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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 3- Analysis of variance (mean of squares) for the effect of organic and chemical fertilizers with Thiobacillus inoculation
on some criteria of marshmallow
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s 30 7.85 0.25 2895.09 5446.58 5446.58
Error
5 47 - - - - -
Total
oy S Jlosn ! pdass ) o Gixe i
**: is significant at 1% probability level
Po L,\_w}uxf 9 L;ol.) cdw ) LSLQ">9§ .)ﬁ)lf )...:L Cod 4.':'9.3 &Lo.:)l rw 4_79.3 &l_o.s)l g LS-’)?J}»J 9 L;st.o._w i ‘uﬁ dle.)Qf ).sl

92555 Gpas uslwbsd b @il (Al 5 Sl zolaw 45 S gL e S gpsbts (I Jgi2) 392 (P=+/0Y) e
2l &) G 203 Vool Gl laoaiiS jodiols (ol 218" pae topbalad b gl 5 (olewd 395 (il jlows I (e 5lu 1VO)

(Y JSS) el dane b odnls aald 5l (e Sl YY) oy glis)l oy yiaS 9 5,565
200 - ET+S @S 8T OControl
a
b b
¢ c
= 150 T e d
g o fg 55 ¢ f
~ i e g
2 2 L B
9 © < <
£ 100 1 s i o [
E ¢>¢ 1’¢ ’4’
f_U :‘{ 1’{ :‘1}
o ’, e 0
501 ML s <
0 A >< : ‘?‘ : }1? : ,

Chemical Cow manre Compost Control

(0¥ W91 g5 1 ool b gl g caliowd 9 (I (SLa3gS Jiliie 1Y JSS
Fig. 1- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on plant
height of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 2- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on leaf
area indexmax (LAlImax) of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 3- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on leaf (A) and stem (B) dry
weight of marshmallow
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Table 4- Analysis of variance (mean of squares) for the effect of organic and chemical fertilizers with Thiobacillus inoculation
on yield and yield components of marshmallow
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Table 5- Mean comparision for interaction effect of organic and chemical fertilizers with Thiobacillus inoculation on yield
components of marshmallow
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Treatments Branch number (No. plant?)  Capsule number (No. plant?)  Seed number (No. capsule™)
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b 35 T 22.00° 39.67 31.00°
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Control
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*Means with the same letter(s) in each column have not significant difference according to Duncan (p<0.05).
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Fig. 5- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on flower (A) and seed yield (B)
of marshmallow
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Means with the different letters have significant difference according to Duncan (p<0.05).
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Fig. 6- Intarction effect of organic and chemical fertilizers with Thiobacillus inoculation on
biological yield of marshmallow
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Introduction

Medicinal plants have an important role in different industries. So, increasing production of their yields is
necessary. Medicinal plants contain phytochemical compounds which have demonstrated bioactive properties.
The active principles of the plants are generally secondary metabolites. The use of ecological farming methods,
may improve yield and quality. In the last decade, agricultural production, which is mainly based on the use of
chemical material, is causing environmental problems. One of the pathways to mitigate this environmental
impacts, is to apply the long-term approaches based on the principles of ecological agriculture. Soil
microorganisms are the primary metabolites production in the soil can affect the results in the release of
phosphorus. Compost can be used as an organic matter in controlling different types of debris and the reduction
in fertilizer consumption in agricultural products and mineral absorption elements improve low consumption by
plants. Present study aims to investigate the possibility of improving the growth, flower yield, shoot yield, seed
yield and yield components of marshmallow as a medicinal plant affected as integrated management of organic,
chemical and biological fertilizers.

Materials and Methods

A field experiment was performed as factorial layout based on a randomized complete block design with
three replications at Agricultural Research Station, College of Agriculture, Ferdowsi University of Mashhad,
Iran, during growing season of 2012-2013. The experimental treatments were all combination of organic and
chemical fertilizers in four levels (cow manure (40 ton.ha?), urban compost (40 ton.ha?), NPK as chemical
fertilizer (114, 18 and 220, 40 kg.ha*) and control) and inoculation with Thiobacillus and sulphur application in
four levels (including inoculation with Thiobacillus, 200 kg.ha* sulphur + inoculation with Thiobacillus, 200
kg.ha* sulphur and control). plant height, leaf areal indexmax (LAImax), leaf dry weight, stem dry weight, total dry
weight, flower, seed yield and yield components such as branch number, capsule number, number seed per
capsule and 1000-seed weight and flower, seed and biological yield of marshmallow.

To analyze the variance of the experimental data and drawing of diagrams, MSTAT-C 8 and Excel software
was used. All the averages were compared according to Duncan’s multiple range test (p<0.05)

Results and Discussion

The results showed that the effect of organic, chemical and biological fertilizers were significant (p<0.01) on
plant height, LAlmax, leaf dry weight, stem dry weight, total dry weight, flower and seed yield, yield components
and biological yield of marshmallow. At the end of the growing season, the highest and the lowest LAImax Were
observed in chemical fertilizer with Thiobacillus +sulphur (12.3) and control (1.3). The maximum flower and
seed yields were recorded in chemical fertilizer with Thiobacillus +sulphur (175.33 and 99.91 g.m?
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respectively) and the minimum were obtained in control treatments (32.33 and 9.31 g.m, respectively). Flower
yield enhanced up to 100% under chemical, cow manure and compost fertilizers without Thiobacillus +sulphur,
Thiobacillus, sulphur compared to control treatment. Flower yield improved up to 106, 89 and 72% for chemical
fertilizer, cow manure and compost application with Thiobacillus +sulphur, respectively.

Conclusion

According to the results obtained in the present study, organic, chemical and biological fertilizers had
significant effects on growth, shoot yield, flower yield, seed yield, biological yield and yield components of
marshmallow. Therefore, due to the high pH of soils in agroecosystems, integrated application of sulphur with
Thiobacillus inoculation could be considered as an effective approach for soil fertility improvement. organic
matter increase soil water holding capacity, improving plant hormone-like activity, increase nutrient uptake by
plants, and generally improve the growth and yield of medicinal plant.
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Table 1- Some of physical and chemical properties of experimental field soil

il Fojer Jens o S by dn JB phud S colan o
Texture () () (eSS Se) (eSS o5 ko) (o 2 uionjiomd) oH
Total N (%) OC (%) Available K (mg.kg™) Available P (mg.kg™) EC (dS.m™)
e 29 0.08 0.49 286 10.25 1.26 8.09

Silty loam




FYY

g (529519 oL i g 05 3 Kok i (52 59Semo gl 5 (ot lrounid (T GL3gS ST

Gialojl 13 (013395 9 CawgraS 049 (o Cloogad (A5 -Y g
Table 1- Some of chemical properties of vermicomost and manure used in experiment

JSojarm oS U5 el

Kiges

NESERERE A= TR

&S]

sample () () () () (e omionjomsd) o)
Total N(%) OC (%) Total K(%) Total P (%) EC (dS.m?)
258 0.67 1.16 0.14 7.4 6.22
Manure
Cugga (5229 1.49 11.65 1.2 1.16 5.2 6.7

Vermicompost
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255 315355580 Jaldie il

3pSos Bl ay Sy G 2 1 psSn 5 355 blie I
M mize o uilul 3, Sles 5 Siid 00le 3 Shas cdly s sy
35008 oas 1 o 50 0 a8 ob i bl gl (Y Jg2) o5
Ol Bl ay Sy Cand CunguaS 005l oolial 3 )58
Glomus intraradices 45g5 Ly g ili Lyl ;3 a5 g0k ol
Wl 4 Sy Cand o V8 ialisl 4 yoxie J1 39S ol 508
il pae bly b )0 o ioren (D Jado) b dals b duslie jo
OBl d pomle (el 3557 g CungneS (009 3 58 (2l r9See
W Bl 4y Sy G D ixe

CowgraS (039 9 (513 395 35 9290 LIS olul
oL sbly Liliél (S Ll 2440 {Dawson et al., 2008)
(Cardoso & Kuyper, 2006; SLs I olie , olie Gis j»
OhlSKen g e S il ar il Parakash et al., 2007)
=9l oL ¢y ym (—iulojl 3 -5 (Macginis et al., 2003)
plos 8y ian 45 15,8 sanlie (Ocimum basilicum L.) s,
9 S—iB (g 1= P Hobod 1ysSee b CawgeS ay9 355
CasliS 3 elS o S olus

Lol (et Vo) YIOXY sl b iolojl slacs S 51 G pa
B Fa Sy i by Alols e /0 K0S e S alols s
Ll 2 13,5 e i Sy S0iSe J nS ol Al o
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2 S5 =) ety 9y sk ialejl slac S sl L
pow ain ) e )lae Joby (andy ()b > Cns) 93 iy
Cly S P UF abye ;> s clbarals .6us cut olo Al
S5 (e (Bl V sy (s9) dhold) Jla 3)90 o515 & g,
Ao (s Lol gl (Davazdah Emami et al., 2010) s
Oogods Sl Sy oloj b lacsylel pls g bl 5l
st 5 ptalojl Jolpe 53 .8 )5 plonl L, g, can o
S an J s Sen lag B Sl 5 18y LinlS Sl 55k
23,55 oolaiw] plewds LiSCl L g iScale

(IS Ao )3 gy SS9 9 Sy aw (o p i
©)ygmod (DX YO) g popia Sl WO Jolao (o I plals
059 8 S0 phaw (6,803l L Lad by @S ey Solad
(Koocheki & 45 awle Sy o 23 Ld o5, Sis
3 Shoe U oly o Sid 5 45 00le 5,Slee .Sarmadnia, 1999)
b S qryogin 53 oo (i il S ey bl
b ool wl o0e IS ol uilwl Ao )d e C g
(Makkizadeh et al., 2010)
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Table 5- Interaction effects of fertilizer and mycorrhizae on studied characteristics of dill

WSy Comd im0 i 3,5 S o3lo 3,Shos o) bl 3 Sas
l)"”'”s"‘fo :_95_ adlw ()w 5 P;Sl's) ()m » ‘3;9155) ()US& »
Mycorrhizae Fertilizer Leaf / stem Fresh yield (K %a‘l) Dry matter yield Essential oil yield
ratio y g (Kg.ha) (Lha)
aals 1.23% 1934.86' 329.50° 1.57¢
Control
ol 1.4738bc 2174.33¢ 337.27¢ 1.90¢%
Manure
KTy W) )
Control ““”’?“5 it 1.512 2309.39¢% 354.47¢ 2.59¢%
Vermicompost
Chemical 0.93¢ 2533.53¢ 376.76¢ 1.78¢%
fertilizer
aals 1.24% 2359.20% 350,67 2,00
Control
b 1.358c 4206.90° 788.312 6.67°
Manure
G. mosseae o
""5 il 1.49% 3812.26° 559.48P 4.17¢
Vermicompost
Chemical 1.492 3149.43¢ 460.73¢ 2.70¢
fertilizer
aals 1.2¢ 2397.51¢% 366.96¢ 1.89¢%
Control
b 1.49% 4109.202 763.41° 5.54P
. . Manure
G. intraradices i
“‘”’?"5 it 1.3920¢ 3956.902 578.54b 4.20¢
Vermicompost
Chemical 1.378bc 3005.75¢ 472.22¢ 2.59¢%
fertilizer

Al ed o me WS (el Lo yd gy pdaws jd S (yg05] (lise g S pnde B K Bl (s (olo puSile g o 3 *
* Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using
Duncan's Multiple Rang Test.

by Gislidl ol slas 5l e |y (sl 5,Sles (G, mosseae
(Koocheki et al., ) )Ken g Sog8 clislej] uls (0 Joio)
lhog-Ses Jols (giuss S3sS 3,8 st )51 1o 2008)
Hyssopus ) Lag; e oLS ill 5,Sles o lugy Slas 5
(Freitas et al., l,Sen g wli,8 suio0 40 .24 (Officinalis L.
aS' LS gy 50 (Mentha piperita L.) sls olS (g9, »» 2004)
Ol 9 el jlade d9m0 9o 12580 )8 455 sl 28

g o 3l & Cuns ol Joise

022 91 32,5580 Jalite il
sl o o g ipsSee el Pl bl & Sy Coss 3> &

3y Slos g dl i Gisw 3y Slos a S 0b L iulej! gl

=0l 355 0eMeds 5,680 (sladisS s Iy Sid godlo
2p)S a8 yeboan g baylas ple I i )l gme psboes 5o
U1y Seis ool 0y Slos g diyjuns sy 3,Sles 0l S jloys
5 Lo (0 Joan) o (al3 8l ald e s 1l 99 51 i
15,5500 )8 Csio Lidiay 30 (Usha et al., 2004) Ko
2 Sis oalo 3)Slas (50l58l 5 yawd Lis > Glomus mosseae
5153 5 il 5 Slee a8 0 L5 iolojl gl e

Gl (o5 Seo SLaisS 5 (s 358 (slo o Sl 3,05
5 CuwgpaS 0yg 395 3,8 cald b duglde )0 oS gy0body ccidly
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5 518 Shogad &S (CusgaS zoba Gl b &S 15 )
(Mona et al., 2008) cél i3l abjly oLS 5, Slee

o GBI ) (% A CungraS 00yg 9 (o> 265 3)8
O3 3 CwgpeS (099 395 35 Jle plgis s cuily wgd Sy
Ay Linlidl aoyd AY ali b duwlie 0 1) Sy dow 23 ls pgd
(Mirhashemi et al., 2009) |,)LSe g oils ypo .(V Joi)
o adls (St oole 3 Slas polie pSlis 4 WS )18
-4 (Trigonella foenum-gragcum L.) allis o4, okS Sy
A odplie o> 368 HliSa > Ve g Ve Bpas by

PSP (B CwgeS ay9 9 (1 395 S ()9 Ao
ol 2 ySlos 5 oy (SKid odlo i juw isu 2,Sles i3l
2 =395 3L pgd (i gloj )3 Jlie (lgie ity dp
s Sialidl ol 90 5l i 1y Sis odle 0)Slos dalis b duslde
Y o)

F3» i (Safadoust et al., 2007) -, Sen 5 Cuvgilan
9 Gde ol5gS il 3l 5l sl 1y 5 Sdas iul3al 40 ald 358 5,0,
(Jodss (S olerss (Soid Slogpad 25 g Glojlyd
Dot 50 il SB o )hdS cud b g S glasle ylul
Solanum g5,z ;o old 355 Byuas a5 0 )5 (6,500
A Camd (8 il oyl jaods |y Jgmame 0355 j (Nigrum L.)
9 sy (Azeez et al., 2010) oby [yiol5-81 Hloss 395 5y
- 09 3l oolatwl &S W5 ,S" 5135 (Darzi et al., 2009) 4, Ken
3 ySdes ((HLiSB 3 55V g ) ok (oled )3 CmigeeS
s (wlawl yo ams (aals 8l &bl olS solaidl § Gjelgm
395 5l odlatl g pgd (2 53 o5 ilil 3)hos g op> B Joa>

Dy 393 Hlide b ) celd

(32 9955 9 152,550 Jaliie il

i 3y Slos Bl 4y S G F Jpdo @l olul
Lo oL uilwl 0y Slas 5 dioyd « i 03lo 5, Slas cdiy jow
spbolen 85 5 o 5355 5 ligSen Wlite 31 106 o
350005 5 152095 il ol J1 Sy 53 35 55 sy &5
O 3l e (e b Jgl e g Bl 4 S S 058
(A J922) 592 pges 9 P9

@l bl g2 (1 Jgi) 091 osine aleil )3 wsd slagasls
2 bt Sl alisSee il pas bl Jol o 53 otales]
Tl pow 9 pgd (2 ) Iy el gy > Bl (59 9 S g
S Bl Gg 9 S iy 0 S il i)sSue claaiss
{5 Jsis) cusls

o> 5> Gimosseae sladisS 5,8 Wig 10 Sy 59 wlie
3 Shas oSy s 3L Gl 53 1 faisine i it pgd
Olyis @ (F Joia) cuils g S oole 3 Slee g 4y jaw (A
zoal pae L dulio ;> G.MOSSEae 5y,LS pgd pa 50 Jlo
St onle g s i Iocine 3,Shas I3 b 105
4o S0k & b len (F Jgi) Ab ko3 FY 9 VY U iy
lgie 152,550 SadsS b (a3l aLS dls s o3l (]
oS o Sid odlo Mgy donl 0 5 plde olie Gla iliel o
Kuyper, 2006; Yesmin (Cardoso & S Wl 1) 5,550 yids
etal., 2007)

asllas 45 55 (Khorramdel at al., 2008) l,Kan 5 Jop 5
Nigella ) albolus olS 5 15556800 )8 Jolid () (sladgS 43!
Ay omie i) (6ladgS 5yyLS 48" Wdged odmlie ((SAtiva L.
by e g Sutd 03le g8 oSy grhaw yadlE gl 38l
A0S aald 4 Cund Jgame

4ol > uilwl ) Slas g il o> o ey ioeed
45 (gyabbdy 105 oanlie ped e > G. MOSSEAE 4gS 54,8
3 bl 5,80ae wals b awslio )3 ol (S5 jlaws 3,8 does
S9) p 2+ (P Jgie) 8l GRlEl Rl 93 5l i pgd 2
(Carum carvi L. )obwo,sj o555 255 2g)b ol 5
JB s bty (VAM) 15355500 2,05 4355 53 5,18 45 05 dlas Mo
Sguge 20L5 b duolie o 1) lal ails uilul s g cusS 4o o

022 9 99s Juliie il
e 2 9395 Jlite Sl Bl 4 Sy o o
2 oialejl ol el 1 (¥ Jgde) bl ime 258 (slojas L
039 Orrde ped (e 5> CuwgeeS 8y 9 (o3 395 2018 s
55 181 b5 ol o (Y Jgder) 15 odnliie gy 55 Bl g 5,
aJbj CewgmS 5y,LS (Akbarnejad et al., 2011) Lo 4
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Table 8- Interaction effects of cutting fertilizer and mycorrhizae on studied characteristics of dill in experiment

» a3ko 3 ySlos

SpCoand oS Sles L. 5,5des
5 $oLS) 4 sl o 4 X 5ol

525500 % o e & .e;sglif) T pes) E:;ential o)il ﬁj)--w

Mycorrhizae Fertilizer Cutting (C) Leaf / (s 5 (i oreentage (6
stem Fresh yield J P g Essential oil
ratio (kg.ha'?) _Dry matter yield (I.ha)
yield (kg.hat)
o= 1.50defx 1652.2"0P 344.8ko 0.44Kim 1.58"!
First C. (Cy)
aald P o 0.779 3160.99" 431.0k 0.37™ 1.62"!
Control Second C. (C2)
Py o 1.41¢f 991.3¢ 212.6° 0.66¢ 1.49+
Third C. (Cs)

wls N C1 2.20% 1824.7mm0 316.1' 0.47+m 1,517

Control M; e C2 0.569 3448 .20 471,21 0.620 2.93¢!

Cs 1.46¢f 1250.0°9 224.1P 0.55Fm 1.26K

g Ci 2.392 1896.5m0 296.1mP 0.49Mm 1.45+!

TR SR Cz 0.51¢ 3629.3¢f 508.6% 0.87% 4.49¢%

Vermicompost Cs 1.62¢ 1402.2009 258.60P 0.59¢ 1.54#!

ot 8 C1 1.52¢f 2097.7'mn 313.8+° 044Kim 1.39i!

e C2 0.579 3951.1¢f 545,999 0.45Km 2.48"!

Chemical fertilizer Cs 0.719 1551.7°% 270.1M° 0.43Km 1.16'

s Ci 2.17% 1925,2mno 295.9™P 0.39m 1.17'

C2 0.519 3692.5¢f 505, 7% 0.715f 3.61°1

Control Cs 1.500%f 1459.70P 250.0°° 0.49Mm 1.23

N Ci 1.972d 3913.7¢f 554, 5def 0.47+m 2.63¢!

< C2 0.439 6135.10 1396.5 1.012 14.302

Manure Cs 1.35f 2571.8" 413.7% 0.67¢h 2.77¢

G. mosseae g Ci 2,008k 3764.3¢ 545,970 0.44Kim 2.40M
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Introduction

Dill (Anethum graveolens L.) is an annual medicinal plant belonging to the Apiaceae family and is native to
the Southwest and Central Asia. This plant is not susceptible to cold and germination occurs at low temperatures.
The vegetative period of this plant is short and from seed emergence till the fruit harvesting reaches 100 to 120
days. Based on long-term studies, excessive use of chemical fertilizers has a negative effect on plant yield
resulting soil acidification, negative effect on soil biological activity and physical and chemical properties. In
addition, application of chemical fertilizers mean while environmental impacts increases production costs in the
long term. According to literatures, the use of organic or biological fertilizers to reduce the mentioned problems
can be especially valued.

Materials and Methods

In order to investigate the effects of organic, chemical fertilizers and mycorrhizae inoculation on yield and
yield components of dill in different cuts, an experiment was carried out in the Research Station, College of
Agriculture, the Ferdowsi University of Mashhad, in 2013. The experiment was carried out in a factorial
experiment based on randomized complete block design with three replications. The treatments were all
combination of organic and chemical fertilizers in four levels (cow manure, vermicompost, chemical fertilizer
and control) and three levels of Mycorrhiza inoculation (Glomus mosseae, Glomus intraradices and no
inoculation). The collected data were analyzed as split- plot design in time based on randomized complete block
design (due to having three cuts during growing season). The 12 fertilizer treatments and three cuts were
considered as main and sub plots, respectively.

Results and Discussion

The results showed that the highest (4259 kg.ha*) and the lowest fresh yield (2043 kg.ha') were obtained in
second cut and third cut, respectively. The results indicated that Leaf Area Index, fresh and dry matter yield,
percentage and essential oil yield were significantly different between inoculated mycorrhizae treatments and
control treatment. However, there was no significant difference (p<0.05) between Glomus mosseae and and
Glomus intraradices in terms of former mentioned criteria. Fresh and dry matter yield and essential oil yield of
dill were significantly higher in organic fertilizers treatments (vermicompost and cow manure) compared with
chemical fertilizer. The results showed that using organic fertilizers have a better performance than chemical
fertilizers in growing dill both in quality and quantity. The effects of fertilizer and mycorrhiza on leaf/stem ratio,
grain yield, dry matter yield and essential oil yield were significant. The results of the experiment showed that in
each level of mycorrhizal application, the use of vermicompost increased the leaf/stem ratio, so that,
underGlomusintraradices inoculum conditions, the use of this organic fertilizer resulted in an increase of 16%
leaf/stem ratio compared to the control. Also, in the absence of mycorrhizal inoculation, vermicompost and
animal manure application resulted in a significant increase in leaf/stem ratio. The results of the experiment
showed that the fresh and dry yield of the vegetative parts of the drill were significantly higher than other
treatments in inoculation of mycorrhizal and animal manure treatments, so that the application of the mentioned
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treatment, fresh and dry yield of the vegetative parts increased by two times compared with control treatment. In
addition, the results of the experiment showed that the essential oil yield increased as a result of the combined
application of animal manure and mycorrhizal treatments, so that the application of vermicompost fertilizer and
G. mosseae compared to control treatment increased the essential oil yield by more than four times.

Conclusion

According to the results of the experiment, mycorrhizal application has an important role in improving the
growth characteristics and dry matter yield, especially in cut Il and Ill. In addition to mycorrhizal inoculation,
application of livestock manure and vermicompost can play an important role in increasing the yield of drill at
different cutting. Combined use of mycorrhiza inoculum and organic fertilizers can reduce the problems caused
by the use of chemical fertilizers.

Keywords: Cutting, Essential oil, Vermicompost
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Fig. 1- Mean comparisons for the effect of corms weight on flower number of saffron
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Means with the different letters have significant difference according to Duncan’s test (p<0.05).
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Fig. 3- Mean comparisons for the effect of different corm weights on flower yield of saffron
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Fig. 4- Mean comparisons for the effect of different corm weights on fresh and dried stigma weights of saffron
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Introduction

Saffron (Crocus sativus L.) as a spice crop, additive, and flavoring is applied in food industries. Saffron also
is applied in medicine as a drug. It has a specific site in Iran exports, so that 90% of saffron production belongs
to Iran. In 2016 Iran has been the largest producer of saffron with 336 ton and cultivation area of 105270 ha.
Provinces of Khorasan-Razavi and Southern Khorasan are the two main centers of saffron production in Iran.
Environmental factors have considerable effects on quantitative and qualitative characters of saffron. Low yield
of saffron in traditional farming systems can be due to application of small size corms. Corm size or corm weight
is one of the most important factors affecting saffron yield. Research in this regard and finding out a standard
size for planting saffron are among research directions for saffron research and development.

Materials and Methods

This experiment was arranged as randomized complete block design (RCBD) with 10 treatments and three
replicates at the research farm of college of agriculture, Ferdowsi University of Mashhad (latitude 36 and 16
north and longitude 59 and 36 east and altitude 985m) in cropping year of 2012-2013. Ten weight groups of
mother corms were as follows: <2, 2.1-6, 6.1-10, 10.1-12, 12.1-14, 14.1-16, 16.1-18, 18.1-20, 20.1-24 and >24 g
as treatments. Land preparation included primary plough, disc and leveler and then to plot the land as 1x1 m
with between rows 20 cm as plant density of 50 corms.m. Picking saffron flowers occurred in late October as
daily basis and corm lifting occurred in June. Measured characters were, number of corms without flowers,
number of one flower corms, number of double flower corms, number of three flower corms, four flower corms
and higher ones, total number of sister corms, number of sister corms in weight groups of <4, 4-8, 8-12, and >12
g. Data analysis was performed with SAS 9.1 and mean comparisons with duncan’smultiple range test at p <0.0
5.

Results and Discussion

Corm weight is very important in flowering capacity of saffron. So, by increasing weight of mother corm,
number of flowers may improve. Based on results obtained from variance analysis, number of saffron flowers
was affected significantly by weight corms of mother corms (p<0.01). By increasing corm weight number of
saffron flowers increased so that corms less than 2 g produced least flowers and highest number of flowers
related to 20.1-24 and 24 g corms with 1250000 and 1300000 flowers.ha'!. These findings have been confirmed
another place. Findings of this research showed that the most critical factor affecting saffron flowering is corm
weight that is among the few factors affect flowering. We know that there is a positive relationship between
corm diameter and corm weight. Some authors apply corm diameter and some other use corm weight but most
authors use corm weight.

Conclusion
It was concluded that increasing weight of mother corms through increasing number of sister corms caused to

increase number of flowers that finally was followed by improvement of dry stigma. Increasing mother corm
weight had positive effects on all vegetative and reproductive characters of saffron.

Keywords: Daughter corm, Dry weight of stigma, Fresh weight of stigma, Number of flower
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Fig. 3- a) Changes in nitrogen uptake by shoot at different N fertilizer levels, vertical bars show LSDse for each sampling
date. b) Changes in nitrogen concentration of shoots with dry matter accumulation at different N fertilizer levels, dotted lines

indicate data points for each sampling date.
Vertical and horizontal bars show LSDse respectively, for N concentration and dry matter at each sampling date.
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Fig. 4- a) Measured values of nitrogen concentration and shoot dry matter (X) selected based on statistical criteria mentioned

in the text and the critical N concentration (®) for each sampling date. b) Nitrogen dilution curve fitted to the calculated
critical concentrations (solid curve) compared with the reference N dilution curve for wheat (dotted curve)
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Fig. 6- Critical nitrogen uptake curve of wheat compared with the actual nitrogen uptake by plant at different N application

Data points are average of 3 wheat cultivars.
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Vertical bars show LSDsy for each sampling date.
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Fig. 8- Relation between nitrogen nutrition index (NNI) at flowering and grain protein content in the studied wheat cultivars
(CHA=Chamran, GAS=Gascogen, SIO=Sionez)
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Introduction

Crop response to nitrogen (N) is usually evaluated by N use efficiency and diminishing return curves
between vyield and applied N fertilizers. However, both methods are highly variable due to environmental
conditions and are dependent to the amount, timing and type of N fertilizers. Extending the results of such
studies will led to overestimation of crop N requirements as a result of differences in precipitation, temperature
and radiation across locations and years. Therefore optimizing fertilizer use for maximum productivity should be
based on methods with higher certainty. Nitrogen nutrition index i.e. the ratio of actual N concentration in plant
tissues to the critical N concentration is more reliable measure for fertilizer recommendation because of its
stability over environmental fluctuations. However, for development of N nutrition index the critical dilution
cure should be specifically established for each crop. In this papers N nutrition index is estimated for different
wheat cultivars and tested for evaluation of grain yield in response to N application rates.

Materials and Methods

To determine N nutrition index for wheat cultivars, a field experiment was conducted with factorial
arrangement based on complete randomized block design with three replications. Experimental factors included
three wheat cultivars (Chamran, Gaskogen and Sionez) and four N application rates (0, 55, 110 and 170 kg N ha
1). Shoot dry matter and N concentration was measured in five sampling during vegetative growth period. Using
these data critical N concentrations and critical N dilution curves were calculated and compared with the
previously established reference dilution curve for wheat crop. Nitrogen nutrition index (NNI) was then
calculated as the ratio between measured shoot N (%) and the critical N concentration. Using NII grain yield and
protein content of wheat cultivars was compared under different levels of N fertilizer.

Results and Discussion

Critical concentration of nitrogen was slightly underestimated by the curve obtained in this study compared
to reference curve. However, estimated coefficients of the dilution curve were closed to those of reference curve
of wheat crop. Overall, nitrogen deficiency, sufficiency and excess in shoot dry matter were properly described
by the estimated critical dilution and critical uptake curves. All wheat cultivars were nitrogen limited in no
fertilized control and with application of 55 kg N ha however, in 170 kg N ha* shoot nitrogen content was
more than amount required for optimal growth and in 110 kg N ha™* nitrogen uptake was closed to critical values.
In unfertilized control and 55 kg N ha* NNI was lower than 1 during the whole vegetative growth period.
However, in 110 kg N ha™™ NNI was almost 1 and in 170 kg N ha* varied between 1-1.3. A significant relation
was obtained between NNI at flowering and relative yield of wheat cultivars and grain yield of three cultivars
reached to its maximum at NNI between 0.9-1. Grain protein was also linearly correlated with NII at flowering.

Conclusion
Based on the results nitrogen nutrition index calculated from critical dilution curve could be used as a
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powerful tool for precise estimation of crop growth rate, dry matter accumulation, grain yield and protein and to
optimize the amount of N fertilizer required for any predefined yield level.

Keywords: Critical N concentration, Critical N dilution curve, Critical N uptake, Grain yield, Grain protein
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Table 1- Some physical and chemical properties of the soil in the experiment site
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Table 3- Effect of seed rate and the ratio of green pea intercropping with barley on forage yield, dry matter, LER and crude

protein yield
e . e 3,Slos 258les
PGSy 692 517 slacond 7 4dgke 2,8los S Syt i P 092
Qo pie Plant density ratios (LU 3 o) ) i o (b ,3 o)
Plant density Freshyield s 2 o) f;; Crude
m2 (thal) D"({; rrlr;it)ter protein yield
: (t.ha)
100 NEWATE Greenpea 7100 6.22¢ 2.02¢ 1.00% 0.44
100 s> Lo YO+ 5 1o Ve Barley 725 + Greenpea /75 10.81¢ 5.74cd 0.75¢ 0.41
100 s> 4oy e+ 5 o0 Barley 750 + Greenpea 750 13.43bcd 5.71« 0.72¢ 0.39'

- 9 doyd Ve Barley 7100 18.562 9.48? 1.00% 0.52¢
150 JNESEWRE P Greenpea 7100 6.10¢ 2.1¢ 1.00% 0.48f
150 5 4o O+ i asp Yo Barley 725 + Greenpea /75 14.40¢¢ 7.09% 0.95° 0.55P
150 s dop 0+ s aspnb.  Barley 750 + Greenpea 750 13.65h 6.640cd 0.85¢ 0.40¢
200 NESEWAT P Greenpea 7100 6.42¢ 2.19¢ 1.00% 0.431
200 s> Lo YO+ 5 1o V0 Barley 725 + Greenpea /75 10.48¢ 5.34d 0.84¢ 0.431
200 s> 4oy e+ 5 o0 Barley 750 + Greenpea 750 14,59 7.490 0.94b 0.54¢
250 JIESRVER P Greenpea 7100 5.58¢ 2.11¢ 1.00% 0.469
250 s o YO+ i aspnva  Barley 725 + Greenpea /75 16.62 7.92b 1.118 0.612
250 5 dop 0+ i aspnde  Barley 750 + Greenpea 750 12,73 7.77° 0.96° 0.50¢
300 JNESEWAT P Greenpea 7100 6.07¢ 2.25¢ 1.0020 0.48f
300 s> o YO+ 5 aspn Ve Barley 725 + Greenpea /75 14.44b¢ 7.280 1.192 0.612
300 5 oy 0o+ s o o.  Barley 750 + Greenpea 750 13.19bcd 6.35bcd 0.87¢ 0.41

sl g 70 Jlosnl paws )3 (SO 39y 4 o iz (glel VS SEB S yrie s S JBlis gyl (ol Siliest
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Table 4-Effect of plant density and seed ratio of chickpea intercropped with barley on forage yield, dry matter, LER and
crude protein yield and LER

s o ST adgle 3 Slos L _r
) mff Wgp 51,5 S p Subs adgle 3,Slos QB (g 5 Slos
Elrere Plant density ratio . . (LU 53 o) O3 Sl (LU 53 o)
Plant (LU 4 o) LER invyi
density per : Dry matter Crude protein yield
ity FOE?%Z X;eld (thal) (t.ha?)
100 Gl dbgle 3955 a0 > V- Field pea 7100 6.999" 2.55f 1.00% 0.52¢fg
100 gl o aop¥o 725+ Field peairs g g pa 7.5 0.82° 0.60¢
9 o YO+ Barley
100 ul dsle 355 103 0- 750 + Field pea 750 13.3g2cd 7 o1te 1,05 0.48%%
9 dop Ot Barley
- o> doyd Ve Barley 7100 15.178 8.462 1.00% 0.419
150 Gl dbgle 3955 a0 p> V- Field pea 7100 8.12f 3.12¢f 1.00% 0.47¢f9
| 48 >0 Yo Y i Y,
150 e g aop V0 725+ Field pea 775 15.452 7.79% 1.09% 0.71%
9 o YO+ Barley
150 Sl sl og5ssop 0 /50 + Field pea’s0 o e 6.60b¢ 0.96° 0530
9 dopd Ot Barley
200 Gl dbgle 3556 a0 )3 V- Field pea 7100 11.81% 3.59¢f 1.00% 0.75°
| 48 >0 Yo Y i Y,
200 e g aop 0 725+ Field pea 775 10.21¢f 5.53¢ 1.26° 0.59¢e
9 o YO+ Barley
e sus s de . .
200 Gl ddgle 3550 Aoy 750 + Field pea 750 13.612cd 7 04t 113 0.550f
9 hoyd Ot Barley
250 Gl dbgle 3556 d0p3 V- Field pea 7100 7.931 3.15¢f 1.00% 0.78°
| 48 >0 Yo Y i Y
250 e g aop V0 725 + Field pea 775 1473 7.75% 121 0.942
9 do > YO+ Barley
| e 5 hos e . X
250 & ddgle 3956 Loy 750 + Field pea 7,50 13,9620 5 69¢ 0.90 0.4619
97 hopd Bt Barley
300 &l ddgle 3955 a0 )3 V< ¢ Field pea 7100 8.61M 3.73¢° 1.00% 0.80°
| dbgle 3956 2oy VO i ;
300 Gl adgle 3550 Aoy 725 + Field pea 775 12 9300 6,520 0.93" 0.57%f
9 do > YO+ Barley
| ibde s ot . X
300 e apmsopor 750« Fleldpea S0 ) fou 8.51° 1.03% 0.56%"
97 Ao Ot Barley
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*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Table 5- Mean comparisons of plant density and seed ratio of hairy vetch intercropped with barley on forage yield, dry
matter, LER and crude protein yield

5 digy o513 i adgle 3,Slos .
. Gyr o515 S 7 e d5lee s PR OIR I PR S
epf’: Plant density ratios (565 3 o¥) (65 55 o) oo (56 3 o)
q _z;m Forage yield S LI;R Crude protein yield
ensi %’ per (tha) Dry matter (tha?)
m (tha?)
100 slasg J5 Salo x> Ve Hairy 7100 502" 1.55¢ 1.00 0.33"
vetch
Yo+ gl J5 Séle awy» VO Hairy vetch %75
100 i J ’ Y Vel 15.28™ 6.58" 1.02% 0.61%
2 doyd Barley 725 +
Ot gl J5 Sile awy 0+ Hairy vetch 750
100 s & ’ y Vel 17.69° 6.17° 1.08° 0.69°
9> oy Barley 750 +
- & dop Ve Barley 7100 21.06° 9.28° 1.00° 0.61°
150 slasg J5 Salo x> Ve Hairy 7100 6.54¢ 911 1.00° 0.430
vetch
Yo+ lases J5 Séle awy» VO Hairy vetch 775
150 i J ’ el 17.36% 6.95 1.15° 0.64%
2 doyd Barley 725 +
Ot gl J5 Sile awy 0+ Hairy vetch 750
150 s & ’ y Vel 15.36 7,420 0.94% 0.511
9> oy Barley 750 +
200 byt 5 Stledopp - Hairy 7100 7.6 2374 1.00° 0.50%
vetch
Yo+ clases J5 Sl aop Vo Hairy vetch 775
200 hiss J ’ YV 150 6.36™ 1.00° 0.53°
92 doyd Barley 725 +
Dot glases 5 Sile aoyd 0+ Hairy vetch 750
200 his S ’ Y Vel 17170 7740 1.10° 0.53¢%"
9> oy Barley 750 +
250 ladgh J5 Silo o) Hairy 7100 7.73 2.77° 1.00° 0.58%f
vetch
Yo+ clases J5 Sl aop Vo Hairy vetch 775
250 s & ’ y el 12.41° 6.05° 0.89° 0.511
9> oy Barley 725 +
Dot slases 5 Sile aoyd 0+ Hairy vetch 750
250 sl &5 ? el 16.16™ 7.39% 0.95% 0.60%%
9 doyd Barley 750 +
300 slasgs J5 Silo doyd Voo Hairy 7100 8.7t 2 gg 1.00° 0.61%
vetch
Yo+ lasgs J5 Sl aop YO Hairy vetch 775
300 his F ’ Ve 14.55% 6.430 0.92% 0.501
9> oy Barley /.25 +
D+ (asgs IS Sisle aoy b+ Hairy vetch 750
300 hiss F ’ Ve 17.62° 7.47% 1.16° 0.86°
& Aoyd Barley 750 +

sl e 70 Jlosnl gaws j3 (SO B9y 4 o sime (g lol MBS SEB S o s S Bl (s (ol Siliest
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Table 6- Mean comparisons of plant density and plant density ratio of hungarian vetch intercropped with barley on forage
yield, dry matter, LER and crude protein yield

JD A9y oSTyS Wy STy SBCuw 5 oadgle 3 Sles SWiA adgle 5 Slos . 2O 0) B gy 3,Slos
&0 re Plant density ratios ()m 5 C’S) ()m 5 ‘}‘,‘) om0 2 ()L:S.a,
Plant density Forage yield Dry matter - e Crude protein yield
LER
per m? (t.ha?) (t.ha™) (t.ha?)
Sela duoy> Vo v ian ; .
100 e Hungarian 7100 7.05" 2.359 1.00 0.49%
&)bre vetch
Seile 2oy YO
100 v: . Hungarian 75 16.27° 8.54° 0.95° 0.70°
oy . . . .
IO Barley /25 + vetch
P
Silo ¢y duoyd O+ -
100 o Lo Hungarian 750 19.452 10.552 1.132 0.772
ot . . . .
R G Barley /50 + vetch
9?
- 9 doyd Ve Barley 7100 18.07° 9.972 1.00%® 0.579
Sile a3 Vo ian : -
150 e Hungarian 7,100 6.61 2.729 1,00 0.52i
&)bre vetch
Seile 2oy VO
150 v: . e Hungarian 775 14.15%f 8.28° 0.91° 0.73°
oy . . . .
IO Barley /25 + vetch
9?
Silo oy duoyd O+ L.
150 bt o UNGATiAN7S0 14.19% 6.83% 107 0.73°
o+ . . . .
R A e Barley 750 + vetch
P
Slo duoy3 Vo e ian ;
200 o2 Hungarian 7100 757" 2,659 1.00% 0.56"
&)bre vetch
Silo Yo
200 Y:)J (ES9 Hungarian 7,75 14.079%f 7.03¢% 0.89° 0.71¢
oy . ) . .
’ i Barley 725 + vetch
9?
Silo BRI L.
200 o (ES9 Hungarian 750 13.07¢ 7.44% 0.82° 0.55'
-t i
HoP BT 2 Barley 750 + vetch : : ’ ’
P
TR ian . :
250 o2 Hungarian 7100 7.48" 2.649 1.00% 0.52
&)bre vetch
Sile )
250 \':D)J s Hungarian 7,75 12.91f 6.63° 0.79° 0.68¢
+ . . . .
e IR G Barley 725 + vetch
5
Sl 2o ys 0
250 : M)Lm Hungarian 7,50 14.32¢% 7.81% 0.87°¢ 0.70¢
-+ . . . .
e Gt e Barley 750 + vetch
9'>
Selo duoy> Vo v ian ;
300 e Hungarian 7100 8.39%" 2519 1.00% 0.46"
&)bre vetch
Siblo o yd YO N
300 Lo YO+ ¢)lxe Hungarian 775 9.289 5.51f 0.67¢ 0.48'
IO Barley 725 + vetch ' ' ' '
bl
Sl 2o ys 0
300 o Pungarian /50 14.39° 7.47% 0.93° 0.58"
—+ . AT7¢ . .
e Gt e Barley 750 + vetch
b

sl o 0 Jlosnl gaw 53 (SOl 39y 4 I sime (ol BMS] MBS yrie By S JBlas (il (ol btk
*Means with the same letter for each stage are not significantly different based on Duncan’s Multiple Range test; P<0.05.
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Introduction

Cereals and legumes are considered as important forage crops, because of their nutritional value, especially
protein content in legumes and crude fiber in cereals. Intercropping may be a useful strategy to grow crops
simultaneously, offering to improve resource utilization such as solar radiation, nutrients and water during

growth and development. This is also an important method for sustainable crop production, particularly when
inputs are limited. Higher yields have been documented for intercropping of beans and maize, barley and peas,

oats and vetches wheat and peas, and wheat and beans. Using time and space, in addition, improving plant
production methods in terms of environmental and human health, intercropping can increase agricultural
production. In order to increasing soil fertility and improving plant growth and quality, in medicinal plants
cultivation, elimination or reduction of chemical fertilizers, is very important. In terms of competition, this
means that the components are not competing for the same ecological niches and then the interspecific
competition is weaker than the intraspecific competition for a given factor. Intercrops can be more effective than
sole crops in preempting resources used by weeds and suppressing weed growth, because complementary
patterns of resource use and facilitative interactions between intercrop components can lead to a greater capture
of light, water, and nutrients. Several indices such as land equivalent ratio (LER), time equivalent ratio (ATER),
and relative value total (RVT), land utilization efficiency (LUE), relative crowding coefficient (K), and
aggressivity (A) are used to describe the competition and the economic advantage of intercropped plants.

Materials and Methods

In order to study the effect of plant density and intercropping ratio of annual forage legumes includes: grass
pea (Lathyrus sativus L.), field pea (Pisum avestum L.), hairy vetch (Vicia villosa L.) and hungarian vetch (Vicia
pannonica L.) on quantitative and qualitative barley performance in a randomized complete block design with
three replications were conducted in Kurdistan Agricultural Research (Sanandaj) stations under rainfed condition
during 2013 growing season. The treatments included five levels of legume seed densities (100, 150, 200, 250,
300 plant.m™) and four seeding ratios (100% legume, 75% legume + 25% barley, 50% legume + 50% barley and
100% barley).In this experiment, fresh forage yield, dry matter, crude protein yield and land equivalent ratio
(LER) were recorded. The crops were managed according to organic farming practices without pesticide or
fertilizer use. No mechanical weeding was performed after sowing. Combined analysis of variance was
performed using SAS version 9.1 (SAS Institute Inc., Cary, NC, USA) (SAS Institute Inc. 1988). Means of the
treatments were compared, using Generalized Linear Model (GLM) method and the least significant difference
(LSD) test at the 5% probability level. The data showed normal distribution and no transformation was required.

Results and Discussion
Results showed that the highest and lowest fresh forage yield and dry matter yield were obtained from pure
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barley and pure legumes in 100 plant.m? seed density, respectively. Intercropping ratio of 75% field pea+ 25%

barley at 250 plant.m? density and 50% hairy vetch+ 50% barley at 300 plant.m™ density with 0.94 and 0.86

t.ha’! produced maximum crude protein yields, respectively. Intercropping ratio of 75% grass pea+25% barley at

300 plant/m? density, 75% field pea+ 25% barley at 200 plant.m density, 50% hairy vetch+ 50% barley at 300

plant.m2 density and 50% hungarian vetch+ 50% barley at 200 plant.m? density, with 1.19, 1.26, 1.16 and 1.13

LER values, respectively, performed the best efficiency in resources utilization in intercropping system.
Conclusion

Based on these results, it can be concluded that intercropping of annual forage legumes includes: grass pea,
field pea, hairy vetch and hungarian vetch with barley is a way for increasing productivity per unit area.

Keywords: Forage quality, Land equivalent ratio, Poaceae, Yield
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Table 2- Characteristics of used humic acid and fulvic acid
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Introduction

In recent years, the effect of ecological inputs on soil properties and plant growth characteristics has received
renewed attention. Although the utilization of mineral fertilizers could be viewed as the best solution in terms of
plant productivity, this approach is often inefficient in the long-term in tropical ecosystems due to the limited
ability of low-activity clay soils to retain nutrients. Biofertilizer is a substance which contains living
microorganisms which, as applied to seed, plant surfaces, or soil, colonizes the rhizosphere or the interior of the
plant and promotes growth by increasing the supply or availability of primary nutrients to the host plant.
Biofertilizers add nutrients through the natural processes of nitrogen fixation, solubilizing phosphorous and
stimulating plant growth through the synthesis of growth-promoting substances. Biofertilizers can be expected to
reduce the use of chemical fertilizers and pesticides. Humic substances are a group of heterogeneous molecules
that are bonded together by weak forces; therefore, they have a high chemical stability. This material included of
65 to 80 percent of total soil organic matter. Humic acid influences soil fertility through its effect on the water-
holding capacity of the soil. Humic acids make important contributions to soil stability and soil fertility leading
to exceptional plant growth and micronutrient uptake. 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. Echium amoenum is a wild perennial herb and known in Iran
as Ox-Tongue. It is one of the important medicinal plants in Iranian traditional medicine. Petals of Iranian Ox-
Tongue have been advocated for a variety of effects such as demulcent, anti-inflammatory and analgesic,
especially for common cold, anxiolytic, sedative and other psychiatric symptoms including obsession in folk
medicine of Iran. Despite of many researches on the effect of organic acids and biofertilizers on different crops,
information on the effects of these factors for many medicinal plants is scarce, therefore, in this study effect of
eco-friendly inputs in cultivation of Echium amoenum in conditions of Mashhad was studied.

Materials and Methods

In order to evaluate organic acids, plant growth rhizobacteria and different species of mycorrhiza on yield
and yield components of Iranian Ox-Tongue (Echium amoenum), a split plots experiment in time based on
RCBD design with three replications was conducted in 2011-2014 growing seasons, in Ferdowsi University of
Mashhad, Iran. Seven different types of soil amendments and biofertilizers concluded humic acid, fulvic acid,
Nitroxin® (containing Azotobacter spp. And Azospirillum spp.), Biophosphorous® (containing Bacillus sp. and
Pseudomonas sp.), Biosulfur® (containing Thiobacillus spp.), Mycorrhiza (Glomus mosseae), Mycorrhiza
(Glomus intraradices), and no fertilizer as control and agronomic years (2 and 3 agronomic years) assigned to
main and sub plots, respectively.

Result and Discussion

The results showed that the highest dry flower yield obtained in humic acid treatment. Humic acid and fulvic
acid increased seed weight per plant 38 and 25% and seed number per plant 19 and 17% compared to control,
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respectively. Fulvic acid, nitroxin, biophosphorous, biosulfur, mycorrhiza (Glomus mosseae) and mycorrhiza
(Glomus intraradices) increased dry flower yield 27, 20, 4, 26, 30 and 28% compared to control, respectively.
The highest flower and seed harvest index obtained in mycorrhiza (Glomus intraradices) and humic acid
treatments, respectively. It seems that different species of mycorrhiza improved morphological characteristics
and yield of Echium amoenum due to provide better conditions to absorption and transportation of nutrient to the
plant. It has been reported that organic acids provided favorable conditions for plant growth and development
through improvement of physical, chemical and biological properties of the soil, therefore, it can be concluded
that improvement of most of studied traits in the present study were due to use of organic acids.

Conclusion

In general, the findings of this research showed that application of ecological inputs, while increasing yield
and yield components of Iranian Ox-Tongue, can reduce dependence on chemical inputs and their environmental
risks and can be used to develop sustainable agriculture and protect the health of the environment.

Keywords: Biofertilizer, Flower Harvest Index, Health of Environment, Humic acid, Mycorrhiza,
Sustainable Agriculture
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Table 1- Geographical and climate characteristics of the studied regions
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Region Longitude  Latitude  Texture Organic Annual mean Annual ()
(°E) °N) carbon (%)  Rainfall (mm)  mean temperature  Altitude (m)
(°C)
ol 51° 40~ 32°377 s ) 0.41 145 17.02 1551
Esfahan CL
g2 48° 40 310000 e 0.45 192 26.59 226
Ahvaz SiC
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Percentage of the organic matter was obtained by multiplying organic carbon percentage by 1.72. (Jimenez & Garcia, 1992)



VoYX oS adgr (25 sbellss 10 (59,5 B pas a5 (b3,

Joe Hlael cuti (6 y b L1 b i losl -Y Joua
Table 2- Selected experiments for model validation
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y- Normalized-root mean square error
v- Index of agreement
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Fig. 1- Comparison of observed and simulated wheat grain yield in the studied regions
Solid Line (1:1 line) and dotted line are fitted regression line, respectively (n=21).
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Table 4- Pearson correlation coefficient between different variables in the studied regions
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Fig. 3- Soil organic matter and soil mineral nitrogen content as a function of annual precipitation in studied regions
Slope of the regression line is percent of SOM per mm precipitation (a) and SMN per precipitation (b).
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Fig. 4- Biological yield of wheat as a function of precipitation and nitrogen uptake in studied regions
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Slope of the regression line are yield t.ha (a) per g.m nitrogen uptake and yield t.ha'* per kg.kg* NUE (b).

Lol a5 )i 53 (555 pySos Ve o b Joleo a5
OSayws pSebS VooV Lda b )liSa a5 0 Wy )b
3,Slos o ol liie uillg day o a5y gy ol ped HLS 4

O ool ly s 15U 0les e ol e 59 HlAde o

U plisar il 5 Slas Jlade o (S gy B3l

Olyo® Ao YF &S ol )l (5 JS5) o Gl (59,00 Hlade
29 oo Ayl 0l e (y5ey Hlde lawgi 5, Sles ol odmlive
S VIB 3 Slas gy sy ol 2 S0l 3l (RP=IVY)



VA puiS adgr (25 sbellss 30 (59,55 B pas a8 (b3,

Caud 0dmd L & 8lgyd 4 S (NHI) 59,5 by (s ls
0adLd S lyedn a8l e 0ad Ol (955 4 &y ()59
Barraclough et al., 2010; Gastal et al., ) 5)l> 45g a5
o b by ol L adllae ol 5> sdel Cundas ol (2014
(NUE) 039, Gyae (2 5 (NHI) gy cily p jadls
9 ol 5 Sl osel canday golis (Y S5 ) (RZ=4/FY) 3,1 3459
L5 OV/0 1 555 cadly Ladls ke asdllas )90 3blis ,o oS
Ol a S by s oads i3l s b g usie duoyd YY/Y
L eSSy ) oS ey 039y Spae 2L 22y S
Ol bl o ol (59505 Cutlyyy RS LS wo s +[EY il
LB (6 ke CulsS B slde L I oS 0Bl s oo iy
N9y 35 i oy hpae (S ) aal Yol il
pL5)l 4slio L (Abeledo et al., 2008) Ko ¢ gabl sl
o8l oy, 5 45 (Hordeum vulgare L.) g5 oui 8 500>
Byne 21)LS 5 g cuslyy (asls a5 Wby olas oyl
slaalllas u il o (0008 pB) 5l iy g Wi pBYl 40 59555
» (Barraclough et al., 2010) l,LSen golwly ooy a5
el i o Lt s plos] bS] tanels 0lSi)
¥De g¥er oo Be Gy Ly oS o8, YA 5555 Cudly

Dy piie Juoyd AN JIFA aely 13 LS 13 5e,10 p,S5LS

75.00 r
70.00
65.00 r
60.00

NHI (%)

55.00 |

50.00 .

OlSen o STL imgh pols (Fa JS5) sl dalllas 350 bl
O S ob i e o8l ki > (Pathak et al., 2003)
(RZ=418Y) 515 399 (as abasly 59556 w9 paiS &by Wgs
byly s o pasS b 5 SO ) b by oL, Kiegh o)
osalS L 0s S By me ol 8l iaghy cpl 0 aS 0939 L

Y=-0.194X+53.23) 55— oly—ab )59yt By 2o ol ,LS
33, Sdos Lol a8 oly ol sl Canmday @l Ll (R?=0.47
(R%=+/¥2) ol ol yodr y59 5 Byumn o)5 iul5dl bl
L paS oais g Mol pB)) 5l oolatwl a8 sy oo Hlasay (FD JSCS)
9 039 SBpae 2L (m Cute (Suren Sl o 3L Ll 1)
whlS blie 3 5 )Slae i Loy bl ausly ol jonay 1y 5 Slhes
Byae o) LS aaly SO Liol58l a5 conl 1,0k 59555 B yuao
aalllae il dalgs olpamdy 1y aily p,5olSTVFD yiul58l ¢ 5 5
2 paS 3y Shos g (9 Byae (LS Sl 89y (2))
Joe 3 ool b alles Voo Sloj diald p3 4leadS0) situelsy oKty
P pSSYY b jao 5oy Bae Liulidl ol L Sirius
Byao oI5 53, Slee il38l b by Cgllas Loyl (5 )l
5l o)l (Semenov et al., 2007) cowl 035 ol yod ()59 5

4 Oigre Bpae o5 (a3l oMo odd plsl sla yimg

y =0.62x + 47.743
R?=0.47

15.00 20.00

30.00 35.00 40.00

NUE (kg.kg)

addlae 3,90 3bls 3 (NUE) (59 b S paae ()15 51 (omil plgis s @i (NHI) (59 s Condld p2 g L O s -V JSis

Ao (g Spae 2Ll pS5kS 5 p)S oS il io s culby adld do )y s p (yge Sy kS cad
Fig. 7- NHI of wheat as a function of NUE in studied regions
Slope of the regression line is percent of NHI per kg.kg* of NUE.



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 Yy\Y

2l Hhde ansiS amd Hloe b ol olis (& Koocheki, 2014
29 ol b S S 0y caplliipg 1 (595
aSulaib bl o) Kamsh cpl cmicren g doyd Yo/d dgd>
Ab3S amd jlaz (b > gy b b dge pfole
T. ) ul_: ro..\_f u_uy) VY dl)_: [ — Pl_>u‘ 0 e
olds (T turjidum L.) pgye0 pasS g 93 4 (@€Stivum L.
B yae gobw sl Oigrs b s @l @ e o S
PV 00 i LS )3 epis pyS kS YYD 5 VO VO
Dhugga & Waines, ) cowl odgm +/VV=+/A% 4 +/YV=+/¥Y

(1989

058545 B yas sl 1S 51yl SaIls]
L R L N T )
(s ey ol (V) 09,5 50 slia U bl b (59520
2 OFar Spae bl (s plaen g 32y ¢jled (5 Sgpals
Oiar @i (2Ll (s ot JES 53 p T ohS AT el
5 ¥ 5 +I8¥ 55y (NUIE) 539,55 s 5 (NUPE)
Oi9ri Sk WAV Gopme Al b plio sUT ok 5 25
Jas 9 (NUPE) (596 s 0lLS (s ot LS
Nassiri Mahalati ) So58 5 Moo (5 pmas ddllles gl dayl,

addllao 390 (3blio ;3 e (NUE) (359 pini o (21,5 ©lrspo j9ime 50 () (slia] 51 Sy 2 oo —0 Joui>
Table 5- Contribution of the component traits to the sum of squares of NUE of wheat in the studied regions

RPN (682 ;5 0,5 9kS) b pre (359 50 el mew
Com ément Log N-Applied Fraction of components ~ TyXi  SxifSy
P (kg.ha") Y Xiylyy?
039 Span 2 i ) ) )
NUE
i o S 80-120 0.64 0.820 0.780
NUpE x 121-160 0.33 0.685 0.482
iy s ol 80-120 0.36 0.616 0.584
NUtE X2 121-160 0.67 0.878 0.763

e oobatil glaaiy o Lol gy 00 Jlabdy (5365 Jeol el
ul_w) L.tbu_.w))g P Lol o.))_f e I) Lgl.tb@l)i.s SI9
uwl)_Ql (o ob.o.tb LQ(} L 9 r d).aaa (_s"‘)l'{ dgube LY And o
Slil 4 LIS s g yials aSl g dales (oolasBl dgu
Gaju ) cuslh salgs olyendy 551y o AJg Joao p)SolS o
2hlS 4 ol i adlas oyl 5l osel Cawdas @l (et al., 2011
SV T osle (sgioes b paiS 055 clopllsps: )3 (i o
sbopllas ) iy GBS g jlyed wle (10> S (solume b yidin)
5 oleySaile (50.4%) Sk LJ oo yioS (ggizme b puiS (ca)gs
S Josle doyd (390 jieS oy go ylaias andl il o b5
s (S 5 baylyd 51 olyen (S 0.6%) J8lus sl

Bpan Copde glapiie dallas cpl 3 Jho (295 bl

it LS s e ol 301 5 05 s Jlo 5 03920
(V) 095 paS slaplsipss o e (oL L awslis ) 59,0
0D (Nied Guyd oy dagi b dw) o Jlaiay byl
s S (1093 pL0.01) i LS 5 o cadlay,
Ol izmen il YL (V) 09,5 L dglie )3 (V) 095 (sadgs
Wbl yidn o 2L waew & aalypd 53 4531 s9g llasl
ka5 QL e &5 (G903 9 (=) St Copde (i
A8l 153 st Cuenl Sl gy Mol 3 paly Al iy

S 5 4ol

Sl oy crmp Fars ke g il edliul s ya



VAY oS adgs (25 bellss 50 (59,55 B pas a8 (b3,

Fageria & ) oS Lol 5355 il odlaiwwl Slojen pas Ly
slaccabse plos (gl 358 819, B pae 4 (Baligar, 2005
S 339290 (g (el g5 -ty e )i Sl
olol 5o By 3055 3, cules o 5 (Hurley et al., 2004)
20,8 oLl (Sylvester-Bradley et al., 1990) »,Sloe i3l
232 Oiare ki S & slapllsipg: Sl 4y ol > hlée
Cdbby et s (Siued Y oy 4 dog b asl o L
Lacigi el (r=0.93 p<0.01) Lo ohLsS o 595
Gy 0l iy sl Kaly dlas 1 &ly cunS oli8l jelatea

SLBb e 59y Bpan (o) Do

Jily (35 only o gl 53 &5 8L il )18 095
L 5 hors Spae bl 250 Bl baplas 4igS ol )3 Mg
o3l (g9 Ly (slapllas ;o blio j> .09 dled anlan cudgise
)_M.u 31_29.1 b LS{\)K dgube Olfwl gulélb d;Lw] & )’\ )M,w ‘_ﬁ
Wy opl 0 sl algs deng i Buas oS gl jo
@S il p & e Jelse opploe jl by ol 5> il

cipno Gllad @ g5 o Db S50 lapllaipss )3 ()59 ol

&l

Abeledo, L.G., Calderini, D.F., and Slafer, G.A. 2008. Nitrogen economy in old and modern malting barleys. Field
Crops Research 106: 171-178.

Alijani, F., Karbasi, A., and Mozafari Mosen, M. 2011. Survey of the effects of climate change on yield of irrigated
wheat in Iran. Agricultural Economic and Development 76:143-167.

Annabi Milani, A., 2007. Interaction of irrigation regimes and nitrogen sources on grain yield and water use efficiency
of wheat. Journal of Agroecology 2: 43-56. (In Persian with English Summary)

Ayneband, A., Moezi, A., and Sabet, M. 2011. The comparision of nitrogen use efficiencies in old and modern wheat
cultivars: Agroecological results. American- Eurasian Journal Agricultural Environmental Science 10: 574-586.
Bahrani, A., and Tahmasebi Sarvestani, Z. 2007. Effect of rate and times of nitrogen application on accumulation and

remobilization efficiency of flag leaf in two wheat cultivars. Journal of Water and Soil Science 11: 147-155. (In
Persian with English Summary)

Bakhshaie, S., Rezvani Moghaddam, P., and Goldani, M. 2014. The effects of nitroxin and nitrogen fertilizer on yield
and yield components of winter wheat (Triticum aestivum L.). Iranian Journal of Field Crops Research 12: 360-368.
(In Persian with English summary)

Barraclough, P.B., Howarth, J.R., Jones, J., Lopez-Bellido, R., Parmar, S., Shepherd, C.E., and Hawkesford, M.J. 2010.
Nitrogen efficiency of wheat: genotypic and environmental variation and prospects for improvement. European

Journal of Agronomy 33: 1-11.

Bruinsma, J. 2009. The resource outlook to 2050. Expert meeting on how to feed the world in 2050. FAO.

Cassman, K.G., Dobermann, A., and Walters, D.T. 2002. Agroecosystems, nitrogen-use efficiency, and nitrogen
management. AMBIO: A Journal of the Human Environment 31: 132-140.

Conant, R.T., Berdanier, A.B., and Grace, P.R. 2013. Patterns and trends in nitrogen use and nitrogen recovery
efficiency in world agriculture. Global Biogeochemical Cycles 27: 558-566.

Dawson, J.C., Huggins, D.R., and Jones, S.S. 2008. Characterizing nitrogen use efficiency in natural and agricultural
ecosystems to improve the performance of cereal crops in low-input and organic agricultural systems. Field Crops
Research 107: 89-101.

Deihimfard, R., Mahallati, M.N., and Koocheki, A. 2015. Yield gap analysis in major wheat growing areas of
Khorasan province, Iran, through crop modelling. Field Crops Research 184: 28-38.

Delgado, J., and Shaffer, M. 2008. Nitrogen Management Modeling Techniques: Assessing Cropping
Systems/Landscape Combinations. Elsevier Inc.


http://jstnar.iut.ac.ir/search.php?slc_lang=en&sid=1&auth=Z.Tahmasebi+Sarvestani
http://jstnar.iut.ac.ir/files/site1/user_files_df6acd/godadmin-A-10-2-693-839f4d3.pdf
http://jstnar.iut.ac.ir/files/site1/user_files_df6acd/godadmin-A-10-2-693-839f4d3.pdf

\ray ﬁb Fojlods Ve ol (55 9L0s G.»LI.& P9 A yuiad Y\¥

Dhugga, K.S., and Waines, J. 1989. Analysis of nitrogen accumulation and use in bread and durum wheat. Crop
Science 29: 1232-1239

Fageria, N., and Baligar, V. 2005. Enhancing nitrogen use efficiency in crop plants. Advances in agronomy 88; 97-185.

Farshid, R., Zamani, G., Behdani, M., and Sahrai, E. 2012. Effects of salinity and nitrogen application methods on yield
and yield components of wheat (Triticum aestivum L.). Iranian Journal of Field Crops Research 10: 18-24. (In
Persian with English Summary)

FAOSTAT. 2013. Crop production Statistics. Food and Agriculture Organization Rome. Available online at:
www.faostat.fao.org

Foth, H.D., and Ellis, B.G. 1997. Soil Fertility. CRC Press, Inc. USA.

Foulkes, M., Hawkesford, M., Barraclough, P., Holdsworth, M., Kerr, S., Kightley, S., and Shewry, P. 2009. Identifying
traits to improve the nitrogen economy of wheat: recent advances and futureprospects. Field Crops Research 114:

329-342.

Gabarron-Galeote, M.A., Trigalet, S., and van Wesemael, B. 2015. Soil organic carbon evolution after land
abandonment along a precipitation gradient in southern Spain. Agriculture, Ecosystems & Environment 199: 114-
123.

Gaju, O., Allard, V., Martre, P., Snape, J., Heumez, E., LeGouis, J., Moreau, D., Bogard, M., Griffiths, S., and Orford,
S. 2011. Identification of traits to improve the nitrogen-use efficiency of wheat genotypes. Field Crops Research
123:139-152.

Gastal, F., Lemaire, G., Durand, J.L., and Louarn, G. 2014. Quantifying crop responses to nitrogen and avenues to
improve nitrogen-use efficiency. Crop Physiology—Applications for Genetic Improvement and Agronomy, 2" Edn.
Academic, Elsevier, 161-206.

Gerami, F., Aynehband, A., and Fateh, E. 2013. Effect of green manures and nitrogen fertilizer levels on early growth,
yield and yield components of wheat (Triticum aestivum L.). Journal of Sustainable Agriculture and Production

Science. 23: 1-17. (In Persian with English Summary)
Greenwood, D., Gastal, F., Lemaire, G., Draycott, A., Millard, P., and Neeteson, J. 1991. Growth rate and %N of field

grown crops: theory and experiments. Annals of Botany 67: 181-190.
Group, F.F.O.W. 2012. Current world fertilizer trends and outlook to 2016. Food and Agriculture Organisation, Rome.
Available online at: ftp:/ftp. fao. org/ag/agp/docs/cwftol6.

Hurley, T.M., Malzer, G.L., and Kilian, B. 2004. Estimating site-specific nitrogen crop response functions. Agronomy
Journal 96: 1331-1343

Hirel, B., and Lemaire, G. 2006. From agronomy and ecophysiology to molecular genetics for improving nitrogen use
efficiency in crops. Journal of Crop Improvement 15: 213-257.

Hosseini, R., Galeshi, S., Soltani, A., and Kalateh, M. 2011. The effect of nitrogen on yield and yield component in
modern and old wheat cultivars. Electronic Journal of Crop Producation. 4:187-200. (In Persian with English

Summary)
Hosseini, R., Galeshi, S., Soltani, A., Kalateh, M., and Zahed, M. 2013. The effect of nitrogen rate on nitrogen use

efficicency index in wheat (Triticum aestivum L.) cultivars. Iranian Journal of Field Crop Research 11: 300-306. (In
Persian with in English Summary)

Jiménez, E.l., and Garcia, V.P. 1992. Relationships between organic carbon and total organic matter in municipal solid
wastes and city refuse composts. Bioresource Technology 41: 265-272.

Khasseh Serjani, A., Farahbakhsh, H., Ravari, S.Z., Pasandipoor, N., and Karami, A. 2011. Evaluation the effect of
biological, zinc sulphate and nitrogen fertilizer on quantitative and qualitative characteristics of wheat yield. Iranian

Journal of Soil Research 25: 125-135. (In Persian with English Summary)
Lal, R. 2010. Beyond Copenhagen: mitigating climate change and achieving food security through soil carbon

sequestration. Food Security 2: 169-177.
Linacre, E.T. 1977. A simple formula for estimating evaporation rates in various climates, using temperature data alone.


http://www.faostat.fao.org/

VIO puiS adgi (o)) sLapllii ) 595k B pao (135 23!

Agricultural Meteorology 18: 409-424.

Mdhej, A., Naderi, A., Imam, Y., Aynehband, A., and Normohamadi, G. 2009. Effect of different nitrogen level on
grain yield , grain protein content and agronomic nitrogen use efficiency in wheat genotypes under optimum and
post- anthesis heat stress conditions. Seed and Plant Production Journal 25: 353-371. (In Persian with English
Summary)

Mikanova, O., Simon, T., Javirek, M., and Vach, M. 2012. Relationships between winter wheat yields and soil carbon
under various tillage systems. Plant, Soil and Environment 58: 540-544.

Moll, R., Kamprath, E., and Jackson, W. 1982. Analysis and interpretation of factors which contribute to efficiency of
nitrogen utilization. Agronomy Journal 74: 562-564.

Nassiri Mahalati, M., and Koocheki, A. 2014. Trend analysis of nitrogen use and productivity in cereal production
system of Iran. Journal of Agroecology 6: 1-25. (In Persian with in English Summary)

Oelofse, M., Markussen, B., Knudsen, L., Schelde, K., Olesen, J.E., Jensen, L.S., and Bruun, S. 2015. Do soil organic
carbon levels affect potential yields and nitrogen use efficiency? An analysis of winter wheat and spring barley field

trials. European Journal of Agronomy 66: 62-73.
Paponov, I., Aufhammer, W., Kaul, H.P., and Ehmele, F.P. 1996. Nitrogen efficiency components of winter cereals.
European Journal of Agronomy 5: 115-124.

Parton, W. 1996. The CENTURY model. Evaluation of soil organic matter models. Springer p. 283-291.

Parton, W., McKeown, R., Kirchner, V., and Ojima, D. 1992. Users guide for the CENTURY maodel.
Parton, W.J., and Rasmussen, P., 1994. Long-term effects of crop management in wheat-fallow: I1l. CENTURY model

simulations. Soil Science Society of America Journal 58: 530-536.

Pathak, H., Aggarwal, P., Roetter, R., Kalra, N., Bandyopadhaya, S., Prasad, S ,. and Van Keulen, H. 2003. Modelling
the quantitative evaluation of soil nutrient supply, nutrient use efficiency, and fertilizer requirements of wheat in
India. Nutrient Cycling in Agroecosystems 65: 105-113.

Pourazari, F., Ehsanzade, P., and Jahanbin, S. 2011. Response of hulled tetraploid wheats to nitrogen deficit stress in
comparison to macaroni wheat. Iranian Journal of Field Crop Science 42: 285-294. (In Persian with English
Summary)

Sainju, U.M., Lenssen, A.W., Caesar-TonThat, T., and Evans, R.G. 2009. Dryland crop yields and soil organic matter

as influenced by long-term tillage and cropping sequence. Agronomy Journal 101: 243-251.

Sanjani, S., Koocheki, A., and Nassiri Mahallati, M. 2012. Quantifying yield potential and yield gap for corn (Zea
mays L.) in the Northeast Iran. International Journal of Agriculture and Crop Sciences 22: 1692-1700.

SAS, 2002. Procedures Guide. SAS Institute, Cary, NC.

Semenov, M.A., Jamieson, P.D., and Martre, P. 2007. Deconvoluting nitrogen use efficiency in wheat: a simulation
study. European Journal of Agronomy 26: 83-294.

Shaffer, M.J., Ma, L., and Hansen, S. 2010. Modeling Carbon and Nitrogen Dynamics for Soil Management. CRC
PressUSA. 651.

Shahabifar, M., and Daryashenas, A. 2004. Increase of N use efficiency in wheat fertigation method by optimum split N
at growth stage. Agricultural Research, Education and Extension Organization. Soil and Water Research Institute.
44674. (In Persian with English Summary)

Statistical Year Book. 2013. Department of Agricultural Statistics. Jihad-e-Agriculture Ministry. 167pp. (In Persian)

Sylvester-Bradley, R., Stokes, D., Scott, R., and Willington, V. 1990. A physiological analysis of the diminishing

responses of winter wheat to applied nitrogen. 2. Evidence. Aspects of Applied Biology 25: 289-300.

Taghipoor, F. 2005. The effect of nitrogen sources on the yield and quality of wheat. Agricultural Research Education
and Extension Organization 84-955. (In Persian with English Summary)
Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R., and Polasky, S. 2002. Agricultural sustainability and intensive

production practices. Nature 418: 671-677.
Van Sanford, D., and MacKown, C. 1986. Variation in nitrogen use efficiency among soft red winter wheat genotypes.



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 \AV4

Theoretical and Applied Genetics 72: 158-163.

Wallach, D., and Goffinet, B. 1989. Mean squared error of prediction as a criterion for evaluating and comparing
system models. Ecological Modelling 44: 299-306.

Weih, M., Asplund, L., and Bergkvist, G. 2011. Assessment of nutrient use in annual and perennial crops: A functional
concept for analyzing nitrogen use efficiency. Plant and Soil 339: 513-520.

Willmott, C.J. 1982. Some comments on the evaluation of model performance. Bulletin of the American Meteorological
Society 63: 1309-1313.

Yang, J., Yang, J., Liu, S., and Hoogenboom, G. 2014. An evaluation of the statistical methods for testing the
performance of crop models with observed data. Agricultural Systems 127: 81-89.



Journal of Agroecology jo=xl S3gLaS (owld pgr @ p35
Vol. 10, No.3, Fall 2018, p. 699-718 N () FA-YIA .o ITAY ol ¥ 0yleds e ol

Evaluation of Nitrogen Use Efficiency in Wheat (Triticum aestivum L.) eat
Cropping Systems of Iran

H.R.Tavakkoli Kakhki!, M. Nassiri Mahallati 2", A. Koocheki 2, M.Jahan® and A. Beheshti 4
Submitted: 13-03-2016
Accepted: 03-08-2016

Tavakoli Kakhki, H.R., Nassiri Mahallati, M., Koocheki, A., Jahan, M. and Beheshti, A. 2018. Evaluation of
nitrogen use efficiency in wheat cropping systems of Iran. Journal of Agroecology. 10(3):

Introduction

Nitrogen fertilizers, plays an essential role in crop production and additionally its application has
environmental drawbacks. So, nitrogen dynamics between cropping systems and environment is one of the most
important agronomic management practices. Improving nitrogen use efficiency (NUE) is an important target in
wheat cropping systems, it increases profitability through greater yields and reduction of the greenhouse gas
emissions associated with the production and it could be reduce environmental hazards. There are many
definitions related to NUE in the context of crop production and as well as in the literature review. One of the
fundamental definition related to Moll et al (1982). According to Moll et al. (1982) definitions’ NUE as grain
dry matter yield per unit of nitrogen available from the soil and fertilizer and divided it into two components 1-
Nitrogen-uptake efficiency that is crop nitrogen uptake to nitrogen available and 2- Nitrogen-utilization
efficiency which is grain dry matter yield to crop nitrogen uptake. Wheat is one of the most extend cultivated
crops in the world. It is estimated in Iran, about 2.3 million ha of wheat cropping systems are under irrigated
cultivation. The specific objectives of the present study were to 1- investigation and analysis nitrogen use
efficiency variations and its components in wheat cropping systems by using simulation model.2-Determine how
nitrogen use efficiency and its components (component analysis) is affected by nitrogen fertilizer levels.

Materials and Methods

We used CENTURY model to evaluate nitrogen use efficiency in wheat cropping systems. For this purpose
14 wheat cropping system from different locations were selected. Soil data was collected from Soil and Water
Research Institute and weather data from 2000 to 2014 were obtained from Iran Meteorological Organization for
14 selected stations.The CENTURY model simulates the long-term dynamics of Carbon (C), Nitrogen (N), for
different Plant-Soil Systems. The model can simulate the dynamics of agricultural crop systems. The crop
systems have different plant production submodels which are linked to a common soil organic matter submodel.
The soil organic matter submodel simulates the flow of C, N through plant litter and the different inorganic and
organic pools in the soil. CENTURY model runs in monthly time step with calculating monthly precipitation
(cm), monthly mean of minimum and maximum temperature (c®), site latitude and longitude, sand, silt and clay
(%), soil bulk density (g/cm?®), rooting depth (cm), C and N content of the top 20 cm of soil and management
information such as planting date, first and last month of wheat growth, number and amounts of fertilization,
amount of irrigation water and its schedules are required. For model validation we used three statistical measures
including Normalized Root Mean Squared Error (nRMSE), Willmott (1982) index or (d index) and linear
regression coefficients between actual values and predicted values.

Results and Discussion

Results, revealed that average nitrogen use efficiency in wheat cropping systems of Iran was 28.3 kg grain
per kg of nitrogen applied. The highest and lowest mean nitrogen use efficiency were 36.02 and 21.26 kg grain
per kg N that observed respectively in (Tabriz, Shiraz, Gorgan) and (Kerman, Zabol, Birjand). Regression of
nitrogen use efficiency vs. yield showed that with increasing nitrogen use efficiency, yield is raised (b=0.14 kg
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kg?). Separation of nitrogen use efficiency to its components indicated that on range of value (80-120 kgha?)
use of nitrogen, relative contribution of nitrogen uptake and utilization efficiency separately were 64 and 36
percent. When use of nitrogen fertilizer was increased up to value (121-160 kg ha?) relative contribution of
nitrogen uptake and nitrogen utilization was changed to 33 and 67 percent, respectively.

Conclusion

It seems that, when in cropping system nitrogen uptake will be dominant, agronomic management practice
and in versus, if nitrogen utilization efficiency will be more important choice of superior cultivars are
emphasizes the improvement of nitrogen use efficiency.

Keywords: components analysis efficiency, correlation, utilization efficiency, uptake efficiency, simulation
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Table 2- Chemical characteristics of the Wheat residues
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Fig. 1- Effects of incubation periods of plant residues on organic carbon loss
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Table 3- Analysis of variance (Mean of Squares) showing the effects of incubation periods, depth of placement and size of
wheat residues on dynamics of organic carbon and nitrogen
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Fig. 2- Effects of incubation periods of plant residues on organic nitrogen loss



\vay ).ub Fojlods Ve ol (55 9L0s wL;..:; P9 A yuiad \ARd

s
= 0.0181 a
84~ 00161
Q.
Ez 00141
QT
g~= 00121
o -
c & 00101
o H
ac 0.0081
~ O
S < 0.0061
O =
g E 0.0041
> 0.0021
p .
@) 0.0001
1st month

2 nd month

3 rd month 4 th month

Incubation time intervals

I o0 4325 G g Sl Glime 12 willes Sloj glojly il -1 U
Fig. 3- Effects of incubation time intervals on organic carbon decomposition rate constant

=
3 0.0181
(%2}
c S 00161
% o
S 00141 X
— —~
= © $70.0121
>
o5 & o.0101
C - N
G = ~70.0081
o
S g 0.0061
S 0.0041
g 0.0021 .bc c
© .
0.0001 °
1st month 2 nd month 3 rd month 4 th month

Incubation time intervals

I 03950 4325 E pu Sl e 31 bl Sloj soojl il -€ U
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Fig. 5- Effect of residues placement depth on organic carbon loss
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Fig. 8- Effects of residues placement depth on organic nitrogen decomposition rate constant
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.

Loaly :Ske dunlis puicrod (V9 sl JS5) 39y duoyd YO/

I G9r 9 S 48 Gy Sl e iy o Bl LS
rreS gy ol 3 (M) e VY g /Y lie & iy
e do ciian I o3ors 5 oS w50 e ol ke
cla JS3) as ol S5 ojlil o (M) o/ FF g [NV
200,8 oly (Tarafdar et al., 2001) l,ISen 4 jlid,b (VY 5 1)
@l sl 5 0 b Ll L S Lol Ll o3lul zals L a5
&9 4 prie yol pl & oo 11 ST o sl 3 Ll
A (2955 dnsly Jly (qwyiwd 9 S 4o sl s
)1 olyenay Iy (alS (Ll e 4 jod «ules ) & 25000 Ll

O (Fne Cas s & 203 ()15 Gl I pdm Jilie 5

<, ¢ (Glycine max L.) bgw alS Ll gg5 95 J op)S
55 olod & Caus 2zily HI,8 SB pdaw 45 45 (Zea mays L)
dnoly (g pod bl 135 0 blse S &5 alS Ll

(Lietal, 2013) 39y yiius iolj oyjonS] & (29500

9 IS @b 508 (e s (oALS (saliy 030 55l
QiR o s ol g (AT 5 a0

oy g Jlein] pdaw 55 (6yly gine L3l alS Ll o5l

ool dnjos copm o g 059508 5 008 €850 oliee 5

sbojlasl sl J (3958 9 (S 8y e (Y Jia) sl



YYV T e 9 oS Saolys (8L sl o 3> Gos g o3Il 13T

Ly ol Jds a8 590 1568 50 (slovoluil & Cns yio Lo +/¥D
Simsetal., ) 55,8 ol SB sussls b als sbls cus
(1970
5 Ll 050l (g iSls os 4w o ailSey lizs ol gl
cab g J ol 5 oS oy i 2 ol ploj s

¥ Jgz) 55 o sins oyl 4525 oo pus

Organic carbon loss
(%)

b
50
49
48

P as ol flis 55 6,50 Limgh gbs (Tarafdar et al., 2001)
(55l +[-Y) 5iSasS S 5 Ll 41550 oo oo obsS
e s 3 Lol gyt (6 yta 8o B) S5 Gl & Cos
sanliiio Cilseo o5l b GblE: 358 Caepu o (I8 (59, YY)
(s Sy a8 ol ol ldae (Igbal et al., 2011) 15,55
il (LS Ll gojlasl (ials b (S aSlie B A
3 S p ks L (alS bl p ol adgs oy S 55 Ll cdly

il

Coarse

Average Fine

Size of plant residues

I 05 85,00 lime 1 ALS Ll S5 0511 1 - A IS
Fig. 9- Effects of size of plant residues on organic carbon loss
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Fig. 11- Effects of size of plant residues on organic carbon decomposition rate constant
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Fig. 12- Effects of size of plant residues on organic nitrogen decomposition rate constant
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Means with the same letter are not significantly different at 5% level of probability based on Duncans test.
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Introduction

Prediction of mineralization rate of organic carbon and nitrogen amounts of plant residues is important due to
plant nutrient management, carbon dioxide production and environmental issues. Plant residues characteristics
such as total nitrogen content (N), carbon: nitrogen (C/N), lignin content and particle size, Soil characteristics
(texture, structure, pH and the microbial population) and Climate (temperature and moisture) are the most
important factors affecting plant residues decomposition. Decomposition process of plant residues is influenced
by substrate quality, decomposer community and environmental factors. Within a given climatic region, litter
chemistry is the main determinant of litter decomposition. Litter decay and nutrient release are controlled by the
litter quality, including the nitrogen (N) concentration of the litter, the carbon to nitrogen (C/N) ratio, as well as
other chemical properties.

Materials and methods

To investigate the effects of size and placement depth of plant residues on organic carbon and nitrogen
dynamics, a split — split plot layout based on a randomized complete block design and three replications was
conducted using litter bag method. The factors were depths of incubation periods of plant residues (1, 2, 3 and 4
months), placement of plant residues (5, 15, 30 and 45 cm) and sizes of plant residues (0.2 - 0.5, 1-2and 5 - 10
cm) which were located in main, sub and sub-sub plots respectively. At the end of the incubation period, the
litter bags were pulled out of the pots; after the weights of the remaining plant residues in the bags were
measured, the residue organic carbon was measured via the dry combustion method at 450°C for 5 h and the
total nitrogen via the kjeldahl method. We analyzed the collected data during desert-lab studies by SAS/STAT
software release 9.1. Statistical differences among size and placement depth of plant residues and time duration
were determined using a generalized linear model (Proc GLM), P < 0.05 and LSMEANS, which allows mean
comparisons even when data points are missing.

Results and discussion

Results of data variance decomposition indicated that size and placement depth of plant residues had a
significant effect on carbon and nitrogen loss at the probable level of 1% .The highest organic carbon and
nitrogen loss were measured after four month of incubation and when the size and the depth of placement of
plant residues were 0.2 - 0.5 and 30 cm, respectively. The lowest organic carbon and nitrogen loss were also
obtained after the first month of incubation and when the size and the depth of placement of plant residues were
5- 10 and 5 cm, respectively. After four months of incubation 49.73 and 54.07% of organic carbon and 34.48
and 39.78 of organic nitrogen of plant residues mineralized when the depths of placement of plant residues were
5 and 30cm respectively. Aridity, soil hilling and availability to nutrients are determining factors of the carbon
cycle in the decomposition process. Conceptually and analytically advanced models from diverse studies suggest
three factors affecting decomposition in arid ecosystems: quality and quantity of the organic matter under
decomposition, the physical environment (including temperature, precipitation and soil type) and the nature and
entity of the decomposing organs in the soil.

Conclusion

From the results it was concluded that when the soil moisture level is a limiting factor for plant residue
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mineralization, increasing the depth of placement of plant residues enhances the rate of mineralization of organic
carbon by providing sufficient moisture for plant residues decomposition. The results also showed that reducing
plant residues particle size with increases the surface area and plant residues contact with the soil, enhances the
rate of decomposition of plant residues.

Keywords: Incubation periods, Residue decomposition rate constant, Wheat residue
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Tablel- Favorable climatic conditions for for pea cultivation

Class Very Suitable  Suitable Average Weak
o MS (4,135 b)) 4 3 2 1
Valuation class
_"*3) 29> Ak ) 500-600 400-500 300400 = 300
Growing season rainfall
Myep sl 25-30 20-25 15-20 10-15
Temperature growth period
ol sy 50-60 40-50 3040 <13
Relative humidity
il gl 12-15 9-12 6-9 <6
Germination temperature
@ sl 21-25 17-21 1517 1225
Flowering temperature
Sy glod 2428 20-24 16-20  12-16
Handle temperature
b Jola> bawgie 3-6 0-3 0-3 < -3
Average minimum temperature
8 clels 1500-2000  1000-1500 500-1000 < 500
Sun shine
Sb C,&)»)
> 4-7 7-11 11-15 =13
Wind speed
Gpd 0-2 2-8 8-12 =12
Slope
£l 0-400 400-800  800-1200 = 1200
Altitude
SB Gas
200 150 100 100
Soil depth =

(Khoshhal Dastjerdi & Mostafavi, 2013) (csilaas ¢ (53psms Jixiss o (Potop et al., 2012) I, Ken 5 gy sasio
References: Potop et al., 2012 and Khoshhal Dastjerdi & Mostafavi, 2013
S5 ol > Slowa i 3o Y Jgaa
Table 2- Preferred values in decision-making

Ldae ylade Olbua 5
Numerical value Perference
9 Extremely preferred
JE 2y
; Very strongly preferred
SB S
5 strongly preferred
SPE s
Moderately preferred
3 .
oS 2y
A Equally
oL gy
Preferences intermediate
2,4,6,8
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Table 3- Paired comparison matrix and weighting main criteria

kol b ylare !

G 9y

SB ol S

The main criteria Climate Topography Soil  Land use
”
”Js 1 6 7 9
Climate
w5 1 1 5 ;
Topography 6
Sk 1 . 6
Soil 7
ol el
1
Land use 1 l 1
] o g 7 &
Coedl oy 0.603 0.245 0.114 0.038
Impact factor
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Table 4- The criteria matrix of climatic parameters

8599 3k ) 2,93 slo3
0205902 .Lﬁl"’ ..\of:; 0 0493 (5lod Cagb, b3 bwgie 235 095 5Lod e Sy
B )lre April Growing ~ Temperature Humidity average Temperaturefloweringperiod ~Evaporation T, t
Criteria temperatures  season  growthperiod temperature emperature
Rainfall ofmaturity
98 slod
April 1 2 3 4 5 6 7 8
temperature
Ay 0y93 )k 1
Growing - 1 2 3 4 5 6 7
season 2
rainfall
Ly 0y9> (gled
Temperature E l 1 2 3 4 5 6
growth 3 2
period
cosk) ! L L 1 2 3 4 5
Humidity 2 3 2
lod gt 1 1 1 1
Average = - = = 1 2 3 4
Temperature 3 4 3 2
0y93 (gled
B l l l l l 1 2 3
Temperature 6 5 4 3 2
flowering
Evaporation 7 & 5 4 3 2
0y95 glod
o L : : 1
Temperature a 7 & 5 4 3 2
of maturity
s 1 1 1 1 1 1 1 1
Wind 9 8 7 6 5 4 3 2
Coonl g o
Impact 0.304 0.216 0.154 0.108 0.076 0.053 0.037 0.026
factor
w21y $ 35 s lre s o —0 Joua
Table 5- Land use criteria matrix
. e . R &l
sl <l o2 o2l) Pastures ar?:i forests By sl
Landuse Agriculture (water)  Dry lands Other land uses
-Lﬁj cely; 1 3 6
Irrigated lands
o 3] 1 L 3
Dryfarming lands 3
SR g &l 1 1 1
Pastures and forests 3 2
g ) plo l l 1
Other land uses 9 6 3
o 0.524 0.269 0.142 0.072

Impact factor
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Table 7- Topography criteria matrix
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Table 8-the random matrix index (RI)

n_2 3 4 5

7 8 9 10

RI_ 0 058 09

112 124 132

142 145 1.49
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Introduction

In many parts of the world, there is not enough precise information about suitable land for cultivation.
Understanding climate and the required parameters during the growth period of crops is the most important
factor in the zoning Agroclimate. In Iran, lentils with acreage of 240 thousand hectares and the production of 166
thousand tons per year after the peas in second place is important. Agro-ecological zoning is one of the land
evaluating method that can be used to find better lands and improve the planning and management of land
resources. The purpose of this research, zoning Agroclimatic Ardabil Province for the cultivation of lentils, In
order to identify the characteristics of land resources for the planning and organize and optimal land, Assessing
of land suitability, in any of the zone by using AHP is Agroclimatic.

Material and Methods

Ardabil Province is in northwestern Iran, with an area of 17953 square kilometers, 1.09 percent of the
country's total area. The present study was conducted across Ardabil Province which is located in 37° 25" and
39° 42" N latitude and between 47° 03' and 48° 55' E longitude. Data used in this research; climatic factors such
as rainfall, temperature, relative humidity, sunshine duration and degree-days during the growing season are the
data of 37 synoptic and meteorological and data physiographic such as elevation, slope, aspect, soil and land use
map of the study area were collected from relevant organizations. By performing the necessary calculations
using SPSS and EXCEL software, the database was frormed in GIS environment. Then for each of the
parameters in the GIS environment with generalized point data, linear and polygon surrounding surfaces
(Interpolation) were performed, as the data layers and maps. Each of the layers of the study, based on favorable
climatic requirements lentils were categorized based on AHP.

Results and Discussion:

According to the purpose of this study, the role of the main criteria such as Climate, Soil, Physiography and
land use criteria selected under Options AHP were calculated and then using the weighted important factor,
weight and final weight of all criteria were determined.

Lentil planting zoning based on climatic factors: Data of climatic elements during the growing season
lentils have an influential role. The sudden change of climate data is effective on crop yield. In this study, the
rate of climate data based on hierarchical, weight coefficient was determined as follows: Temperature 0.382,
precipitation 0.250, humidity 0.160, sunshine hours 0.101, evaporation 0.064 and wind 0.043. By overlaying
maps of climatic elements, about 20.42 percent with a very suitable, 37.75 percent was suitable, 24.47 percent
average and 17.34 percent of conditions are unsuitable for cultivation of lentils.

Zoning planting lentils, based on physiographic factors: For evaluation the cultivation of lentils, map each
datas, elevation, slope and aspect were prepared in GIS environment. Based on the favorable climatic lentils
product to physiographic factors, weighting layers were based on AHP. Therefore, the height by a factor of
0.614, slope 0.268 and slope were determined 0.117. By combining maps of physiographic province, 22.68
percent has a very suitable, 21.11 percent sutitable, 17.33 percent average and 38.86 percent conditions are

1 and 2- Associate Professor and Graduate M.Sc.Student of the Department of Climatology, Climatology, Faculty of
Humanities, Mohaghegh Ardebil University, Iran, Respectively

(*- Corresponding Author Email: sobhani@uma.ac.ir)

DOI: 10.22067/jag.v10i3.57287


mailto:sobhani@uma.ac.ir
http://dx.doi.org/10.22067/jag.v10i2.61846

\vay ).ub Fojlods Ve ol (55 9L0s @»m P9 A yuiad \Add

unsuitable for cultivation of lentils.

Zoning lentil cultivation, on the basis of physiographic and climatic elements: By combining all the
maps of climatic and physiographic factors that were prepared based on hierarchical method weighting
coefficient, the final zoning map Agroclimate lentil cultivation in this province was prepared. Based on the final
map, in Ardebil province about 17% very suitable, 32% was suitable, 27% moderately and 24% had poor
conditions for the cultivation of lentils.

Conclusion

This study aimed to Agroclimate land zoning for planning agriculture in the province of Ardabil. Based on
the favorable climate condition for lentil crop, land evaluation of each data was done for production of lentils. So
the the main criteria including; climate 0.565 factor, physiographic by a factor of 0.262, soil 0.188 and land the
highest weight by a factor of 0.055 respectively has an effective role in the lentils, as well as minimum
temperature during the growing season and maximum temperatures and low rainfall (during seed germination
and flowering) altitude and the high slope is the limiting factor for the cultivation of lentils in the province.

Keywords: AHP, Ardabil Prvince, Climate, GIS, Lentil Crop, Physiography
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Table 2- Mean comparisons of effects of priming and drought stress in sunflower characteristics
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Fig. 1- Mean comparisons for the effect of different methods of priming on number of seed per head of sunflowers
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* Means followed by the same letters have not significantly difference based on Duncan test (p< 0.05).
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Fig. 2- Mean comparisons for the effect of deficit water stress on number of seed per head of sunflowers
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* Means followed by the same letters have not significantly difference based on Duncan test (p< 0.05).
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Table 3- Correlation coefficients between measured traits of sunflower nuts under water deficit stress and priming

conditions
e 1 2 3 4 5 6 7 8
Trait
V=i 50 b 3 Slos 1
1- Seed yield per plant
Vs Slho 15, S 0.279 1
2-Absolute growth rate of plant
TGk Sl 1) co 0.01 0.817** 1
3- Absolute growth rate of head
ok 0.19 0.830%%  0.835% 1
4- Head diameter
- b 5o b ol
0.492** 0.633** 0.404* 0.711** 1
5- No. of seeds per head
Pl i s 0.667** 0.144 0.005 0.15 0.449%* 1
6- 1000 seeds weight
Vo S g 4 e 0y Caned 0.682**  0.0290  -0.186  0.0490 0.323 0.741%* 1
7- Kernel to seed ratio
MGl Sy gloal o -0.705%* -0.08 0.086 0114  *0392  -0.746%*  -0.924** 1

8- Percentage of unfilled seeds

o> K g gy Jloin] pdaw )3 3 pxe ey e g
* and ** Significant at P < 0.05 and P < 0.01, respectively.
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Introduction

Water stress is one of the most important environmental stresses that affect the germination, growth and yield
of plants. Seed priming is a technology that positively influences seedling establishment in many crops and may
improve field performance under adverse environmental conditions. Seeds can be primed using different media
such as tap water (hydro-priming), low water potential solutions (osmo-priming) such as polyethylene glycol or
salt solutions, solid matrix (matri-priming), and plant growth regulators (hormonal priming). Nitroauxin and
auxin are the rich source of macro-nutrients, micro-nutrients, vitamins, enzymes and hormones of plant growth
promoters. Therefore, the use of these media in sustainable agriculture causes the rapid growth of oil seed plants.
Limited information is available about the response of sunflower under water deficiency conditions in priming,
so the aim of this research was to study the growth and yield of these species under these conditions.

Materials and Methods

An experiment was conducted in 2014 at the field research station of the Faculty of Agriculture of Azerbaijan
Shahid Madani University, Iran. The experiment was laid out as a randomized complete block design arranged in
a factorial with three replications. Priming factor included (water treatment and nitro auxin, water and auxin,
hydro-priming and control (without priming)) and factor water stress include (stress during stem stage, stress
during grain filling stage and control (normal)).The seed priming 48h before sowing were treated with the water
and nitro auxin, water and auxin and hydro-priming for 16h, after priming, seeds are air-dried back near to the
original weight. Seedlings planted by hand on 2 may 2014 by density of 38000 plants ha™* (60x30 cm). Weeds
were controlled by hand during crop growth and development as required. At maturity, five plants randomly
were harvested from each plot and plant growth rate, head growth rate, head diameter, No. of seed per head,
1000 seed weight, seed yield per plant and kernel to grain ratio, husk to grain ratio and percentage of unfilled
seeds were recorded. The data were analyzed by SPSS 16 software. The means were compared using the Duncan
multiple range test at p <0.05. Excel software was used to draw figures.

Results and Discussion

Analyses of variance of the data showed that all traits were affected by water stress and seed priming main
effects. Priming of seeds increased significantly the absolute growth rate, head diameter, grain number, 1000
seeds weight, grain yield and kernel to grain ratio and husk to grain ratio was reducing the percentage of unfilled
seeds per head. Water stress also reduces all traits except unfilled seeds per head, which enhances it. Water stress
at the grain filling stage was causing the most reduction of grain yield per unit area.

The increase in growth and yield of sunflower with seed priming treated nitro auxin and auxin could be due
to the fact that by promoting germination and providing more uptakes of phosphorus and nitrogen. Reduction in
the growth and yield under water stress could be the result of a preferential allocation of biomass production to
the roots or a reduction in chlorophyll content and, consequently, photosynthesis efficiency. Seed yield
decreased on account of water deficit stress. Decrease in seed weight and increase in unfilled seeds were the
main reasons for decreasing in seed yield. Decrease in seed yield due to decrease in yield components, especially
seed weight has been reported by other researchers previously. The increase in Percentage of unfilled Seeds
under water stress could be due to the fact that water stress effect on available assimilates during seed filling
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Madani University, Iran, respectively.
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stage and decreases sink capacity and leads to unfilled seeds and low seed weight.
Conclusion

In conclusion, this study showed that application of seed priming play useful role in improving the growth,
yield and performance components of sunflower, and also the seed priming with auxin and nitro auxin, were
better than seed hydro-priming, this can be related to the chemical properties of these compounds. The results of
this study indicate that pre-treatment of seeds are effective in increasing yield and yield components of
sunflower seeds in order to avoid adverse effects of water stress.

Keywords: Seed priming, Seed yield, Water stress
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Table 2- Analysis of variance for grain yield, oil percent and yield in castor bean under densities of pigweed
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Table 3-Means comparisons of castor seed and seed oil yield of castor bean affected by different pigweed densities
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4 10 1580" 6899
15 1490 6429
0 25914 11722
5 23600 1046°
5 10 2160¢% 946
15 2065¢f 893
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*Means followed by the letters in each column are not significantly different based on Duncan test (p<0.05).
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Table 4- Analysis of variance (mean of squares) for fatty acids compositions of castor bean affected as pigweed densities
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Table 5 — Mean comparison of fatty acids compositions of castor bean in different densities of redroot pigweed
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Pigweed density R o Palmitic (%) ) i Linolenic (%)

(Plants.m?) Ricinoleicm (%)  Linoleic (%0) Oleic (%) Stearic (%)
0 71.73% 2.892 6.69° 5.02° 3.67¢ 7.47°
5 68.182 2.71% 8.02° 5.76° 5.49 6.99°
10 57.70P 2.66% 11.682 7.77% 7.23% 8.39?
15 58.01° 2.50° 11.59°2 8.262 7.66° 8.34%

S5 2oy iy Jlein] gaws j3 (Sl (glasals dix 905 bl 6yl (ime BMS] S jiie g (sl (sla Sl
*Means followed by the letters are not significantly different based on Duncan test (p<0.05).
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Introduction

Castor bean, as an important commercial oil-based by products are used in the manufacture of several
commercially important commodities like surfactants, coatings, greases, pharmaceuticals, cosmetics, polyesters,
polymers. Castor bean is a non-edible oilseed crop which produces an oil rich in Ricinoleic acid, commonly over
80%. The seeds of castor consist of 40-60% by weight of the most useful natural plant oil. Interactive effects
among species on inter-species populations are called interference. Interference is one of the main issues on the
eco-physiology of plant populations where weeds impose negative effects by approaching the plant to compete
in light, water and nutrient elements availability and results in reduced growth and yield. Various reasons have
been attributed for the low productivity of crops, among them weed competition is the most important. Redroot
pigweed belongs to the Amaranthaceae family, as an important competitor to slow growth of the castor bean
plant, can deprive it from nutrients. The purpose of this research was determining the effects of redroot pigweed
plant density interference on the yield of oil and fatty acids composition of castor bean plant to increase quantity
and quality of oil.

Materials and Methods

To evaluate the effects of Pigweed interference on yield, oil content and fatty acid composition of castor oil
plant, a factorial experiment was conducted based on randomized complete block design with three replications
at the Center for Agricultural Research in West Azerbaijan (Urmia) (Saatlu station: 37°44°18” N Latitude and
45° 10" 53 E Longitude, at 1338 m above sea level) with silty-sandy soils. The first factor included Castor plant
densities (3, 4, 5 and 6 plants per square meter) and the second was Amaranth densities (zero, 5, 10 and 15 plants
per square meter). Castor seeds cv. Mobarakeh were planted with red root pigweed simultaneously on 14 June
2013. After Soxhlet extraction, fatty acid analysis was performed by Gas Chromatography. Data were analyzed
with SAS 9.1 software.

Result and Discussion

The results showed the significant effects of castor and amaranth densities, and their interaction effects on the
castor oil yield, but only significant effect of amaranth density on the fatty acid composition. According to the
results, increasing Amaranth density caused to reduction of 20-38% in castor grain yield, 39% in oil yield
compared to pure cultures (without weed). Due to the unique characteristics of ricinoleic acid, it was reduced
19% by increasing pigweed density, but the palmitic acid (74%) and stearic acid (108%), linoleic acid (12%) and
Oleic acid (64%) were increased compared with pure cultures (weed free). The results of the survey indicated
that the pigweed at densities of 10 and 15 plants per square meter is one of the most important factors affecting
yield, oil content and fatty acid composition. In this experiment, Amaranth weed caused to significant reduction
of the yield of castor grain, oil and major fatty acids. In this regard, pigweed control at the beginning of the
growing season will be effective to reduce seed production, in order to reducing crop yield loss and reduce the
scope of its release in the next years. In general, despite the importance of castor plant there has been limited
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research work carried out on the crop in Iran to increase the crop competitive ability. In this present study, the oil
content, oil yield and fatty acids composition of Iranian castor bean oil have been outlined. The results of this
experiment showed that changes in oil content and fatty acid composition is depending on environmental
conditions such as competition with weed and the Pigweed is a competitive weed which significantly reduces
the quantitative (seed and oil) and qualitative (oil composition) yield.

Conclusion

Increasing pigweed density decrease grain yield, oil yield and fatty acids composition of castor bean. The
amount of this reduction was related to pigweed density. On the other hand, 6 plants/m? of Castor bean can be
recommended for reducing pigweed damage in Castor bean.

Keywords: Interference, Qil yield, Oleicacid, Palmitic acid, Ricinoleic acid
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Table 1- Soil physical-chemical properties of experimental site
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Table 2- Analysis of variance (mean of squares) of studied traits of sunflower in the first year
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Table 3- Mean comparison of measured traits of sunflower in the first year
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Table 4- Analysis of variance of morphologic traits of sunflower in the second year
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Table 5- Mean comparison of some morphological traits of sunflower in the second year
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Table 7- Mean comparison of some physiological traits of sunflowers in the second year
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Table 9- Mean comparison yield and yield components traits of sunflowers in the second year
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Introduction

Sunflower (Helianthus annuus L.) is one of the plants cultivated for oil or seed. Sunflower oil contains many
useful fatty acids. One of methods to increase plant yield and decrease input consumption is transplanting.
Transplanting can increase seed yield components such as head number per plant, seed number per head, 1000-
seed weight. Transplanting increased seed yield and quality compared to direct seeding due to no frost at the
beginning of growth season and increasing flowering length. By delaying transplanting, seed germination or
transplant establishment is reduced. Time interval from seeding till beginning and terminating flowering length
can be reduced by delaying at seeding, but by transplanting flowering duration length increases. Drought losses
crop productions especially at plant critical growth periods such as seed filling stage. In arid and semi-arid areas
like Iran, water shortage leads farmers to plant low- water crops. By transplanting of sunflower, water can be
saved, because seedling can be grown by a little water in controlled condition. In addition, some plant growth
stages coincide with cool and rainy weather in spring. Many farmers use transplanting for warm season crops,
but transplanting of sunflower has not been well studied. This research was aimed to assess sunflower
transplanting under common sowing date and early sowing in Kermanshah climate condition.

Material and Methods

An experiment was conducted at greenhouse and research field, campus of agriculture and natural resources,
Razi University in 2015 and 2016. In the first year, factors included three planting methods (direct seeding, 4-
week transplanting and 6-week transplanting) and sowing date (early sowing, common date sowing). In the
second year, treatments included 4- week transplanting at early sowing (superior treatment in the first year) and
direct seeding (control). At harvesting stage, four plants per plot were selected and traits such as plant height,
stem height, stem diameter, leaf number, internode length, leaf width, leaf length, leaf fresh weight, stem fresh
weight, seedling fresh weight, leaf dry weight, stem dry weight and biomass were measured. Leaf greenness was
measured by SPAD device and stomatal conductance was measured by porometer device. Leaf area was
determined by digimizer software. Leaf relative water content, chlorophyll a and b, seed yield and yield
components also were measured. Data were analyzed by SAS software. Mean were compared using LSD test.

Results and Discussion

Analysis of variance of 2015 data, showed that planting method and planting date had significant effect on
plant height, leaf relative water content, dry matter and leaf area. 4-week transplant at early planting date had the
highest dry matter production and leaf area selected for the second year. It seems that by delaying in
transplanting, sunflower plant become more sensitive to cold air and low temperature damages plants, so lower
dry matter production was produced. Results of the second year showed that transplanting increased green leaf
number, leaf area, chlorophyll a, plant fresh weight, plant dry weight, leaf to stem ratio, stem length, plant
height, seed number per head, dehulled seed weight, hull weight, seed yield and 100-seed weight. It seems in
transplanting, maximum stem length, plant height, green leaf number and leaf area was occurred when sunlight
was maximum, so plant had higher radiation use efficiency and dry matter production. In addition, transplanting
had higher seed yield than seeding probably due to weed suppression, rapid establishment, shorter growth
duration and faster flowering. Transplanting increased seed yield and weight due to lack of coincidence of plant
critical stages to adverse environmental conditions, suitable plant cover, prolonging the grain filling period and
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Engineering, Faculty of Agricultural Science and Engineering, Razi University, Iran, respectively.

(*- Corresponding Author Email: heidari1383@gmail.com)

DOI: 10.22067/jag.v10i3.59751


mailto:heidari1383@gmail.com
http://dx.doi.org/10.22067/jag.v10i2.61846

YAV ol ST g5l ool (s 3

store assimilates in grain.
Conclusion

In conclusion, it is suggested to plant 4-week sunflower transplant at early date in Kermanshah climate
condition.

Keywords: Direct seeding, Dry matter, Planting method, Seed yield, Yield components
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Table 1- Soil physical and chemical characteristics of the experimental field
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Table 2-Characteristics of wheat cultivars used in the experiment Nickzad et el. (2013)

L)) Olwo gurd
Cultivar Characteristics
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Shirudi Semi dwarf, low tillering ability, erect leaf angle and high yield
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91-15 Yl 3,Shee 3 (5390 Sy gl gt 35 g 2l bl
Dwarf, average tillering ability, erect leaf angle and high yield
Fa palBb Jus bugio 3 los 5 (63905 Sy dglj cawgio (55 woxiy Ul il

Generation F,

Tall, average tillering ability erect leaf angle and average yield
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Table 3- Analysis of variance for density, biomass, Iron (Fe), Zinc (Zn), Copper (Cu) and Manganese (Mn) content of weeds
and wheat grain yield as affected by cropping system
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S.0.V ] Density Biomass Fe Zn Cu Mn Grain yield
df
s 2 33.04" 178.49™ 654.80™ 1.96™ 11.52" 23.09™ 0.15m
Replication
i pllas 7 157.66™ 1479.62™ 7545.87"" 70.57" 24.08" 237.33" 237"
Cropping
system
s 14 7.08 123.84 273.11 5.07 1.83 13.69 0.16
Error
s oy - 9.76 11.38 8.30 11 8.16 7.16 10.68
(x2)
C.V (%)
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ns: non- significant difference, * and **: significant at 5% and 1% probability, respectively.
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Table 4- Weed species recorded in the field experiment

o908 U wole o (05) 23lgils
Common name Scientific name Family
JLolS
s Lollium spp. i
Rye grass Poaceae
e Y oS
=3 s Avena fatua L. =
Wild oat Poaceae
ol Conium maculatum L. uP
Hemlock Apiaceae
e S5 08 ks’
ik s Carthamus oxyacantha L. o
wild saftflower Asteraceae
o yls Sl i
f. Fumarium officinalis L. o
Fumitory - Fumariaceae
v s
o Vacaria pyramdata L. o
Cow herb Caryophyllaceae
%;“:}5 J22 Sinapis arvensis L. OL"? b
Wild mustard Brassicaceae

X Stellaria media L.
Chick weed Caryophyllaceae
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Table 5- Weeds density in experimental treatments (No per m™%)

ol S )lows
Experimental treatments

b dile glaaigs Sile
i ¢ 4’95 L L I L St S S5 08 J;‘x,i:“
Weed species Total average
1 1 16 1 14 11 11
Lollium 097 0 3
" 3y
S 6 5 6 6 9 8 7 9 7
Avena fatua
ol 2 2 1 2 4 ¥ 4 3 3
Conium maculatum
g S0 2 1 1 2 3 2 3 4 2
Carthamus oxyacantha
O)SL:J
1 1 2 3 2 2 0 2
Fumarium officinalis
S 10 1 2 1 0 1 1
Vacaria pyramdata
wieybA 10 1 2 2 1 2 |
Sinapis arvensis
SoiE
s 11 1 0 0 1 0 1

Stellaria media
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F U‘JB cuiS 1Sy PR UAB S 1S3 A=) UJL& cuiS :Ss (839 yuid u;JB
I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S»: 91-11 sole cropping, S3: 91-15 sole- cropping and S4: F» sole cropping.
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Table 6- The effect of cropping systems on total weed density and weed biomass
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S»: 91-11 sole cropping, S3: 91-15 sole- cropping and S4: F» sole cropping.
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Fig. 1- Effect of cropping systems on Fe content of weeds shoot
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Means with similar letters have not significant different at 5% probability based on Duncan's test.
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S;: 91-11 sole cropping, S3: 91-15 sole- cropping and Ss: F; sole cropping.
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Means with similar letters have not significant different at 5% probability based on Duncan's test.
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S;: 91-11 sole cropping, S3: 91-15 sole- cropping and Ss: F; sole cropping.
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Means with similar letters have not significant different at 5% probability based on Duncan's test.
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S;: 91-11 sole cropping, S3: 91-15 sole- cropping and Ss: F; sole cropping.
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Means with similar letters have not significant different at 5% probability based on Duncan's test
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S;: 91-11 sole cropping, S3: 91-15 sole- cropping and Ss: F; sole cropping.
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Means with similar letters have not significant different at 5% probability based on Duncan's test.
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I;: Intercropping of shirudi + 91-11, I,: Intercropping of shirudi + 91-15, I5: Intercropping of 91-11 + 91-15, 14: Intercropping of
shirudi + 91-11 + 91-15, S;: shirudi sole cropping, S;: 91-11 sole cropping, S3: 91-15 sole- cropping and S4: F; sole cropping.
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Introduction

Use of chemical herbicides has been very effective for weeds control mainly for reducing yield losses and
reduction of weed populations, but the frequently use of herbicides as the only weed management tool is
seriously being questioned because of herbicide costs, resistance of weed populations to one or multi herbicides
and environmental pollution. Reduce the use of chemical herbicides is one of the sustainable agriculture goals
and several alternatives with this purpose have been evaluated, recently. Therefore, diversification of cropping
systems by intercropping different species of crops has been proposed as a solution for reducing the use of
herbicides in modern agriculture.The main objective of current field experiment was to evaluate the growth and
micro nutrients content of weeds and crop yield in wheat cultivar intercropping systems.

Materials and methods

In order to investigate wheat-weed competition relationships and crop yield under intercropping and sole
cropping of wheat cultivars, an experiment was conducted at Darab faculty of Agriculture and Natural
Resources, Shiraz University, during the growing seasons 2013-2014. The experiment carried out using
randomized complete block design with eight treatments and three replications. Wheat cultivars and genotypes
were planted in four row intercropping systems and four sole cropping systems, including I;: intercropping of
shirudi + 91-11, L: intercropping of shirudi + 91-15, L: intercropping of 91-11 + 91-15, L: intercropping of
shirudi + 91-11 + 91-15, Si: shirudi sole cropping, S2: 91-11 sole cropping, S3: 91-15 sole cropping and Sa: F2
sole cropping. Different weed species were recorded in field experiment, but total weed density and total weed
dry matter were determined for each experimental plot. Weeds density were determined from each experimental
plot by using a quadrat of 1 x 1 m? randomly. Then all weeds in each quadrat were harvested and transformed to
laboratory for determining their biomass and micronutrients (Fe, Zn, Cu, and Mn) content. At harvest time, all
crops harvested in each plot, then crop yield was determined.

Result and Discussion:

Results showed that genotype mixtures had a significant effect to reduce the density, biomass and
micronutrients content of weeds. The highest and lowest weed density and biomass were observed in sole
cropping and intercropping systems, respectively. Intercropping systems of cultivars reduced weed population
and their dry matter more than sole cropping systems. Shirudi sole cropping (39.33 plant. m?) showed the
highest weed density and the highest weed dry matter was observed in 91-11 sole cropping (130 g.m?) and
shirudi sole cropping (121.3 g.m?). The highest and the lowest micronutrients content of weeds including Iron
(Fe), Zinc (Zn), Cooper (Cu) and Manganese (Mn) were observed in sole cropping and intercropping systems,
respectively. The highest Fe, Zn, Cu and Mn content of weeds were observed in 91-11 and shirud sole cropping
(225 and 245.6 mg.kg'!, respectively), shirudi sole cropping (27.5 mg.kg™), 91-15 sole cropping (21.23 mg.kg")
and shirudi sole cropping (63.85 mg.kg™!), respectively. The highest and lowest crop yield were observed in
shirudi + 91-15 intercropping (5.40 ton.ha!) and 91-15 sole cropping (2.70 ton.ha'!), respectively. In overall
weeds micronutrients content and weed growth in intercropping systems decreased significantly in comparison
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to sole cropping systems. The results of this experiment showed that row intercropping of wheat cultivars can
reduce the weeds ability for use of environmental resources, therefore crop can utilize resources more efficiency
and increase its yield.

Conclusion

The results showed that wheat cultivars intercropping method limits environmental resources for weeds
growth and this have implication for non-chemical management of weeds and increasing crop yield in ecological
approach in agro-ecosystems. Thus, wheat cultivar intercropping systems can modify weed infestation in
cropping systems. The results of this study suggest that row- intercropping system of wheat cultivars have
potential to produce higher yield and less vulnerable to weed infestation than their sole cropping system, because
they can provide high genetic diversity.

Keywords: Agroecosystem, Density, Enviromental resources, Monoculture, Non-chemical management
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Table 2- Results of ANOVA (Mean of squares) for effect of fertilizer type and intercropping ratio with trigonella on MY
mucilage yield, M :The percentage of mucilage IM: Inflation per gram mucilage: HI: index harvest, I: Inflation factor, NLB:

Number of branches, GW: the weight of one thousand seeds, GY: Grain yield, NSS :The number of grains in spike and BY:
Biological yield of psyllium

Ol goe MY M IM HI | NLB GW GY NSS BY

S.0.V

)I’SJ . 35.5™ 0.63™ 5.16™ 0.26" 0.49™ 0.15"™  0.001"™ 3210m™ ¥28.7 5828
Replication

A

bl "““f 24632 140% 286*** 13.2%* 6.09**  57.6"* 0.28"*  2873562** 611%* 24276808
Intercropping

_J?g &y 2873 97.9%* 145* 2.69" 5.63* 0.58™ 0.004" 92427*** 42.2*% 67626
Fertilizer type

AxB 898"+ 31.9% 62.9% 32.1% 1.68™ 0.1m 0.001" 3439 1.16"™ 659821
wielejl sl 37.7 0.26 18.7 1.46 0.8 0.32 0.009 1128 8.23 72438

Error
(30) Speis e 7.75 9.45 7.88 5.62 8.14 126 7.11 9.92 5.95 11.2
(%) C.V

Cawl 2oy /Y g VD el pdaw )3 (391 )b bze g ()b bze pre by Cud i &y e g w ok NS
ns,~ ,+ and == are insignificant and significant at 5, 1 and 0.1 percent probability levels respectively.
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Fig. 1- The effect of intercropping with trigonella on the number of seeds in spike of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum
and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.
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Fig. 2- The effect of fertilizer type on the number of seeds in spike of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. M, | and C: are abbreviations of manure, integrated and
chemical fertilizer, respectively.
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Fig. 3- The effect of intercropping with trigonella on 1000-seed weight of psyllium

=
Lh
1

=
[5%]

o
\D
1

The weight of one thousand seeds (g)
= —
| =

e
n

S0l 5l J8 I sluel g 0l o 0yl g alilids oximd LS s gy 55 P g T sl so doyd gy Jloin] gedaw 3 LSD (0] (wlal p o puSileo o gize glis

bl e bbe et Jlowi )3 S I S e S 555l

Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.

1500 4

1600 1 1sp Py 4483 =

1400 - LSD (Tx 11981 —
E LSD (P+T): 60.81 _ !
& 1200 - l
1000 | —
=
E: 500 _ - -

N I

400 - - -

200 -

o -
P P2:DTP(LITHL2) T P ‘PLDTP(LINTR(1:2) T P |TP:INTP(:1)|TH1.2)
Chemical fertilizer Intesrated fertilizer (30:50) Cattle mamra

0}yl g aldind &> 3,S0as 1 395 £o5 9 byl CuiliS 51-£ JSUS
Fig. 4- The effect of intercropping on grain yield of Trigonella foenum-graecum and Plantago Psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant. Colorless columns and dark
columns show mean of Trigonella foenum-graecum and Plantago Psyllium, respectively.
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Fig. 5- The effect of intercropping on biological yield of trigonella and psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P are abbreviations of Trigonella foenum-graecum

and Plantago Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant. Colorless columns and dark
columns show mean of Trigonella foenum-graecum and Plantago Psyllium, respectively.
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Table 2- Effects of fertilizer type and intercropping with trigonella on percentage of mucilage and inflation per mucilage of

psyllium
(5 o) 3Howge @5 12 (152 095 (72) Mg 203 355 &9 bylses cuis
Inflation per gram mucilage (ml) Percentage of mucilage (%) Fertilizer type Intercropping
60.62% 27.52% M P
61.57¢ 27.33% M TP (2:1)
45.19° 17.33° M TP (1:1)
44.7¢ 17.27¢ M TP (1:2)
59.06° 27.6° | P
57.442 27.5° I TP (2:1)
46.13" 17.50° I TP (1:1)
44.04° 17.41° I TP (1:2)
57.85° 17.58° C P
58.36° 17.71° c TP (2:1)
45.70 17.38" C TP (1:1)
44.43° 17.30° C TP (1:2)

ipdy S TTP(1L) o)yl cindy 5 g b iy 95 bgliee oS (TP(2:1) callis Lol cusS i T o sl 365 1C (s 565 11 (s 358,55l 1M

At I xe AU 1B cliio gy (gl)ls (N=F) :Silio pdlio ¢yt o > ol 0] yhusl nd) 93 g Al ndy 5 TP(L:2) w0yl ciydy K g alibis

(P>+1-0)

Intercropping of M, indicant manure fertilizer; I, integerated fertilizer; C, chemical fertilizer; T, monoculture Trigonella; TP(2:1),
TP(1:2), two line Trigonella and one line Psyllium; TP(1:1), Intercropping of one line Trigonella and one line Psyllium;

Intercropping of one line Trigonella and two line Psyllium. In each column, mean values (n=3) with the same letters have not
significant differences (p>0.05).
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Fig. 3- The effect of intercropping with trigonella on inflation factor with psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P: are abbreviations of Trigonella and Psyllium,

respectively; and the numbers in parentheses represent crop pattern of each plant. M, I and C are abbreviations of manure, integrated
and chemical fertilizer, respectively.
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Fig. 5- The effect of intercropping with trigonella and fertilizer type on mucilage yield of psyllium
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Significant difference in mean values based on the LSD test at 5 percent. T and P are abbreviations of Trigonella Toenum-graecum
and Psyllium, respectively; and the numbers in parentheses represent crop pattern of each plant.
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Table 4- Rotated factor loadings of psyllium growth indices using Quartimax rotation to extract four principal components
(factors) along with their communality, descriptive variance and cumulative variance of total dataset

o Jgl Jele P93 Jole Pow Jole ok Jole STl
Variable First factor Second factor Third factor Fourth factor Communality

MY 0.971 0 0 0 0.963

M 0.967 0 0 0 0.948

IM -0.873 0 0 0 0.777

HI -0.826 0 0 0 0.769

| 0.762 0 0 0 0.666

NLB 0 0.930 0 0 0.914

GW 0 0.927 0 0 0.892

LS 0 0.770 0 0 0.659

GY 0 0 -0.902 0 0.968

NSS 0 0 -0.884 0 0.935

BY 0 0 -0.837 0 0.972

NS 0 0 0 0.973 0.956

H 0 0 0 0 0.950
o33 ) 474 2.66 1.91 1.06 -

Eigenvalue
) s b sty 311 22.0 18.3 8.3 -
descriptive variance

D 311 53.1 714 79.7 -

Cumulative variance

22> M 0 sl SHhgo 3, Sas MY iloss eslital gols joudd sl < IVe J) 3550 sloadlie (g oS 5 00d i p0 SasS & Sl alhe (g ool o L jeiie
5w :NSS ails 5, Slae :GY b Jobo : LSl jlia 55 : GWe by aals :NLB 55 )96 2l ccilyyy (adli s HIMuwge p,5 12 55 555 (IM 5 Muange
)l H g &g 53 Al 3w NS (K jolan 5,8l BY s j> aily
Based on factor loadings, growth indices were arranged from the largest to the smallest values, and only factor loadings greater than
0.70 have been used to interpret the results. MY Psyllium mucilage yield, M :percentage of mucilage IM: inflation per gram

mucilage. HI: index harvest, I: inflation factor, NLB: number of branches . GW: 1000-seeds weight, LS : spike length, Gy: seed
yield, NSS :number of seed in spike, BY: biological yield NS: number of spikes per plant and H: height.
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Fig. 8- Two-dimensional coordinates showing first and second factors extracted using growth indices of psyllium
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MY': Plantago Psyllium mucilage yield, M :The percentage of mucilage IM: Inflation per gram mucilage. HI: index harvest, I:
Inflation factor, NLB: Number of branches . GW: 1000-seeds weight, LS : Spike length, GY: Seed yield, NSS :The number of seed in
spike, BY: Biological yield NS: Number of spikes per plant and H: Height.
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Fig. 9- Biplot diagram of first and second factors separating treatments based on growth indices of psyllium
365 Bpuns ol yois 4y 0yl 3y 93 g Allis (i) S bglire i :C1I2 ¢ sliandd 555 8 punn ol yois 4y 0 il i3y K 5 bl a3y S bglse i : C1i1
A2:1 88l 365 CBpunn ol e &y 05 y0ul (a3 93 5 alilid )3y S bglse oS 1102 ¢ 5,85 355 B yuno olyen &y 0 yhul iy K g allid (aydy S bgle
i3y Sy blsee cutS 0111 ¢ 35 365 G puas ol yan 4 0 il Lalls cuiS AP ¢ il 355 (8 puno olyons 4 0yl Cisdy Sy 5 Al (i3 53 bglis S
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C1:1: Intercropping of one line trigonella and one line psyllium with chemical fertilizer , C1:2 : Intercropping of one line trigonella
and two line psyllium with chemical fertilizer, C2:1: intercropping of two line trigonella and one line psyllium with chemical
fertilizer, CP: monoculture of psyllium with chemical fertilizer , 11:1: intercropping of one line trigonella and one line psyllium with
Integrated fertilizer, 11:2 : intercropping of one line trigonella and two line psyllium with Integrated fertilizer, 12:1: Intercropping of
two line trigonella and one line psyllium with integrated fertilizer, IP: monoculture of psyllium with integrated fertilizer, O1:1:
intercropping of one line trigonella and one line psyllium with organic fertilizer, O1:2 : intercropping of one line trigonella and two
line psyllium with organic fertilizer, O2:1: intercropping of two line trigonella and one line psyllium with organic fertilizer, OP:
monoculture of psyllium with organic fertilizer.
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Introduction

In the cultivation of medicinal plants, employing practices that can increase the essential materials is of
necessary issues. Intercropping can improve the ecological diversity and stability in agro-ecosystems, increase
the yield and reduce the use of chemical compounds. In addition, application of integrated fertilizers on
agricultural soils may affect ecosystem sustainability, directly or indirectly, through changing the amount of
chemical fertilizers application. Integrated fertilizers not only increase the yield, but also prevent environmental
pollution. Accurate assessment of plant growth changes in various agricultural land management cannot be
achieved by measuring an individual simple parameter. For this reason, simultaneous determination of several
growth indicators can be a suitable method for monitoring the changes of plant growth in different conditions.
The use of multivariate analysis is a beneficial approach in agronomic studies, since the method can easily assess
the measured indices and more clearly interpret the results. Principal Components Analysis (PCA) or Factor
Analysis (FA) are among of multivariate analysis methods in which reducing the number of primary studied
variables is their initial aim. The purpose of this research was to evaluate the changes of psyllium growth indices
in different fertilizer treatments and different combinations of intercropping using multivariate analysis and
selection of the most sensitive growth indicator.

Materials and Methods

In order to evaluate the effects of different fertilizer types and intercropping ratios on the quantitative and
qualitative yield of psyllium, the study was setup as 3x4 full factorial arrangement based on a randomized
complete block design with three replications for each treatment over a period of 120 days. The treatments were
intercropping ratio (monoculture of psyllium, trigonella: psyllium (2:1), fenugreek: psyllium (1:1), fenugreek:
psyllium (1:2)) as the main plot factors and fertilizer types (cow manure, integrated fertilizer and chemical
fertilizer) as the sub-plot factors. In intercropping treatments, the amount of fertilizer consumption corresponded
to their intercropping ratio. Finally, 20 plants were randomly collected from each plot and were transferred to the
laboratory. Data obtained from the study were analyzed using multivariate analysis (Factor Analysis, FA).

Results and Discussion

Extracted factors were rotated by Quartimax rotation to set most of the factor loadings on the first factor.
Factor analysis led to the selection of four factors with eigenvalue greater than 1. The eigenvalue of fifth factor
was 0.981, so it was not considered in the analysis and interpretation of data. The first, second, third and fourth
factors were accounted for 31.1, 22, 18.3 and 8.3% of the variability of the data, respectively. These three factors
explained 79.7% of the original variability, totally (i.e., variance). Consequently, four factors were retained to
represent the original variability of the dataset. The first factor had 5 highly weighted variables with positive
loadings for mucilage yield, the percentage of mucilage and inflation factor and negative loadings for other
variables. The first factor, which included most of the qualitative and quantitative indicators as input variables,
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clearly separated fertilizer treatments. Number of branches, during spike and the weight of one thousand seeds
loaded heavily on the second factor with a positive loading for all properties. The second factor noticeably
discriminated intercropping treatments. The effect of fertilizer treatments depended extremely on intercropping
ratio, due to positive interaction between fertilizer type and leguminous symbiosis. However, the positive impact
of fertilizer treatments was only related to appropriate intercropping ratio (1:2), probably due to suitable space
for psyllium growth.

Conclusion

Factor analysis was used successfully in discriminating the effects of fertilizer type and intercropping on
psyllium growth indicators. As a result, psyllium qualitative and quantitative properties were positively affected
by the first and second factors. The first and second factors were clearly affected by fertilizer type and
intercropping ratio, respectively. Therefore, these factors can be used for improving psyllium growth and
increasing its quality. Moreover, application of integrated fertilizer not only increase intercropping efficiency,
but also reduce environmental pollution.

Keywords: Integrated manure, Leguminous symbiosis, Medicinal plant, Multivariate analysis
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Table 1- Some meteorological data of Ardabil province during growth period of safflower during 2013-2014 and 2014-2015 growing
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ClSissle 422) L Sl 5 Sl oSike 12.9 179 199 204 169 133 17
Max and min temperature (C°) 2015
Lnishe) 2ok (251 5 clie 26.5 7 3.6 0 48.9 58.3 24.1

Rainfall pattern and amount (mm)

gy Blaw Vo Caudy g9y Laaig (gdlold 5 yo e Ve cuwsls
A LSS mye e )0 ey YV oS15 g s VO s )S oy alold
s Jlos Jlae o 9 oo 8L o plalesl elpl Uore (e
9 S5 Oy 4 g gudand gl Sl oalatul b g 0D 03] S
ool oLy 9y oy ol (B clodgS el > ety
a9 1S ales (sl LSS poboas (Y Jgia) S 903l ol
PSS Voo g quigel Dlid p SolS De oyl p Sk N+ i
3l )y bl oyl -0 Jlash S 0 )3 reslty il
ol oll sy ad bl b sam slags,ll § €85 @ g0
aby 0,90 Jobo 0 b8 plosl plon g Ol layly b 5 S5
15 ab)S Lol oo g 5o slncile b ojla tile il lles
S ol A Ve e JolS (S Sl e 9 485 Jad 0LL
3pSdes ljal g als (Sor doyd Wiy i)l o Sy 5 Sl

Skl gl B 3 518 ] oty L isle]
AL Gl ol o Lol )55 b oy JalS slo
lasl U ol o)l =51) oo 4 5> ()l Gl sl
) ool ks =53 5 a8 sala e ) (5Ll e =52 Jod
i 93 JygiSB a8 5 ol (58 ole g (il (gal> yo
9Bo= Y0 Br=r) waw a3 yom Jole 45 39 (09 9 55
s i > 55 555 Jole 5 (oS5 2 p5 oo Ba=V--
S (p 5L s 05 oo ZNGEY -+ 5 ZN2 - Zny=)
Sygod) 895 5 (Syg Sl Cogod) s (L glre D
4 plol alS T+ 5laj 3 5 Al e S 53 (535 g
5 WAYYIYY (clage b )3 o Jlgto Jls 9 b cudls Slilos
99 A plodl e Sl O s jD g swd Oygody VWAF/V/YY
VN (oye g yio ¥ Jsb 4 mye 50 OfF Colus b slacs S
Sl o alolb cole) Ly g aidy 5 92> O g0 & e



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 AYF

5 s SSglgm 3 )Shee p &l 3 Slas prnd

P by ylel Sl g jos dmoals (g yglaen 5l g
3yp0 o 3Sils dulio .15 ploul SPSS 4 SAS (gla53
g Aoy iy Jloi gaus 15 LSD ysesl gy 2 (g
s

Sl b g Solasl (il Hlia )50 5 gy wily dlas ¢ by
Gla b cciby plind «S5gdan 2)Slos g il 5)Slos youes
94235 Sy gy yie 93 CpS pb lawg ) 93 ) 4t
sleodly i F A wlbe Sjedon 3 Slas g aily 5 Shae 1, Sbo
ey padld guw a8 haw LS 53 p)SolS 4 39290

oRlejl sl Joxe S g bond 9 (S 508 Clasuiio - Joso
Table 2- Soil physical and chemical characteristics of experimental location
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ma{t%z:r](&) P EI)*: > | ) (0) (%) Total Phosphorus  Potassium (r59ks (p35ks
ectrica (%) ot Ko Boron Zinc
conductivity (mg.kg™) (mg-kg™) (mg.kgD)  (mg.kgh)
(ds.mh ' '
1.22 79 0.795 2256 46.72 30.72 047 26 1749 5.49 095
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Table 4- Mean comparison for studied characteristics safflower genotypes affected on irrigation treatments during 2013-2014
and 2014-2015 growing seasons

Wigy 4> ild e (e5) &5 4158 0js (LS8 j5 @, SokS) ails 3 Shas (LU 15 0,59LS) Sy jolom 3, 5s
Seed nl;mber per plant 1000-seed weight Seed yield Biological yield
@) (kg.ha™) (kg.hat)
S1 472.71 29.6 4796.3 22682
S2 449.47 28.09 4415 .4 20295
Ss 434.83 28.94 4400.5 20787
LSDo.0s 26.5 0.321 163.6 899.5

Sl als po 1> (o)l glad g (25 dlse )3 ()bl alad egyll @b 9 4y S35 S2 ¢St
S1, Sz and Ss: Full irrigation, without irrigation in flowering stage, without irrigation in seed filling stage, respectively.
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Table 5- Mean comparison for studied characteristics of safflower affevted on interaction of boron X zinc during 2013-
2014 and 2014-2015 growing seasons

> 49,b Gub dlass 3 PHEN) Cudld W]
2907 ‘"yb Gab > &ls Dy &g pd &ild dlaxs ﬁ;%i:s& e sos

s Seed number per  Seed number per (5 2 ('w’_:‘)

Fertile clapliule per capitule plant S(T(edﬁ/lell)d Harvgzg/t)mdex

plan g.ha 0
Zn1 13.06 28.19 365.88 37313 18.72
B1 Zn; 13.02 28.83 37183 36713 18.16
Zns 1417 3748 527.66 52323 2458
Zm 1341 29.96 395.86 3878.1 18.72
B2 Zn2 1464 36.17 526.83 54458 25.09
Zns 133 32.36 426.23 42215 20.16
Zm 13.33 3343 441.04 4458.6 2164
Bs Zny 1482 3742 553.07 5509.7 2466
Zns 134 3491 462.6 4688 2214
LSDo.0s 1.49 3.79 59.4 531.7 2.58

$9) Sllgu p)S5kS oS dea Vere g e

o 54 iZN3 g ZN2 ZN1 S e Sl p)56LS 1y 5,5 Lo Voo g YD o i 54y Ba g B2 Ba

B1, B2 and Bs: Zero, 350 and 700 mg.kg?, Boric acid respectively. Zni1, Znz and Zns: Zero, 1000 and 2000 mg.kg, Zinc sulfate,
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Table 6- Mean comparison for studied characteristics of safflower affected on interaction of irrigation xboronxzinc
during 2013-2014 and 2014-2015 growing seasons

g 3y b b dlass (p)5) &l Y2 (5o (o) &ils (53 P RIHS) &l 2,Slos
Infertile capitule per 1000-seed weight Unfilled seed per capitule (Husa
plant ) (%) Seed yield (kg.ha'?)
Zn1 187 27.84 2.68 3870.3
B1 Zn; 205 28.08 285 3966.1
Zn3 177 3065 19 5570.9
Zn1 202 2857 2.7 4232.8
S, B2 Zn; 177 3064 172 5593.5
Zns 192 29.29 287 4488.3
Zn1 1.95 29.14 1.88 4829.5
Bs Znz 1.72 3203 157 5778.7
Zn3 19 30.14 1.89 4836.2
Zn 233 25.74 3.22 3489.8
Bi1 Znz 2.05 254 2.85 3420
Zn3 19 29.7 17 5049.5
Zn1 197 258 235 3689.5
S, B2 Znz 187 31 17 5437.3
Zn3 202 27.03 235 41825
Zn1 1.88 275 203 4208.6
Bs Zny 178 316 155 5401.5
Zn3 1.88 2901 1.86 4860.2
Zn 2.57 26.86 253 3833.7
B1 Znz 2.07 27.25 32 3627.9
Zn3 1.83 30.02 1.73 5076.4
Zn1 198 2749 2.86 3712
S; B2 Zny 18 30.83 123 5306.5
Zns 197 28.63 254 3993.7
Zn1 192 28.31 221 4337.7
Bs Zn; 1.75 3144 158 5348.8
Zn3 187 2961 1.88 4367.4
LSDo.os 0.263 3.42 0.757 944

S1 82 §Sa: )bl @ad 9 cus s (BAS gals po 1 (g bl dad L ganaily gl ye y3 (oyll @B g Bl B2 g B3y p)S e Voo YO iy

S el ST ZN2 5 ZNa g5, Slilgs pyS5LS 3 S o Yoo 5 Vne o udyiar
Bi1, Si, Sz and Ss: Full irrigation, without irrigation in flowering stage, without irrigation in seed filling stage, respectively.
Zn1, Znz and Zns: Zero, 1000 and 2000 mg.kg, Zinc sulfate B2 and B3: Zero, 350 and 700 mg.kg™, Boric acid, respectively.



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 AY

oLS )3 yom ymaie BLS oS 4 b @l cnl & ey Gl
olS aulS 5 oleal iy bl p Gaddy jo pais 35008 Cuwl
Cuond S Sis osle Mg (co) dgraS Lasl i o 3,35 o Ll
o eles Glacig] ) ohgdr (pl 45 Wb oo LS olS lga
ol 69y 3908 31 4D 00 dloul ygmawlinnSlgs ol cle
89y 2908 plin 13,4 Wy 9 &S (Ahmadi et al., 2012)
ialS g 10 ladily dluw dous )3 9 24 0 JMB] Hlad Csday

.(Ahmadi et al., 2012 ¢ (Misagh et al., 2016 .4 .~

wls )32 059

syl ool 3l ol s Waosly oS po il )y 4550 @l
B Sl 5 95 1 3 9 9y » )l Blize SISl (sg) o
b o gne o oyl (95 52 o3 2 ) otlol (slales
ol tlojl (slolos e gl (ks auslia (¥ Joaz)
OJ9 u.ul)_el 290 u—“’L’J?l’“ S3 9 S, S dl.mui;;} 5 as sy
bl gl (salS > a0l Jlim gy i 9 25 4l Jlie
4.3,[5 l_s S1 C.‘a_m 5 s S92 B3Zn2u_wl.»J9.L‘>:.o C.‘a.w L Joyro
S, 5919_‘.: M9 B.Zn; 9 B1Zn, BiZn: Jet UM:L»J}bu 5919.“:
9 J._M.e)f )I)_'é d)LaT oﬁ)f <SS BsZng 9 BiZn; BoZn;y L 539
30 Cpiomen (5 Joan) ais oamlisie Lol cps (gl dxe coglis
[ IVEY w‘y BsZn; u‘“’l‘n.bb“ S3 9 S2 S1 d)lﬁi slayles
Caus Iy &l 5o 58 Mo yd WA 5 003 YYIVE sy V< /4R
A 58 BiZng sl Jebre Hles 4

SlasS ol lp 08 0 )8 (Sid (iS5m0 40 0l B
—0 D95 (S5 3,5 oS s pludl S 8 Sis i ol
O A3 BB 093 Jobo (ad SobsS Jdsey cnlply S
o yo SLBCBL (Joho s )3 )92 98 00 o5 iy (ol
oo ol 5 25 5 3T J 5 o8 000 Sy i
.(Shorroks et 555 0 ails 3o 59 9 4E9) doyd inlidl cels
oilidl ecel gy calnw U yunie opl uzen al., 1997
ogls Caodll jluw 45" 33)5 o e (sl 55wl 1S Jeod
alby e o3 0 g9, sl (Heydary-sharifabad, 2000) yles
byl Jeeos sl olS 4 S8 3 paaie ol w3l L1y olS

Gabo yu dala ylaas

y5—= 0Ly 31 aS ol L odls S po wilyly 4320 gl
LB B ine el 5> Al Sl g9y 53 e blite Sl 5 s
S 03 L 5y s Wiz ] (Sile cglin (¥ Jpi)
L aS 0ss odalido BiZng jlay jo cab 5o ild slaay o iy
28,5 1,8 g )lel 09,5 5,5 BsZng ¢ BoZny BaZng (slo o
Hes 4 Cuws BiZng jlews o 5do o ash ol (0 Jous)
S plis il de > YY/A0 BiZng ik Jeloxe

e |y ol lag e cud )b &ly > Gl > 4l Sluw
slayiswe sl oL sl piol; Ladsh olis as o 105 0
bsja cnl o (ole o g conl oadad g 0395 Slge (sl syt
ashy oluss aoli8l ol aaled 50 5, Slee iol38l o cdmd lol58l
SLidlod)S 3900 51 (BB 59y 9 y92 Sdkafuy polic Bpas Sl
(Roshan et ¢l oas pMel 03,5 &il> <S> > g o ]
0y ilidl Jdsds (65y yuaie L olLS 4 i al., 2016)
a5 oy Jsbo ptalidl csl 03,5 gails (S gy
O 90 aoby i sl coles jo g Slidles S il Coge
Iy 03,5 alg o5y 03,5 &ils A5 s .(POrter, 1993) 5o o
0 oldise ple wlidss (Marschner, 1995) S o S o0
15IS 33 cpmyss 50 &l sl ye paie Cuto il godimd Lt
oLl ) 5 j> 4l sl 4 (Grant & Baily, 1998)
b e (Khan et al., 2015)

g dala ulaad
Hlas ol flis Jle 93 slrodls (80 (uibyly 4500 gl
g 5> A S 1 (69 3 yem Jlie Il g (g9 92 03l
91 22 25 JRlite Sl SSlee dnglio (Y Joi2) A5 )b ine
gy b alaw Lioli 8l i BaZng  jlews oS ol lis
o (i BaZin b Jy e o 4y Copu | (12,3 YY/AD)
i O ys ol o @bl )0 diay S o wild sl (0 o)
2 ook i &S Gl 3o a0 wib dlus lawgie g g 0 Bib
olalS alwgd oad a gy ol S o Wyl &ild 3 Slos yuuns
L gl 00 9 el (BT (69l (B sla S St 4y g
aS sl odly LS Olidss b o calio g (BT olie yolie



AN o)l S5, 0 5Sas (51521 9 4ils 0, Khas 31 (595 9 y92 pobis b (ol Joloxo i1

BiZn3 uMbJ}bm C?l““’ L a5 A5 sdalin BoZno u“’bgj?b“
Al 5,Slos pozman 2 L (gl bxe OS] BaZnz 4BaZn;
s 54 BaZN: Jlag 8l Js- e Ly S5 5t 6Ll s 3

PN B Y ISP P P RV SPA VA ¥
u.wl)_@l (.\ml_w) BiZn; d»bJ%m )ln..u Q& Cumd 7.00/AB2Zns

S olis

ol S0 lawgy (SWis i blid o b o Sles ialS
Yari et al., 2015;) .(Movahedi- ¢l oa_s 355 ;5
Dehnavi et al., 2007

Al alaws oyl b dlas Jolis) 5, Slos slinl &b aily 5 Shae
5 e sl 51 GG g2 )3 e g Wb (W358 039 9 g2 5
asly 0, Sles g 4l 59 0 (gds0sy polic A daled 5 Slas jo
- Jgdoe Gialejl el y3 (Singh et al., 1996) x5, oljus 5l
s Jolid 5, Shos (slial Jlo dne Gl 33l o 92 9 595 (5L
i 59 9 g 40 aild olawy (3o > wiby Sl gy 43 5oL i
B il e 5,8kes elin] b 3, Slas 48] 4 dn g8 by abd &l
ol ol I3 (555 5 591 (Al gome b 5 4l 3,Slos

S0 alaang, S Jlis) el gt 3 b L g pate
lFise 055 o Sygeo w3 gl 033 (Ll 5 &5 bl 5l
33)5 oo &l 3 Shos il 38l s ygr (Bb ke oS 3505 0L
A5 Aalss (Sangale et al., 1981; Ramesh et al., 1999)

$9y e zusgs yd (Brown et al., 1993) |)Ken 5 (5l
9 35 alj Soplsl (65 S5 a5 2038 plgie 3 Slas liee
e FLY AJ?A.\)L;O Jou «59) .)9.345 )JI ) u.:L.uB‘o))f ..\.ul)B 9 odlo
My mals 4l el cpl bl 098 0 3,8ee )3 (sl alS &
P00y Slas Giul3 8l e ioren 500 Cous Sl Sl J9i)
2ol Glp opod LB o o8 Oliee Cleds Slg5 0o 90 Bpas
BLS pudglio p3 a8 Wil olS > juate oyl bl ids 4 S
.(Ghalavi et al., 2007.) 5l s S iy sladwl s g
Gil5l sl sy e (3l Syl 45 1558 ol liiee
oS {Ahmadi et al., 2012) 4 >us olals ;o 4l 5, e
1518 (Khiavi et al., 2011) (Linum usitatissimum L.)
Aytac et al., 2014) 55,5 4 (Ebrahimian et al., 2015)
)92 Cate il cpimed .095,5 (Movahedi-Dehnavi et al., 2009
26 ase (Khan et al, 2015) b, Sl 5, Slae i385

2 &l jlia 59 il .(Movahedi-Dehnavi et al., 2007)
Ay alj3l Jdsas Slg5 oo (s59) 9 s S0 polis Bpan il
OB il zge 45 ABL mie Cudgaze (BN g 0l 0353
Slaws wlS ) pls olaw (50158] 0gus so dild (gouw 4 0395 dlge
Arachis ) e pbls oS j5 ash jlia 459 9 pls o ash
» ol Gl pis Jdsa g9, pmais Lyae b (hypogaea L.
aS ol oas pMel olS 5 ) slasnl 3 ) Jld (slags 51
Lo,g .(Gobarah et al., 2006) 5445 o0 5, Slas s3] yiol38] o
slial Giliel a8 6,8 )18 (Verma et al., 2012) ) )\Son 5
Brassica juncea ) aa J>, 5 3 &by jlia oyjg 03084 5Shes
9 3iwg e I3l ol Cute 136 oty Bpaa b (L.
13 b 5 g l3 Al e bl ing S pudlio
et al., 2013¢Khan et al., 2015) 5,58l )3 jos 8 yune
yais Bpas b uizen ¢ (Devi et al., 2012) L. 4 (Jabeen
Kamaraki & Galavi, 2012) Movahedi-S 5,5 )5 (¢,
5l sy gy (Aytac et al., 2014; Dehnavi et al., 2009

sl 083 IS o) Simg

dila o Slac
solal oales 5148 s Lt Lmodls o (il ly jo6 gl
Moigiae &l 3)Sdas cido 595 ) yer Jlite Sl 59 9 592
Jsi2) 28 esalio St jlass )3 s 3Sles iy (7 Jpia) 45
5 4oy VAY iy S3 9 S2 slajles 5o aily 5, Slee ials” (¥
2 e Jolite @yl Sl duslis dgr S1dy Cans Ao yd AIYD
A Cows doo)d YV/EF (158l L BaZng jlas a5 ol L (g9,
g Lla 1y aily 5 ,Shae j3 il o i (B1ZN1) yhase Ol jlew
I el 5 S 3 BaZny 5 BaZhy 3b Jybme e L o
dnglio (B Jpaz) 0 ol 3l (e (5 o sime glis g 485
wla i a8 ol plis islejl sl o alBaw ol 1 Sike
e 5 35 &l 5,Slas GBI Cgo 3l Jsbes S1 5 2 St
b gdme g 4 bgiye S3.981 o)kl gokans 1 5,Slas 5
5BaZNy BiZNy by Jglxe sk b St ek 53 45 393 BsZNy
13 B1ZNs 5 BoZNy (il Jydxe ghaus b S5 gebaw 15 g BsZNs
sanliiie Ladl (s oo mine oglis g 41285 )15 (g )lel 09,5 S,
Sess 3 4l 0, Slee 0 3YL Sy (o)l aw 53 (5 Jgaz) s



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 AYY

.(Eshghizadeh & ehsanzadeh, 2009) 1l o (Sl s

B P e g 9y (Ahdslre Sl cudly pasls Sl
(Movahedy Dehnavy et «Aytac et al., 2014) 55,5 pL3)|
OLelS )3 jom sde oy pmais SBpae b iz g al., 2007
zbs (Dordas, 2006b) 4>g ¢ (Khan et al., 2015) > Kbl
ksl a4y S 00lo g D9 -olei oo Aol 1y Lo ytoloj
Slgs o &S Cnl oo dlos | (cubldys (s i dau0) al il
aS Ay o Bl d e cplulo Dgd b 5,Sles gy el
&3P S Sl ((SdS 5 lalpd )3 (59) 9y Spae il
2 g (Laash) oobuazd] ()jlse (m (sjtostd slaodygld s

ASb by adls dos

digs gl
Cos g glasl as ol L Wodly S po il g 4 5o ol
28K )8 el Jlie il g aalogl (slaloss 5 S qn 556
oSl e cpl @ glis,] p Galiso glayloss 1b pac (Y Jgas)
il e Lol ol 9 88 il (slo o Jlos) oo 13 oS
el el 395 elis)l i S ls 4wl o (A5 70
L)) (5,5 )5 .08 b 3lom] @iy i) 1 (e oy Jlos
9 il adoye £9,B L 0dd)S e il e Sl S &g
Shrestha et al., 2006) 55,5 o ibgio Job Ay b 5 paSs
sads yo p3 Lajles Jlas!l oyl ks Farokhinia et al., 2012;

WAl (S 93 so ja
999 ol a8 ol las baodly o8 jo (yuilly 455 gl
S92 03 > Sl B w I3l g g9y 5 g Blite Sl s,
Oyl Sl (gdunlio (Y gde) db by dxe aily (Sgy doyd 5
;A S Bl aS ol b oy 2 e 0 bl calBaw
4 G 45 1 oanlie BaZNg Jles 13 Sz ¢ St 6yl zokaw
0l L iels aey 0Y/A g s YV Cu e dals jles
L) BaZna Jless o 4 (Soy Sl Sg (o)l o )3 iz
B3ZNz zolaw b oS u odaliie (aald 4y Cannd duoyd OV/Q ialS

.(;‘ Jg.\>) sl d)bu-:‘“‘ leiﬁ BiZn3 P B1Zn3 P

il g (S a5 (il Jooxe 85 duyipe i

Gossypium ) 4.y (Dordas et al., 2007) (Beta vulgaris L.)
(Dordas, 2006b) 4> 4 (Dordas, 2006a) (herbaceum L.

A8 o a1y ialojl ol ol

S35 893 4 Slac

Solwl ool Bl as sl L edly 8y il jly 4550 ol
3yShee oyt (¥ Jgi) 28 53 dne Solge 3 Sos o
o (F Jgiz) 13 odalie (g)lul alad 90 e )3 Sojglo
oy AMYS 5 Vo OF Cs a1y Sosglam 5,Shes S3 9 S2 (o)l
oaals g Lacliimg S ol e (ials sl (ials S1d caws
o St S Gl (abB Bl el Suis gonle 25
Keatinge and Cooper, 1984;) et al., 1984 .+_:l
odle zoow ialS 5l 8l Sojglem 3 Sles ialS” (Aggrawal
oo oS 35 el cals yo y> a8 ool Il o3g Sz
ol el dls o ol 5> (o)l alad wmd o aaldl 1) s ool
Sflgn 2Sas Coled 3 9 St odle zedd W9y 4 (il
oS Slad ganails oy > (olol alad b S Jlo ) 035 o0
Yarietal, ) S5 bls o adlles b Sod o Kt gy 294 o0
Allahdadi) >,5L3] 4 (2015; Mohsennia & Jalilian, 2012
oS s iie 51 OT Codgaoe a5 Wdges pMel (et al., 2014
Sl Sis oslo

Caclily o oAl
g9 59— 03l Sl as by L oaly Sye uilylg & 500 gl
Mo sy (adls Cho 59, ) Her Jlite Sl g )
ORlIL) BaZnz jlas 3 cusly (adls cp e (Y Joia) 45
ol L S b sanlin (B1ZMg jlay 4 Camd Juo > YF/4Y
ol (B Jedn) cbls gy —xe cglas BaZNy 4 B1ZNg
2 oS Jeily (S fglen b Cumogad S lyean cudl
oLl xdly ey o ol |y &b & (giingd dlge ol
4 0l 5 00 1y (gtng Slgo JIal ) 51 g )line el
lbize bwg ol (a5 5l ) cudlyy (adls s pae .ol 4l
(Farid & Ehsanzadeh, ccuwlesi )55 SS5 0 , 50
oadld ely; Glals pe oo )0 ) o Hlaia, .2006)
o buly b o i &S Cunl 0l Chis (cpre 08y S Cudly



AYY

w0yl S5 5 Shoc (gl52] g ailo 0, 5o y1 595 9 92 polic b (S0 Joloo 5]

sl g U 59y Slilgwr 9 y92 (B Jglone o sy o Slaiay
.A.ml.{d b.))lg

dalllas oy 9o Silius 4 Jlew il

slaslan Galoil ol )3 )y 3)90 Slio 48 5 Jlo 31
OsSlee dalie (Y Jgaz) 392 o gime g2 53 59)LU i dlas
Slasy Slaus opgd Jho 3 oS ol i (Y Jgao) (wyy 3y50 Slaws
3 8des ally jlin 59 i )3 Al Bk > Al> gy )3 )b Bl
i g gLl g cdlby adLd (Siiglen 3Sles il
PRVAR YR VAN 70 SVA S YRR VAN SRVATN A VANA (VA RYAS
3 o il (Se doys idly ol iolisl gl Jle 4 caws VA
Oylean b glas ials Jgl Jl 4 cas 7SV poy Jlo
8l g Jol Jlo & G Slas a8 pg> Jlo 3 503

Slgo Giolidl e dy jlajxe (gladlily slasi g o pudli )50
G 3 So cladsh Loy doni ) @l ili8l g iweis
Jobore 45" Sy 4 cpl 4 )Sen 5 (Sop .l o bl
Wl (Som o> Sl lbsime Sl 9y o9 polis b (S8L
(Barmaki et al., ¢ Kiran et al., 2014) <l acily ol Kbl
il Jodore 3 SCis Li Lyl 5 a8 oyl 4 433 2010
wand yials angs OB e a1y aily Se dtwily yolie
Gymo , 550 Byb 1 aiisl ausly Lid (g jewl wpalal j3 05155 0
Ul o ashy S duoyd LialS )3 35 ol (pl 45 255 oo iy
Yo 5l (S g sl 50 olS O welals )3 (55, 295 aly s
i pLin y» (Salardini, 2007) cusl Of lse ol So
o3l Jelse Sl qdls pas g 03,5 g4l (58 o 5l (St

(095 JWw) YYAY-AE g (Jgl Jlw) IFAY-AY £y b lw ;5 S5 anlllae 590 Wlho (1uSle Al -V Jou>
Table 7- Mean comparison for studied characteristics of safflower during 2013-2014 (the first year) and 2014-2015 (the second
year) growing seasons

89

alass . 3, 8des 3,5os " "
GLOlS Wl wbalas e ) e ol gyl t
)9)L3 d"" ("8 b ")9’” N | - FHEY L;
2 595k Gk g W il . - Coilay &y %
Gt . ’ ' pSHS) eSS o Unfilled
i Ferti Gy Seed Seed (#55) (ESa 5 (S (wo,8) (o giilw) orains
o caeritl fe Infertile ~ number  number 0 I e Harvest Plant per
Treatment prtu capitule per per seed Seed Biologicalal index height capitule
?er per plant ~ capitule plant weight yield yield (%) (cm) (%)
plant © (kg.hat) (kg.hat)
Jsl
The 12.99 1.95 32.31 419.05 28.1 4068.6 19807.5 20.71 115.48 2.44
J first
Year pgd
The 14.38 1.93 34.07 485.62 29.65  5006.17 22703.1 22.37 124.6 1.96
second
LSDoos  0.603 0.066 1.73 21.6 0.262 134 734 0.949 2.35 0.136

2 i Jlesl glej 3 S50k £955 Jlisa) o)lul sla o
bl 3195 Ll b ae 50 53 (Lol Sl o (VWAY )52 505
oles 3 g 35 ;5SS 5 lild sla Sl ol pegdle
el Jgl Jw 4o o Linle]] syl pgd Jlo o s Jlac!
Sy 9 Sl B gy i g (odulj 0y90 Jsbo (05 5 5Ysb
P> Jlw 33 (g 3)90 Slao 5 & poxie Jolge (ol 50,8

2 Jol Jlo & s inlejl (ol 2!

b 3 0y Jrad (b3 (Sail g Ol d)d (1Sl

WAF Jlo yd 5 sie uo YA 5 01,5 il dn 0 WY Cod ey IVAY
cdedy () Jain) 2gs o oo YE/Y 53,8 ol a3 VWY s ey
ma0ly g (S 0y93 p3 i Jlasl (loj 3 3L sl Sk 3929
P> Jlw 33 sy 290 Clio a5 (AF olo 205 53) (s
sy b S s bl sblas sl cos il sl
g3y Shas cljal o, Slas 1 die g 0y il bogas i aS]
#U pae Jodsas oy Giabejl ol )3 (awyp 3y90 las ,500



AY¥

(5329l (owlis pgr &y

Lo ) o>

WAY sul X,

-Alaanoadsar ‘sjaad] Aljiqeqoad ¢ pue [ 18 UBDIUSIS pUB JUBDIJIUSIS UOU QIR 1y, PUR , ‘SU

SW # 6 s el 5 avd E<be e oo 6 el of e |<rey0 R 6 Rl

«u&0°0 suCl70" +:85°0 wl0°0 +88°0 +:LC0" w10 450 #1100
! 407 Ryaly +:0870" L8170 - TE0 6000 300" sus 170"
L +EL°0 +:9C°0 +E7°0 « 70" L6170 +:05°0 +LT0
! wsCC 0 4090 515707 +5C0 +:£8°0 580
[ w70 +58°0" L81°0 +LS°0 +0C0
I « 170" +C 0 5 EL°0 +9C 0"
I AN 295°0" 5900
! +5€°0 +5C0
I el V0
yuepd aod xapul PIRIA
apnndes apaguy anndes yuepd Jad Sm 1SoAIEH sureas Sy pads PRI
. Jad Jaquinu paag Jdqunu padg Pa3s-0001 Ze(onm MO[[OH jueld e [e[edisojorg
[ b ) )
oovie e o % avicqee et B O o ’ 57 gy ‘3 Hev ¢ REELE
covie 0 A FEC € i< cjev o€ %) i< <) e S sTar (‘m o TTS(eEelne

ed
1od apnyden aqaa g
orje Y ACEC o Hep
wed sad
apnyides aynaajuy
ovje ) 80 el Ky
amudes
Iad Joquinu paag
o Sjev <
uerd
1ad Jaquinu paag
ovc cpee of B
WE19m Pass-000 [
00 < qpev
Xapul 1SaAIeH
e Koo
sureld mo[[oH
#sT e
WSy Juelg
(@3 #ee
PIoIA padg
Torste g

SUOSEJS TUIMOIS S[(Z-F10T PUE $10T-€10T SuULInp Jamopjes ul sjuauoduiod pRIA pue Xapul 3saAley ‘pRIA [2150]01q ‘PIIIA Pads uIdImM)a( SIUAIIJI0I UONERLI0)) -8 I[qEL

F06[ - o[ apoenns® B orsfe gy aonstc FEE e e Mgy 6157 morsle séme oF of e (913 - (040 634 —AbAl



AYD o)l SU,I5 0 5Sas (51521 9 4ils 0, Khas 31 (595 9 y92 pobic b by Joloxo i1

S aals 3l olS (Siis 4 Cunglio (Sl ) 335 B pune S 5 o
St G bl D)3 5 9 69y PlsS 9 )9 89y Bl slxe s po 3 i bl )3 BaZng 9 BaZngy slayles (IS yoba
9 y£9) Aoy 93, Shas glial g0y Shoe 55y el Cuilys o 4 o ZOBIA g ZOFIA 3 Sloe ialdl b coi o) aalS

Iy edles o) (Misagh et al., 2016)35 s 68 >yl
(Movahedi- ¢Aghighi et al., 2012) S5,5 » o S iagh
piiS (Saeed et al., 2015) )b SLzél (Dehnavi et al., 2007
(Gerewal & Williams, 2000) «>s; 4 (Karim et al., 2012)

5 AYUD 3, SLas (Rl L oo iay) el g (Sbslme oo
@b 398 U izl (ol Jslore (9 Jlesd &) Cannd ZYAIE
A8 e 1y S8 0 1) O codgasme ) sk @ s
Slio b 4l 5,8ee a5 3l Ui zasgd odel Cundts guls
e ¢33 (loj (s bl )3 gyt slopimgy al> (L
29 hanjy polie 3l Cuslie (gmVge)d JSb g disy Spae
2 Jad bl (St (i Jeod CiblB dgu S 595 9
g2 ls 53 390 0le0 SO 0fg4 (£]y; Y gazee

(b 30 ash olas e ) gl Gl Sl W gl)] yoen
02l g Soiedan 0y Slos iy i 59 dTg ;0 aily Sl
9 ag ;0 ;5L 5o dlawi b g 4l xe g Gt (Suued Cudldy
929 (A Jgio) cedly lagine g (ite (Stuen &l (Sgs 20y
Ay i dslllas )50 Slas pl 5 0,K0ae o Jb Sxe (Siused
e Moty 5 cawlio (loj 53 ST (gdiey polie (oS gl o5

&l

Aggrawal, P.K., Khanna Chopra, R., and Sinha, S.K. 1984. Changes in leaf water potential in relation to growth and dry
matter production. In the Chickpea pp.168-169. C.A.B. International, UK.

Aghighi-Shahverdikandi, M., Khodadadi, A.R., and Heidari, F. 2012. Evaluation of Boron foliar application and
irrigation withholding on qualitative traits of safflower. International Journal of Farming and Allied Sciences 1(1):
16-19.

Ahmadi, J., Seyfi, M.M., and Amini, M. 2012. Effect of spraying micronutrients Fe, Zn and Ca on grain and oil yield of
sesame (Sesamum indicum L.) varieties. Electronic Journal of Crop Production 5(3): 115-130. (In Persian with
English Summary)

Ahmadi, M. 2010. Effect of zinc and nitrogen fertilizer rates on yield and yield components of oil seed rape (Brassieca
napus L.). World Applied Sciences Journal 10(3): 298-303.

Alahdadi, 1., Oraki, H., and Parhizkar-Khajani, F. 2014. Changes in morphological and physiological characteristics of
sunflower (Helianthus annuus L.) hybrids in relation to the water deficit stress. African Journal of Agricultural
Research 9(30): 2324-2331.

Alloway, B.J. 2004. Zinc in Soils and Crop Nutrition. International Zinc Association (IZA). Belgium, 128 p.

Arab, S., Baradaran-Firouzabadi, M., Asghari, H.R., Gholami, A., and Rahimi, M. 2016. The effect of ascorbic acid and
sodium nitroprusside foliar application on seed yield, oil and some agronomical traits of safflower (Carthamus
tinctorius L.) under water deficit stress. Journal of Environmental Stresses in Crop Sciences 9(1): 69-87. (In Persian
with English Summary)

Arnon, 1. 1972. Crop Production in Dry Areas. Vol. Il: Systematic treatment of the principal crops. Leonard Hill,
London.

Ashri, A., Zimmer, D.E., Urie, A.L., Cahaner, A., and Marani, A. 1974. Evaluation of the world collection of safflower,
Carthamus tinctorius L. IV. Yield and yield components and their relationships. Crop Science 14: 799-802.

Aytac, Z., Gurmezoglu, N., Sirel, Z., Tolay, 1., and Torun, A.A. 2014. The Effect of zinc on yield, yield components
and micronutrient concentrations in the seeds of safflower genotypes (Carthamus tinctorius L.). Notulae Botanicae
Horti Agrobotanici Cluj-Napoca 42(1): 202-208.

Azizi, K., Norouzian, A., Heidari, S., and Yaghoubi, M. 2010. The study of effect of zinc and boron foliar application
on yield, yield components, seed oil and protein content and growth indices of rapeseed (Brassica napus L.) in



IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 AYF

Khorramabad climatic conditions. Journal of Agronomy Science 4(5): 2-16. (In Persian with English Summary)

Banks, L.W. 2004. Effect of timing of foliar zinc fertilizer on yield component of soybeans. Australian Journal of
Experimental Agriculture and Animal Husbandry 22: 226-231.

Barmaki, Y., Jalili, F., Eivazi, A.R., and Rezaei, A. 2010. Effects of foliars application of zinc, iron and boron on yield
and quality of two cultivars of sunflower oil. Journal of Research in Crop Sciences 2(6): 13-26. (In Persian with
English Summary)

Bellaloui, K.N., Reddy, A.M., and Abel, C.A. 2010. Nitrogen Metabolism and Seed Composition as Influ-enced by
Foliar Boron Application in Soybean. Plant and Soil 336: 143-155.

Bowyzys, T., and Krauz, A. 2000. Effect of boron fertilizers yield content and uptake of boron by spring oil seed rape
variety star. Rosliny Oleiste 21: 813-817.

Boyer, J.S. 1982. Plant productivity and the environment. Science 218: 443-448.

Brown, P.H., Cakmak, I., and Zhang, Q. 1993. Form and function of zinc plants. In: Robson. A.D., (Ed.). In Zinc in
Soils and Plants. Springer Netherlands, p. 93-106.

Cakmak, I. 2008. Enrichment of cereal grains with zinc: Agronomic or genetic biofortification? Plant and Soil 302(1-2):
1-17.

Champolivier, L., and Merrien, A. 1996. Effects of water stress at different growth stages of Brassica napus L. var.
oleifera on yield, yield components and seed quality. European Journal of Agronomy 5: 153-160.

Dajue, L., and Mundel, H.H. 1996. Safflower. International plant genetic resources institute, Rome, Italy. Marschner,
H. 1995. Mineral nutrition of higher plants. 2" Ed. Academic Press, 890 p.

Devi, K.N., Singh, L.N.K., Singh, M.S., Singh, S.B., and Singh, K.K. 2012. Influence of sulphur and boron fertilization
on yield, quality, nutrient uptake and economics of soybean (Glycine max L.) under upland conditions. Journal of
Agricultural Science 4 (4): 1-10.

Dordas, C. 2006a. Foliar boron application affects lint and seed yield and improves seed quality of cotton grown on
calcareous soils. Nutrient Cycling in Agroecosystems 76: 19-28.

Dordas, C. 2006b. Foliar boron application improves seed set, seed yield, and seed quality of alfalfa. Agronomy Journal
98: 907-913.

Dordas, C., Apostolides, G.E., and Goundra, O. 2007. Boron application affects seed yield and seed quality of sugar
beets. Journal of Agricultural Science 145: 377-384.

Ebrahimian, E., Baybordi, A., Seyyedi, S.M., and Mohammadi Kia, R. 2015. Effects of nitrogen, zinc and water salinity
levels on yield, quality indices and nutrient uptake in canola (Brassica napus L.) Okapi variety. Journal of
Agroecology 7(1): 120-126. (In Persian with English Summary)

Eshghizade, H.R. and Ehsanzadeh, P. 2009. Maize hybrids performance under differing irrigationregimes: 1-
chlorophyll fluorescence, growth and grain yield. Iranian Journal of Agricultural Sciences 40: 144-135. (In Persian
with English Summary)

Farid, N., and Ehsanzadeh, P. 2006. Yield and yield components of spring sown safflower genotypes and their response
to shading on inflorescence and the adjacent green tissue in Isfahan. Journal of Science and Technology of
Agriculture and Natural Resources 10: 189-199. (In Persian with English Summary)

Farokhinia, M., Roshdi, M., Pasban-Eslam, B., and Sasandoust, R. 2011. Study of some physiological traits and yield in
spring safflower under water deficit stress. Iranian Journal of Field Crop Science 42: 545-553. (In Persian with
English Summary)

Galavi, M., Heidari, M., and Zamani, M. 2007. Effects of zinc sulphate spray on quality, yield and yield components of
rapeseed (Brassica napus L.). Journal of Plant Nutrition 18(1): 179-200.

Gobarah, M.E., Mohamed, M.H., and Tawfik, M.M. 2006. Effect of phosphorus fertilizer and foliar spraying with zinc
on growth, yield and quality of groundnut under reclaimed sandy soils. Journal of Applied Science Research 2(8):
491- 496.

Grant, C.A., and Baily, L.D. 1998. Fertility management in canola production. Canadian Journal of Plant Science 73(3):
651-670.

Grewal, H.S., and Williams, R. 2000. Zinc nutrition affects alfalfa response to water stress and excessive moisture.
Journal of Plant Nutrition 23: 942-962.

Guertal, E.A. 2004. Boron fertilization of bentagrass. Crop Science 44: 204-208.

Heydari-sharifabad, H. 2000. Plants, drought and famine. Ministry of Agriculture. Teaching and Research Department



AYY o)l S5, 0 5Sas (51521 9 4ils 0, Khas 31 (595 9 y92 pobic b (ol Joloxo i1

of Forests and Range. Publication No. 250 (In Persian)

Hosainpanahi, F., Kafi, M., Parsa, M., Nasiri-mahalati, M., and Banayan, M. 2012. The evaluation of yield and yield
component of tolerant and sensitive wheat cultivar subjected to water deficit stress used by penmon montith model.
Journal of Environmental Stresses in Crop Sciences 4(1): 47-63. (In Persian with English Summary)

Jabeen, N., Ahmad, R., Soltana, R., and Saleem, R. 2013. Investigation on foliar spray of boron and manganese on oil
content and concentrations of fatty acids in seeds of sunflower plant raised through saline water irrigation. Journal of
Plant Nutrition 36 (6): 1001-1011.

Kamaraki, H., and Galavi, M. 2012. Evaluation of Fe, B and Zn spraying on safflower quantitative and qualitative traits.
Journal of Agroecology 4(3): 201-206. (In Persian with English Summary)

Karami, A., Ghanadha, M., Naghavi, M.R., and Mardi, M. 2004. The evaluation of resistance to drought in barley.
Journal of Agricultural Science 1(3):547-560.

Karim, R., Zhang, Y.Q., Zhao, R.R., Chen, X.P., Zhang, F.S., and Zou, C.Q. 2012. Alleviation of drought stress in
winter wheat by late foliar application of zinc, boron, and manganese. Journal of Plant Nutrition and Soil Science
175(1): 142-151.

Kasraei, R. 1993. Summary of Plant Nutrition Science. Tabriz University Press, Tabriz, Iran. 120 pp. (In Persian)

Keatinge, J.D.H., and Cooper, P.J.M. 1984. Physiological and moisture use studies on growth and development of
winter sown chickpea. In Saxena: M.C. and Singh, K.B. (eds). Ascochyta blight and winter sowing of chickpeas.
World crops: production, utilization, description pp. 141-177.

Khan, I., Anjum, S.A., Qardi, RW.K., Ali, M., Chattha, M.U., and Asif, M. 2015. Boosting achene yield and yield
related traits of sunflower hybrids through boron application strategies. American Journal of Plant Sciences 6: 1752-
1759.

Khiavi, M., Khorshidi, M.B., Ismaeili, M., Azarabadi, S., Faramarzi, A., and Emaratpardaz, J. 2011. Effect of foliar
application of boron and zinc on yield and some qualitative characteristics of two rapeseed (Brassica napus L.)
cultivars. Jornal of Water and Soil Science 1(3): 31-45. (In Persian with English Summary)

Kiran, S.P., Paramesh, R., Nishanth, G.K., Channakeshava, B.C., and Niriranjana-Kumara, B. 2014. Influence of seed
pelleting on crop growth and seed yield in sunflower hybrid seed production of KBSH-53 (Helianthus annus L.).
International Journal of Advances in Pharmacy, Bilogy and Chemistry 3(2): 391-394.

Lewis, D.C., and McFarlane, J.D. 1986. Effect of foliar applied manganese on the growth of safflower (Carthamus
tinctorius L.) and the diagnosis of manganese deficiency by plant tissue and seed analysis. Australian Journal of
Agricultural Research 37: 567-572.

Mandal, B., Hazra, G.C., and Mandal, L.N. 2000. Soil management influence on zinc dsorptions for rice and maize
nutrition. Soil Science Society of America Journal 64(5): 1699-1705.

Marschner, H. 1995. Functions of mineral nutrients: macronutrients. Mineral nutrition of higher plants 2nd Edition.
Academic Press, New York. P. 299-312.

Mekki, B.B., El-Kholy, M.A., and Mohamed, E.M. 1999. Yield, oil and fatty acid contents as affected by water deficit
and potassium fertilization in two sunflower cultivars Egypt. Journal of Argonomy 21: 67-85.

Misagh, M., Movahedi-Dehnavi, M., Yadavi, A.R., and Khadem-Hamze, H.R. 2016. Improvement of yield, oil and
protein percentage of sesame under drought stress by foliar application of zinc and boron. Electronic Journal of Crop
Production 9(1): 163-180. (In Persian with English Summary)

Mohsennia, O., and Jalilian, J. 2012. Effects of drought stress and ertilizer sources on yield and yield components of
safflower (Crathamus tinctorius L.). Journal of Agroecology 4(3): 235-245. (In Persian with English Summary)

Moradi-Telavat, M.R., and Siadat, S.A. 2013. Introdauction to Oilseed Plants Production. Agricultural Extension and
Education Publications. Pp. 375.

Moradi-Telavat, M.R., Roshan, F., and Siadat, S.A. 2015. Effect of foliar application of zinc sulfate on minerals
contenet, seed and oil yields of two safflower cultivars (Carthamus tinctorius L.). Iranian Journal of Crop Sciences
17(2): 153-164. (In Persian with English Summary)

Movahedi- Dehnacvi, M., and Modares-Sanavi, A.M. 2007. Effect of Zn and Mn micro nutrients foliar application on
yield and yield components of three winter safflower under drought stress in Isfahan. Journal of Agricultural
Sciences and Natural Resources 13(2): 1-11. (In Persian with English Summary)

Nam, N.H., Chauhan, Y.S., and Johansen, C. 1993. Comparison of extra-short-duration pigeonpea with short-season
legumes under rainfed conditions on alfisols. Experimental Agriculture 29: 307-316.


http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291522-2624
http://en.journals.sid.ir/JournalList.aspx?ID=15847
http://en.journals.sid.ir/JournalList.aspx?ID=3796
http://en.journals.sid.ir/JournalList.aspx?ID=3796
http://oar.icrisat.org/3107/
http://oar.icrisat.org/3107/

IVAY 500 Foylod N ol ((65)9Lis wlich pgr 4y yi5 AYA

Nuttall, W.F., Ukrainetz, H., Stewart, J.W.B., and Spurr, D.T. 1987. The effect of nitrogen, sulfur and boron on yield

and quality of rapeseed (Brassica napus L. and Brassica campestris L.). Canadian Journal of Soil Science 67: 545-
559.

Porter, P.M. 1993. Canola response to boron and nitrogen grown on the southeastern Coastal plain. Journal of Plant
Nutrition 16(12): 2371- 2381.

Pratima, S., Sharma, C., Chatterjee, C., and Sinha, P. 1999. Seed quality of sesame (Sesamum indicum L.) as influenced
by boron nutrition. Indian Journal of Agricultural Science 1: 14-17.

Purdad, S.S. 2007. Safflower. Center of Mehr Publication, Iran 123 pp. (In Persian)

Ramesh, S., Raghbir, S., Mohinder, S., Sharam, R., Singh, R., and Singh, M. 1999. Effect of P, Fe on the yield of
sunflower. Annals Agricultural Research 4: 445-450.

Ravi, S., Channal, H.T., Hebsur, N.S., Patil, B.N., and Dharmatti, P.R. 2008. Effect of sulphur, zinc and iron nutrition
on growth, yield, nutrient uptake and quality of safflower (Carthamus tinctorius L.). Karnataka Journal of
Agricultural Sciences 32: 382-385.

Roshan, F., Moradi-Telavat, M.R., and Siadat, S.A. 2016. Effects of foliar application of zinc sulfate on minerals
contenent, seed and oil yields of two safflower cultivars (Carthamus tinctorius L.). Iranian Journal of Crop Sciences
17(4): 1063-1074. (In Persian with English Summary)

Saeed, U., Sher, A., Hussain, S., Khan, A., Ameen, A., jincai, L., and Shakoor, A. 2015. Impact of foliar application of
boron on growth and yield of sunflower (Helianthus annuus L.) under different irrigation conditions. Academia
Journal of Agricultural Research 3(9): 219-225.

Salardini, A.A. 2007. Soil Fertility. University of Tehran Press, Tehran, Iran. 432 p. (In Persian)

Sangale, P.B., Palit, G.D., and Daftardar, S.Y. 1981. Effect foliar application of zinc, iron and boron on yield of
safflower. Journal of Maharashtra Agriculture University 6: 65-66.

Sarawgi, S.K., and Rajput, R.S. 2005. Effect of phosphorus, zinc and PSM on growth and yield of soybean in vertisols
of Chhattisgarh plain. Annual Agricultural Research 26 (2): 302—-305.

Selote, D.S., and Khana-Chopra, R. 2004. Drought-induced spikelet sterility is associated with an inefficient antioxidant
defence in rice plants. Physiologia Plantarum 121: 462-467.

Seyedsharifi, R. 2016. Application of biofertilizers and zinc increases yield, nodulation and unsaturated fatty acids of
soybean. Zemdirbyste-Agriculture 103(3): 251-258.

Shirani-Rad, A.H. 2003. Crop Physiology. Artistic and Cultural Institute Dibagaran Tehran, Tehran, Iran. 360 p. (In
Persian)

Shorrocks, V.M. 1997. The occurrence and correction of boron deficiency. Plant and Soil 193: 121-148.

Shrestha, R., Turner, N.C.M., Siddique, K.H., Turner, D.W., and Speijers, J. 2006. A water deficit during pod

development in lentils reduces flower and pod number but not pod size. Australian Journal of Agricultural Research
57(4): 427-438.

Singh, R., Sharma, R.K., and Singh, M. 1996. Effect of P, Zn, Fe, CaCOs, and farmyard manure application on yield
and quality of sunflower. Annals of Biology Ludhiana 12: 203-208.

Verma, C.K., Prasad, K., and Yadav, D. 2012. Studies on response of sulphur, zinc and boron levels on yield,
economics and nutrients uptake of mustard (Brassica napus (L.) Czernj & Cosson). Crop Research 44(1-2): 75-78.

Yari, P., Keshtkar, A.H., and Sepehri, A. 2015. Evaluation of water stress effect on growth and yield of spring
safflower. Plant Production Technology 14(2): 101-117. (In Persian with English Summary)


http://en.journals.sid.ir/JournalList.aspx?ID=3677
http://en.journals.sid.ir/JournalList.aspx?ID=3677

Journal of Agroecology jo=xt S3gLaS (owld pgr @ p45
Vol. 10, No.3, Fall 2018, p. 823-840 A Ay AYY=AFe .o ATAY Sl X oyleds Ve ol

Effect of Foliar Spray of Boron and Zinc on the Yield and Yield Components of
Spring Safflower (Carthamus tinctorius L.) under Late-Season Water
Limitation

S. Soheili-Movahhed!, S. Khomari*?, P. Sheikhzadeh? and B. Alizadeh*
Submitted: 16-01-2017
Accepted: 04-04-2017

Soheili-Movahhed, S., Khomari, S., Sheikhzadeh, P., and Alizade, B. 2018. Effect of foliar spray of Boron and Zinc on
the yield and yield components of spring safflower (Carthamus tinctorius L.) under late-season water limitation. Journal
of Agroecology. 10(3): 823-840.

Introduction

The stable nature of plants constantly makes them to expose to a variety of environmental conditions that are
often stressful and undesirable. Drought or water deficit stress is the most important environmental factor which has
severe negative impacts on crops yield, especially when the water deficit stress occurs in the flowering stage, it will
affect the crop production. The nutritional imbalance in plants is one of the effects of drought stress. Proper plants
nutrition under stress conditions may partially help plants against various stresses. The growth and yield of plants under
stress conditions can be improved by spraying foliar micro nutrients. Boron is essential for protein synthesis, seed and
cell wall formation, pollen germination and pollen tube growth. Zinc application has a significant impact on basic plant
processes such as metabolism and nitrogen uptake, improving the quality of protein structure, photosynthesis, resistance
to biotic and abiotic stresses in plants and their protection against oxidative damage. The aim of this study was to
investigate the effects of foliar spray of boron and zinc on yield and yield components of spring safflower (cv. Mahalli-
e Esfahan) under late-season water deficit in Ardabil province.
Materials and Methods

The field experiment was conducted at the Research Farm of the University of Mohaghegh Ardabili, Ardabil, Iran
in 2014 and 2015. The experimental arrangement was split factorial based on a randomized complete block design with
three replications. The main-plot factor consisted of three levels of water treatments (Si: full irrigation until end of
season, Sp: without irrigation in flowering, Ss: without irrigation in seed filling) and the sub-plot factor included
factorial combination of Boron (Bi: 0, Bz: 350, Bs: 700 ppm) and Zinc (Za: 0, Z2: 1000, Z3: 2000 ppm). B was added as
Boric Acid (H3BOs) and Zn as Zinc Sulfate (ZnSQ.). The treatments were applied during anthesis (when 50% of the
plants were at anthesis stage) as foliar applications (Dordas et al., 2007). All other agricultural practices (weeds control
and irrigation), were performed when they were required and as recommended for safflower production. The measured
traits included plant height, fertile and infertile capitoles per plant, grain number per capitole and plant, unfilled grain
percentage, 1000-kernel weight, grain yield, biological yield and harvest index. Analyses of variance and comparison of
means at P<0.05 were carried out, using SAS 9.1 software. The means were compared using LSD test.
Results and Discussion

Combined analysis of variance of the data showed that year was significant for all the traits (except infertile
capitoles per plant). During the second year, there was no significant difference among all the treatments due to heavy
rainfalls. The results of the mean comparison of data showed that all parameters were superior in the second year
compared to the first year. Also Seed number per plant, 1000-kernel weight, seed yield and biological yield were
significantly affected by drought stress. The results demonstrated that water deficit stress at flowering and seed filling
stages significantly decreased grain yield compared to full irrigation (7.94% at flowering and 8.25% at seed filling). The
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interaction effect of BoronxZinc was significant in all considered characteristics (except plant height and biological
yield). The treatments of BsZ,, B2Zn; and B1Zns had the greatest increase of these parameters in comparison with B1Z;
(control). The treatment of BzZ, had the greatest increase (47.66%) of grain yield in comparison with B1Z; (control).
Under stress conditions during flowering and grain filling stages, number of infertile capitoles per plant, 1000-grain
weight and grain hollowness were considerably improved through micronutrients foliar application. Boron and Zinc
foliar application significantly improved most traits under water stress levels.
Conclusion

The significant and positive correlation between yield and other studied traits showed that foliar application of
micronutrients at the right time and at right rate mediated drought stress tolerance in safflower plants. In general, Boron
and Zinc foliar application compared to the control could alleviate the drought stress damages on safflower.
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ns, *and**: are non significant and significant at 5 and 1 probability levels, respectively.
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Table 4- Means comparisons of plant characteristics of common millet affected as irrigation regimes and spraying of
manganese and zinc

Coluw P |
5 . - 5 ,Slos ) B ) oy
)Su Cudld y yad b ) JSOly Jsb  adgs Jgb Sy ’j g gl
Sl o lgloo (awdga/ails) P Pedancle Panicle o ©9 93 S
Irrigatio i Grain i i Number Height of
Spraying HI ! height height
n (seed/panicle) yield (cm) (cm) prea of of leaf plant (cm)
regimes P (g. m-3) flag leaf  per plant
(cm?)
e 52.93ab* 191.3b 5.34bcd 11.1ab 5.0a 4.35cd 39.9ab
Manganese
Zf;)c 55.1a 186.8b 6.05abc 11.0abc 4.95ab 4.53bcd 36.89abc
0j9,¥ B
7 dayS g9 -'—)"S""‘7
Manganese+ 55.8a 222.6a 7.97a 11.6a 4.86abc 5.46a 44.0a
Zinc
Bl sl o0 49.9bc 1347cd  5.33bcd 95de  482bc  4.d6cd 33.4bcd
No spraying
e 48.5bc 125.5¢cde 5.04bcd 9.9bcde 27abc4 4/86abc 13bc.36
Manganese
“f” 49.08bc 141.3c 3.76de 10.8abcd 5.04a 4.5cd 32.8bcd
. Zinc
0j9, V¥ B
14 days Sy TS
Manganese+ 55.9a 177.4b 7.1ab 10.49abcd 4.38abc 5.2ab 40.8ab
Zinc
Bt oo g e 109.6de  3.98cde 9.0ef  433abc  45cd 30.4cd
No spraying
e 45.88c 107.8de 3.94cde 9.46cde 3.71bc 4.4cd 30.2cd
Manganese
L_”) 47.55bc 118.7cde 3.52de 9.57de 3.55¢ 4.16¢cd 31.9cd
. Zinc
059, V) B
21 days Sy Fie
Manganese+ 47.01c 111.8cde 4.74cde 10.67abcd 4.06abc 4.53bcd 33.0bcd
Zinc
Hldlme oo 40.87d 97.55¢ 2.78e 8.01f 3.58¢ 4.03d 22.6d
No spraying

Al es I me glis (s )3 & Jlean! o 13 4SSy g0l Lol p gt o 4> alie gy (ol (sl Sle *
* Means in each column followed by similar letter (s) are not significantly different at 5% probability level, using duncan's multiple

range test
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Table 5- Simple correlations coefficient of experimental characteristics for common millet

g glis)) Spp Sy Sk sk el [ab) cuslsy pasla
Height of Number of leaf e Pedancle  Panicle Grain (adgs
Avrea of flag leaf
plant per plant height height yield HI (seed/panicle)
Height of plant
4')'5{ 2 j)g Sliss 0.859%* 1
Number of leaf per plant
Area of flag leaf
S5y ok 0.827**  0.64° 0.666° 1
Pedancle height
“o9 Job 0.925**  0.903** 053" 0.733** 1
Panicle height
b 3)Slos 0.929%*  0.722°* 0.705* 0.796%* 0.865"* 1
Grain yield
(92 Jh) by a3Ls 0912"  0.759"  0.709" 0.793" 0.898" 0.905** 1

HI (seed/panicle)

Lopd ) 50 Jlois] pdaw 53 )by pixe g )l gime s iy 4y s g NS
ns, *and**: are non significant and significant at 5 and 1 probability levels, respectively.
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Vo )bl yeo sals b as shy ol islesl ol 5l Jols ol
9 S2idsdyge Sline plodien shief) polie (Bl Jgla g 59,
bgsye aily 5,Slos o yidiay I il 1y Jsere o5yl ails 3 Sas
L (595 9 3550 plos (bl Jgdoxe 5 039y Y ()Ll y9 Jloss &

g Zayo o yd f)f YYY/5

I s timgid Slga 5l (6 pia oo (St QIS (g Ll pd )

adegs y0 ash cidby (adls W Lad o Jaie il & ddgs
e Gl e siinfsy ol 8l Jolons o a3
5 asb 3y Slos 30,5 o ail 3 Shae Lili8l 5 55988550 Slao
993 el Lasly s oo Jyane ) 0LS Sojolsdyge Cliw
5 S9y BymaonS polis Sl glre (izpan 8L talS gl
O3l oS 4y 5y Slos 5 Sijglgd )90 Clao il carge e
G yann S yuolie Bl glre 5 s)lulyg Blie Sl ad Jgeno

&l

Asghari Pour, M. R., Ghanbari banjar, A., Azizmoghadam, H., Sirousmehr, A., and Heidari, M. 2012. The effects of
purified urban waste water along with micronutrients foliar application on growth and absorption of nutrients in

Zabol Zone. Journal of Agricultural Sciences and Technologies and Natural Resources. 62: 35- 49. (In Persian with

English abstract)

Babaeian, M., Heidari, M., and Ghanbari, A. 2012. Effects of water stress and foliar micronutrient application on
physiological characteristics and nutrient uptake in sunflower (Helianthus annus L.). Iranian Journal of Crop

Sciences 12 (4): 377- 391. (In Persian with English abstract)

Bameri, M. 2012. Effect of different microelement treatment on wheat (Triticum aestivum L) growth and yield.
International Research Journal of Applied and Basic Sciences 3(1): 219-223.

Dastoor, A., Asghari, R., Shahbazi, and H. 2014. Evaluation of wheat non stress and post anthesis drought stress
conditions. Journal of Agroecology 3(6): 561- 570. (In Persian with English abstract)



AYA o Sdos S 5glehy90 lio (535 3550 3 (59) by polis 9 (Sbid Giid i1 (omiy 2

Ghanbari, A., Siahsar, B., Tavassoli, A., Esmaeilian, Y., and Babaeian, V. 2011. Effect of Unionazole and Cycocel on
growth, yield and nutrients uptake of pearl millet under drought stress condition. American- Eurasian Journal
Agriculture and Environment 10(5): 857- 862.

Heidary poor, R., Nassiri mohallati, M., Koocheki, A., and Zarea Feizabadi, A. 2014. Effect of irrigation interval and
nitrogen fertilizer on performance of using water and water efficiency in three plants, Zea mays L., Beta vulgarise L.
and Sesamume indicum L. Journal of Agroecology 6(2): 187- 198. (In Persian with English abstract)

Karimi, A., Homaie, M., Moez Ardalan, M., Liaghat, A., and Raisi, F. 2005. Effect of fertigation on yield of water use
efficiency on corn in a tape irrigation system. Agricultural Science- Research Journal 3: 562- 573. (In Persian with
English abstract)

Kazemi, E., Baradaran, R., Seghat Eslami, M.J., and Ghasemi, A. 2012. Effects of Zn and Fe foliar application on
qualitative and quantitative features of grain sorghum under drought stress. Agronomy Journal (Research and
Development) 102: 190- 196. (In Persian with English abstract)

Khazaee, H. R., Mohammad Abadi, A., and Borzouee, A. 2005. The effect of drought stress on Morphological and
Physiological characteristics of millet. Iranian Journal of Planting Researche 3(1): 35- 44. (In Persian with English
abstract)

Keshavars, L., Farahbakhsh, H., and Golka, P. 2012. The Effects of drought stress and super absorbent polymer on
morphysiological traits of pearl millet (Pennisetum glaucum L). International Research Journal of Applied and
Basic Sciences 3(1): 148- 154,

Malakuti, M.J., and Tehrani, M.M. 1998. The role of micronutrients in increasing performance and improving quality of
agricultural products. Tarbiat Modarres University Press Tehran, Iran. (In Persian with English abstract)

Nejhad Hosseini, T., Astaraei, A., Khorasan, R., and Imami, H. 2011. Investigation two kind of manure with Zn and br
elements on yield, yield components and density of elements in the common millet. Iranian Journal of Field Crops
Research 9(1): 70- 77. (In Persian with English abstract)

Rahimizadeh, M., Kashani, A., Zare Fizabady, A., Madani, H., and Soltani, E. 2012. Effect of micronutrient fertilizers
on sunflower growth and yield in drought stress condition. Iranian Society of Agronomy and Plant Breeding Science
3(1): 57-72. (In Persian with English abstract)

Ramroodi, M., Keikhahjale, M., Galavi, M., Seghatol eslami, M. J., and Baradaran, R. 2011. Effect of spraying
micronutrients and irrigation regimes on yield quantity and quality of Plantago forsk. Journal of Agroecology 3(2):
219- 226. (In Persian with English abstract)

Seghatol Eslami, M. J., Kafi, M., Magidi haravan, E., Darvish, F., and Nourmohammadi, Gh. 2005. Effect of low
irrification on performance of using water in three type of millet. Scientific-Research Journal of Agricultural
Science 11(4): 121- 131. (In Persian with English abstract)

Senoubar, A., Tabatabaee, S. A., and Dehghani, F. 2011. Effect of irrigation time on seed performance, performance
components and with drawal index of Tritium aestivm L. genotypes in Yazd zone. Environmental Stresses in
Planting Sciences Journal. No 2: 95- 104. (In Persian with English abstract)

Sookht Abendani, R., and Ramazani, M. 2012. Effect time of irrigation and nitrogen fertilizer on physiologycal index of
growth and yield of forage corn in condition of north of Iran (Mazandaran). Crop Physiology Jornal 3(7): 19- 44. (In
Persian with English abstract)

Waraich, E., Rashid, A., Saifullah, A., Ashraf, M., and Ehsanullah, Y. 2011. Role of mineral nutrition in alleviation of
drought stress in plants. Australian Journal of Crop Science. 5(6): 764-777.

Zand, B., Soroushzadeh, A., Ghanati, F., and Moradi, F. 2009. Effect of Zinc and auxin foliar application on grain yield
and its components of Grain Maize under water deficits condition. Seed and Plant Production Journal. 2(25): 431-
448. (In Persian with English abstract)



Journal of Agroecology jo=xt S3gLaS (owld pgr @ p45
Vol. 10, No.3, Fall 2018, p. 841-851 A AFV-ABY .o ITAY 3l ¥ o les Ve ule

Effects of Drought Stress and Micronutrients (Zinc and Manganese) on
Morphological Traits and Yield of Millet (Panicum miliaceum)

A. Gideski*! and R. Baradaran?
Submitted: 09-03-2017
Accepted: 04-07-2017

Gideski, A., and Baradaran, R. 2018. Effects of drought stress and micronutrients (zinc and manganese) on
morphological traits and yield of millet (Panicum miliaceum). Journal of Agroecology. 10(3):

Introduction

Drought stress is one of the most important environmental abiotic stress causes a decrease in crop yield,
especially in arid and semi-arid regions of the world. Millet is a traditional cereal cultivating in arid and semi-
arid zones, tolerant to drought and salinity. The application of water stress, especially in the millet development
stages (from stem elongation to later), reduced plant height and resulted in decreased production and storage of
photosynthetic materials (Khazaee et al., 2005). In arid and semi-arid areas, not only water scarcity but also
absorbable nutrient elements deficiency in soil always restricts plant growth. Micronutrients are essential for
natural growth of plants and in addition to their cooperation in the structure of some organelles they are involved
in many chemical reactions. The shortage of these elements may sometimes act as limiting factor of absorption
of other nutrient elements and growth.spraying Manganese and Zn combining with the other spray treatments
resulted in the highest growth parameters of the Setaria italica. The aim of this experiment is to investigate the
effects of drought stress and spraying manganese and zinc micronutrients and their interactions on
morphological traits, harvest index, seed per panicle and seed yield of common millet.

Material and Methods

To investigate the effects of different irrigation intervals and foliar application of micronutrients on Panicum
miliaceum, an experiment was conducted as split plot arrangement based on randomized complete block design
with three replications in Sarbisheh agricultural research farm in south Khorasan province on 2012. Each
replication included three main plot factors based on irrigation levels (7, 14 and 21 days irrigation intervals).
Each main plot had four sub plot factors which treatment of foliar application with micronutrients were
conducted on them (foliar application treatment with manganese, zinc, manganese and zinc without foliar
application). Plant height, the number of leaves per plant, flag leaf area, peduncle length, panicle length, harvest
index of seed in the panicle and seed yield was measured.

Results and Discussion

Drought stress cause significant differences on plant height, the number of leaves per plant, flag leaf area and
peduncle length at 5% significance level and on panicle length and seed yield at 1% significance level. Drought
stress decreases morphological traits by reducing photosynthesis, growth period length and material partitioning
to organs. The effect of foliar application on plant height, panicle length, peduncle length and the number of
leaves in plant and seed yield was significant at 0.01 probability. Foliar application had not significant effect on
flag leaf area. Drought stress caused a significant difference at significance level of 5% on harvest index. The
highest harvest index (53/46) was related to 7-day irrigation interval treatment. In the absence of sufficient
water, material partitioning to reproductive organs and especially seed would be decreased which causes the
reduction of harvest index. The effect of Zinc and Manganese foliar application on harvest index was significant
at the significance level of 1%. The highest harvest index with 14.1% increase in compare to the control
treatment was related to Zinc and Manganese foliar application treatment. Increasing morphological traits
produced seed with higher power and finally harvest index of seed in panicle increased.
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Conclusion

Considering achieved results, the decrease of irrigation interval can increase the photosynthetic surface and
consequently seed yield. Micronutrients foliar application also causes an increase in morphological traits and
seed yield. Spraying micronutrients increased seed weight, number of seed per panicle and seed yield. The
interaction of irrigation interval and micronutrients foliar application was significant too. The highest seed yield
was related to 7-day irrigation interval and manganese and zinc foliar application with 222.6 grams per square
meter.

Keywords: Common millet, Irrigation interval, Manganese, Morphological traits, Seed yield, Zinc
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Table 1- Profile management of the farm for the cultivation of cotton in Golestan Province
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Table 2- Inputs and outputs of energy used in the production of cotton

odliw b ool g9 (HLs2) waly Syl ol 2o
Type of input and output Unit (in ha) Energy equivalent Reference
1 RPSOP RIS
A) Inputs
Sl 5555
h 1.96 Ozkan et al., 2004
Human labor
kg 33 Ozkan et al., 2004
Cotton seeds
b peiilo
) kg 142.7 Kaltsas et al., 2007
Machinery
ebonss slasgS
) - kg 60.6
Chemical fertilizer
39
] kg 60.6 Akcaoz et al., 2009
(a) Nitrogen
iad
kg 6.7 Akcaoz et al., 2009
(b) Phosphate
) kg 1.1 Akcaoz et al., 2009
(c) Potassium
Joss
) kg 0.3 Ozkan et al., 2004
Animal manure
NADL
) L 38 Balance sheet hydrocarbon Iran., 2008
Gasoline
Ay S
kwh 3.6 Pimental & Pimental., 2008
Electriciy
o 5 cale
o Kgai 278 Tzilivakis et al., 2005
Herbicides
» V,..S o)..i'.> . » .
o Kgai 237 Tzilivakis et al., 2005
Pesticides
b 5 7,8 .
o Kgai 99 Strapatsa et al., 2006
Fungicides
<) 9>
B) Output
o9
kg 54.5 Ozkan et al., 2004

Lint
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Table 3- Inputs and outputs energies of cotton production in Golestan Province (MJ/ha-1)

B 2955 9 (53959 Sbe w3
Inputs and outputs Mean Percentage
L 59959
Inputs
o5 g b ool 10
oI 2546.74663
Land preparation
el 8
. 2091.722498
Planting
PORE 25
. 6457.119142
Nutrition
&b 41
o 10857.18505
Irrigation
S5 dls 5 ()81 o2 2
- s‘w -sd) IERs) - 5741428
Weeding, Cultivation and crust-breaking
Glil g5 sl cile olows JS 10
. 2581.025253
Chemical control of weeds and pests
Cuild y 3
" 879.7852
Harvesting
J& 5 Jo
e 338.878413 1
Transporting
K
26326.60499
Total
9
Output
> 334235
Cotton
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S 2 3 5L 9 5 Nl ¥ sl o
Sllos a8 2l L wyp gols ol 0ads &1l ely; slacllos
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Fig. 1- Box plot diagram of fuel consumption for agricultural operations of cotton production in Golestan province
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Table 4- Average of labor force energy in each stage (MJ/ha-1)

Mg Jalye Ol Loy
Producing stages Mean Percentage
‘30 o 03Lo]
o 9.806824 1
Land preparation
culs
. 4.846296 0
Planting
adss
.. 18.5024 1
Nutrition
d)L:ei
L 717.8304 32
Irrigation
iS5 a5 (6)8Tg 3
S 574.1428 25
Weeding, gap filling and crusting
Sl g b e plond Uz
0 s e ot 8 28.276528 1
Chemical control of weeds and pests
bl y
. 879.7852 39
Harvesting
J& 9 Jo>
. 29.694 1
Transporting
F 2262.974448

Total
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Table 5- Direct and indirect energy mean in cotton prodution (MJ/ha-1)

sidles RASES o)
Type of energy Mean Percentage

e (551

. 16142.61125 39
Direct energy
i 52l (53,531

. 10183.99374 61
Indirect energy

5
26326.60499
Total
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Fig. 2- Contribution of each indirect energy sector in cotton production
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Fig. 3- Contribution of each direct energy sector in cotton production
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Fig. 4- Contribution of cotton pesticides in indirect energy consumption in cotton production
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Fig. 5- Diagram of herbicides consumed energy in cotton production
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Fig. 6- Diagram of input and output energies amount on cotton production
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Table 6- Energy assessment indicators in cotton production on Golestan Province

5P 2l g pas e FShe
Energy assessment indicators Maximum
(ER) 551 ol b s
2.46
Energy rate (ER)
PSS ) Jsj 5o (SE) efg 5551
21.09
Special energy (SE) MJ/Kg-1
Js3 Ke 2 pSokS (EP) (5550 s)9 0% 001
Energy productivity (EP) Kg/MJ-1 '
5 53 Jgj 5 (NEY) palls (55513 ,8doe
25,941.84

Net energy yield (NEY) MJ/he-1
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Fig. 7- Cumulative frequency of energy productivity on cotton production farms
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Introduction

Energy is of particular important in agricultural inputs due to the increasing rate of consumption, fossil fuels
adverse impacts on the environment and limited sources. Due to the growing demand of energy, increasing
world population, increasing food consumption per capita and improvement of life quality, the energy, the way it
consumes and increasing its efficiency and optimization are very important. Moayedi et al (1388) indicated that
the highest energy consumption of the first year of saffron cultivation was related to manure application with a
16.91% of the total energy consumption and in the second to fifth to urea fertilizer with a 67/37% of the total
energy consumption. Similarly, energy production to consumption ratio over a period of five years of saffron
cultivation was estimated to be 41/0. Ahamadi & Aghaalikhani, (2013) reviewed the energy consumption of
cotton in the Golestan province. They considered the share of energy use in cotton in Golestan province, the
share of energy consumption in tractor fuel inputs and fuel pump to be 24%, 30% respectively, and 54% of the
energy was related to diesel fuel. Fertilizers had 24% and chemicals had 13% of energy consumption, and the
total energy input for the production of cotton in Alborz Province was announced to be 31 GJ per hectare.
Considering the energy crisis in the world, exploring the demand and consumption rate of energy and finding
solutions to reduce the consumption is of researcher’s priority globally. Considering the privileged position of
cotton production in the world and Golestan province of Iran, estimation of energy input and, efficiency are
among the main research areas leading to fruitful solutions of optimizing energy consumption of the product.

Materials and Methods

A hundred of cotton fields around the Aliabad and AgQala cities in Golestan province were selected during
two sowing years of 2014 and 2015. These farms were selected in such a way a number of farmers can be
included. Important dates of different operations and events were observed during the growing seasons in
selected fields. The data of typical production methods and cultivation practices were collected in last year
including the use of equipment and fuel, application of fertilizers and pesticides and so on. Accordingly, all
agricultural practices were divided into eight categories, including land preparation, planting, fertilizer
application , plant protection, weed control, irrigation, harvesting and transportation to factory or crop delivery,
primarily. Then, the different amounts of input use and more comprehensive information were collected and
recorded at every single stage from planting to harvesting.

Results and Discussion

The results showed that the highest energy consumption was related to irrigation with 41% of the total energy
and fertilizer application and land preparation were in the next positions. Labor force energy was calculated to be
2262 MJ.ha! related to harvesting, irrigation, cultivation, and crust-breaking. 61% of the total energy (10217
MJ.Ha) was used indirectly for the manufacturing, repair and maintenance of equipment and machinery, and
production of seed, nitrogen fertilizer, phosphate fertilizer, potassium fertilizer, organic fertilizer, t insecticides,
herbicides and industrial fungicides. Nitrogen fertilizer production consumed 30 percent of indirect energy
sources, the highest share, while 39 percent of the total energy consumption was related to direct energy through
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the use of human resources and fuel consumption. Average power ratio of total farms was equal to 92.5. The
results of levels of total energy input to fields showed that the minimum and maximum energy inputs were
15614 and 43321 MJ per hectare, respectively.

Conclusion

The results of this study showed that most of the direct energy (labor and fuel) consumption for cotton
production is related to fuel with 86 % of the total energy mostly used in irrigation practices. Several factors
such as soil texture, farm leveling, plant's feeding and protection, equipment and types of pumps, irrigation
equipment maintenance in a timely manner, weather conditions, the amount of water available and most
importantly short-term and long-term management are among areas which can reduce fuel and energy
consumption of irrigation practices in the cotton production farms of Golestan province.

Keywords: Cotton, Fuel, Input Energy, Output energy
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M"Q ‘ 0.02 8.82 61.20 Tzilivakis et al. (2005)
Electricity (kwh)
isile 6300 Lal (2004)
Herbicide (kg)
Ao * * 5100 Lal (2004)
Insecticide (kg)
ek * * 3900 Lal (2004)
Fungicide (kg)
€02 Jobe 21 310 1 IPCC (1995)

CO2 equivalence factor
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4- Irrigation water productivity
5- Economic irrigation water productivity
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1- Land use efficiency
2- Land production efficiency
3- Economic land production efficiency
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Table 3- Inputs and outputs expressed as quantity and its energy equivalents per unit area for alfalfa and corn silage
production systems
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Table 4- Indicators and different forms of energy use in alfalfa and corn silage production systems
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Table 5- Economic analysis of alfalfa and corn silage production systems

Indicators Unit Corn silage Alfalfa
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Economic productivity
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Fig. 3- The proportion of different input of alfalfa production systems in global warming potential
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Fig. 4- The proportion of different input of corn silage production systems in global warming potential
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Table 7- Land, water and fertilizer use efficiency in alfalfa and corn silage production systems
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Introduction

Agriculture development heavily relies on chemical inputs such as synthetic fertilizers, pesticides, fossil fuels
and other energy-intensive inputs. This development is having a serious impact on public health and the
environment. Therefore, efficient use of resources is a primary and most vital implications for sustainable
agriculture development. Sustainability indices are quantitative values that can be used to evaluate the efficiency
and quality of agroecosystems and are useful tools for making suitable decisions in its management. These
including energy flow indices, global warming potential (GWP), economic indices, environmental impact
quotient (EIQ) of pesticides, efficiency of land, water and fertilizers use and etc. Alfalfa and corn silage as the
main source of feed for livestock, have a notable area in the cropping pattern of Maragheh-Bonab plain.
Therefore, evaluation of sustainability for these crops will help the sustainable management of agroecosystems
in the study area. The present study was conducted to: (a) determine energy efficiency and global warming
potential; (b) determine the environmental impacts of pesticides; (c) assess input use efficiency and; (d)
economic analysis of alfalfa and corn silage production systems in East Azerbaijan province of Iran.

Materials and Methods

In the present study, the sustainability of alfalfa and corn silage production systems lies in the Maragheh-
Bonab plain in southern East Azerbaijan province in northwestern Iran were evaluated using quantitative indices
such as energy efficiency and productivity, greenhouse gas (GHG) emission; economic indicators; pesticide risk
(field environmental impact—FEIQ); tillage impact (TI); fertilizer, labour, land and water use efficiency, and the
eco-efficiency index. For this purpose, data was collected from 110 farmers by survey to determine crop
production in the region. Secondary data including climate characteristics and products sale price was obtained
from previous studies and organizations such as the Agricultural Ministry of Iran.

Results and Discussion

The results showed that the values of input energy, output energy and net energy in alfalfa production system
(48151, 432920 and 384768 Mj.ha, respectively) were higher than corn silage production system (35557,
217350 and 181792 Mj.ha?, respectively). Also, it was observed that the values of energy use efficiency and
specific energy of alfalfa (9 and 15.8 MJ.kg?, respectively) were higher than that of corn silage (6.1 and 4.1
MJ.kg™, respectively). In terms of economic indices, despite of lower total cost of production in corn silage
(1089 $.ha't), the highest values of gross production value (6447 $.ha'*) and net return (4193 $.ha') were related
to alfalfa production system. In terms of GWP and EIQ, alfalfa production had the higher values with compared
to corn silage production. However, eco-efficiency (ratio of economic value to the environmental impact) values
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based on of GWP and EIQ was significantly higher for alfalfa (1.75 $.kg ** COzeq? and 35.3 $.E1Q?) than corn

silage (1.5 $.kg* COzeq? and 26 $.EIQ?). Land production efficiency, economic land production efficiency,

irrigation water productivity, economic irrigation water productivity, nitrogen use efficiency, phosphorous use

efficiency and potassium use efficiency were 140 kg.hat.day?, 21.5 $.hat.day?, 4.1 kg.m?3, 0.63 $.m?3, 335

kg.kg?, 1191 kg.kg? and 1826 kg.kg? in alfalfa production system and 583 kg.ha'.day?, 22.9 $.hal.day?, 8

kg.m3, 0.31 $.m?3, 656 kg.kg, 3553 kg.kg*and 65525 kg.kg™ in corn silage production system, respectively.
Conclusion

It can be concluded that environmental impacts of pesticides and global warming effect per area in alfalfa
production system were higher than corn silage production system. However, in terms of economic indices and
energy use efficiency, alfalfa production system was superior to corn silage production system.

Keywords: Energy efficiency, Fertilizer use efficiency, Global warming, Pesticides, Water productivity
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*Means followed by the same letter are not significantly different according to SNK test (P<0.05).
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Introduction

The relationship between arbuscular mycorrhizal fungi (AMF) and their associated bacteria has great
importance for sustainable agriculture especially in the case of highly mycorrhizal plants such as flax seed. Bio-
fertilizers use in sustainable agricultural systems is important in production and enables plants to absorb more
water from soil and improves plant nutrient uptake and photosynthesis. The alleviating effect of the AMF
symbiosis in response to drought generally relies on the uptake and transport of water and on an improved
uptake of nutrients. The cooperation of bacteria and mycorrhizal is probably due to specific attributes of micro-
organisms that make the mother plants more tolerant to drought stress .The interacting effects of mycorrhizal
colonization and phosphate solubilizing bacterial (PSB) inoculation on plant vegetative growth and crop yield
have been studied previously. But, the impact of these above micro-organisms on the plant reproduction and the
actual (quality) crop yield has received much less attention. Thus the main aim of this study was to evaluate the
effects of AMF species, PSB and their interactions on the quality of harvested flax seeds.

Materials and Methods

A 2-year field experiment was conducted at the Urmia University, Urmia city, located at North-West of Iran
during the years 2014 and 2015. The experimental design was factorial (three factors) based on a randomized
complete block with three replications. The treatments were included two AMF species (Funneliformis mosseae,
Rhizophagus intraradices and non-mycorrhizal control), PSB (Pseudomonas putida P13 and non-inoculated
control) and three irrigation regimes (irrigation after 60, 120 and 180 mm of evaporation from Class A pan).
Seeds were sown into a loamy soil at a depth of 2 cm in plots. Mycorrhizal inoculum was placed in the planting
rows below the seeds. For bacterial treatments, the seeds were inoculated with bacterial suspension of
Pseudomonas putida strain P13 before being immediately planted. At the end of the growing season, when the
plants had produced mature seeds, samples were taken. Seed factors included germination percentage, nutrient
percentage (N, P and K), mucilage percent, swelling factor, electrical conductivity and potassium leakage
(parameters as a result of damage to seed cell membranes) were measured. Finally, data was analyzed using SAS
9.1 and means were compared by Student Newman Keul’s test at 5% level of probability.

Results and Discussion

Combined ANOVA of 2-yr data showed a significant interaction effect of irrigation regimes multiply by
bacteria and mycorrhiza on the final germination percent, mucilage content, swelling factor, swelling rate per
gram mucilage, seed nutrients (nitrogen, phosphorus and potassium), and potassium leakage, and significant
interaction of year multiply by irrigation regimes and mycorrhiza on the electrical conductivity in flax seeds.
Results indicated that with increasing irrigation interval from 60 to 120 mm of evaporation in control (non-
inoculated) plants, phosphorus percent, potassium percent, mucilage percent, swelling factor and swelling rate
per gram mucilage, and potassium leakage were in high level. These above traits decreased with increasing in
severe stress up to 180 mm of evaporation. With increasing drought stress in flax plants (from irrigation after 60
to 180 mm evaporation), protein content and final germination percentage and rate of harvested seeds were
decreased. Mycorrhizal and bacterial inoculation of flax plants, especially dual inoculation, compensated a part
of drought-induced seed protein reduction. In all irrigation regimes, the highest percentage of phosphorus,
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potassium, mucilage and swelling factor were observed in dual inoculated plants due to synergistic effect of
mycorrhiza and PSB. This synergistic effect led to reducing cell membrane damages that indicated the vigorous
seeds. But a downward trend of seeds germination percentage harvested from inoculated plants, related to higher
mucilage volume and its negative correlation with seed germination.

Conclusion

A mixture of AMF and bacteria improved the results more than they were for the non-inoculated control
plants. The development of multi-functional microbial inoculants seems to be a promising method to increase the
positive effects of micro-organisms. In this study, the participation of micro-organisms contributed to a higher
quality and vigor of flax seeds. Assessment the effects of plant-beneficial micro-organisms (Pseudomonas putida
and two mycorrhizal species, alone or/and in combination) on the quality of flax seeds obtained from plants
grown in the field, showed the beneficiary of dual colonization.

Keywords: Drought stress, Mucilage, Mycorrhizal fungi, Pseudomonas, Seed germination
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4 7-Feb-15 WAY (yoge VA 10.95 9.106 6.471 6.278

5 23-Feb-15 YAV wiawl ¥ 75.94 8.508 5.395 6.578

6 11-Mar-15 AT il ¥ 48.56 8.613 5.846 6.326

7 27-Mar-15 WAY (359,08 ¥ 52.69

8 12-Apr-15 WA 50355, VY 21.31 8.858 6.014 6.504

9 25-Apr-15 WA Cuiged,l 0 22.42 7.520 4.965 5.648

10 14-May-15 WA Culigd)l VY 3.32 6.943 4.123 5.587

11 30-May-15 WAF ol 3 4 4.5 4.952 4.219 5.526
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Table 2- Vegetation indices used in this research
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Soil adjusted vegetation index (SAVI)

(bandyr + bandggp + 0.5)

oo S Sl el

(banleR - bandRED)

Bannari, ) ¢,k

Transformed difference vegetation index (TDVI)

Jos+

Enhanced vegetation index (EVI)

(bandyg + bandggp) (2002
OhlSen 5 s
2.5 x (bandy;gr — bandggp) Huete etal., )
(bandyg + 6 * bandggp — 7.5 * bandp,yp + 1) (1997
(bandyp — bandggp) chiSer 5 Sl

wily &) alS g jasli .
Enhanced vegetation index (EVI2)

Greenness index (G1)
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(Jiang et al., 2008)

Greenness index (G2)

(bandNIR + bandRED)
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2- Quadratic

3- Exponential

4- Multiple Regression

5- Forward stepwise regression

6- Backeard stepwise regression

7- Root Mean Square Error (RMSE)
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Aoy S g 3 (LS by lapadls (eles pelul
S s g a3 Ls gl RMSE oylel asels (f JS5) 393 515 ixe
S VEA LY I sy s s el S ool s 0 g jludeess
5 ool by 05 g lodusd 5 1 s 4asls gl RMSE 5
09 WS 5 V5 iy 4 as Jiao s SAVI s NDVI asls
(FF Fa JSa) 3o ol |y @¥oles ) ins Lios )8 48
g o)l oyl e oles @lr ool b a5 cunl Jbs p3 ol
S cily Labl lysie ¥ USC obaolys gy ) 5 VA &
LL& 5 SAVI g NDVI slaasls olul 4y as sl Joa
e 385 39l LS (F L5 F Sy o (a3 L) (65550
£ a8 Sy il 3 o s 53 333 5 b 5L
S g a3l a5 Saote (Sly e | i
iy A NDVI 40l cowlus Jd> Ve LA g AL S 030 1
0a3Ls YL Conlis w8 Me 35 (Bl jlade I Sy s
ol NDVI 4y s Sy el asls (oYU e 4y SAVI
525 SAVI 1 skl | 04 ¢ o 5 1 o asli b
Jdo 4 Sy e (a3l Dyl 40 B> ol b oanliie
S o (LS Y B+ ol 53 Sy sl 3,51 il
3L 3 oabglutd Sy o Lt el ke 5 g
et (F Fa JSL5) sl o Ve b5 adly 5y s a3 ls
36 RVIE (sl polal p (gilodnd Sy o a3L5 (ly 09,
Fodlawl Ly Sy s (a3 Ls (gloaed (F] JS3) 05 osmlie

3y9ly0 PNDVI a3 jise asls j edlil codgiome
SNDVI gl s 4 YU Sy o yasli ol 5 LA
.(Pontailler et al., 2003) cwl 2LS 45l iddin Hb;
ol o Al oy Gl 2les (g S5 e Sl el ol
; Van Wijk & Lu et al., 2004) 545 o oslaiwl yol)Ly g3
sl gy 00 plsgl clalllas e (Williams 2005
o 5 S s (a5 oy oy, o8 3 i 55 (e
L olssise |y WDRVI g NDVI aisle a8 sy (slosasls
395 ol e w2 b g aled @l g oeiygSIl Ll 5l oolaz
; Richardson et al., 1992; Price & Myneni et al., 1997)
ladllas 55> (sow jl .(Bausch, 1995; Gitelson et al., 2007
&S ol i Ve Jlo o s Sy 8l Sid des Ble jo
dalllas 3y50 a5y duw 3l @pe 93 PNDVI L Sy o el
(rusro= 0.777, rwe= 0.997) ()b ixe g (hod Ko
sl U dilaie diw Sy s a3l | Stsed .Cal 4zl
VW Gle @l g +IVR s Ll gl NDVI ol iy
oadld b & gaass ol 4o (Fan & Gao, 2009) dol Cawdes
sl agime NDVI el (550 alS oy S s
9 S g a3 LS e 35 Ghlen g 03l g ) sl 03,55
@ <IVEA o <IVFR  Siged by s alayl, RVI g NDVI a3 ls
[(Darvishzadeh et al., 2008) x5 5] >

1 0d5 6l b sddosalie Sy paw (adld (Siawes



OhLen g 03lj 4isg,0 .(al., 1991; Dijk & Bruijnzeel, 2000
SB by osds gl alS Jide o jedli il eslazel b 5o
B Sy e a3 ls dopd £O 51 i (il lg pusgr 4 0B
Slasdlas 5 oS cul Jls 45 oyl (Darvishzadeh et al., 2008)
o=l ey A A gV crwad loylanle yglas I eolisl b S5
Masemola) sls lis 1y dsps +/YA 5 +/VF 5l YL 85 (asls
OF SAVI Las i &S wimbl o 0 o) Ken 4 5,5 (et al., 2016
Turner et ) s»s o oy |y Sy pdaw (s ls Ol jl ao)d
Les o)y g Yoo awlo ¢y 5 lalllas gl M5y, (al., 1999
Do zwdy BBSAVI L Sy mdaw (2dls Olyuss | oy VY
zlyiwl gl edlai il 5y50 490 il Liomiw (glaedly 3L
2 ol ol ade 4 Gl 8L alS by slapasls

(Masemola et al., 2016) xsl> cuus JI5 slaj,

o8 opailenia ol ga S EYulas (IS (oo
PSS 3 qelons gLl ) 9T
Mo 4 alS (dg slajadls Colate Cowlus 4 a5 L
obes A3Bg> (ad (Siuen (I JS5) Sy o a3l
b 3] o3l b piiS ordosnlie Sy aaw Lasls b b asls
W e Jlainl oS 5 ¥ s 128, S8 Ly 3,90 SAS 138l
LAIL (Ssen olie cn 5Vl g ool (0 5VL ()3 & oS
Lz emwyS ) OYolee zuld (ol odds 0ld L & S > oy
Lo asls Uy Sy paws [adls (Stuused o o 5L opuito
asls b S5, TDVI 4 SAVI DVI EVI2 EVIL als
il o piite ST (it (gm0 ) 4 s (NDVI i) G2
SLaJS) (/2 5 AV /Y /AN A s ) Canl asily
pie Cawles > & Y| Ll ol (0] 5 0g & AC b
A5l NDVI s 5 el sl 5V jlaie 4y G2 s s
0255 U SAVIE o Stued oo & ol b 5 ol
03,5 s b (g )S) 4 Cund NDVI 95 5 S o o
Stads ol 0gMe (M 5 0K (el JS_3) (= 0.87™) cun
4 Comd 9 NDVI L TDVI (S5 Ly S o 23l
Cdl i8S e (Sl L Qb 4 plS o (Sien
L S oo a3 lS (Stond (rizren (Vi 5 YA O sl JS05)

Sy e (23LS G2 > 4 (25 Jids sbasls ples
Iy Sy o (asls 3y90 10 b 55 aliie 159, & 5 YL
¢8> Sy 4 (NDVI L,is) G2 asls s )51 .md o ials
US4l ol bl oyls (20 RMSE)NDVI I (650l
Gl YU U bagio Syy oo adls 50 4 NDVI
Gl 0313 plosil |y 6yt (silodend 5 (5208 MAE) azsls ¢ it
o (asls 3ygl 3 DVI Lasls cés lie (Fh ¥a Jsis)
RMSEpvi= ) ool jiis (olod @b jl s Jae 5l oolisul L Sy
tlos @b olul 1 S s a3 ls 09l & 90 > (1,08
JSC3) el 65V €83 1 a8 Sy g s li e
(rd
0L i ) (ire (b daly () g 0305 a9y
Sy o 4a3ls LNDVI 1 ool | 00 gjlodesd Sy g
Darvishzadeh et al., ) 155,5 osalio (R?= 0.61) ousosalin
Sy o a3l e (658 b alal 55 lSen 5 53,5 .(2008
Ro%wpvi ) edwsednlice b RVI g NDVI I oslizl b o ¢ 5lodnsd
(Turner et al., 1999) 455,5" 5,155 (= 0.74, R%vi = 0.59
oigs 5 NDVI (g s & 552315 ool iome sl cizpon
Cignd Oygo & &5 (2L Gibg GiS1y pelel g Slg e (aLS
A5 15 3 oS ine ol 0 93 Ly Ty 0 w0 b STy
Bl ¥l keSS e (adls g Cunl 0481y LS Jidg
1 ol @8 o )3 S Sl 45 cov s 4 NDVI
Dol b osd o (asli cunl STy S (s & Sy
5 Sl 005 Sleiiiy NDVI (sls & (SAVI) alS g o
oty I ecal Jajls (doce (gpl S S 4 (a3LS
s gorme a8 Sy slaulide Ly (25 090 S Il
Sl 8o sl 2)1 |y (Solitte (LS sl idy 9 S
; Gong et al., 2003; Pettorelli et al., Teillet et al.,1997)
S5 L g sloylsale ygus L SAVI [adls )y L (2005
Bblie (e ) asld (12l QW5 &5 a8 aseie OIS (K,
o 35 39290 (5)lel b g el g s LS gy (s
093l b 3539 4 by ye dlue ol e S o Bpua |y dlawo
e QLS 1 el (a3l ol 53 o 4818 a0 Su355 a3
lalllas ) eyl 5 €l 5 ol o 1y LelSadl s oyt
; Band et Asrar et al., 1984) )by ape (ids 2lS e



ITAY Sl oF oplad 1o lor (659l cunlis poy g i VY

Lol ol islydl o g (yensS) 9 0pie oS5 Lhad (e S, Pl 12 Siused 4y i RVI LIPVI gRVI L TDVI S 5
Sl bt gesSH b S e (R3S (Sison (loren O 0h slaJSos) cbl Gl Sy gaw (a3ld b ol
5 +JAY +/AY Uy o5 4z) GL 5 SAVI NDVI Lo asls Siad e s bt S (S b 4 (YD o Vi Ye
(B 57 b JSa) cusl yiiy (+/AY e |y LS Lidg slaasla U Sy g asls

10

Measured leaf area index (LAI)

SAVI

G2
10
LAl = 0.2093+8.2111NDVI r=084"
LAl = 6.8277 / (1+exp(-(NDVI-0.399)/0.0742)) r=093"
8 LAl = 0.2634+10.9825EV 1 r=0.84"
LAl = 0.4050+10.7479EVI2 r=085"
LAl = 6.9791 / (1+exp(-(DVI-0.1784)/0.0514)) r=0.90"
_ 6 LAl = 0.5884+17.4725DVI r=084"
s

<] LAl = -9.9993+19.3524IPVI r=0.88"
4 LAl = 0.3270+11.9756SAVI r=087"
LAl = 7.111 / (1+exp(-(SAVI-0.283)/0.0814)) r=092"
2 LAl = -20.3425+26.2984G1-8.1883G12+0.8213G1° r=092"
LAl = 0.5337 exp(3.1256G2) r=0.87"
LAl = -14.4699 + 19.1428TDVI r=0.89"

. L
LAl = -0.7615+1.9335RVI-0.109RVI2 r=0.86"
00 02 04 06 08 10 12 14 0 2 4 6 8 10 12 14 16 e el e il

TDVI RVI

sumdJlo yi ol (sl (DVI) Jolis LS (adll) LS s 1ad bl U ould 5550510 S g b (ad b cuwlio gilgy -V JSUW5
SLS sudlidiand 2L ad Ll (IPVI) U35 50,8 90lo wuoyd (2S5 (ad i (RVI) 2ALS Cownd (ad Ll (NDVI) 2L5 indgs
2 (G2 §GL) (K jomw (a3 9 (EVI2 g EVIL) asidly 25 ,) 2LS audy yad i (TDVI) sadd o LS Jols ad Ll (SAVI)

(890 o8 i) puiS ¢5150
Fig. 3- Best-fit functions for measured Leaf area index relationships with Vegetation Indices [Difference VVegetation Index
(DVI), Normalized Difference Vegetation Index (NDVI), Ratio Vegetation Index (RVI), Infrared Percentage Vegetation Index
(IPV1), Soil Adjusted Vegetation Index (SAVI), Transformed Difference Vegetation Index (TDVI), Enhanced Vegetation
Index (EVI), Enhanced Vegetation Index (EV12), Greenness Index (G1), Greenness Index (G2)] at wheat fields (Astan Quds
Razavi)
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Introduction

The role of leaf area index (LAI) in terrestrial ecosystems is undeniable. LAI affects the amount of carbon,
water and energy metabolism. Also, many agronomic, environmental and meteorological applications require
information on the status of LAI. The time series of the spectral indices obtained from the remote sensing
indicates its usefulness in detecting regional-scale LAI changes. So, the desire for the development of models for
estimating LAl was increased with using satellite images. Vegetation Indices (VIs), especially the Normalized
Difference Vegetation Index (NDVI) and Ratio Vegetation Index (RVI), are most widely used. According to the
different sensitivity of VIs to the value of LAI and vegetation characteristics, in this study, we tried to determine
an algorithm with a higher accuracy to estimate the LAI of wheat using more variables (VIs).

Material and Methods

In this study, regarding the wheat growth period in Astan Quds Razavi (AQR) farms, the Landsat 8 satellite
images were used from November 22, 2014 to June 20, 2015. LAI was measured simultaneously with passing of
Landsat 8 (16-day intervals) from AQR Fields of Mashhad (in five dates from 17 farms) during wheat growing
season in 2014-2015.

After pre-processing of satellite images, VIs including the Difference Vegetation Index (DVI), NDVI, RVI,
Transformed Difference Vegetation Index (TDVI), Soil Adjusted Vegetation Index (SAVI), Infrared Percentage
Vegetation Index (IPVI), Greenness Index (Gi and Gz) and Enhanced Vegetation Index (EVI1 and EVI,) were
calculated. To select the best variables and the equation for estimating LAI, simple regression (linear, quadratic
and exponential) and multiple linear regression (Backward and Forward) methods were used. Finally, to validate
and assess the accuracy of the presented models, the mean square error (RMSE), Mean Absolute Error (MAE),
Point accuracy based on a percentage of actual value (E%) and correlation coefficient (r) was used.

Results and Discussion

The results of this study showed that simulation of LAI based on the existing equations in the references
using the NDVI, EVI1 and EVI2 indices extracted from Landsat 8 satellite images has low accuracy
(RMSE:2.71, 3.65 and 3.65). This confirms the necessity of examining and calibrating equations. The results
indicate that the accuracy of the wheat LAI estimation by using the NDVI and SAVI index was increased by
exponential functions (RMSE:1.18 and 1, respectively) compared to the linear model (RMSE:1.46 and 1.26,
respectively). This increase was due to a more accurate estimation LAI lower than 4 and the fixed value of LAI
simulated in a range of actual LAI higher than 6. The accuracy of LAl estimation was increased with
combination of two VIs (NDVI and SAVI) compared to the linear model of each index separately. Also, the
highest accuracy of LAl estimation from the combination of G, with SAVI and EVI; (RMSE: 1.03, 1.03,
respectively) was observed due to the higher sensitivity of G, to medium and high LAI compared to NDVI. In
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addition, the backward and forward regression model was improved the accuracy of wheat LAI estimation
compared to other models, due to the greater sensitivity of this model to LAI higher than 6 (RMSE: 0.87 and
0.95, respectively). Although the accuracy of wheat LAI estimation by the forward regression model was higher
than all models, but its calculation requires the use of many parameters.

Conclusion

Since LAI is an important biophysical parameter in ecological modeling. Accurate and fast estimation of this
parameter in large scale for ecological models such as yield and evapotranspiration, and carbon exchange is very
important. Considering the results of this research and the opinions of other researchers, it can be stated that the
accuracy of the exponential functions and multiple linear regression (Forward regression model) for estimating
LAI was higher than simple linear regression.

Keywords: Adjustable vegetation indexes, Enhanced vegetation index, Multiple regression, Normalized
difference vegetation Index
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Table 1- Mean comparisons for yield components of cumin affected as planting dates
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*Means with same letter(s) in each column have not significantly different based on Duncan test at 5% probability level.
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Introduction

Since ancient times, medicinal plants and aromatic herbs have been used by humans to treat diseases and as
spices. Cumin (Cuminum cyminum L.) is the dried seed of the herb, a member of the Asteraceae family. Cumin
has a long history of use as food flavors, perfumes and medicine. It is an annual herbaceous plant, with a slender,
glabrous, branched stem. The cumin plant grows to 30-50 cm tall and is harvested by hand. Its essential oil is used
for bactericidal applications, giving smell to some medicines, sterilizing of surgical operation fiber and producing
some veterinary and agricultural medicines. In semi-arid area such as Iran, water is the most limiting factor for
agriculture. Cumin has a potential to be as a rainfed plant, but supplemental irrigation is needed to produce more
productivity. Little information is available about its consumptive use of water. Also, selecting an optimum plant
density is necessary for maximum utility of existing environmental parameters (including water, air, light and
soil). As a result, inter specific or intra specific competition is minimum. Thus, many researches has been done to
determine the best level of irrigation and plant density and their effects on vegetative and generative parameters
of agricultural and medicinal plants. In this paper we aimed to study the effects of different planting dates and
irrigation regimes on seed yield and essential oil yield of cumin as an important medicinal plant under the climatic
conditions of Torbat-e Jam climatic conditions, Iran.

Materials and Methods

In order to study irrigation regimes and planting dates, an experiment was conducted as split plot based on a
randomized complete block design with three replications at the Agricultural Research Station, Azad University
of Birjand during growing season 2016-2017. Treatments included four planting dates as main plot (25%
November, 27" December, 19" February and 19" March) and four irrigation regimes as sub plot (full irrigation,
two times irrigation at vegetative stage (stem elongation), two times irrigation at flowering stage and two times
irrigation at seed formation). Plant weight, seed weight, number of branches per plant, number of umbels per plant,
number of seeds per plant, 1000- seed weight, seed yield, biological yield, essential oil content and harvest index
The treatments were run as an analysis of variance (ANOVA) to determine if significant differences existed among
treatments means. Multiple comparison tests were conducted for significant effects using the Duncan’s test.

Results and Discussion

The results showed that the interaction effect of planting dates and irrigation regimes were significant on
number of branches per plant, seed yield and biological yield. The simple effect of planting date was significant
on number of seeds per umbel, plant height, essential oil percentage, 1000-seed weight and harvest index. The
highest seed yield and biological yield were observed in planting at 27" December + full irrigation. The results for
correlation coefficients between yield and yield components revealed that there was a positive and significant
correlation between these criteria. The highest coefficient was calculated for seed yield and biological yield
(r=0.95).

Conclusion

Agronomic management strategies had significantly effect on growth, yield, and yield components of cumin.

1- Assistant Professor, Deporatment of Food Biotechnology, Research Institute of Food Science and Techonlogy
(RIFST), Mashhad, Iran

2- Ph.D. Student, Department of Horticulture, Islamic Azad University, Shirvan Branch, Shirvan, Iran

(*- Corresponding Author Email: a.filabi@rifst.ac.ir)

DOI: 10.22067/jag.v10i3.75201


http://dx.doi.org/10.22067/jag.v10i2.61846

QY 5l oF o jlod e ey ((6559liS ol pgy 4y i AFA

In conclusion, according to the results, full irrigation combined with planting at 27" December could produce
optimum seed yield and biological yield in cumin under semi arid climatic conditions. Generally, irrigation
regimes and planting date are two safe and effective technique for agronomic management that may decrease the
necessity for chemical approaches to crop. On the whole, results of this study revealed that early sowing was more
successful, evident from relatively high yields. Considering water shortages that the world will face in the future,
winter planting in those environments susceptible to water stress conditions will have higher water use efficiency

compared to late sowing time.

Keywords: 1000-seed weight, Drought, Full irrigation, Water shortages



Contents
Evaluation of the Integrated Effect of Organic, Chemical and Biological Fertilizers on Yield of
Marshmallow (Althea officinalis L.) as a Medicinal Plant
S. Khorramdel, P. Rezvani Moghaddam, H. Azizi, J. Shabahang and M. Seyedi
Effects of Organic, Chemical Fertilizers and Mycorrhizae Inoculation on Yield and Yield Components of
Dill (Anethum graveolens L.) in Different Cuttings
S.S. Zendebad, P. Rezvani Moghaddam, R. Ghorbani and R. Khorasani
Effects of Extensive Range of Corm Weights on Saffron (Crocus sativus L.) Growth and Flowering
A. Koocheki, M. Nassiri Mahallati, A. Mollafilabi and A. Noroozian
Optimizing Fertiliser Application Rates in Wheat using Nitrogen Nutrition Index
M. Nassiri Mahallati and A. Koocheki
Evaluation of the Integrated Effect of Organic, Chemical and Biological Fertilizers on Yield of
Marshmallow (Althea officinalis L.) as a Medicinal Plant
S. Bahrami and W. Weisany
Application of Eco-Friendly Inputs on Cultivation of Iranian Ox-Tongue (Echium amoenum Fisch. &
Mey.) in Conditions of Mashhad
M.B. Amiri, P. Rezvani Moghaddam and M. Jahan
Evaluation of Nitrogen Use Efficiency in Wheat (Triticum aestivum L.) eat Cropping Systems of Iran
H.R. Tavakkoli Kakhki, M. Nassiri Mahallati, A. Koocheki, M. Jahan and A. Beheshti
Effects of Size and Placement Depth of Plant Residues on Organic Carbon and Nitrogen Dynamics
V. Safi, A. Golchin and S. Shafiei
Zoning Agroclimatic Chickpea in the GIS Environment Case Study: Ardebil Province
B. Sobhani and Y. Hasanzadeh
Studying of Seed Priming and Water Stress Effects on Growth and Yield of Sunflower Nuts (Helianthus
annuus L)
A.R. Sadeghi Bakhtevari, B. Paseban Eslam and N. Hajizadeh Asl
The Impact of Pigweed (Amaranthus retroflexus L.) Population on Oil Yield and Fatty Acid Composition
of Castor Bean (Ricinus communis L.)
A. Pirzad, N. Jafarzadeh , H. Hadi, and R. Maleki
Evaluating Possibility of Sunflower (Helianthus annuus L.)Transplanting in Kermanshah Climate
Z. Zarei, H. Heidari, 1. Nosratti and M. Khoramivafa
Evaluation the Effects of Wheat (Triticum aestivum L.) Cultivars Intercropping Systems on Population,
Biomass, Micronutrients Content of Weeds and Crop Yield
S. Afzaliharsini, S. Taghizadeh, A. Behpoori and F. Faramarzi
Effect of Fertilizer Type and Intercropping of Trigonella (Trigonella foenum-graecum) and Psyllium
(Plantago psyllium) on Growth Index of Psyllium using Factor Analysis
S. Ghasemi Maham, S. Fallah and A. Dadrasi
Effect of Foliar Spray of Boron and Zinc on the Yield and Yield Components of Spring Safflower
(Carthamus tinctorius L.) under Late-Season Water Limitation
S. Soheili-Movahhed, S. Khomari, P. Sheikhzadeh and B. Alizadeh
Effects of Drought Stress and Micronutrients (Zinc and Manganese) on Morphological Traits and Yield
of Millet (Panicum miliaceum)
A. Gideski and R. Baradaran
Estimation of Fuel and Energy Consumption and Indicators of Cotton Production in Golestan Province
(Iran)
R. Arefi, A. Soltani and H. Ajam Norozei
Ecological- Economic Efficiency for Alfalfa (Medicago sativa L.) and Corn Silage (Zea mays L.)
Production Systems: Maragheh— Bonab Plain, East Azerbaijan Province
A. Mohammadzadeh, A. Mahdavi Damghani, J. Vafabakhsh and R. Deihimfard
Quality of Flax Seeds Harvested from Plants Inoculated with Soil Microorganisms Underwater Deficit
Conditions
S. Rahimzadeh and A. Pirzad

618

633

646

663

677

697

717

731

745

762

773

786

802

821

839

850

872

894

910



Comparison of Different Spectral Vegetation Indices for the Remote Assessment of Winter Wheat Leaf 933

Arealndex in Mashhad

S. Asadi, M. Bannayan, M. Jahan and A. Faridhosseini

Effects of Irrigation Regimes and Planting Times on Essential Oil Percentage, Yield and Yield 947
Components of Cumin (Cuminum cyminum L.) as a Medicinal Plant

A. Mollafilabi and T. Esfandiari



Journal of Agroecology (Quarterly)

Ferdowsi University of Mashhad
Vol. 10 No.3 Fall 2018

Published by: Ferdowsi University of Mashhad
Editor in charge: Prof. Alireza Koocheki

Editor in chief: Prof. Parviz Rezvani Moghaddam

Editorial Board:
Dr. Goodarz Ahmadvand, Faculty of Agriculture, BU-Ali Sina University, Hamadan

Prof. Mohammad Reza Chaichi, Faculty of Agriculture, University of Tehran

Prof. Adel Dabagh Mohammadi Nasab, Faculty of Agriculture, University of Tabriz

Prof. Mohammad Galavi, Faculty of Agriculture, Zabol University

Prof. Reza Ghorbani, Faculty of Agriculture, Ferdowsi University of Mashhad

Dr. Surur Khorramdel, Faculty of Agriculture, Ferdowsi University of Mashhad

Prof. Alireza Koocheki, Faculty of Agriculture, Ferdowsi University of Mashhad

Prof. Mehdi Nassiri Mahallati, Faculty of Agriculture, Ferdowsi University of Mashhad

Dr. Mohammad Pessarakli, Research Professor, School of Plant Sciences, the University of Arizona
Prof. Parviz Rezvani Moghaddam, Faculty of Agriculture, Ferdowsi University of Mashhad

Dr. Hamid Shahandeh, Research Soil Scientist, Soil and Crop Sciences Department, Texas A & M
University

Prof. Ahmad Zare Fazabadi, Agricultural Research Institute of Khorasan Razavi

Prof. Saeed Zehtab Salmasi, Faculty of Agriculture, University of Tabriz

Internal manager: Dr. Surur Khorramdel, Faculty of Agriculture, Ferdowsi University of Mashhad

Publisher: Ferdowsi University of Mashhad Press

Address: Journal of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad,
P.O. Box: 91775-1163, Mashhad, Iran

Tel: +98-51— 38804654

Fax: +98-51-38787430

Email: agroecology@um.ac.ir

Web site: http:/agry.um.ac.ir/index.php/agroecology




