

In order to predict the future climate in nine districts of Fars province (including Shiraz, Eghlid, Fasa, Lar,
Lamerd, Darab, Zarghan, Neiriz and Abadeh), two climate models (HadCM; and IPCM,) was applied under
three scenarios (B;, AiB and A;). LARS-WG software was applied to downscale climate parameters (Semenov
and Barrow, 2002). To predict incident probability of drought in the all study locations, a drought index
(Standardize Precipitation Index, SPI) was calculated at a time scale of 12 months. SPI is the most commonly
used drought index. SPI is calculated based upon the differences between monthly rainfall and average rainfall
for a certain period of time according to the time scale (Mckee et al., 1995). In this study the SPI time series have
been estimated for the historical base period 1980-1990 and for three future periods (2011-2030, 2046-2065,
2080-2099). Finally, drought maps and zoning were conducted in the whole province using GIS and based on
IDW interpolation method.

Results and discussion

Results of climate models evaluation indicated that LARS-GW well predicted radiation, and maximum and
minimum temperatures (RMSE of 0.51, 0.46 and 1.02%, respectively). However, the accuracy in prediction of
rainfall was not as good as the other climatic variables (RMSE of 11.48%). This is mainly due to the fact that
there is a high variability in rainfall under arid and semi-arid conditions. Other studies also showed that LARS-
WG often over- or underestimate rainfall compared with other climatic variables. According to the simulated
aridity index in the baseline period, Abadeh and Lar classified into extreme drought class (-2.48 and -2.09) while
under future climate change Lamerd categorized in the extreme drought class. The most severe drought occurred
in Neyriz (1.33) using HadCM; model under A, scenario in 2080-2099. While, the lowest drought severity
obtained in Lamerd (-2.58) using IPCM, model under A;B scenario in 2046-2065. According to the zoning
maps, a vast majority of Fars province had normal climate in the baseline which, are mainly located in southern
part of Fars including Neyriz, Darab, Fasa, Lamerd and Eghlid. In contrast, only a limited part of the study
locations classified as drought included Abadeh, Zarghan and Lar. Results of t-test also showed that there is no
difference between HadCM; and IPCM, climate models in terms of future climate prediction (p>0.05). Results
also revealed that for most of study locations, SPI would be in normal class for the all three periods compared
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with the baseline.

Drought zoning in the baseline in 12 month time scale indicated that the lowest drought was occurred in
southern part of Fars while the most severe was observed in both northern areas and some limited part of the
south. It was generally concluded that the major part of the Fars province was in normal (the southern half of the
province) and moderate class (the northern half of the province) for baseline period according to SPI. However,
for projected period, major part of regions would be in normal class. As the Fars province is one of the major
producers of cereals in the country, it is estimated the area will benefit from climate change in the future
particularly under rainfed conditions.

Conclusion

The results of the current study showed that drought would be intensified under climate change in Fars
province and most of the area will benefit from changing climate in the future. However, it is necessary for the
authorities to take the results into account, and have applicable water resources management strategies to be able
to deal with possible problems in the future decades. Decision makings also should be accomplished with
especial considerations to the uncertainties that almost appear in the results.
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Fig. 1- Relationship between sowing date and vegetative growth duration (sowing to flowering) in Katoul (Fig. A) and Sari
(Fig. B) cultivars
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Fig. 2- Relationship between sowing date and reproductive growth duration (flowering to physiological maturity) in Katoul
(Fig. A) and Sari (Fig. B) cultivars
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Fig. 3- Relationship between sowing date and total growth duration in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Fig. 4- Relationship between sowing date and soybean pod number per plant in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Fig. 5- Relationship between sowing date and soybean seed number per square meter in Katoul (Fig. A) and Sari (Fig. B)
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Fig. 6- Relationship between sowing date and soybean 1000- seed weight in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Fig. 7- Relationship between sowing date and soybean seed yield in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Fig. 8- Relationship between mean temperature during starting flowering to starting grain filling and soybean pod number
per plant in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Fig. 10- Relationship between mean temperature during grain filling and soybean 1000- seed weight in Katoul (Fig. A) and
Sari (Fig. B) cultivars
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Fig. 11- Relationship between summation of hours of sunshine during starting flowering to starting grain filling and soybean
pod number per plant in Katoul (Fig. A) and Sari (Fig. B) cultivars
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Introduction

Soybean (Glycine max L.) is one of the major sources to produce oil. Suitable sowing date makes optimum
use of climate factors such as temperature, moisture and during the day. Soybean is not easily adaptable with soil
and climate change, because its flowering and ripping depends on duration of daylight. Long days delays
flowering process and short days causes acceleration of plant maturity. Temperature is one of the most important
effective factors on the growth of any kind of plant (Caliskan et al., 2008). Related to the radiation effect on the
plant growth, excessive studies have been done in the world. One of the necessary pre-conditions to get upper
yield is making necessary conditions for optimal use of radiation (Muchow et al., 1990). Awareness of the
effective factors on the yield of soybean can help us to get better management of the plant. Therefore, the goal of
this research was to study the effect of sowing date, temperature and sunshine hours on the length of growth
period, yield and yield components of soybean.

Materials and methods

This research was performed to study the effect of sowing date, temperature, and sunshine hours on yield and
yield components of soybean in the area of Aliabad-Katoul in Golestan province, during 2011-2012 cropping
year. In this order, different soybean fields with different sowing date had been remarked in vast area of soybean
fields of Aliabad-Katoul area. In this study 30 soybean fields with Katoul (D.P.X) cultivar and 30 soybean fields
with Sari (J.K) cultivar werte chosen. To assess the study traits (the length of different phenological periods,
yield, and yield components) into each of field, 5 plots in zigzag pattern (3)) had been chosen and in each plot,
the study traits had been measured and the average of them was recorded for each field. The important soybean
growth stages, including the start of flowering (R;), the start of pods of the plants (Rj), the start of seed
formation (Rs), the start of physiological ripping (R;) and complete ripping (Rg) was recorded (Fehr & Caviness,
1980).

Results and discussion

In this study, phenological developments during growing period were influenced by the sowing date. There
was a negative linear correlation between delaying of sowing date and growth duration as the 86% and 90% of
the variation in the Katoul and Sari cultivars justified, respectively. Delaying of sowing date of both cultivars,
reduced the yield. This negative significant linear relation explained 79% and 53% of changes in Katoul and Sari
cultivars, respectively. The slope of the regression equation indicated that delayingl of sowing date (days from
20th June) reduced seed yield in Katoul and Sari cultivars equal to 50.6 kg.ha™ and 37.4 kg.ha™ per day,
respectively. The result showed that response of soybean yield components to the average of temperature during
flowering and grain filling in both cultivars was positive and significant, except for seed number per square
meter in Sari cultivar. Between mean temperature during starting flowering to starting grain filling and soybean
pod number per plant was a positive linear correlation as the 77 and 68% of the variation in the Katoul and Sari
cultivars justified, respectively. In addition, in this research it was observed that there was a significant relation
between the total sunshine hours during flowering and grain filling and the components of soybean yield.

Conclusion
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The results of this study showed that sowing date had significant effect on plant traits such as seed yield. The
majority of the study traits decreased due to delay of sowing date. Thus, in the study area sowing date is one of
the most important effective factors on the growth and yield of soybean.
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Table 1- Physico-chemical characteristics of studied experimental soil site
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(ppm) (ppm) EC (dS.m?)
_CALA.MJ
e 475 11 0.079 1.1 7.6
Silt-loam
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Table 2- Chemical characteristics of organic fertilizers used in experiment
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Compost
oS 5229 1.43 1.22 1.03 -
Vermicompost
25 455 1.39 0.9 10
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Table 3- Analysis of variance (mean of squares) for some quantitative and qualitative characteristics of sesame as affected by

different organic and biological fertilizer application
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*, **and ns: Are significant at 5 and 1 percent probability levels, and non-significant, respectively.
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Fig. 1- Variation of seed weight and number of seed per sesame plant as affected by organic and biofertilizers
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Mycorrhiza+sulfural geranole was the base for comparisons.
(M: Mycorrhiza, CM: Compost, V: Vermicompost, G: Sulfural geranole and CON: Control)
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Table 4- Correlation coefficients between studied characteristics as affected by different organic and biological fertilizer
application in sesame
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*and **: Are significant at 5 and 1 percent probability levels, respectively.
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Table 5- Means comparison for some quantitative and qualitative characteristics
of sesame as affected by biological and organic fertilizer
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Treatments Harvest index (%) 1000-Seed weight (g) Seed ail (%)
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(M: Mycorrhiza, CM: Compost, V: Vermicompost, G: Sulfural geranole and CON: Control).
)5 (S0l (glatelniar g3l ol 2 3B ne Sl oy gy ot s 3 S e B Sy Jilis gl slaguSile (gt 2
* |n each column, means followed by the same letters are not significantly different based on Duncan’s test (p<0.05).
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Fig. 2- Effect of different organic and biological fertilizers on seed yield of sesame
(18L5 'CON g (63,555 dlgil 3 G wawguaS o9V g ICM 36500 1M)
(M: Mycorrhiza, CM: Compost, V: Vermicompost, G: Sulfural geranole and CON: Control)
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Fig. 3- Effect of organic and biological fertilizers on biological yield of sesame
(48L5 'CON 4 (63,555 dlgil 3 G wawguaS o9V g ICM 356500 1M)
(M: Mycorrhiza, CM: Compost, V: Vermicompost, G: Sulfural geranole and CON: Control)
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Fig. 4- Cluster analysis of organic and biological fertilizers
(48L5 'CON 4 (63,555 dlgil 3 G awguaS o9V g ICM 356500 1M)
(M: Mycorrhiza, CM: Compost, V: Vermicompost, G: Sulfural geranole and CON: Control)
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Introduction

In recent years, by increasing human knowledge and using different technology on food production, human
concerns have increased on safety of food products especially medicinal crops. In order to achieve healthy food
production, application of ecological inputs such as organic and biological fertilizers are inevitable. Organic
fertilizers are fertilizer compounds that contain one or more kinds of organic matter. They can improve the soil
ability to hold water and nutrients. They create a beneficial environment for earthworms and microbial
organisms that break the soil down into rich, fine humus (Motta & Magggiore, 2013).

Compost is organic matter that has been decomposed and recycled as a fertilizer and soil amendment.
Compost can greatly enhance the physical structure of soil. The addition of compost may provide greater drought
resistance and more efficient water utilization.

Vermicompost is the final product of composting organic material using different types of worms, such as
red wigglers or earthworms, to create a homogenized blend of decomposed vegetable and food waste, bedding
materials and manure. Vermicompost helps store nutrients and keeps them safe from leaching and irrigation,
functioning to balance hormones within plant physiology, and adding beneficial biology to soil (Raja Sekar &
Karmegan, 2010).

Mycorrhiza arbuscular fungi are other coexist microorganisms that improves soil fertility, nutrients cycling
and agroecosystem health. Mycorrhizal fungi are the most abundant organisms in agricultural soils. Many
researchers have pointed to the positive roles of mycorrhizal fungi on plants growth characteristics.

Despite of many researches on the effect of organic and biological fertilizers on different crops, information
on the effects of these fertilizers for many medicinal plants is scarce, therefore, in this study the effect of
simultaneous application of mycorrhiza with compost, vermicompost and sulfural geranole on some quantitative
and qualitative characteristics of sesame (Sesamum indicum L.) in a low input cropping system was investigated.

Materials and methods

In order to evaluate the effects of simultaneous application of mycorrhiza and organic fertilizers on some
quantitative and qualitative characteristics of sesame (Sesamum indicum L.), an experiment was conducted based
on randomized complete block design with three replications at Agricultural Research Farm, Ferdowsi
University of Mashhad, Iran during growing season 2009-2010 growing season. Treatments were mycorrhiza
(Glomus mosseae), mycorrhiza+compost, mycorrhiza+vermicompost, mycorrhiza+organic sulfural geranole,
compost, vermicompost, Organic sulfural geranole and control (no fertilizer). Finally, data analysis was done
using SAS 9.1 and means were compared by duncan’s multiple range test at 5% level of probability.

Results and discussion

The results showed that the effect of different organic and biological fertilizers were significant on seed
yield. Seed yield significantly increased by using mycorrhiza in both condition of single and mixed with organic
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sulfural geranole and vermicompost compared to control treatment. Biological yield, in simultaneous application
of vermicompost and organic sulfural geranole with mycorrhiza increased significantly compared to separate use
of these fertilizers. All study organic fertilizers with mycorrhiza had significant effect on increasing oil content
of sesame. Seed oil increased in simultaneous application of mycorrhiza and each of compost, vermicompost and
organic sulfural geranole compared to separate application of mycorrhiza 12, 13 and 10 percentages,
respectively.

It seems that mycorrhiza and organic fertilizers improved quantitative and qualitative characteristics of
sesame due to provide better conditions to absorption and transportation of nutrient to the plant (Hawkes et al.,
2008).

Conclusion

In general, the results showed that the simultaneous use of ecological inputs can improve quantitative and
qualitative characteristics of plant, moreover, decreased environment risks of chemical inputs and ensure
sustainability of production in long time by this approach.
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