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Table 1- Results of soil analysis at 0-30 cm depth in two years studied
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Table 2- Analysis of cow manure and vermicompost studied in two crop year
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Table 4- Comparison of the effect of green manure on some chemical properties of soil and N uptake by Purslane
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Green manure Soil organic Soil Nitrogen (%) Phosphorus pH Biomass Nitrogen
carbon (%) absorbable in soil (%)
(mg.kg™)
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sy J5 0.81b 0.080 b 6.50 b 753¢ 124a
Eruca sativa +
Vicia villosa
LSD 5% 0.08 0.005 0.83 0.056 0.056
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Means with the same letter in each column are not significantly different based on LSD test (p<0.05).
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Table 7- Comparison of the effect of organic and inorganic on some chemical properties of soil, N, P uptake and grain yield

Purslane
9 I35 b oS wep e ey BB RS % ! Oj9r ey b ey Al Sles
52 o Sk Sk SB Cis pH 03¢5 Canney sdgicun;  Grainyield
Inorganic and Soil organic Nitrogen phosphorus Percentage Percentage of (kg. ha™)
Organic Sources carbon percentage absorbable of nitrogen phosphorus
percentage of soil in soiI1 biomass biomass
(mg.kg™)
(55 B pic) als 0.80b 0.079b 6.91b 7.94a 1.30b 0.20d 1644.88 b
Control
3 255 0.92a 0.088 a 8.25ab 7.92b 1.30b 0.36b 1835.36 ab
Cow manure
oot 09 0.80 b 0.079 b 6.86 b 7.88 ¢ 1.24b 0.24¢c 1690.50 b
Vermicompost
@mkj’f 0.79b 0.079b 8.90 a 791b 1.43a 0.43a 1959.29 a
LSD 5% 0.02 0.001 141 0.01 0.12 0.01 193.8

585 3o ) gy Jlesnl gaw (0 LSD (9051 (wliol (65 sime WS ¢ ygim p p3 S yiidie gy il (olo puSikio
Means with the same letter in each column are not significantly different based on LSD test (p<0.05).
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Table 9- Comparison of the effect of nitrogen fertilizer on some soil chemical properties after Purslane harvesting

O39r% 395 Tobw SB e JB iud g ! S Cylan
Nitrogen fertilizer levels (kg. ha®)  Phosphorus absorbable in soil (mg.kg™) pH EC (dS. m?)
0 6.03 b 7.66 a 2.03b
50 6.54 a 7.64b 212 a
100 7.03a 7.63¢C 2.18 a
LSD 5% 0.5 0.008 0.07

5,85 3oy gy Jlesnl gaw (3 LSD (9051 (wlaol (65 sime M| ¢ ygim y p3 S yidie g y> il (sla pSibio
Means with the same letter in each column are not significantly different based on LSD test (p<0.05)
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Table 10- Comparison of the effect of bio-fertilizer on the amount of phosphorus available, pH and P adsorption by Purslane

st § 395 SB s BB jhd & Ss] 0395 Cumnt j phnnd oy
Biofertilizer Phosphorus absorbable in pH Percentage of phosphorus
soil (mg.kg™) biomass
(355 Bz pac) al 6.41b 7.91b 0.29b
Control
O3 8.70a 7.91b 0.32a
Nitroxin
bsee 791a 7.94a 0.3la
Mycorrhiza
s98lyese: 791a 7.89b 0.32a
Biosulfur
LSD 5% 141 0.03 0.01

)5 2o 3 g Jlessl gdaws (3 LSD yg03l bl 3 (gyld dime W] g0y 13 S e g > syl (sl pSSleo
Means with the same letter in each column are not significantly different based on LSD test (p<0.05).

ol Ui gy g jew 395 blite Sl 5:ke aulie gl
Sile g Ghiie byl 5 Claie (glaylass 3 ()95 sk il38l
Spse slojles o 5 SBpH LtalS el lasgs S
G397 PSS Ve g sladgd J5 Sblo 5 Cliie bbe adllas
Ol 938 Jgiz) 292 la)95 2 (VIFA) S& PH (5 208" 1 1S 5
g slads 5 Sl oliie (ologe dllugy (ke gk
SVIES S \IN SIYY iy cladgs J5 Kile gl biglice
9 SB @ ond 0l Sy bl (YU i oplplh g S
M cage Gioye Vb pohw 3 (295w glacdld S0
5 sldg J5 Stle 5 Sl bl jla jI S PH oy S
25 Jols lite jlos ol 5l g
A ol plts Sy puilly @i @l gy plalesl o
S PH ol Llize f1 g ) 365 51 e alord o JT golio
ol y lite Il plo Lol g )b pxe duoyy G o] e o
ol (S (ke annlie gols (5 J9a2) 3955 3 sine o
548 sty 391 srleassh 5 T (sloogS 3] oozl 1,5 S1s pH
S 3l CuwgpeS g0yg aalllas 3350 obord o I (sladgS oy
5 Sl Sllles Sy gl Y eis) 392 5,55, S pH
Codl liasd 5 T eogs 5l olizl > S pH ials
«saa>5 > (Ngo et al.,, 2012; Ebrahimian et al., 2017)
Age 455 CusgeeS (a)9 (3903 4BL2I | am S PH (als” L)

sl pH

A e o (a5 (Spe il a8 mls Jgl pialesl
oo 395 e 3l g (33955 1 e 3957 9 Jlo Jlize 51 cjoms 398
bl 092 53 dne doyd S Jlos] a3 SBPH 2 (59555
i 5 (¥ Jpi) 255 Jogine o o) 2 e 31 gl
Dy jew 35S 3l eolawl $l > S pH ials I S 4 Ske
Sitle g Clite bybe aalllas 3)90 juw slodgS” (o I &S5 y5bs
@l (F Joi2) 29 yl0ys3 5 S PH (eS| sladgs JS
5 5 565 5l odlizsl 1,5 SBpH Lals j) Sl clilles 55
oS ysbas (Ebrahimian et al., 2017) cwl LalS Ll L
Ebrahimian ) JI slge 4550 a01,8 (b 5 op)S anSlies Wy
Bl JI laswl Wy 9 J oS s e (et al, 2017
B Gl 4o anlp (b SIS sl 5 Syl
Cawl (Sen &S ol Jolgs alox ;I (Ebrahimian et al., 2017)
Oiars golaw Ol b agd S PH (ebse a4 e
3yl S ol s Laios gl (A Jsas) cdly LialS S pH
Ngo et al., ) 558 0 SB ad (gdpwl cel olosd sladeS
L doried oo a5 WasS 5l (ool e 3,5 aslsl (2012
350e) 3l o ST &y Lo giTy e o b s oty
NgO ) Lab o SB o (gl g PH ialS el (o)l cluS
(etal., 2012



IWAA Ll (¥ oyl Y ol (1l (o)) sledidg sy 4y V4A

ol cus b pae jl Sk dg eadpbul ide LS
(Jahan etal., 2014) 55, SB Sl colan yy (aibgy

A ol plts Sy puilly i @l gy plalesl
2 SE (SsIlcglin py gj g oberd (o5 plie Jlie
2l g 0395 e 395 3l Ll g2 4l e dyd Sy Lot daws
dulio @l (7 Joi2) 395 dne cho ol p e @l
&S ol M5 s g (oliord (T S35 Bliteg) (Sl
Colta Gill corge (el (S99 [)9See I edlatl
355y Cod CowguaS 0yg jl 03l ¢ pizmen Al S SS S
SB LSS cylin 1 cage NPK slad 365 5 o5
CavgeoS coyg b 3aal > ) slodgS 3l eolawl b 5ol58l
cab Js 4l SB Sl colia ials g awsh cute )»l.s
35 5 6o 255 b B 5 pgilgugy e 358 5] odlin
bl s S Sl colin il cage NPK olows
2 lewd 9 69l 395 b 3l > () sb3gS plo ool
b ol (s gl (A Jpie) 395 $pe S (Sl cylin
SB S clan il cose CusgseS oy I ool o5
(Ahmad Abadi et al., 2012; Trupiano et al., 2017) .
SB S olin G slodgS b oguad )3 (cpipen
orSeis dpae Jlop ol oull Sk @l S
Wb pas oamy s 505 5 9 (Ebrahimpour et al., 2012)
&lio 15U g9, p laddllas )5 a3l o (Jahan et al., 2014)
ookl (6L il solinel & M3 Laseie S oaS M
5 Cosheoligs b ohon CuugeoS opg 5l eslitul 5 3,555 b olen
Seyyedi et al.,, ) us SB (S xSl colan ]38 Coge 5,565
o 395 5l okl dwyo a5 @ Raggy (nl > (2015
el ie (Il cge 2,555 L (1392 olyed Cua 4 yedlgugn
S e Gl 5 (pliasd 358 35 o 3 g S
L5b oas Sk

03 93T ) (159 48 W
A ob G5 (Spe puilly w8 @l Jol ptalesl
Oiar 9 jaw 355 it Sl g suw 395 5 Jl e 3l cu 355
dop Sy Jleinl gaw ) 485 edgiun Oigss dep p
J9i2) 295 Jlogine Jlite SISl b g (g 51 Ll gl sine
0393Cun gy (nyndin 45 A Ui (:Slee dunlie @l (¥
o g (12 VIF) (ladgs 5 Sile 5 Clate bl jlos |
V¥) Glases J5 Sl ol cpyieS g (203 VYY) Glsie )]
@) o Sk Jed I aeee Jelos (P Jgin) a8 Jobs (10
e Slagead 5 S (hdols o 05) 0)50 Jsbo )l >

Ahmad Abadi ) 15 53 JI bl 5 S Sl Wy 5
b S PH ) sdeS b jogums > (et al., 2012
Ll s SBpH (uli8l coge 15,55 Bpae a5 2l L
(1 o) amils S pH 6,88 ssilgugn 5 ey i
ol yor & ovokobiad (6,8 51 oolawl a8” ol oLl s uls
» «(Seyyedi et al., 2015) s S pH el Cage 5,565
sl SBpH b 1,580 2,6 51 ool 505 sios
.(Gholami et al., 2015)

) 9 besd (I loogs” Llite 51 (5:Sike auglio b
s9smgn 5 eSSy ) oS ) edlil & oy ol
LoysSen 5 odlizel Ll ad SK pH ialS coge olia
S8 355 L 133,650 51 oolaiol by ioliél 1, SBpH olsa
oS gy 5 oslatl cuils S PH 6,81 5ol5 365 L oy
o3lizl Lol . S PH Lol Coge CagraS’ o9 b 15ny5500
Lasly Sk pH » d).«.si.s wy‘ostgc)9 b a‘).o.tb )99.'9w9u )‘
NPK olowd 365 olyen & iwwj (sbdgS 5l edlatwl ¢ piron
2 Lok (A Jodx) wles ool S pH 3 (g Condlgn
Bran glosd 355 5 CavgraS 09 535 295 (g5l S
(A Jsan) 0,6 0bgl S pH Sl s e sbeasS
S’ o.\l.;SC)'Lo‘ syles 1 edlazwl a5 sl Ol b C"L"
PH il cel (5555 5 (uobliod «asaS0)g oS )
PH Jials 4 o> aass )5 .(Seyyedi et al., 2015) i S
Col odd o)lil ) oS Ciyae i SK
.(Ebrahimpour et al., 2012)

SB S sl ulaa

A e o (a5 (Spe il a8 @i Jgl pialesl
P SE (Sl calia (595t g juw 395 Jlite Sl g (595
Gll plo g 0 365 51 Lol gy b dze doyy S Jlosin] daws
5555 o I (Y Jpi2) 395 o sien o ) 5 M
ool Cawdey e (A Joan) b Liolisl |, SB (S5l colin
il callae (Sharma et al., 2011) )Sen o Loyli gl b
el Olise GRIEN sk Sl bt (sl sy o0 S5 4
sl ond ST LSSl colia Ltlhl cely ST s9m50

<ol Lt gy g jew 395 blite Sl 5:0ke anglie gl
Slos 9 (395 Bpae pic) ald Jlo )3 (g s gskaw Ll
SSoa)ledy b SB SOl colie (158l cely uw 268
Colia fasi b el cage cudlel jew 358 I edlatl
S92 &S G @l bl ren )3 258 S (Sl



VA4 e ol iz 3 S gl Slaoguas (5 1 1 995 Cu e il

Aasol plis Sye ibly w5 @l g lalejl
W e Jito 31 5 s 25 5 ploms 5 255 i
gaw )3 )3 0395 oy Mo p () 395 9 (alewd
Ol dwlie @i (P Joi2) 29 Jogine o)y S Jlets]
Vo sl el NPK leawd 355 jlow 5l oolawl a8 ol oyl
(555 e pie) 20l & Copns 65 2355Cms] (5 (5o
2als 5 dallas 350 (slosless plo cpo (550 Gxe d)Lo] olds
9o obowd 358 il ealatwl ¢ i )0 (Y Jodo) il 2420
Sy oo s 4 (Singh, 2012) w5 sagicam) (g xs (i3l
oS > et ehgn liE polie (Giludll ) gms
ol Js Il glooss’ 3 glis olie ()0 lole) 5 (alasd
A5l ggdge
) 9 2loed (I gladgS” Jlite Sl 5:Ske duslio gl
a3 355 5l okl (3557 B unn pac) dalid Hlos jd aS ol ol
51 oolatwl b 03w 39y Moy ilidl el adlllas 3)50
395 Bl ) 3 (CawgeeS (c0y9 9 595 355) JI 398 slasles
Ol el (15259500 b CumgraS’ o0yg (30 9 (peaS'9 it b 59
NPK U.)L.m.w .)9§ )Lo.u » W 49)> o.)ywm) u)ﬁ)u) o yd
Olaw ey RlEl cel jedlpugn (aj 395 Spa
(A Jods) cdly Lials e cpl 3)lae plio 50 Lol A 0395 Cannss
s589wn 9 NPK (oliond 355 Jlo I eslial (ool cnl 5
dald & Caws 035Cuw ) gy (sho,yd OY/AY Liliel cely
5 oolatwl ¢ b (0 (A Jada) Ad (635 gub Bpas pic)
oshenlios 9 CavgraS(0)g a5 9 3,555 olyen 4 Luslisliss
A Al low 0355w 5 (y59 s Joyd Linli8l el 5,565 ol yorn 4y
Glo e cpyiin > adss 4> (Seyyedi et al., 2015)
2 el pSops bl Gl gl ey (g
g jauin oS sy o Llai 4 (Rahimzadeh et al., 2013)
Rl SIS el gl g bl ol ()
ST osle a0 mped 5 Al el SB clbpuslSlg e
e yole by lo g ady) jip dnwg 9 SB ) g0
G 5l Jl oS 5l eolaiw] «puzmen Ngd o (395 0394
o BamsilS)lgSee 5551 el e p3Y (Jl dlge (13,9l ]33
Fobar Clled g dnngs 4 ST 2590 O Juin (IS5 25k
Sl Sy 5 ol Ll & 5 b 45 o K5 Shgrse o
51 oolauwl sé@] sbS YL pH 0ys94 O‘)ﬁl sbsk
OgelionsST Gyl 51 (3,595 L olyon (poglelios (6 SL) sod g
P R polis olr Gll s SBpH el cage 35
3950 sl oyl (Rahimzadeh et al., 2013) 544 0 S

S a4 (b oS O_\Jlb)f)g ol g d)‘)gﬁl& Slles dlos
bl g by olS p aBlress (s Mo p Alye
Dabighi et al., ) wl 8,56 cam olS lp o] (o yiwd
oholiS GbdisS 5l Sy o ob ol dladlas gbs (2016
Oigyws oyslol ply 4 4o (Brassicaceae) Kuwly 4 (Poaceae)
Shamsaddin Saied et ) wiS o Jos 0534 olims) g ol )
pos put didbgr LS Gl S0 AT )0 pised .(al., 2017
2 odledl gy o Car Gigis oS JlalS plgew
Dabighi et ) cuol oas 3 &lys gl 1 gpuSols sl S
Do e 365 i lgieds Glaie I adxs o (al., 2016
ol oSy 55 Giasts 3l 3b5 Oliee gas g Vb 035y A5
.(Poorhasankhani Dowlatabad et al., 2015) cuwl oad S5
s & lasgs J5 Ssle g lite bigbe jlagi cimad ol 5o
olpls) Clite SV o 9 bjlos plo & Cond GV (ploge
Olarw ORIl case ble 3 (e g Kl
Pt s 4 clasgs 5 Sibe oy i 433 o3
Oisrs ibalil can B cuod J SBa o b S
B )3 odglum) (fgrs Moyd (nyieS | g 095 oy
D92 513,55

oS0l (L5 (k0 g jew 395 hlite Sl (pSSlee dunlie gl
5 (555 Bpae pas) sals clajlas 1> gyt gokaw Ll
b 800G (9 ORIPl carge (sladgs S5 Sila
B3 0395Cum ) oy Wl Cel fopis Gl slades JS
FS 2lon sloplisl (958 (it ohedos )3 (0 Jgia) 45
9 2lord 395 8op3 B bS5 3 (poN)) ile jow 395 sles
O3ar oI L a3 cnl > wionen B ol (S g i
Dabighi et al., ) caly il IS sloa slaplil oy5e 00 oy
g O5sr gk SRl als 3 & auy e i 4 (2016
AU imen 28l 005 (5955 4 0lS (g tod bl talSl
& Cans > 25 > &) Sles JS Ssle b5y
Oore iledlil g Ll sl Bigs 4 cage (Sl
2 Sdxe i 5l ealatwl ¢ plpls .l odds oLS L L lojen
@ oS (wpied il case dald Sl ailes YL polie
O3srw YL gobaw )3 0393 ) ()9 Loy BRI g (159
05 Sl 5 e bobke 5 i cajlog ) sl s
oS 5l L plien 5955 ofg (e ol (gilulj] sladgs
e O3y it Gl g 435 plol 485 ) Juad Jsb 53
Gl g awyied Cubld ialS el SB Cusgoums 3okl conl
A5k odls L;»]J& ).aoL.C ):L.» 9 039y



1YaA QMU"‘YQ)M‘\VAJQ‘;)IJ{IGQI)}‘SQ“bskdiru Yoo

cely olS ddy)y drwg Capr cuwlio bylyd sbgl 5 ol yolie
Rezvani Moghaddam ) waa e oLS 3 jawd ol g Ay dgme
g dxgi 3 1ygSee 5 Sy B 4 425 L (e A, 2014
S Clo BB s Gl (pizmen g ady) Ol gaw (h]3H
395 S5 9 S5 5 NPK olionds 355 oS 5 slijloss 5o
J 43 0395 ) yhd doyd (i (A Jgi2) I2)oSee 9 598

ol Cuwddy baylog oy

dila o Slac
aS ol oyl medls 8 e uib)ly 4550 @l < gl Lialesl o
gaw 3 &l 3 Slas ()90 9 jew 395 hlite S5 (5950 il
w305 51 Lol gy HId ixe duoyd ey g o )d S iy Jlozs]
Y Jgsa) 590 Jby pime Glao (ol p ailfaw g al8ed il ylu o
aly 3des 2 (139588 9 e 355 e Sl (pSlee dulie gulis
O U 590 il (355 Cpnn pac) dald jlad o &S oy lis
b il 0, Sles (gauo ) VA Lulibl cely iSa 3 pSelS
2 S e )3 p)SelS Voo 4 00l ey 358 Sl
Sile 5 Cliio 2p)5 Jlag o i sdalie b 5 Slee
2 USe p p)SkS Ver o I ey Rl ladgs S
Vo I8 Sl el cuipa gladses 5 Sile 5 i slayles
» 6l ey ilidl s ails s Sles ghoy YRS 4
Cusll glasgs 8 Sile g Clie balswe Hlas (3 aily 3 Sles
A5 o3kl ()39 55 395" jl laid & (Sloj S0d (S)ke 4 (0 Jga2)
sl sy gyt S 10 p SolS el il 5 Slas oy
5 (s J5 Kile 5 Olaie) o 35 3l 3 45 olej U
o 2 oSS Vr b i Gl ool ojp
saw 368 Gl &S oy sy oo S a4 b Gisliel 1) aly o Slas
o JlSa ;3 p,55LS 0 U 5950 GBpae Cuwl ol odliiu]
395 yudi oIl g 028 Geyi ol ) bpusl)ly e <,
(03555 ohe9%) e polis (2mpns silodlil b olyor 3555
ol 50 il byl cpl o aib 0)Sles isli8l ce juw 558 lawgs
Saile g olie 3)8 Jlos 1 ad 3 aily 5 Sloe oy il ¢ Buiod
cle 4 &5 b Jobs (S (5 5,55k WANAY) dlases S
Wl oS dep der I S plend Sluogad Sy g
20 Jge) Wb SBCla BB jaud g oig5m Moy
23l 059 suw 355 plyiedr GalS ) el dix AiS
ol el 3o (alead 355 5l osliial olyen 4 (Y5
(Shah et al., 2011) 1 >Sas yiolj8l g paie opl Gl L)
A ol plts Sy puilly @i @l gy pialesl o
ab o Sles p o K Jol maw d olews 9 JI ple
Cao cpl g bl Gl plo 5 ) 355 1 Ll @ o sixe

Aoy Sl edlgwsn (s 355 9 NPK Sl 58" (iiSom
A8l 51305 5 (238l

03 §icas ) Auud wus 49

s abe 5 & ob i (S by apm @l
03 s 1oyd 2 o] Blite 51 g (a5 365 3l aloarss
oy bl Sl sl bl g )by dxe doyy S Jlis] pdaw 4o
&S b Gl ke awslie ls (& Jois) 255 )b me i
Py CawgpeS 0y9 9 (595 265 NPK Slosd 355 51 eolazuwl
& Cad 035 Camj yiund a0 > (5l VIY o VA FVD i)l 5
ool Cawddy a5 (Y Jgan) g2 413,65 50 (35 B puan pac) sl
Rezvani Moghaddam et ) cusly callee ylaise ple gobs b
51 oslazwl 4l 4 avg5 L (al., 2014, Seyyedi et al., 2015
caldo il s S pH Lials Coase slesd 5 T clodsS
P SB  oabaslsl jaud e pioren o (Y Jods) ol yauwd
ilodlil 5 oog cuple J) e o5 358 9 NPK (clajlog
Ot el sl S obesd ladgS lawg polie
ot 53 g 9 NPK (ol 3957 o )3 0395 jaund oy
2ld 4 Cowd uw sdgS 5l edlatul el Cundds (g9l 5
2V Jgie) ad edgicun yind ol el (395 B pas puc)
2o)> il cge 3,555 L olyen (pushuligs jl oslatul ( AdoS
cwimgsy opl ,o (Seyyedi et al., 2015) ui odgiCumw; yhuwd
ola B jiud wopd GhlEl cage ) gl el
Gkl (s sladgs jleslial (b jl g (Ve Jgi2) 48 S
ol g SBPH ials g (1559500 5 e 9yi) ady) A
0355 Cum) b Moy Gl cage (jedlswn) Hhud cold
RETRPEIS

S ol Gl gt g rbos T sladgS blize I s
ol cage I sladsS b 5l 5 s sloagS Sl oot
355 5l Ll eolatnl ¢ pizmen b SB Cls LB jand o)
By 58 g Gl cage euSeyi 9 NPK olows
0395 ) yhud hoyd (IS go sodlgwgn 9 11)9See sadgS
OS99 NPK (oleand 398 oS )5 gy ol ) 05 235
VAD 5 Y1 e l31 51 15259500 5 oS 395 <S5
D39 3)5 5 (355 g Bpae pie) ald 4 S plp
S elbosiSeMol et i > (A Jsis)
0395Cun] Hhud Loy (3555 5 wokwlias (CugeeS ayo)
s’ 5l eolasl (Seyyedi et al., 2015) sl yil3al 1) alaaluw
eSS cd bl Gkl s sl L ooen ]
0 S5lalil S (glaeuslE g o Cumar (I3 g,



YOl Loer pole Ciz g SB olawd Oluogas 5y 095 o e il

S 5 4o

Py ol S bl ol dlegy @ls (JS)boa
hst) W SosS 5 (slass U5 Ktle ofzg) o sladgs
Dy 45 4l 3Sles 5 S plend Sluogad (5 258
hosd Clhogad o S 5 o8 G (pinen
el 5l g S Cla LB jaud o ()il 4 dgame S
b obosd o I slodgs” (il 0,08 5 (3950 g s slodgS
S SB olosd Sluogas p d)lse el (0 ) sladsS
il jleg 1 il 5 Slee Sl &S 2y b 3 cpl gy Sl
@b Jolbs (95t S )0 pSolS Ve g lades JS Sile
Sidday g Suid bl cdel ) SB Josle (gr ol S
P gme Copde b oo a4 ogix gLl oRga ol
ble ol GSB Cundg dep cyeus lon I @lie 5l o3kl
505 a3 |y 485 ile g )b ol 3 Slas ¢ 45, (gl baslyd
sy Gpas ialS jslaied guwlaj ol s G
Ol Sl Cla caa b hpaliS Slinly 3 g (pliend
dld«»? Jf Saislo 9 uleo Jo91>u )Lo..».i 4\5)> 03¢5 e § (59 Y
dy95ee 9 o5 395 (Al Jlo 5 (Josis 395 Spae (o
9 690 255 (il jlad 405 035 Hiud o pSlie Cux
Slasgs 5 Silo jlaws aily 3 Ses iSls g Can g 13259500
9B 355 o I ool g JUSe 3 ey p)SekS Ve g
dog dzpm dbie 3 (NPK) (olesd 35 il plpica
D9 50

References

5 el 5l Sl aulie @5 Jsi2) 395 e
lhosd 5 (255 255 2,8 S o L Wl s Sles p olowis
9 VI Llidl cely (358 s pic) sald & cuws (NPK)
355 o (63 dme (o ylol glis Lol s il 5,Shae (cduoyd V- /YY
208 (oS 3 (Y Jgda) Sl dg2g bl g CusgeeS 00y
(355 Gopma (y5) L3 & Copmi iS55 (35 p Tk VO
(Inanloofar et al., 2013) s 43,5 il 5, Sloe (il58l ccls
2 g e ladgS cute clpl @ g8 650 ol
Nasirzade et al., 2015; Ghamari ) tlodges oLl ails 3 Slas
o Sibodlil s a4 Slews cladgS | oolil (et al., 2016
dy50 (o€ dlge 39 wyiwd 43 g (Yang et al., 2015) ;59505
ol BB b Sl o gl Al a1y 53 ol s
S odlal 5 (V Joia) o3gicun) jimd 5 gy 2oy 5 S
(Y Jgt) SB o3gns 9 ool (it o 4 JT slaags
S ol S gl Gl g SB il deg
g bas ab o Sles inlidl el (Sharpley et al., 2004)
5 98 358l Jobs ab dSles o inldh cgle 4SSl @
5 il (o 5ol oz 1 o gy lont
S5 555 slawd g8 oo Sy 483 o9l olS o &by HluL W)y

35,5 (aliess 255 (il

1. Adekiya, A. O., Agbede, T. M., Aboyeji, C. M., Dunsin, O., and Ugbe, J. O. 2017. Green manures and NPK

fertilizer effects on soil properties, growth, yield, mineral and vitamin C composition of okra (Abelmoschus
esculentus (L.) Moench). Journal of the Saudi Society of Agricultural Sciences 16 (4): 1-6.

Ahmad Abadi, Z., Ghajar Sepanlou, M., and Rahimi Alashti, S. 2012. Effect of vermicompost on physical and
chemical properties of soil. Journal of Science and Technology of Agriculture and Natural Resources 15 (58): 125-
137.

Azeez, J. O., Van Averbeke, A. B., and Okorogbona, A. O. M. 2010. Differential responses in yield of pumpkin
(Cucurbita maxima L.) and nightshade (Solanum retroflexum Dun.) to the application of three animal manures.
Bioresource Technology 101: 2499-2505.

Bremner, J. M., and Mulvaney, C. S. 1965. Nitrogen-total. In: Methods of Soil Analysis: part 2, Chemical and
Microbiological Properties. Page, A.L. (Ed). 1982. Second Edition. American Society of Agronomy Inc. Madison,
Wisconsin USA. Agronomy Series 9 (2): 595-622.

Concepcion Ramos, M. 2017. Changes in soil hydrological and chemical properties of vineyard soils after
composted cattle manure application. Geophysical Research Abstracts 19: 1.

Dabighi, K. H., Fateh, E., and Ayenehband, A. 2016. Effect of different green manure crops and nitrogen sources
on grain yield, oil content and some qualitative traits of canola (Brassica napus) var. 401. Pajouhesh and
Sazandegi 108: 95-104. (in Persian with English abstract).

Den Hollander, N. G., Bastiaans, L., and Kropff, M. J. 2007. Clover as a cover crop for weed suppression in an
intercropping design. I1l. Competitive ability of several clover species. European Journal of Agronomy 26: 104-
112.


http://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Z.+Ahmad+Abadi
http://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Z.+Ahmad+Abadi
http://jstnar.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=S.+Rahimi+Alashti
http://jstnar.iut.ac.ir/article-1-2057-en.pdf
http://jstnar.iut.ac.ir/article-1-2057-en.pdf

1YaA QMU‘Y”M“V&O‘J*JG“)}GQA“SH@,};‘J Yoy

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ebrahimian, E., Koocheki, A., Nasiri Mahalati, M., Khorramdel, S., and Beheshti, A. 2017. Influence of tillage
systems and wheat stubble levels on the physical, chemical and biological properties of soil. Journal of Crops
Improvement 18 (4):893-905. (in Persian with English abstract).

Ebrahimpour, F., Eidizadeh, Kh., Mahdavi Damghani, A., and Rezvani, M. 2012. Effects of aiofertilizer
application method with integrated chemical fertilizers on Maize production and some chemical characteristics of
soil. Iranian Journal of Field Crops Research 10 (1): 240-246. (in Persian with English abstract).

Ghalavand, A., Mohammadi, K., Agha Alikhani, M., and Sohrabi, Y. 2009. Effect of organic, biological and
chemical fertilizers on chickpea grain yield and quality. Journal of Water and Soil Science 1/19 (2): 213-234. (in
Persian with English abstract).

Ghamari, H., Shafaghkolvagh, J., Sabaghpoure, S. H., and Dabbagh Mohamadi Nassha, A. 2016. Effects of
chemical and biological fertilizers on some morpho-physiological traits of purslane (Portulaca oleracea L.) and
dragon’s head (Lallemantia iberica Fisch. and C.A. Mey) cultivated under intercropping system. Notulae Scientia
Biologicae 8 (1): 112-117.

Gholami, A., Akbari, I., and Abbas Dokht, H. 2015. Study the effects of bio and organic fertilizers on growth
characteristics and yield of Fennel (Foeniculum vulgar). Agroecology 7 (2): 215-224. (in Persian with English
abstract).

Hooker, K. V., Coxon, C. E., Hackett, R., Kirwan, L. E., O’Keeffe, E., and Richards, K. G. 2008. Evaluation of
cover crop and reduced cultivation for reducing nitrate leaching in Ireland. Journal of Environmental Quality 37:
138-145.

Hoyle, F. C., Murphy, D. V., and Fillery, 1. R. P. 2006. Temperature changes and stubble management influence
microbial CO,-C evaluation and gross N transformation rates. Soil Biology and Biochemistry 38: 71-80.
Inanloofar, M., Omidi, H., and Pazoki, A. R. 2013. Morphological, agronomical changes and oil content in
Purslane (Portulaca oleracea L.) under drought stress and biological /chemical fertilizer of nitrogen. Journal of
Medicinal Plant 48: 170-184. (in Persian with English abstract).

Jahan, M., Amiri, M. B., Aghhavani Shajari, M., and Tahami, M. K. 2014. Quantity and quality of Cucurbita pepo
L. as affected by winter cover crops (Lathyrus sativus and Trifolium resopinatum), PGPRs and organic manures.
Iranian Journal of Field Crops Research 11 (2): 337-356. (in Persian with English abstract).

Javadi, H., Rezvani Moghaddam, P., Seghatoleslami, M. J., and Mosavi, Gh. R. 2017. Effect of sowing date and
plant density on yield and yield components of common Purslane (Protulaca Oleracea L.). Iranian Journal of
Field Crops Research 15 (1): 113-123. (in Persian with English abstract).

Kafi, M., and Rahimi, Z. 2010. Effect of salinity on germination characteristics of Purslane (Portulaca oleracea
L.). Iranian Journal of Field Crops Research 8 (4): 615-621. (in Persian with English abstract).

Kohanmoo, M. A., Aghaalikhani, M., and Rejali, F. 2015. Yield and quality response of three chamomile
(Matricaria chamomilla L.) ecotypes to biofertilizers application in Bushehr region. Iranian Journal of Medicinal
and Aromatic Plants 31 (3): 460-478. (in Persian with English abstract).

Mirzashahi, K., Paknejad, A. R., and Omidvari, Sh. 2016. Effect of rotation, management of nitrogen application,
and plant residue on corn (cv.SC704) yield and some soil chemical properties. Iranian Journal of Soil Reserch 30
(2): 115-124. (in Persian with English abstract).

Mohiti, A., Shahsavani, S., and Gholami, A. 2011. Effect of cow manure, urea fertilizer and Nitroxine manure on
some physical and chemical properties of soil and yield of forage corn. MSc. Thesis of Shahrood University. (in
Persian with English abstract).

Morphy, J., and Riley, J. P. 1962. Phosphorus analysis procedure. In: Methods of Soil Analysis: part 2, Chemical
and Microbiological Properties. Page, A. L. (Ed). 1982. Second Edition. Madison, Wisconsin USA. pp. 413-427.
Nasirzade, S., Fallah, S., Kiani, Sh., and Mohammadkhani, A. 2015. Effect of different levels of cow manure and
urea on quantitative and qualitative characteristics of isabgol (Plantago ovata Forssk.). Iranian Journal of
Medicinal and Aromatic Plants 31(1): 41-51. (in Persian with English abstract).

Ngo, P. T., Rumpel, C., Doan, T., and Jouquet, P. 2012. The effect of earthworms on carbon storage and soil
organic matter composition in tropical soil amended with compost and vermicompost. Soil Biology and
Biochemistry 50: 214-220.

Nourihoseini, S. M., Khorassani, R., Astaraei, A. R., Rezvani Moghaddam, P., and Zabihi, H. R. 2016. Effect of
different fertilizer resources and humic acid on some morphological criteria, yield and antioxidant activity of black
zira seed (Bunium persicum Boiss). Applied Field Crops Research 29 (4): 87-104. (in Persian with English
abstract).

Olsen, S. R., Cole, C. V., Watenabe, F. S., and Dean, L. A. 1954. Estimation of available phosphorous in soil by
extraction with sodium bicarbonate, United States Department of Agriculture. Cris. 939. USA.

Poorhasankhani Dowlatabad, M., Madah Hosseini, Sh., Dashti, H., and Rahimi, A. 2015. Effect of green manure
on soil organic matter and some growth indices of Maize (Zea mays L.) in Rafsanjan region. Plant Production
Technology 15 (2): 69-80. (in Persian with English abstract).



Yoy

w059 polie Cix g S (o lboad Sluoguas (S 095 Co e il

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.
44,

45,

Rahimi, Z., Kafi, M., Nezami, A., and Khozaie, H. R. 2011. Effect of salinity and silicon on some
morphophysiologic characters of Purslane (Portulaca oleracea L.). Iranian Journal of Medicinal and Aromatic
Plants 27 (3): 359-374. (in Persian with English abstract).

Rahimzadeh, S., Sohrabi, Y., Heidari, Gh. R., Eivazi, A. R., and Hoseini, S. M. T. 2013. Effect of biofertilizers on
macro and micro nutrients uptake and essential oil content in Dracocephalum moldavica L. Iranian Journal of
Field Crops Research 11 (1): 179-190. (in Persian with English abstract).

Rathke, G. W., Christen, O., and Diepenbrock, W. 2005. Effects of nitrogen source and rate on productivity and
quality of winter oilseed rape (Brassica napus L.) grown in different crop rotations. Field Crops Research 94: 103-
113.

Rezvani Moghaddam, P., and Seyyedi, S. M. 2014. The Effects of organic and biological fertilizers on phosphorus
and potassium uptake by black seed (Nigella sativa L.). Journal of Horticultural Science 28 (1): 43-53. (in Persian
with English abstract).

Rezvani Moghaddam, P., Seyedi, S. M., and Azad, M. 2014. Effects of organic, chemical and biological sources of
nitrogen on nitrogen use efficiency in black seed (Nigella sativa L.). Iranian Journal of Medicinal and Aromatic
Plants 30 (2): 260-274. (in Persian with English abstract).

Salehi, A., Fallah, S., and Abbasi Sourki, A. 2017. Organic and inorganic fertilizer effect on soil CO, flux,
microbial biomass, and growth of Nigella sativa L. International Agrophysics 31: 103-116.

Seyyedi, M., Khajeh-Hosseini, M., Rezvani Moghaddam, P., and Shahandeh, H. 2015 a. Relation between the
increasing soluble phosphorus and nitrogen uptake and its effects on phosphorus harvest index of black seed.
Iranian Journal of Field Crop Science 46 (1): 25-36. (in Persian with English abstract).

Seyyedi, S. M., Rezvani Moghaddam, P., Khajeh Hossieni, M., and Shahandeh, H. 2015 b. Effects of sulfur,
vermicompost + Thiobacilus bacteria on some chemical properties of calcareous soil and phosphorus use
efficiency of black seed. Journal of Plant Ecophysiology 22: 205-220. (in Persian with English abstract).
Shamsaddin, M., Saied, M., Ghanbari, A., Ramroudi, M., and Khezri, A. 2017. Effects of green manure
management and fertilization treatments on the chemical and physical properties and fertility of soil. Journal
of Sciences and Technology of Agriculture and Natural Resources 21 (1): 37-49. (in Persian with English
abstract).

Sharma, P., Shukla, M. K., and Mexal, J. G. 2011. Spatial variability of soil properties in agricultural fields of
southern New Mexico. Soil Science 6: 288-302.

Shah, Z., Rashid, A., Rahman, H. U., Latif, A., and Shah, A. 2011. Rice and wheat yield in relation to biomass of
green manure legumes. Sarhad Journal of Agriculture 27 (1): 73-84.

Sharpley, A. N., McDowell, R., and Kleinman, P. J. A. 2004. Amounts, forms, and solubility of phosphorus in
soils receiving manure. Soil Science Society of America Journal 68: 2048-2057.

Silva Carvalho, N., Bruno Bitencourt Oliveira, A., Moura Calaco Pessoa, M., Paulo Costa Neto, V., Silva de
Sousa, R., Rodrigues da Cunha, J., Gongalves Coutinho, A., Maria dos Santos, V., and Sergio Ferreira de Araujo,
A. 2015. Short-term effect of different green manure on soil chemical and biological properties. African Journal of
Agriculture Research 10 (43): 4076-4081.

Singh, M. 2012. Influence of organic mulching and nitrogen application on essential oil yield and nitrogen use
efficiency of rosemary (Rosmarinus officinalis L.). Archives of Agronomy and Soil Science 59: 273-279.
Trupiano, D., Cocozza, C., Baronti, S., Amendola, C., Primo Vaccari, F., Lustrato, G., Di Lonardo, S., Fantasma,
F., Tognetti, R., and Stefania Scippa, G. 2017. The effects of biochar and its combination with compost on lettuce
(Lactuca sativa L.) growth, soil properties, and soil microbial activity and abundance. International Journal of
Agronomy 31: 1-12.

Walkly, A., and Black, I. A. 1934. An examination of the degtjareff method for determining soil organic matter
and a proposed modification of the chromic acid titration method. Soil Science 37: 29-38.

Yang, Y. C., Zhang, M., Zheng, L., Cheng, D. D., Liu, M., and Geng, Y. Q. 2011. Controlled release urea
improved nitrogen use efficiency, yield, and quality of wheat. Agronomy Journal 103(2): 479-485.

Yevdokimov, I., Gattinger, A., Buegger, F., Munch, J. C., and Schloter, M. 2008. Changes in microbial commu
nity struct ure in soil as a result of different amounts of nitrogen fertiliza tion. Biology and Fertility of Soils 44:
1103-1106.



Iranian Journal of Field Crops Research Olnl £1h) gy 4yl
Vol. 17, No. 2, Summer. 2019, p. 187-205 A YAV=Yo0 .0 IYAA flanli oF o lods AV ol

Effect of Fertilizer Management on Some Chemical Properties of Soil and
Absorption of Nitrogen and Phosphorus Elements by Purslane (Portulaca
oleracea L.)

H. Javadi', P. Rezvani Moghaddam?®*, M. H. Rashed Mohasel®, M. J. Seghatoleslami*

Received: 17-09-2017
Accepted: 29-10-2018

Introduction

Legumes are widely used in agricultural systems as green manure due to their ability to stabilize nitrogen in
the soil, as well as providing conditions for beneficial soil microorganisms. Organic fertilizers such as
vermicompost and manure have high capacity for water absorption and the maintenance of water and nutrients,
high porosity, ventilation and appropriate drainage in the soil. Recently, bio-fertilizers have also been used to
improve nutrient uptake and root development of plants along with chemical fertilizers. Lack of organic matter
in most soils of Iran and its calcite properties will double the need to replace chemical fertilizers with organic
fertilizers. Due to the lack of information on nutritional management of medicinal plants, and in order to increase
soil fertility and the need to reduce the application of chemical fertilizers, this study was done to investigate the
effect of different fertilizers on some soil chemical properties and the absorption of N and P elements in Birjand.

Materials and Methods

This research was carried out in two separate experiments during two growing years from 2014 to 2016 at the
research farm of Birjand University with 3 replications. During the first experiment, the effect of four levels of
green manures, including control, Eruca sativa, Vicia villosa, mix Eruca sativa + Vicia villosa and three levels
of nitrogen (0, 50 and 100 kg.ha™) on Purslane was studied. Furthermore, during the second experiment, the
treatments were combination of four sources of nitrogen supply, including cow manure, vermicompost, chemical
fertilizers (NPK) and control, as well as four types of biofertilizers, including Azotobacter and Azospirilum,
Glomus intraradices, Thiobacillus with sulfur and control on Purslane was studied. The studied traits were
included grain yield and soil chemical properties such as organic carbon, the percentage of nitrogen, absorbable
phosphorus, pH, EC and nitrogen and phosphorus content of biomass. The percentage of nitrogen in plant tissue
was measured by Kjeldahl method and the percentage of phosphorus was measured by Morphy and Riley
method. Furthermore, the organic carbon in soil was determined by Walkley- Black method, total nitrogen and
available phosphorus were measured using the Kjeldahl and Olsen methods, respectively. The soil acidity was
determined on the saturated water through pH meter and electrical conductivity of the soil saturation extract was
determined through EC meter. After collecting data, statistical analysis was performed using Minitab 17
software. LSD test was used at the 5% probability level to compare the averages.

Results and Discussion

The results showed that the application of green manure increased the organic carbon and nitrogen content of
soil, the amount of phosphorus absorbed by soil and decreased soil pH. Among green manure treatments, Vicia
villosa was superior to the others. Also, using nitrogen fertilizer increased grain yield and the amount of
absorbed phosphorus, soil electrical conductivity and reduced soil pH. Among nitrogen supply sources, cow
manure had the greatest impact on grain yield and soil chemical properties, but the role of biofertilizer
application was limited to increasing the amount of available phosphorus in the soil. Therefore, the role of cow
manure in improving the chemical status of soil was superior to the others. Due to the low soil organic matter in
most arid and semi-arid regions of Iran, especially South Khorasan, it seems that proper usage of organic
resources can improve soil conditions of these areas for the growth and yield of medicinal plants such as
Purslane.
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Conclusions

In this study, in order to reduce the use of chemical fertilizers and to absorb the maximum amount of nitrogen
and phosphorus, the Purslane biomass was treated with mix Eruca sativa + Vicia villosa without using nitrogen
fertilizer and combined treatment of cow manure and mycorrhiza. The results recommended that combination of
cow manure and mycorrhiza is suitable approach under Birjand condition.

Keywords: Biosulfur, Cow manure, Mycorrhiza, Nitroxin, Vermicompost
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Table 1- Some information of articles used in meta-analysis of the effect of water superabsorbent
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Figure 2- Response of seed yield, dry matter yield and harvest index of studied crops in experiments to superabsorbent
application levels
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Figure 3- Comparison of the effect of different levels of superabsorbent application on seed yield, dry matter yield and
harvest index of studied crops. Bars indicate the confidence intervals of accumulated weighted of the effect size among the
investigated experiments.
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Introduction

The most fundamental agricultural obstacle particularly in arid and semi-arid regions is water shortage. To
mitigate this problem, application of some soil amendments such as water super absorbent polymers (SAP) for
increasing water-holding capacity in the soil has been under attention at commercial level in recent years.

Despite numerous studies in Iran and the apparent positive and various functions have been mentioned for
SAP and their advantageous in agriculture, there has not been a precise conclusion about these studies. On the
other hand, variations in consumption rate, conditions and experimental treatments, makes an impossibility or
hardiness to receive a conclusive result for the researchers studying one or few numbers of relevant articles.

Meta-analysis is the statistical procedure for combining data from multiple studies. When the treatment
effect (or effect size) is consistent from one study to the next, meta-analysis can be used to identify this common
effect. When the effect varies from one study to the next, meta-analysis may be used to identify the reason for
the variation. Decisions about the utility of an intervention or the validity of a hypothesis cannot be based on the
results of a single study, because results typically vary from one study to the next. Rather, a mechanism is
needed to synthesize data across studies (Rosenthal, 2001). Narrative reviews had been used for this purpose, but
the narrative review is largely subjective (different experts can come to different conclusions) and becomes
impossibly difficult when there are more than a few studies involved. Meta-analysis, by contrast, applies
objective formulas (much as one would apply statistics to data within a single study), and can be used with any
number of studies.

Therefore, this study was conducted with the aim of doing meta-analysis on the results of conducted
researches in Iran and to answer a general question that whether the application of SAP has been successful or
not, and if yes, how much of SAP is recommended.

Materials and Methods

To conduct this research, articles were published during 2006-2016 with the subject of the effect of different
rates of SAP on vyield and yield components of crops (including cereals, legumes, medicinal and rangeland
plants) were investigated. Amongst 32 articles were checked, 13 articles have enough data to conduct the meta-
analysis for seed yield, dry matter yield and harvest index.

Results and Discussion

The result of meta-analysis showed that the mean consumption rate of SAP for cereals, legumes, medicinal
and rangeland plants were 83, 322, 1031 and 210 kg ha™, respectively, and with this consumption rate of SAP,
the mean seed yield in cereals, medicinal plants and legumes increased by 13.2, 11.2 and 27.5% (equal to 1059,
345 and 452 kg ha), respectively, compared with control.

Generally, the results showed that the effect of SAP on seed yield and dry matter was significant but was not
significant for harvest index. The effect size of the application of different SAP rates on dry matter yield and at
the whole levels was greater than its effect size on seed yield. The most effect size on seed yield was considered
for the application of 100 kg ha™ SAP and the application rates greater than 200 kg ha™, unlike the dry matter
yield, had no significant effect on seed yield.

Conclusions

According to the results, it seems that application of 100 kg ha™ SAP is the most appropriate rate on seed
yield and dry matter increment and economical aspects. Design and implementation of the researches focused on
estimation and comparison of economic benefits about water consumption as the result of SAP application can
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justify the relatively high cost of this ecological input and provide the necessary ground for its widespread use by
farmers and producers involved in agronomy and horticultural sections.

Keywords: Cereals, Medicinal plants, Meta-analysis, Pulses
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1- Normalized Difference Vegetation Index (NDVI)
2- Soil Plant Analysis Development (SPAD) or
Chlorophyll Content Index (CCI)
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Table 1- Maragheh dryland agriculture research station climate data in cropping year 2010-2011 and long term (20 years)
25 g, dlax
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J ; Mean Min. Pl Mean ° lg2 ;
Rainfall & 5lw ) Evaporation
Year (mm) Temperature Mean Max. Temperature P Relative (mm)
(°C) Temperature (°C) (°C) Days of E’élow humidity (%)
zero
2010-2011 353 2.5 16.5 8.7 130 50.3 1485
1992-2012 365 4.2 14.6 9.4 128 53.0 1757
(s o il 0-25 Bos) CudlS 51 3 S (528 9 (lonsd (SS9 -2 Jgo
Table 2- Soil physical and chemical characteristics before sowing (0-25 cm depth)
o o ) Pl guls Oluys Jns glilaey SB LS, (SSlcgle
Sand (%) Silt (%) Clay (%) CaCO; (%) OC (%) SP (%) pH EC (dSm™)
25 40 35 5.1 0.72 47 7.7 0.15
ol psizel yiud s ool e &) o
NOs (mgkg”)  NHs (mgkg®) P (mgkg?) K (mg kg™) Fe(mgkg!) Mn(mgkg?) Zn(mgkg’)  Cu(mgkg?)
7.2 4.6 5.8 677 7.6 13.6 1.1 2.3
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Humphrey and Jeffrey, 1975; Lichtenthaler et al., )

(2001
Chl.a=(12.25% Agg3-2.97%Ags7) 1)
Chl.b=(21.51xAg;7-5.10%Agg3) 2
Chl.c=(24.36x Agg0-3.73%Agss) (3)
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3- Maximum economical profit
4- General economic variable
5- Nitrogen Rate Difference (NRD)
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1- Chlorophyll Sufficiency Index (CSI)
2- Relative Chlorophyll Meter (RCM)
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Figure 1- Relationship between chlorophyll index values (SPAD) with total chlorophyll (a), chlorophyll a (b), chlorophyll b (c)
and carotenoids (d) in leaf of dryland wheat
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Table 4- Mean comparison for chlorophyll components in leaf for nitrogen application time
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Time 9 Chl a/Chl b Fodsdy 5 Nitrogen
SPAD (mg/g fresh leaf) RCM o
Lo 9.1 17.0 6.1 23.0 0.39 0.080 2.78 0.98 148
sl 8.4 153 5.5 20.8 0.43 0.063 2.77 0.90 152
LSD 5% 0.5 1.0 0.4 13 0.10 0.011 0.02 0.14 34
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Figure 2- Relationship between nitrogen rate difference with relative chlorophyll meter (a) and seed protein content (b) in fall
and split nitrogen application
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Table 5- Relationship between nitrogen application rates and grain yield and N requirements for obtaining maximum and
economical grain yield in dryland wheat genotypes

Wi OgewyS 5 ddlro o o slas Nitrogen requirement (kg.ha™) 5595w ;W
Slas 3 ,Sdos Alaid) dgw pSTas
. , 2 > S g
Genotype Regression equation (R) (SE) Max. Yield Max. Economical Profit

Azar2 2,50 Y=-0.342N2+44.48N+1883.9 0.931** 200.4 65 55
Ohadi sisl  Y=-0.230N*+27.96N+2227.1 0.997** 313.1 59 50
Rasad so,  Y=-0.430N*+52.89N+1932.6 0.995** 192.9 61 52
Genotypel 1osss;  Y=-0.276N°+37.11N+1418.8 0.807* 181.6 67 57
Genotype2 2 g Y=-0.307N*+42.03N+1525.4 1.000** 282.0 68 58
Genotype3 3.ws;  Y=-0.362N°+36.81N+1987.9 0.979** 449.2 50 43
Genotyped 4 55 Y=-0.393N%+50.29N+1932.3 1.000** 1839 63 54

* & **: Significant at 5% and 1% probability levels
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Table 6- Mean comparison for chlorophyll components in leaf for nitrogen application rates

e AddeyS  DUdeys S Judo kS Baggl,l5  Clsdg S . s L
I " 39 39 hdg 91, 39 sl o
09 "Aé Chl. a Chl. b Total chl. Carotenoids Chl. c aJsdg,I5/D Judg WS ’ "A: PR

Nitrogen — Judy b5 Chl a/Chl b Faddo s LBTE
(kg-ha)  spAD (mg/g fresh leaf) RCM Nitragen
0 6.7 11.4 4.1 15.8 0.58 0.033 2.72 0.72 100
30 8.8 16.3 5.8 22.0 0.39 0.073 2.79 0.97 143
60 9.7 18.5 6.6 24.8 0.34 0.087 2.80 1.07 160
90 9.8 18.5 6.6 24.9 0.32 0.094 2.80 1.00 197
LSD 5% 0.8 1.9 0.7 24 0.08 0.013 0.03 0.10 33
S 3 93 Jado IS (5 ol ly L (LS 45 0,59S) (8 e (39 s (50 oot (SommsS ) Bl =7 Jgaa
Table 7- Regression equations between nitrogen application rates (kg.ha™*) and leaf chlorophyll components
oyl Parameter Regression equation  Jesmw 5, alaleo (SE) 5,1stiant &1 il (R?) oo cuu
edg lS” yadlis SPAD SPAD = -0.0006N2 + 0.0863N + 6.6902 0.098 1.00**
A s Chl. a Chl. a = -0.0014N? + 0.2011N + 11.372 0.011 1.00%*
(mg/g fresh leaf)
b 35,15 Chl. b Chl. b = -0.0005N + 0.0689N + 4.1309 0.022 1.00%*
(mg/g fresh leaf)
Clbs)s Chl.c Chl. ¢ =-9*10"°N? + 0.0015N + 0.0334 0.004 0.99**
(mg/g fresh leaf)
S o)l Total Chl. b Total Chl = -0.0017N? + 0.2544N + 15.821 0.016 1.00%*
(mg/g fresh leaf)
gl Carotenoids Carotenoids = 5*10°°N? - 0.0071N + 0.5742 0.024 0.99%*
(mg/g fresh leaf)
b 8 idg IS o Chla/Chl b Chl. &/ Chl. b = -2*10°°N2 + 0.0028N + 2.7164 0.011 0.99%*
oIS s Ja3ls RCM RCM = -9*10°°N? + 0.0109N + 0.7231 0.004 1.00%*
Oiey pasls Nitrogen index NI =1.0217N + 103.85 7.576 0.98*

* & **: Significant at 5% and 1% probability levels respectively. UL 75 Jloan! aw y3 Y dxe sy % o
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Figure 3- Relationship between SPAD values with grain yield (a) and nitrogen rate with seed protein content (b)
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Figure 4- Relationship between SPAD values with total chlorophyll per carotenoids ratio (a) and genotype X nitrogen
interaction by biplot for total chlorophyll per carotenoids ratio (b)
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Table 8- Mean comparison of leaf chlorophyll components for genotypes

s adkd b C Luaggil,ls  c s L s AW
. oasls  OdSelS Do s U5 ity 94, Jidg 5 . . i pails O
g . Chl. a Chl. b Total chl.  Carotenoids Chl.c  aJde J5/bJsdg Is o RSTIeN
Genotype o S Chl a/Chl b Fodids i Nitrogen
SPAD (mg/g fresh leaf) RCM ;
index
Azar2 2,3 7.6 135 4.8 18.5 0.49 0.048 2.75 0.94 147
Ohadi A 8.2 14.8 5.3 20.2 0.46 0.065 2.75 0.93 148
Rasad Aoy 8.9 16.4 5.9 22.2 0.40 0.077 2.77 0.98 154
Genotypell s 9.9 18.9 6.7 25.4 0.31 0.092 2.80 0.98 152
Genotype2 2 .5g; 9.1 16.9 6.0 22.8 0.39 0.076 2.79 0.94 148
Genotype3 3 g 8.9 16.5 5.9 22.4 0.39 0.075 2.78 0.92 148
Genotyped 4 u5g5; 8.7 16.0 5.7 21.7 0.40 0.069 2.78 0.89 151
LSD5% 0.6 13 0.5 17 0.05 0.013 0.02 0.06 13
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Figure 5- Variation of total chlorophyll per carotenoids ratio (a), genotypes (b) and nitrogen rates (c) in dryland wheat
growth stages and relationship between nitrogen rate with grain yield (d)
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Introduction

Nitrogen is the most important limiting factor, after water deficit for biomass production in natural
ecosystems. Efficient use of nitrogen fertilizer is important to economical dryland wheat production and to the
quality of ground and surface waters. Researchers have been looking for ways to increase the efficiency of N
fertilizer use. Soil and in-season plant tissue testing for nitrogen status are a time consuming and expensive
process. Chlorophyll concentration in a leaf is closely correlated with leaf N concentration so the Soil Plant
Analysis Development (SPAD) chlorophyll meter is one of the most commonly used diagnostic tools to measure
crop nitrogen status. The SPAD chlorophyll meter is a simple, portable, diagnostic and nondestructive light
weight device used to estimate leaf chlorophyll content. Chlorophyll meter techniques provide a substantial
saving in time and resources and offer a new strategy for synchronizing nitrogen application with actual crop
demand. The objective of this study was to establish and analyze the relationships between measurements from a
SPAD instrument and the leaf pigments, as extracted at different stages. The study also seeks to evaluate the
utility of a chlorophyll meter to inform nitrogen fertilization rates of wheat (Triticum aestivum L.) genotypes in
dryland condition.

Materials and Methods

This experiment was carried out in split split plot based on RCBD design with three replications Treatment
included: N application time (whole fertilization of N in fall, and its split fertilization as 2/3 in fall and 1/3 in
spring), N rates (0, 30, 60 and 90 kg N ha') as urea and 7 genotypes (Azar2, Rasad, Ohadi,
HN7/OROFEN//BGN8/3/SERI/4/.., SARA-BW-F6-06-85-86-29-1, TEVEE'ST/CROW/VEE'S' and DH-2049-3.
A chlorophyll meter (SPAD-Hansatech Cl-01) was used to read leaf chlorophyll content (SPAD value) at
tillering (GS22), shooting (29), stem elongation (GS32), flag leaf (GS39) and anthesis stages. Fresh plant leaf
samples were collected from each plot for the estimation of chlorophyll a (Chla), chlorophyll b (Chlb),
carotenoids (Ct), total chlorophyll (Chlt) and concentrations. The chlorophylls and carotenoids were determined
by spectrophotometric analysis of chemically extracted pigments. To examine the relationship between pigments
chlorophyll and SPAD values, 30 wheat leaves were sampled. Average Chla, Chlb, Chlt, carotenoids and SPAD
values were computed, and linear regression analysis was performed by least-squares method with Excel.

Results and Discussion

The results showed a strong positive and statistically significant (p<0.01) relationship between SPAD values
and total chlorophyll (R* = 0.93), chlorophyll a (R? = 0.95), chlorophyll b (R*> = 0.78) and carotenoids content
(R? = 0.79). We demonstrated that the SPAD readings and plant photosynthetic pigment content per-leaf are
profoundly affected by nitrogen rate and timing of application. Nitrogen split application increased significantly
(p<0.01) the SPAD values (8.3%), Chla (11.1%), Chlb (10.9%), Chlc (27%), Chlt (15%), (exception of
carotenoids) and seed protein content (8.5%). Nitrogen application could affect significantly (p <0.01) all
chloroph}/ll indices in plant. The ideal conditions for the chlorophyll indices in the plant were obtained using 72
kg N ha™. Nitrogen requirement for maximum and optimum economical dryland wheat production is about 20
and 10 kg ha? less than nitrogen requirement for creation the ideal conditions for chlorophyll status and its
components in dryland Wheat Using chlorophyll meter, chlorophyll a (16.6 mg g%), chlorophyll b (5.9 mg g™),
chlorophyll ¢ (0.077 mg g, total chlorophyll (23.9 mg g*) and chlorophyll a per Chlorophyll b ratio (2.78),
chlorophyll index (9.4) and chlorophyll relative index (1.0) were determined in economical optimum N rate
(NRD = 0). Genotypel was most suitable and Azar2 was the most inappropriate condition in terms of
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Organization (AREEO), Maragheh, Iran
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chlorophyll index and total chlorophyll ratio per carotenoids (optimum range 40-70) in the plant as a stress
resistance index.

Conclusions

It can be concluded that, the actual chlorophyll content and its components can be estimated using
chlorophyll meter (SPAD) in dryland wheat genotypes at different growth stages. Chlorophyll components and
seed protein can be improved by nitrogen fertilizer application time and rates in dryland wheat.

Keywords: Chlorophyll components, Biplot method, Economical optimum N rate, Growth stages, Water
stress
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Figure 3- Mean comparison of plant height trait in studied potato hybrids and cultivars in five regions
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Table 3- Simple correlation coefficient between studied traits in potato hybrids and cultivars

U jeydlani  glas,)  adlwdlaxi  pdoaddlaxs sal 59 03 Slee b moy
2ljeas ey &g 4 ol Py dg ) JS sus S
Day of Plant  Main stem Tuber Tuber Total Dry
tuberization height number number weight yield matter
per plant per percentage
plant
)jode U jg, dlaws 1
Day of tuberization
g €16 -0.118 1
Plant height
g2 3 kel 4Bl s 04000 073 1
Main stem number
Sy 3 048 s 0.417" 0.146 0.113 1
Tuber number per plant
2% 04 0 -0.217 0.073 0.096 0.483" 1
Tuber weight per plant
5 0aé 03, -0.166 0.061 0.113 0.569" 0.974™ 1
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*and **: Significant at 5% and 1% probability levels respectively

42y b opg Jolo b JISEL 0 Sles Lele plyieay Jole @ 4 ) Slao o Ly o ool Jlislo iy Sl

Uy Sipg cute Jole colps b @lyuss 5 ooy YY/VVY
s Jolo g 30 digs 3 0ue dlusi 5 pljode U jgy ol Slaw
oebadl 5gs & 1) Ol 5 o> VOV paw Jole .0 oauels
5 alo S Slas @ baye o ele colpsd pySy5 48 o
P b o I8el we gHlisle Jele lgieds g dg ddlw gla)
5 Jele 5 005 lulis ke o 3 yige lio o ole 40
S sotyy (nl Wgdie ISP Slio (pydge elel
Shocse izl o b Bye lis dlaulyty |y Jolye (S5

gy 3l bdele & aion o (P Jon) ad edlas] b lele
09 s me ) ealatw] wSleyyg iS5 ol (slaadge
LY qua.o 9 Ol O L;‘Blf M ;ULJ KMO a)‘w]
bl oo @ 4o 5l Job mls g b ole 4 420
YOIVEY gooome jd 5 didld G 1 48,5 ohg polde Jole dw
YANYY L gl Jole 208" angi |) Glaw o (uibylg 5l doys
Slas gy Jole colpsd 958,50 Gl IS Gl dn g ao)
o 9 29 S oole Mo yd 5 Wiy yD 0dE i < JS 0ne 3 Slas



IWAA Ll ¥ oyl AY ol (Il ey slecidg sy o s YFA

@ pldl e Clio )3 dg29e g9 Olie e S
Ol Copd W35 (o598 5 (9] Gl cupd dwle
Go ;0 A& (yjg g Hgr 0 odf M Glaws gl YU S5
3 9 Sl Copd )50 )3 N9y cpl (O Jgia) Ab osmlie
oy jl (SUl e Clus Cops poalie L0)8 essline
2 lae ol e 80 oaia Ui o 59 judy (S5 Ol pes
oo .(Beikzadeh et al., 2015) wsb o claw pl (s,
Slao 0 dp3g0 £o5 & M2 0 ulw Sl (Seo5 alyes
2l b Olas (D 39390 £45 4y Ladus (Cuwl glat calises
b el iy GRS 4 el 4 e gl ol
.(Moosavi et al., 2013)

GBS oyl ) ol Cusday ol (Tadesse and Bekele, 2001)
3 cdlae ejoaw olS e Sp @l L
Jouyandeh-Kelashemi and Hassanpanah, 2014; )
Zakerhamidi and Hassanpanah, 2014; Hassanpanah et
Jole olul y addllas 3y90 (sladspun (sa00g,5 .(al., 2016 a
A JSG 5 pByl g dyyen o CunBge o AD pll pow g pgd sl
AY XY oy ud c005)5 cpl )0 Gl odd ol lis
Oda g &5 85 )18 A asl )3 )Rl o8, 9 VA AV AY
peoile GYlgle 08, 9 8 % AiBlioe Jole o (gl jlada
Sly slde (pyieS hls pgw g Sl Jele slp Y jlude il
JAD 4ol 3 L5108, a8 )5 )15 B 4ol )5 5 g > ele
sile b o Jole dw ja (ely de S gl &S S

58,5 518 C anl jd by pun 4 5B

PB,l g by (gl uSlonslg (8 52 1 s rJole Lawrgd o gl (R0 (il jlg w2 yd 029 23l b Jole cul s —€ Joia

R

Table 4- Factor loadings, Eigen values, present of variance and cumulative present of variance after varimax rotation for

potato hybrids and cultivars
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Figure 8- Grouping of potato cultivars and hybrids based on the first three factors
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Table 5- Heritability and some other genetic parameters of studied traits in potato cultivars and hybrids
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Introduction

Potato (Solanum tuberosum L.) is an important food and cash crop ranking fourth after maize, wheat and rice
annual production in the world. It is a high biological value crop that gives an exceptionally high yield with more
nutritious content per unit area per unit time than any other major crops. Thus, it can play a remarkable role in
human diet as a supplement to other food crops such as wheat and rice. The main objective of the breeding
program is to increase yield production. One of the major factors contributing to potato yield reduction is limited
number of cultivars with wide range of adaptability and stability in tuber yield. Thus, evaluating genotypes
across various environments for their stability of performance and range of adaptation is crucial and is an
important component of the research activity of the national as well as regional research program.

Materials and Methods

20 potato hybrids along with five commercial cultivars (Savalan, Agria, Caesar, Luta and Satina) were
evaluated in randomized complete block design with three replications at Agricultural and Natural Resources
Research Station of Ardebil, Khorasan razavi, Karaj, Isfahan and Hamedan in 2016. In this investigation each of
the hybrids and control cultivars were planted in 2 rows of six meters. Row spacing of 75 cm and plant spacinq
of 25 cm was considered. There were 25 tubers in each row. Pest control was performed using 250 ml of Ha”
Confidor. During growing period and after harvest the traits such as: plant height, day of tuberization, main stem
number per plant, tuber number and weight per plant, total tuber yield and percentage of tuber dry matter were
measured. Combined analysis of variances was done and comparison of means was done by LSD at five percent
probability level. The linear correlation between traits was also calculated. In order to understand the inter-
relationships of attributes and determine the variables with the highest correlation, factor analysis with Varimax
rotation of factors was used. Grouping of the hybrids was performed based on the first three factors. In order to
study the genetic diversity and heritability of traits, some genetic parameters of the traits in potato cultivars and
hybrids were calculated. All analyses were carried out using the SASy and SPSS;4 softwares.

Results and Discussion

Combined analysis of variance for traits showed significant differences among potato hybrids for all traits.
The hybrids and environment interaction was significant for plant height, day of tuberization, tuber number and
weight per plant, total tuber yield and tuber dry matter percent. Hybrids with number of 5, 9, 17 and 19 had the
highest total tuber yield and the hybrid 20 and Satina cultivar had the lowest total tuber yield. The hybrids
number 1, 3 and 20 had the highest amount of dry matter percentage compared to other hybrids suggesting that
these hybrids are suitable for chips production. In factor analysis, three independent factors totally explained
75.744 percent of the variations. According to the results of factor analysis the following factors were
nomenclature: the first factor as yield, the second factor as tuberization and third factor as plant. The weight per
plant and tuber number per plant had the highest heritability, genetic gain, genotypic and phenotypic coefficient
of variation. These traits can be improved through selection in breeding programs.
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Conclusions

In general, the results of the mean comparison and grouping of hybrids based on the first three factors
showed that hybrids 5, 17 and 19 were better than the other hybrids. Hybrids 1, 3 and 20 with the highest
percentage of dry matter are recommended for processing as chips. The weight per plant and the number of
tubers per plant had the highest genetic gain and heritability rates, and these two traits could be improved
through selection in breeding programs.

Keywords: Genetic advance, Genetic parameters, Heritability, Hybrid, Potato, Yield
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Table 1- Analysis of variance (mean of squares) for effect of planting date and seed bed on phonological traits of Scrophularia

striata
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Introduction

Scrophularia striata is an originally Iranian wild perennial plant. This plant has many medicinal properties

including treatment of some diseases like cold, digestive disorders, inflammation and infection. Although S.
striata has been reported from various regions of the country with different climatic conditions, however there is
no information about phenological growth, suitable time and seedbed of S. striata. There are variety of
environmental factors that affect phenology growth. Among them temperature is considered as the most effective
one. To generalize prediction of phenological growth in different locations, standard measurement is required.
Growth degree day (GDD) or thermal time can be a consistent predictor of phenology development in
contrasting climates. Determining required thermal time for plant phenological development would provide
information for decision making on the time of management practices including planting date, timely irrigation
and efficient pest and weed management. To the best of our knowledge there is no information about plant
establishment, growth and phenological stages of S. striata. Because of its high demands for medicinal products,
information about the S. striata cultivation is necessary. Therefore the objective of this study was to determining
the effect of planting time and seedbed on phenological growth.

Materials and Methods

Field experiment was conducted in experimental farm of agricultural and natural resources college, university
of Tehran, Karaj during 2016-2017. Seeds were preconditioned at temperature of 3°c for one week to break
dormancy. For seedling establishment, seeds were transferred to the greenhouse and cultivated in three different
seedbeds. Seedlings were transferred to the farm at stages of four to six leaves. The experiment was a split plot
with three replications. Planting dates comprised Early June (D1), September (D2), October (D3) and November
(D4) of 2016 and Early March (D5) of 2017 were the main plots and seed beds of peat moss, peat moss+ perlite
(1:1) and coco peat+ peat moss+ perlite (2:1:1) were the sub plots. Growth Degree Days (GDD) for phenological
stages of S.striata including first and second node, flowering, capsule formation, seed formation and maturity
were calculated. Data were subjected to ANOVA using SAS 9.1, and standard error of means was calculated.

Results and Discussion

Results showed significant main effects and interactions between seed bed and planting date at 1%
probability level on phenological growth of S. striata. Peat moss seed bed with June planting had lowest GDD to
first node (39.5 GDD), second node (50.1 GDD), flowering (307.4 GDD), capsule formation (610.8 GDD), seed
formation (697.8 GDD) and maturity (1242.0 GDD). With delay in planting time to September, October and
November, GDD requirements for phenological growth increased. Between our planting dates, June planting
time was the most suitable time for planting. Changes in temperature, day light and precipitation are significant
in successful plant establishment and growth. Our results showed that there is a critical time for planting S.
striata in farm. Very early planting like March planting time was not good and plants did not enter the
reproductive stage. Plants of June planting time were entered flowering stage on April 15 in the next year. With
delay in planting time to November, plants entered flowering stage on May 10 in the next year. High organic
matters percentage and capacity of cation exchange provides increasing potential for water absorption and
keeping nourishing elements and water for a longer time. This causes improved conditions for root growth. In
addition, vermicompost and peat moss includes regulator hormones such as humic acid that benefits early
growth of plant.
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Conclusions

To conclude, 1) peat moss was recognized as a successful bed for initial growing of S. striata. To the best of
our knowledge, no practical recommendation was formerly provided on the subject. 2) June planting time was
determine as the best time for plant establishment that led to acceleration in flowering time and more seed
production.

Keywords: Domestication, Endemic plant, GDD
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Table 1- Some physical and chemical characteristics of the soil
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Table 2- Analysis of variance of selected parameters of pumpkin's yield affected by irrigation and plastic mulch treatments
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Source of Sy L . 1000-seed .
variations df Dry matter LAl Fruit yield Seed yield weight Harvest index
LS 2 472.2" 0.01" 142" 13465.1™ 629.4™ 157"
Replication
(A.) “5."’3' 2 638457.1™ 26" 2155.1"" 2038295.1™ 5476.7" 1366.7"
Irrigation
a L5U°5
Ea 4 8543.98 0.045 56.90 53822.92 150.11 3.15
(B) gl 1 208270.1™ 1.6™ 998.3™ 944192.7" 3135.3" 1671.5™
Mulch (B)
A*B 2 97710.5™ 0.39" 181.9" 172059.5" 1130.9™ 539.2™
bé”;’ 6 1246.0 0.03 28.5 26947.8 240.3 5.1
CV% - 5.4 9.9 17.0 17.1 14.2 4.2

Bsre NS 5 do)d iy 5 S5 Jloin! plaww )0 )b ixe o Sy % e
*** are significant, respectively, at 1 and 5% probability levels and ns is non-significant,

Table 3- Mean comparison of influence of irrigation and mulchinginteraction on yield component, yield and harvest index of
the pumpkin plant
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3™ - 2 1 1 index
Irriati Plastic (g.m™) LAI (ton.ha™) (kg.ha™) (%)
rrigation mulch
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Mulch
75% )
gledgpie 5oy g 1.50° 27.95¢ 859.64c 56.60°
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gle 3529 pis 243.71° 0.90° 3.69° 113.63¢ 18.71¢
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* Numbers followed by the same letter are not significantly different (p<0.05)
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Figure 1- Mean comparison of the effect of irrigation on 1000-seed weight of the pumpkin plant
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Figure 2 -Mean comparison of the effect of mulch on 1000-seed weight of the pumpkin plant
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Introduction: Medicinal Pumpkin (Cucurbit apepo convar. pepo var. styriaca) is a valuable medicinal plant in
pharmaceutical industry. Iran has a semi-arid climate and located in areas suffer from water stress which can be
considered as the biggest problem in crop production. Therefore, to achieve the highest yield of products in times
of stress, the crop should be under full irrigation or proper management to make better use of the water in critical
phases of crop growth. One of these managements is to reduce soil evaporation by using mulch. Mulching,
reduces the amount of sunlight and preventing water evaporation effects on microclimate and provides a
favorable environment for plant growth and development. The water resources in the country are limited and it
needs to be efficiently used. Then an experiment was carried out aiming to investigate the effects of different
levels of irrigation and plastic mulch on yield and yield components of medicinal pumpkins in weather
conditions of Mashhad.

Materials and Methods: This study was conducted in split plot design based on randomized complete blocks
with three replications at the Agricultural Research Station, Ferdowsi University of Mashhad during growing
season of 2014-2015.The main plots were irrigation including 50, 75 and 100% crop water requirement and two
black plastic mulch surface (presence and absence of mulch) arranged as subplot. The distance between rows of
200 cm and distance between two plants was 30 cm. There were three rows of cultivars in each plot with a
density of 34.3 plants.m™. Based on soil test results and fertilizer requirements, 180 kg.ha™ of urea and 100 kg
kg.ha™ of P,O5 were given to the land. The planting was carried out two weeks after irrigation and according to
the air temperature. Irrigation of plots was done every seven days by polyethylene pipes and the volume of water
entering the plots was measured. Yield and its components were measured at the end of growing season.

Results and Discussion: The results showed that irrigation reduction resulted in a significant (p<0.01) change in
all studied traits. For example, 50 percent reduction in irrigation reduced fruit yield by 68 percent compared to
control. Reduction in fruit yield under water stress conditions can be related to a reduction in flower production
in plant. Mulch had also significant effect (p<0.01) on total dry weight, leaf area index, fruit yield, seed yield,
harvest index, and also on 1000-seed weight (p<0.05). Use of mulch increased fruit and seed yield and harvest
index by 38.4%, 38.4% and 30.6% compared to the lack of mulch, respectively through reduced soil evaporation
and increases available water of plant. Irrigationx mulch affected significantly (p<0.01) on total dry weight, leaf
area index, harvest index fruit and seed yield, and seed weight per plant. Plant yield reduction under drought
stress could be could be attributed to decrease in plant photosynthesis, leaves aging, and decrease in gas
exchange due to stomatal closure. In general, irrigation of 75% of the plant's water requirement and the use of
plastic mulch is the best condition for planting Medicinal Pumpkin. Because it greatly saves water consumption
and also had the highest rate of production.

Conclusions: The results of this study indicated that irrigation based on plant need can play an important role in
increasing yield and yield components of pumpkin plant in drought conditions Also, the plastic mulch by
preventing water loss, increases the amount of water available to the plant and reduces the effect of stress and
improves plant yield.
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X1 Ear length, X2: Ear dizmter, X3: Cob diameter, X4: Cob percent, X5 Grain depth, X6: Row.ear’, X7: Grainsow!, X8: Grain.ear, X9 100 gram weight, X10: Plant height, X11: Grain length, X12: Grain width, X13: Grein thickness, X14; Plautg to tasseling, X15: Planting to
anthesis, X 16-Planting to silking, X17- Authesis to silking, X18: Plenting to physiclogical maturity, X19- Grain yield, X20: Total dry weight, X21- Harvest index
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Table 3- Correlation coefficients between studied traits in nitrogen levels
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X1: Ear length, X2: Ear diameter, X3: Cob dizmeter, X4: Cob percent, X3: Gram depth, X6: Row.ear’, X7: Grain.row™, X8: Graim ezr’, X0: 100 grain weight, X10: Plant height, X11: Grain length, X12: Gram width, X13: Grain thickness, X14: Planting to tasselmg, X15: Planting to
anthesis, X16:Planting to silking, X17: Anthesis to silking, X18: Planting to physiological mamrity, X19: Grain yield, X20: Total dry weight, X21: Harvest index.
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Table 4- Stepwise regression analysis of grain yield (dependent variable) with other studied traits (independent variables) in irrigation and
nitrogen levels

&bl gobaw ot s s5 y Sl o sl
I‘r)r)i;,a?osn Independent S ile hava Regression coefficients GBS i 5 it
_and vartables e Intercept b, b, bs b, R? Standard
nltrogen erorr
levels
100 grain weight wbao oy -167.828  40.443 0.919 68.090™ 21.661
hae ainrow? Gy palols 40443 23255 12.426 0970  80900" 14436
100 grain weight abao oy -164.163  39.730 0.892 49.621" 28.975
hove ainrow? sy pabols 345539 26,695  14.509 0966 719397  17.711
100 grain weight abao o9 -536.107  47.765 0.973 216.824™ 19.125
o Plant height Gy elis]  -823.340 42160  2.740 0.992 306.316™ 11.487
Grain depth &l 3os 431593  -10.204 0.898 52.539™ 7.561
Anthesis to GBS A a6 8513 -3.061 0966 70460 4789
o silking S b
Grain.row™ dindy bl 416.584 -9.147  -3.000 1.211 0.992 156.412™ 2.659
Days to anthesis b 5’; m;':)’; 520.411  -9.419 5807 1347  -1.023 1.00 2219.431" 0.614
Naos Grain.row™ dwdy p bl -102.127 23647 0.974 229.217 37.429
Total dry weight JS Sis oy -267.524  0.560 0.959 141.536™ 51.243
N-7o% Harvest index cusby yasls  -599.767  0.326  18.503 0.998  1234.210" 12515
100 grain weight abas oy -723.305 0319 15389  10.909 1.00 4271.715™ 5.497
Harvest index cualy yesls  -978.027  17.371 0.986 180.842™ 32.504
ool dryweight — JS Kis o -599.767 18503 0.326 0998  1234210" 12515
Harvest index cuilby jesls  -872.838  39.867 0.985 406.507" 35.076
N140% Total dry weight JS Sis oy, -658.736  23.006  0.264 0.997 965.341" 16.192
Grain.row™ dpdy bl -595.616  18.404  0.290  2.338 1.00 4076.925™ 6.441

™ Significant at 1% level.
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Table 5- Direct and indirect effects of traits on grain yield in different water and nitrogen levels

Sl Indirect effect paliwwo pus 1,51 oo
Traits o X1 X2 X3 X4 Correlation
100 grain weight (X1) als Lo o 0.407 0.959™
l120% Grain.row™ (X2) sy &l dlas 0.482 0.948™
Residual=0.173
100 grain weight (X1) &l o s 0.310 0.945™
l100% Grain.row™ (X2) iy, o &l sl 0.477 0.889"
Residual=0.183
100 grain weight (X1) als 1o s 0.115 0.986"
I30% Plant height (X2) Gg glis)| 0.564 0.741"
Residual=0.090
Grain depth (X1) &l gos -0.874 -0.298 0.067 0.158 -0.947™
b Sladles 3 alols -0.578 -0.451 0.037  0.280 -0.712"
09 Grain.row™ (X3) Cigdy p il olas 0.191 -0.308 -0.112 0.042 -0.187"™
Planting to anthesis (X4) Slislos 3 b cusls -0.295 0.468 0.549 -0.027 0.695"™
Residual=0.018
Naooe Grain.row™ (X1) Ciudy &l dlas 0.987 0.987™
Total dry weight (X1) Js Sas o 0.559 0.339 0.081 0.979™
Nooe Harvest index (X2) sl asls 0.377 0.503 0.087 0.968:
100 grain weight (X3) b do s 0.096 0.467 0.340 0.904
Residual=0.018
Harvest index (X1) Cudlsy adls 0.520 0.443 0.968"
N100% Total dry weight (X2) Js S se 0.515 0.448 0.979™
Residual=0.052
Harvest index (X1) sl asls 0.458 0.461 0.073 0.992”
Nuso Total dry weight (X2) Js s g5 0.477 0.443 0.068 0.988"
’ Grain.row™ (X3) sy o &l Sl 0.088 0.381 0.369 0.838"

Residual=0.018

** Significant at 1% level.
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Introduction

Grain yield depends on genetic potential of plant. Environmental factors play an important role to achieve

this potential. Inappropriate management of irrigation and nitrogen are main factors to reduce the maize yield.
Better control of environmental effects in breeding programs can be achieved through indirect selection for traits
that in addition to high heritability have a good correlation with yield and be less affected by environmental
changes. This study was conducted to investigate the correlation and cause and effect relationships between
some traits with yield of maize in different irrigation and nitrogen conditions.

Materials and Methods

This experiment was done during 2014-15 at Razi University, Kermanshah, Iran. The experiment was
conducted as split plot. Main plot factor was four irrigation levels included supplying 120, 100, 80 and 60%
water requirement (11200, l100%: lsoss @nd leg, respectively), and sub-plot factor included four nitrogen levels 40,
70, 100 and 140% (Nage, N7os%, N1ogss and Nigee, respectively) of recommended amount based on the soil test.
During growth period, the time of occurrence of growth stages were recorded and at harvest stage, yield, its
components, ear size and grain dimensions were measured. Pearson correlation coefficients and stepwise
regression analysis were determined using SPSS software. Direct and indirect effects of traits on grain yield were
determined by path analysis using PATH2 software.

Results and Discussion

Results of correlation analysis in all irrigation conditions showed that the higher total dry weight and less
interval of anthesis until silking are desirable. In addition, selection for 100 grain weight, number of days from
planting until physiological maturity and harvest index in l1ge, l100% and lgge Would improve grain yield. Under
lsass, Negative selection for grain depth and number rows per ear can improve grain yield. Positive correlation
between ear size, yield components, plant height, grain length, number of days from planting until physiological
maturity and harvest index with grain yield and negative selection for cob percent, grain thickness and interval of
anthesis until silking in all nitrogen levels would improve grain yield. Results of regression analysis under 1120,
l1000% and lgge, Showed that 100 grain weight explained a high percentage of grain yield changes. Under lgq, grain
depth had the highest contribution to explaining grain yield changes. Under Ngo, N1gge, and Niage, harvest index
and total dry weight that explain a significant percentage of total grain yield changes. In N4g, Nnumber of grain
per row will be effective on grain yield. In l500, and l1gg0, 100 grain weight and number grains per row, in
addition to high direct effects on grain yield, had a significant indirect effect on grain yield through each other.
In lggedirect effect of 100 grain weight and indirect effect of plant height through it on grain yield were
observed. In lgy, Selection for grain depth, interval of anthesis until silking and days from planting until anthesis
would be more appropriate. Due to negative correlation between grain number per row with grain yield and
positive direct effect of it in gy, the indirect effects of grain number per row should be considered. Regarding
nitrogen levels, in N4qg, grain number per row had a direct effect on grain yield. In N7go, Nigge and Nyaqe, total
dry weight and harvest index in addition to relatively high direct effects on grain yield, had an indirect effect on
each other.
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Conclusions

In all environmental conditions, traits entered to regression models explained more than 95% of grain yield
changes. Based on the results of path analysis, under 11,99, and lyog9, conditions, 100 grain weight and number of
grains per row, in lgg, 100 grain weight and plant height, under severe deficit irrigation, grain depth and interval
of anthesis until silking due to considerable direct and indirect effects on yield introduced as proper indices to
improve grain yield. At all nitrogen levels, selection based on total dry weight and harvest index will be helpful.

Number of grains per row and 100 grain weight should also be considered due to high indirect effects on grain
yield at some nitrogen levels.

Keywords: Grain yield, Independent variable, Stepwise regression, Water deficit






Iranian Journal of Field Crops Research
Vol. 17, No. 2, Summer. 2019, p. 291-303

&’2‘:@}:52 ;)

Olnl =y Sl gy 4 it
FAFr o ATAA Ll .Y oyl IV ol

°JL€-.‘ LS‘J"\S er‘g.:J.: u.fb.\.'{}‘ oalaiul &‘Jls‘gd‘i):ﬁbjjﬁ :‘,SJ.;\S

"ol s Jadl gl sl Allllas A

WAV/ VY sl s go s
WAV AIVY 2o s o b

2SS

u;l)l_f 9 u.tbL.f )]..\_:IAJL»J ]a_m}x (IPAR) o04d u&b)) M U“"l" u)..oduob O yguody ulyL;o l) %) a.‘a.w Ls\/l’ 6@[5 b.)y;,w.u)

s Hyola 401) s,Les 13I8 o8, 93 RUE 4 IPAR 1 (N) (59, G pan (slayloss pib asdlas oyl 53 905 oyl (RUE) il jl oolisul
25155 o by dolad JolS (slacSsl al b LB 45 00id )3 (slac S O ygods WWA-AS el)5 Jho 13 (lasyio yialojl s oy (15>
Yoo 9“&' Noe N New D ‘).Q_Aoaja_wu_a.b ).)N c_‘i).\a.p ul)m W) l)>l uu)?ux‘.‘.‘oeuad))sw P?‘Lc oKuiildy ‘_gw.m?).: ac) 3o
YL 0395 ool 4 s 2 gl i 45,5 3 e 8 Jele (e g 39 3 S o8 575 ol Jele plyie ) 3 p 5ok
53 30 by 0y b 0 2055 IPAR S 54 bgsye RUE g IPAR (693 ,2 yuis & o dalllas 51315 08, 93 1 0 N el & yej pddaws
d5IS" 08y 93 )3 g el jless I iy Ao 3 YD 9 VY 350 )3 iy, 3 N p,SolS Voo Gpms balys o &> g Hyola 401 8,

3N Gy 15 IPAR ialjdl & yoeie LAD 3 LAL (il b N G5 yoan oS s il 0 392 il LAD 5 LAl & sy IPAR
VY Jolns 05 o8y sl 5 (+/+¥ ) 150 Jolna HyOla 401 15, (sl ey o) 5 calis ol 5l (K) (659 Sl ey 5
5 (S 3N 2 Sels Y- +) Jg3l8o 51 2, YIYO b (10l jlos) Y/-Y (o o805 o8y (sl RUE 5,900 N ol 8 4y s 3 3,910 (+/-Y )

g1 eiia (JiS 33 N 5ol Yo r) Ui 2 o5 VIFY b (10l ylas) VAS e Hyola 401 15, (o),

04 UBL).) uml;)mf‘)y ‘SM.PN.MJ‘ g u_?).,ajawunlm ‘J9.a.’>m BV 3) sy ‘f).ga.la.mfls.) :Lg.J..:.lS dlﬁb),’

5 s o] e . e | =~
5 (IGRY) odus) (guyob (S JS (o)) olS 48 )95 Jsbo
(FIRY) 595, » (LS julale g ond cdl)s (il jus
=5 ol udy &5 5 Job (Sandana et al.,2012) 5> S
(5095 039 9 Lod oos ysboas) (ame Lelgs g uigiy JyuS coo
1l SLs slacdsiss #dlg)s (Soltani et al., 2006) ¢!
Ol ol olS 1) Bz sk » Sip b 2lie polie 298
Abeledo et al., 2003; Sandana and Pinochet, ) .lesls
9 el ol a4y adlaio S > (gdndye> b oud (2011
4y Comd (5 53aL)S ooy 4 3y pb o plgisr plgie o
i ol JAS W80 (ely; GalS Mg (Sras mle plo
ol g 90,5 3,95 LS assls 4 b jlilagle (YL 4 oapw,
ey (o) a4 g 03,5 e Gl L g 290 8Ly
Gl ogd o Ll alS jlulule lwg b 35 odd ¢l yd mdeds
Lf)_g C.'a_w ua>L.w L) FIR J?““’Ls" U»S.v.w 9 b))f .))95)3 u]
3y (S (LS julals (K)' ) Mgzl cups 5 (LAI)
=i olS 5550 5 daxio wldlles .(Massignam et al., 2009)

6- Incident solar (global) radiation
7- Fraction of intercepted radiation
8- Light extinction coefficient

doddo

kb il liee 4 padios jobbdy £ly5 0lS 0395 s g

0)90 b > (LS b g (IPART) ons cdl,d (o jriwgid
albal, ol cod (Sandana et al., 2012) cowl diuly 4,
s 48 coul (RUET) Jals 5l oslal oS samdlis
Shiyed Gl JS L IPAR S aaly 50 odubaggh 0365
Sinclair and Muchow, ) 545 e iy a5 (IR”) 0a <8y
(g 5o 59 £35) 5 s 5V 0355 s (1999

13 (smazs IPAR L) 2059 IR Gy uols &)y90y g5 o0

2 £35) RUE 5 (0 5o 3 J33i50) (o515 ol ) 45 Jo
4 IR ,luis (Sandana and Pinochet, 2011) 405 Lo (55

pote ol (g5ygluisS 0uSuiils (LS S g A5 (wigee 09,5 Sliel
Olujob amb wlie g (5jslaS
(55,98 015l (LS S5 5 A wdine 0,8 wielj (555 =T
Oliwjg (b @lie 5 (55)5LaS pole olSiils
(Email: seyedatasiadat@asnrukh.ac.ir = :Jstue osiu g —%)
DOI: 10.22067/gsc.v17i2.72882
3- Intercepted photosynthetically active radiation

4- Radiation use efficiency
5- Intercepted solar radiation



IWAA (Lol oF oyl IV sl ool pl 2y lesiidoly &, YAY

W yg; 9 dlge

PV ely; Lo 3 Gimgs ol islas y30 sl

Oliwjgs (anb @lio g (55,9l pole olStily (oding ac )
Jois (6509 LS YO 3 JbMo pois 05 Lnl SUMe jois 4o &dlg
YV bl yoye b og)l8 lbog) (55 acdls )3 g jlaal (3
4aB Y gand FA SLilas Jobb o Jod aads V8 5 a5
Sygods inlejl ol 0ad &lg byd pdaw 5l e VY glas) 5 (3
a0l JalS elacSol ol b B 5 odd s slacs S
New D G)j)_a.o cb_w oo » N c_‘))..m u‘).uc .Ag..))f 1)>] )])Sv
£ 5 ol Lol lyicds S 3 pySolS ¥or o YO+ Yov N
2 =P Jale plyiees (U805 5 Hyola 401) adaw 93 53 IS 5,
Wil 9 51 513l s puat S Hyola 401 .5 &b 8 o
blie > coiS (ol a8 el (Lisled 3 ol o8, K ¢ el
D)LQ(. dl)_lf fb—g) 92 L)—’l ] 03 CM.;@I )9—MS o P)f
Gt el (51 Gy s S bl 5o S Sl
N5 bglis 5 (Sl 392098 9 392 298 4 Coplu
5 ol o g3, (L 5) oF 85 s 5 S £l
Aije) 95 5 08y 93 2 53 Joy Job 4 Gl g Sl 4 2 L
LS| 232 15> (Sa9S (Slow 392 098 03) 93 8 g Cunl (5
bulyd 53 ognly S gl gycnlil g g oo (sauail (103395
L Lol Sojslgtd g Jole 5o po S5lssT slajls it

2155 g Jeily 33l 3B 03, 93 o b cdpndy ©)9e0 (e
b 05 S (e plodl jl an wied LS sdb bl cudls g,
LS s p (el Sllp LS )3 255k V0 ) o 3590
93 b ey (silwodlel () Jgao) 1 B pae S Slie dlge 450
e JoSS S e g 300 bl qen 2 dges Sud 4 ye
POV b 3 e 50 53 4 Y0+ o815 L IS 08 63 < pupes
P2 b S e ¥ joye g e VIO b 4y (28 s S
ol Loy o g e o (28 Sy o cptalej] 1S5
S clS clncins, o Alols 0 45,5 i s alols e g
2w b laydn csls g o as)S jlas 0 g Sle YO Joles
LB )S G50 ane Hh Jlen o > SB ke Blo S Ges
w515 9 S5 (Sl kg wolS il g (05w I
(egl &sie SI) N 3950 @dali ye o )3 digr A Jolae a)S
s i3 ez 41 (6355 )96 olaw SISy (sl 5L 3y9
B 0T 5) s 5 3 ¥) (S VY s po o ol 5l i So
B g9y Al po )3 i Ko (63 VO) (58 4Bl gy

Salvagiotti and ) (N) ()59, 39eeS &S cunl 03l> yliis caliseo
Sandana ) ,a.é (Miralles, 2008; Massignam et al., 2009
L (Salvagiotti and Miralles, 2008) » 555 (et al., 2012
e yeban 1 IR 5 (Valle et al., 2009) pguivog) Copons
b glice yolie dgeS 4 IR Fwly ad o 3 b cou
Gy no Cilises gobaw 13l g i o bgrye LAIG] s 4y odes
Ao ol ) Jgane jobas gl SWIK yy lie jolis
Muurinen and Peltonen-Sainio, 2006; Salvagiotti ) 54 .
.(and Miralles, 2008

Sriwgd cb )b wiile (LS sla (Shy 4 RUE (i
Soltani etal., ) s)by Ky Sid ool i oL 4 Sy
ol bl o (Sid il i Jelge ¢ oplpls (2006
{Kemanian et al., 2004) ,l> ,Lzs (Jamieson et al., 1995)
S, g (Plenet et al., 2000) olis ,olic ay wyiwd
Iy RUE )50 sl o (Soltani et al., 2006) bals o lowdiou
1y U cppin N olie pobie don lo ,o i 15 50 cou
(Muurinen and Peltonen-Sainio, 2006) »,l> RUE 5 o »
4 3ol L (Sinclair and Horie, 1989) (sys 5 S
RUE (i (S 0y N L) S aw 20l )5 S N lgiea
oo 2 abaly el g 31 )15 b s ilie ey plalS o
4 Sy N YL (lgizme ;> RUE &5 obuljl g coglise laassS
oialS (hd jebay S N lgzme (2alS L g ) oo gl
o BN G s ]38l (Sinclair and Horie, 1989) 1l .
el oly o RUE il5 81 b sy gl do &y Sy 0339 N &S
s Byan ol ) Cusl (S0 RUE (e 2015 (Jlocnll
OhlKed 5 pislwe [(Olesen et al., 2000) s> #, N sl;
N el ials as"w S 5,058 (Massignam et al., 2009)
@ yoe RUE 5 FIR (g93,m LialS &b 5l oo, S0kl 5 )b 5o
N el U s 4 FIR ials .as Sis oolo g jials
S90Sy 039 N als | >4y RUE ials 5 LAI
(Massignam et al., 2009)

LIS amy Ly ) (£ olS ()90, gk s> I S
Massignam et al., ) cul o4 Jl3y59 505 (sladsS LB pno il58l
Jgae 155 (gl (sudS (slagogyg 51 (o N 5,87 .(2009
U Gk 1) (S S osle JS g Jewily & ol
(Zhou et al., 2017) oS o oy 3,2 Ly g RUE IPAR
oz SIS 08 93 slalie byl ialesl el 2! j) G
Jole 93 5o N Gyme )i sl jlas 51 (KI5 4 Hyola 401)
RUE 5 IPAR (i 039 5C A5 008 [y Sujgl5n 52355

..)9.3



YAY  o)ler oIS 085 99 5 (il i oolisiwl (S 5 <y (59 5 995 3T

2 2l slaglen @Ml ) g Wad Bl s g
Phragmites ) 5 s Jud a copl p0gMe (bl 5954 dc 30
o904t Sl b o Sbise g 4,50 abls ) (australis

5 odalie (Brevicoryne brassicae) oIS

baly s )3 el i LSl SB 4 (gl (ba, 4 (e V0)
959 31 oL 1y 0593 (b )3 4 gyebay s ploxil aie ()l
CpmSred A Cosilos ugbnlaﬂ sa,s o Sy b 2gueS
o=l sl b i i lais gl bl o il
b Cogs dix o (olyjolS )y Jad (gl )3 5y glacale yglaie

halejl oo S aliond 9 (58 G Sy ) Josa
Table 1- Physical and chemical characteristics of the soil at the experiment site
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Figure 1- Daily minimum and maximum temperatures and daily incident solar radiation during the growing cycle of canola
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Figure 2- Changes in leaf area index of two spring canola cultivars Hyola 401 (A) and Dalgan (B) in the days after planting in
response to different levels of nitrogen consumption
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Figure 3- Changes in leaf area duration of two spring canola cultivars Hyola 401 and Dalgan in response to increasing
nitrogen consumption
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and (B) leaf area duration for two canola cultivars

ot OS5 o8, 6l RUE 501 N CBrmo (50 4 iy 09
L5 VAS oy Hyola 401 13, (sl,s 5 Jsile 2 )5 Y/¥0 b ¥/-Y
55 9% o (Jlacnll (A JS2d) 392 pite Jo3lRe 0 )5 Y/EY
LS 3N p)Sobs ¥ov Gpae Ll 3 a5 adlllas 390 (131
Hyola o3, ,5 .cudls 3939 RUE 5405 L5 5l (g yld xo 33
s yomia S8 53 5y S Ve o BN Gipne G151 401
Yoo G Yer Gya gl glae Lol 15 RUE s _ine il

Bl 3y 5 (o) 3 e s S0 5 N 5ok

C.‘a_w dYL_S 0355w ) oS N d)m ul)m )I )de)‘o

225 IPAR a4 (P<0.01) (g)b —ae jolods o coddidy yuoj
J5 A JS) 390 dly 2y b ok > (25 olS Ly
» o> g Hyola 401 48, 95 5 A5y 090 (b o 25 IPAR
YO 9 YV dga> 3 iy HiSa 3 N p,SolS Voo Gpuno baslys
YL 0395w Ll 8l (b cpll g dals oy 1 side do )
o5y PN Gy pae bly b a4 s jlad (2l )3 (0
oy OY i 3 80> b8, 40 5 duopd O 344> > Hyola 401



B

Jgase 0y Ce o

40
-v. Hyola 401
cv. Hyola v
329 y=31.1110.095x
Rsqr=0.78
24+ P<005
4 X
=
s 164 o,
(\II
E 8 -
9
[
B o-
= 404
= cv.Dalgan
o
32 n
2 y-13.65+0.068x o
o Rsqr—=0.92 I
O 24 p0.05 A
16 -
8 -
0 -
0 200 400 600 800

YA o)l oI5 o) 99 50 il i soliiiaal ()15 5 Bl yo 1 (359 5o 995 il
A 3000
cv. Hyola 401
2500
2000 ¥=58.15167.10x v
Rsqr=0.89
. 1500 P=0.05
o
E 4 Nitrogen (Kg ha™)
1000 |itrogen (hg ha' )
f‘ o ° 0 o0 +
: 2 5004 100 X 150 A
A 200 " 250 I
5 o o 300 O
7‘"’) = 3000
3 E cv. Dalgan
o 4
.tj 'tl_n 2500
¥ & 2000 ¥ -117.04463.17x
0 Rsqr-0.95 I
< 1500 P<0.05
1000
500
O -
T T T T T
0 8 16 24 32 40

Crop growth rate (g m=2 d-’1)

gz 38 2o

Total intercepted PAR (MJ m'2)
sl )3 g5inged b s JS

C8l > (5 Fhwgid JUad (il JS g Jgamme iy Cu s (o2 9 (A) Jgnamo iy S g 9 (a0 g W 0395 Conns§ (o bl -V JSG5
adlhs 5,50 (5155 05 93 3 (B) o
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Introduction: Crop biomass accumulation is directly related to the amount of photosynthetically active intercepted
radiation by the canopy during the crop’s cycle. The slope of this relationship represents the radiation use efficiency
(RUE), defined as crop biomass produced per un|t of total solar or photosynthetically active intercepted radiation
(IPAR). Therefore, above-ground blomass (g m®) can be expressed as a product of the cumulative IPAR (MJ m?)
during the crop cycle and RUE (g MJ ™). The amount of IPAR depends on the length of the crop cycle over which
radiation is accumulated, the fraction of intercepted radiation (FIR) by the canopy each day and the total incident solar
radiation. The length of crop cycle is affected by the genotype and/or environmental factors mainly temperature and
photoperiod. Indeed, soil constraints such as nutritional deficiencies have shown minor impacts on the crop cycle. FIR
depends on the leaf area index (LAI) and the canopy light extinction coefficient (k). Several studies on different crops
have shown that IPAR is negatively affected by nitrogen (N) deficiency. RUE is affected by the crop species,
environmental conditions and also by management factors such as crop nutritional status. Over the past few decades,
one of the aspects of improving crop productivity has been increasing N fertilizer utilization. Nitrogen application is
one of the key inputs for crop production that determines the potential of total crops dry matter production through its
effect on IPAR, RUE, and/or both. The aim of the present study was to comparatively evaluate in two rapeseed cultivars
their responses on IPAR, RUE and related traits under different N availabilities at field conditions.

Materials and Methods: In this study, the effects of N utilization on IPAR and RUE of two spring rapeseed
cultivars (Hyola 401 and Dalgan) were investigated. Field experiment was conducted as a split plot in a randomized
complete block design with three replications at Agricultural Sciences and Natural Resources University of Khuzestan.
N consumption in seven levels of 0, 50, 100, 150, 200, 250 and 300 kg ha™ was considered as the main factor and the
type of rapeseed cultivar in two levels as the sub-factor.

Results and Discussion: The results showed that the response of the above-ground biomass to N supply in both of
the studied rapeseed cultivars was related to the change in both IPAR and RUE. The total accumulated IPAR during the
growing season under of consumption of 200 kg N ha™ was about 27 and 35% higher than those of the control
treatments in the cultivars Hyola 401 and Dalgan, respectively. In both rapeseed cultivars, IPAR was strongly
dependent on LAI and LAD. This means that N utilization with increasing LAI and LAD resulted in an increase in
IPAR. Reduction of LAI in response to N deficiency can be explained by (1) changing the phyllochron, (2) decreasing
leaf blade area, and (3) the higher rate of loss of old leaves. Utilization of N had no effect on the light extinction
coefficient (K) of crop canopy, and this coefficient was estimated to be 0.65 (+ 0.02) in the cultivar Hyola 401 and 0.73
(£ 0.02) in the cultivar Dalgan. Depending on N Ievel the above-ground biomass varied from 932 to 2192 g m™ in the
cultivar Hyola 401 and between 853 and 1811 g m™? in the cultivar Dalgan. Dependlng on the availability of N, the RUE
varied between 2.02 (control treatment) and 3.25 g MJ™ (200 kg N ha™) for the cultivar Dalgan and between 1.86
(control treatment) and 3.62 g MJ™ (300 kg N ha ) for the cultivar Hyola 401. Reducing RUE in N-limit treatments
may be due to reduced leaves nitrogen content, which reduces their photosynthetic capacity.

Conclusions: The results of this study showed that the above-ground biomass production by two rapeseed cultivars
was related to differences in their growth rates in response to the applying different amounts of N. The physiological
traits that explained above-ground biomass responses of both cultivars were the cumulative intercepted radiation during
the crop cycle and radiations use efficiency. In both rapeseed cultivars, the K coefficient was not affected by N
utilization, which indicates that IPAR responses were the result of changes in LAI and LAD during the crop cycle
affecting the fraction of intercepted radiation by the crop.

Keywords: CGR, Fraction of intercepted radiation, LAD, LAI, Light extinction coefficient
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Table 1- Metrological data in Arak city in cropping year 2016-2017
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A0 Al March 0 53.45 6.2 355
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a5 sbys Juan 345.3 27.45 24 0
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Table 2- Physical and chemical soil properties of the experimental site
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Soil SS9 S pH K P Zn Fe Mn J S Sand Silt Clay
depth EC TotalN _ OC
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0-30 0.87 7.7 180 8 27 65 151 0.12 1.2 49 28 23
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Table 3- Analysis of variance of measured raits in safflower under application of bischar, seed priming and foliar application
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Table 4- Mean comparisons of main effects the measured traits in safflower under application of biochar, seed priming and
foliar application
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0 aals b Gor lisyl . . . ald . Y
bglo;l Seedling fjla e o992 &b Nty 100 < oil
- an Number of  Number of  Weight of Grain
emergence .
E):E:;t'mgg;[al ((y%) heightcm)  fertile head  grainper  grain per \lfvgir ;he: yield pe;gznt
per plant head plant (g) @ (kg ha™) (%)
Biochar >,
Bl 78.79% 77.35a 10.83a 14.95ab 5.07b 2.96a 1116.54b 24.44a
B2 77.38a 78.67a 12.00a 15.50a 6.20a 3.09a 1365.97a 25.23a
B3 81.77a 77.57a 9.87a 14.00b 4.44c 3.13a 966.24c 24.47a
Priming uely
P1 64.71b 78.05a 11.02a 14.23b 5.45a 2.99a 1136.25a 24.57a
P2 82.44a 77.00a 11.53a 14.69b 5.25a 3.13a 1157.05a 25.15a
P3 90.58a 78.54a 10.15b 15.52a 5.00a 3.06a 1155.45a 24.42a
Spray il Jbxo
S1 - 78.08a 11.16a 15.20a 5.29a 3.00a 1160.94a 25.29a
S2 - 77.64a 10.63a 14.43b 5.18a 3.12a 1138.22a 24.14b

B1 (without biochar) )b gu by pas

B2 (application of 5 t/ha biochar) g0 JiSa 3 550 Bpas
B3 (application of 10 t/ha biochar) 4. ,tSa )3 5 Ve Bpas
S1 (spray with water) Jgoxe oI b 5l Jolxe

P1 (without priming): Kuesly ;s

P2 (priming with distillate water) jlkio oI b Kool

P3 (priming with salicylic acid) sl Sduwdlo b Kol
S2 (spray with salicylic acid) sl Sl b 5 Jglxe

555 oyl e BB doyd gy Jlein prdaw p3 4SSl (claials din g0l wliol pr Jole ya (el g gt 5 alie By SO JBlas b cla ke
Means followed by at least one similar letter in each column and each factor, are non- significantly different (P = 0.05) according to
Duncan’s multiple range test.
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Table 5- Mean comparisons of two-way interaction factors the measured traits in safflower under application of biochar, seed
priming and foliar application

e Gboas O g aboi
g~’~’~1l‘°5‘_ S)los apls  ayeWw) e 2k » w5 aily Wb Sles gy a0
Experimental Seedling Plant Sy EEpY Weigr_]t 100 Grain oil
treatment emet;genc height Number  Numberof . of grain Kernel y|eld_l percentage
e (%) (cm) fertile ; per weight (kg ha™) (%)
of head head per of grain plant g9
per plant plant per head ) )]

Biocharx Priming
B1P1 73.46 dc 79.88ab 11.65b 10.90cde 16.61b 5.69b 2.87c 1231.85b 24.43ab
B1P2 54.66e 75.93bc 13.28a 12.18ab 14.42¢c 5.27bc  3.04abc  1174.78b 25.42a
B1P3 66.00de 76.23abc 10.43b 9.41f 13.81c 4.26¢d 2.98bc 943.00c 23.47b
B2P1 77.16bcd  76.06abc 13.25a 11.90abc 11.93d 5.62b 3.26ab  1250.51b 24.73ab
B2P2 86.16abc 81.01a 14.41a 12.85a 17.89a 6.95a 2.98bc 1507.88a 25.71a
B2P3 84.00abc 78.95abc 13.21a 11.25bcd 16.67b 6.02ab  3.03abc  1339.51ab 25.26a
B3P1 85.75abc 78.21abc 11.20b 10.26def 14.15¢ 5.06bc 2.84c 926.40c 24.31ab
B3P2 91.33ab 74.05¢ 11.08b 9.56f 11.76d 3.54d 3.37a 788.50c 24.31ab
B3P3 94.66a 80.45ab 10.66b 9.78f 16.07b 47lcd 3.18abc  1183.81b 24.54ab

Biochar x Spray
B1S1 - 78.67a 12.71ab 11.68a 16.23ab 5.86ab 291b  1278.00ab 25.20a
B1S2 - 76.02a 10.86¢ 9.98b 13.67de 4.28c 3.02ab  955.08 dc 23.68b
B2S1 - 78.90a 13.27a 11.92a 16.43a 6.28a 3.13ab 1372.66a 25.21a
B2S2 - 78.45a 14.04a 12.07a 14.57dc 6.11a 3.05ab 359.28a 25.26a
B3S1 - 76.68a 11.13bc 9.90b 12.93e 3.74c 2.97ab 832.17d 25.45a
B3S2 - 78.45a 10.83c 9.84b 15.06bc 5.13b 3.28a  1100.31bc 23.49b

Priming x Spray
P1S1 - 78.76a 12.23b 11.07b 14.51b 5.10bc 2.96b  1112.69bc 24.92ab
P1S2 - 77.34a 14.10a 12.50a 13.96b 5.81ab 3.02b  1159.82ab 24.22bc
P2S1 - 77.52a 10.58cd 9.58¢ 15.94a 6.03a 3.01b 1321.85a 25.67a
P2S2 - 75.95a 10.43d 9.31c 12.20c 3.71b 3.36a 827.47d 24.10c
P3S1 - 79.16a 12.44b 10.98b 14.94a 431dc  3.05ab  954.22dc 25.54a
P3S2 - 77.92a 11.90bcd 10.97b 16.10a 5.69ab  3.07ab 1356.66a 23.31d

B1 (without biochar) b s byae pas P1 (without priming): Kuesly ;e

B2 (application of 5 t/ha biochar) )l g ,tSa 3 5 0 Gpas P2 (priming with distillate water) jkis of L Siuely

B3 (application of 10 t/ha biochar) 4. ,tSa )3 o5 Ve Bpas P3 (priming with salicylic acid) sl Sl b Kiely

S1 (spray with water) Joexe ol b (5L Jglxe S2 (spray with salicylic acid) sl Sdudls b ol Jgloe
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Means followed by at least one the same letter in each column and each factor, are non- significantly different (P = 0.05) according to
Duncan’s multiple range test.
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Table 6- Mean comparisons of three-way interaction factors the measured traits in safflower under application of biochar, seed priming
and foliar application

Gbslax bl o )
> 5954 Pablaxs A i e Gl il s far s
L 5 &g gl 2 T b & &l os o) m2)
bl gl ylow Blant Gy A9 g ~9 Grain oil
Experimental treatment lan : Number of ~ Number of  Weight of 100 yield percentage
height(cm) ~ Number fertile grainper  grainper  Kernel (kg ha™)) (%)
of head head per head plant (g)  weight(g)
per plant plant
Biochar x Priming x Spray
B1P1S1 81.10a 16.21a-d 11.65bcd 17.80bc 6.35bc 2.74c 1346.1bcd 24.04 e-h
B1P1S2 78.66ab 12.95def 10.15d-f 15.42def 5.02cde 3.00bc 1117.6cde 24.82d-g
B1P2S1 76.80ab 17.14abc 13.23 ab 16.32cde 6.39bc 2.98bc 1420.4 bc 26.30 ab
B1P2S2 75.06ab 12.64ef 11.13 b-e 12.53g-i 4.16 efg 3.11abc 929.2 ef 24.55 d-g
B1P3S1 78.13ab 12.51ef 10.16 c-f 14.58efg 4.85c-f 3.02bc 1067.6¢c-f 25.16a-f
B1P3S2 74.33ab 9.61f 8.66 ef 13.05 f-i 3.68efg 2.94bc 818.4 ef 21.69i
B2P1S1 77.33ab 14.18cde 11.30 bed 11.80i 4.96cde 3.40ab 1102.4c-f 25.57a-d
B2P1S2 74.80ab 17.86ab 12.50 bc 12.07 hi 6.29bc 3.13abc 1398.7bcd 23.89g-f
B2P2S1 80.93a 18.82a 15.33a 2047 a 9.22a 2.92bc 1976.1a 24.93b-g
B2P2S2 81.10a 12.37ef 10.36¢-f 15.32def 4.68d-g 3.04abc 1039.6efd 26.50a
B2P3S1 78.43ab 11.67ef 9.13 def 17.03bcd 4.67d-g 3.08abc 1039.5 def 25.13a-f
B2P3S2 79.46a 18.21ab 13.36 ab 16.32cde 737 b 2.98bc 1639.6 b 25.40a-e
B3P1S1 77.86ab 12.32ef 9.96d-f 13.93e-i 4.00 efg 2.74c 889.6 ef 25.16a-f
B3P1S2 78.56ab 12.40ef 10.56 c-f 14.38e-h 6.11bcd 2.94bc 963.2 ef 23.96e-h
B3P2S1 71.26b 13.82cde 11.10b-e 11.66i 3.82 efg 3.11abc 851.3 ef 24.97 b-g
B3P2S2 76.83ab 10.20f 8.03f 11.86i 326 ¢ 3.62a 725.8f 23.66 gh
B3P3S1 80.93a 9.73f 8.63ef 13.22 f-i 3.401fg 3.06abc 755.6¢ef 26.24 abc
B3P3S2 79.96a 14.95b-e 10.93b-e 18.93 ab 6.03bcd 3.29abc 1612.0b 22.85 hi

B1 (without biochar) ) s. b yae pas
B2 (application of 5 t/ha biochar) i s kS )3 5 0 Bpas

B3 (application of 10 t/ha biochar) > ,tSa 3 5 Ve Bpas

S1 (spray with water) Jsese ol b 5b Jglxe

P1 (without priming): el ;s
P2 (priming with distillate water) jlkio o1 b Kol

P3 (priming with salicylic acid) sl Sduwllo b Kol
S2 (spray with salicylic acid) sl Sl b 5 Jglxe

55 oyl e BB doyd gy Jlein ] prdaw p3 4SSl (claials win yg05T ol Jole ya (sl g g > lie By O JBls b (la ke

Means followed by at least one the same letter in each column and each factor, are non- significantly different (P = 0.05) according to Duncan’s

multiple range test.

(0 Joz) cudlss b ne Gl gl Seboudlo b (8L Jole
Sl Soladlos Jitol g Sl Sdalis 48" 03905 5155 e
g 8y Sk jl g wb (Sas i5 plp o g g (SS8aesS
Senaratna et al., ) sl> Lal58l laylyd s 0 1) 4lalS 5 Sles
by po Silgi o Siaslpgyiad 5 oL > Sles ]38l cle (2000
oxlazwl 4 (Ashraf and Foolad, 2005) lals ya ) yéel 4
AL Gaedyg 35l g ST 29290 Cush) (alie Slge 5l s
Sissly Sl 3 & canl ond 4135 (Subedi and Ma, 2005)
ol ol laplil 4 piwsd il Jols slge Jlanl sg5s 4o
GialS Sy & il el sl sl il el e
b cpl Jh g wsbee Lo s Jliml Job o 58k gy
By e sl 4 calpl 298 eyt il 3 )8 Jlasl
Gl oSl e JBl L & st J olsSs

.(Kaur et al., 2005) 395 o walys Ll )3 ¢yt slaKoss

LT LRRY
Osen 9 (Bl Jsle 9 Jlgn blite Sl g Jlgn odlw I
S Jlenl g 53 g > &l g p b gle 5 Sismln
P Eg & Gjg p Saely g )brgn A6 Jlite Sl g a0y
dwlie li (Y Jodo) Wb Jbme dopd @y Jis aw
oS ol ol (0 Jouo) Stmaln )3 Jlrsw Jlie S Gbb(:Sle
bokie O b Sialy b ply Jlagn JiSe )3 (5 0 B |
Loy YN 5 YYIE cwopa dg j0 a5y el Sdadlo
850l i (Bb Jgke g slogn Jlite Sl @bs c8b il
Oren Se 0 Bpas g sleen Bpae pie sl
L Jy ety g 5wl 0jg p s 50 Ol b 8L Jole
Sl Selpuddlio b (8bglne Jloge JlSe )3 (5 Ve Spas
Shdgbre § Simalyy Jlite S (5:50ke auolio gls 92 5390
Loolpen ol b Siasly 5l G590 )3 4> 159 oy a5 ol ol
g Siealp gt lojles b & 0 ol O b ol gl
5 Sl Sl b Sl 5 ol Sl b 8L oo
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il el sl Sibadle Sl alS 1) LSy 3 Jsbe
2550 (3 53 A5 (g 92 5 el 5 Sl Sl (Sgime
arwy & Nl e op g dwel Sl & cwl sas S5

.(Bandurska and Stroinski, 2005)

G5y sy

Slg il ale y3l as” oly lis Wosly usbjly 430 ol
e 51 5 ool Joloee > Sizaly, sl Joone > s e
Bz doyy S Jlis] maw o €95 Aoy g byl alaw
s 5y olime o b (bl olone o3 Gl gl (¥ pie) 33
by il asyd PV sl Slewdlo b (8l Joloee 4 s
ple aw 3 &S ol Ll byl ale Sl wls (¥ Jais)
b Sl gbre Glrss S ) 5 Ve Bpas g )lrge Bpas
2bs Cppomen 2 il ) 429 Aoy dpnl Sliudlo & o
O Cans Ol b 8l gl « Kiasly gdaw > o ol
M ey Moy Gl el ] Sdadle b sb Jelxe
oS ol Gl ialesl Jelge ailBaw blite I mls (0 Joio)
Olgn JUSe > (5 0 Bpas jlad Jl cudSa (g dopd oyl
pae o 5 el Sibuallo b 3l sbre 5 o b Sty
15 Jols b il e 5 o b Stsly olagn s
{# Jg)

S5 4o

S Ol bl sl b pli )y Siaaly &8 2 oLt ol
g @b o &b ol polde oy ol Llial ]y ag > e, b
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Siarlyy 45 0l Lt e ) LIS gl caleliy o5 Juols
5 om0 15 0 Bpas b plg dusl Sibals b ST L 54
Sy el 15y 0193 Jgb > e 53 (b o b il ol
A b o Slas 5 g5 lio
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Introduction

Safflower (Carthamus tinctorius L.) is one of the oldest seed oil crops cultivated and is known for drought

tolerance due to partially xerophytes nature, as well as deep and extensive root system making efficient use of
reserved soil moisture. Seed germination depends on environmental factors especially temperature and humidity.
Seed priming is one of the current methods for increasing the rate, percentage, germination uniformity and seed
emergence under environmental undesirable. Seed priming with plant growth regulators especially salicylic acid
improved quality and seed yield. Salicylic acid acts as anti-transpiration and inhibited from open stomata.
Salicylic acid plays an important role in plant consistency to osmotic stress, high salinity, oxidative stress, high
temperature, and freezing stress. Biochar is created by pyrolysis of natural materials. Biochar increased the soil
porosity and therefore improved water retention capacity in soil. It was reported that application of 2.5, 5, 10, 20,
30 and 40 t/ha biochar increased canola yield by 16.21, 21.15, 27.99, 24.60, 33.20 and 36.02% compared with
control, respectively.

Materials and Methods

To evaluate the effect of biochar and seed priming with salicylic acid and water along with foliar application
on yield, yield components and oil percentage of safflower in rain fed condition, an experiment was performed
as split- split plot based on randomized complete blocks design in three replications, at the Research Station of
Islamic Azad University, Arak Branch, Iran, during 2016-2017. Experiment factors were included biochar in
three levels of 0, 5 and 10 t/ha; seed priming in three levels of zero priming, priming with water distillation and
seed priming with 0.5mM salicylic acid and foliar application in two levels of foliar application with water and 1
mM salicylic acid. Seeds primed for 12 hr at distilled water and salicylic acid solutions then dried at shade.
Biochar was applied at 15 cm depth and under the seed, before sowing. Each experimental plot included 30cm
spacing rows with 15c¢m spacing between plants in rows. The safflower cultivar was ‘Esfahan native’. The seeds
were sown at 3-4 cm depth in middle of March 2016. The assay for agronomic traits, yield and yield components
was determined from 10 plants. Data were subjected to analysis of variance using SAS. The Duncan's multiple
range test at 5% the confidence level were used to compare means.

Results and Discussion

Results showed that the application of 5 and 10 t/ha biochar increased seedling emergence percentage by
23.7 and 40.4% compared to control. Increasing of seedling emergence percentage by seed priming can be due to
repair of deteriorated seed, improve DNA representation and decrease of germination base temperature.
Application of 5 t/ha biochar increased the number of heads per plant by 15.9% compared to control. Seed
priming with distilled water increased the number of heads per plant by 7% compared to control. Seed priming
with water distilled along with the foliar application by water increased number of fertile heads per plant by 13.9
percentages as compared with control. The highest number of seeds per head was recorded by the application of
5 t/ha biochar and seed priming with water distillate. Application of 10 t/ha biochar combined with foliar
application of salicylic acid, 5 t/ha biochar combined with foliar application of water and application of 10 t/ha
biochar combined with foliar application of water increased the number of seeds per head by 13.4, 9.8 and 2.9
compared with control, respectively. The maximum of the 100-grain weight obtained from the application of 10
t/ha biochar combined with seed priming by distilled water that increased the 100-grain weight by 17.4% as
compared with control. Application of 5 t/ha biochar along with seed priming with water or salicylic acid
increased seed yield by 22.4 and 8.7% compared to control, respectively. Application of 5 t/ha biochar
combined with a spray of water or 10 t/ha biochar along with the foliar application of salicylic acid increased
grain yield by 18.7 and 21.9% compared with control, respectively. Increasing grain yield in rice and sorghum
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by biochar was reported. The highest oil percentage was obtained from the application of 5 t/ha biochar and seed
priming with water along with the foliar application of salicylic acid.

Conclusions

In general, it is concluded that seed priming by water or salicylic acid along with the application of 5 t/ha
biochar combined with foliar application of water in two stages in the duration of growth improved agronomic
traits and grain yield of safflower in Rain-fed Condition.

Keywords: Dryland farming, Oil percentage, Oil seed, Seed pre-treatment, Yield components
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Table 1- Soil analysis results (depth 0 to 30 cm)

ey hed oie T s el W ol e w
Kava. Pava. N, OM ‘_;é.)xs'” .F‘)|:| Zn Fe Mn Cu
(ppm)  (ppm) (%) (%) EC (ds.m™) (ppm)  (ppm)  (ppm)  (PPmM)
307 23.6 0.01 0.98 0.79 7.9 0.45 5.6 3.2 0.21
b3l 3 0l CuiS seaigij (0,200) (5,500 -Y Jga
Table 2- Pedigree of genotypes cultivated for the experiment

Genotype . .

No Variety / Line

Gl AFTAB

G2 KARIM

G3 KS82142/2*WBLL1CMSA01Y00397T-040M-040P0Y-040M-030ZTM-040SY-21M-0Y-0SY

G4 PASTOR//HXL7573/2*BAU/3/WBLL1PTSS02Y00023S-0Y-030ZTM-040SY-040M-19Y-0M-0SY

o T orl g Soy onl slayles ly (Blsle dl e
PSS Y 9 9y 355 pSokS VB (ol 355 2SS Y ey
D92 S 53 (595 355 )5 okS VO + (al 58

Cond b gy pad <83 ool 5 59, NS 5L (slangs
Sy g Al yorlo Blol ¢ mdaxiy alsye dw )3 Jlia 3V VD
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Table 3- Meteorological conditions during the experiment

obo By% 9 B Cagh) b bawgie SN,
Month ET P Mean temperature Rain
(mm) oH (o) (mm)
R 37.9 79 17 75.8
obl 36.9 81.9 111 38.6
N 7.4 79.3 6.5 39
@ - 84.8 4.8 41
ok - 80.7 43 27.1
Sl - 81.7 9.7 19.6
R399, 47.1 78.3 124 39.5
Cudigerd)| 129.2 74.3 18.1 29.3
sy 5 193.8 65 23.4 44.1
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s ) dodiiw i 5 g9y 355 Bpas Cute I pa (6,500
aS ol lis gladlles (Khan et al., 2008) cuol oids ool ol
O g 8 ol 3k iy polie cuS 50 doditn Dlas e
Mekkei and El-Haggan, ) cuily 399 (gl bz olas pl&)|

(2014
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&9y pais (Mekkei and El-Haggan, 2014) cul oads (555
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Table 4- Analysis of variance of traits under Spraying and wheat cultivars
Olaype il MS

NKEY)

3 &> dlaas

PLEHAIKEY]

a0 &y 3 Slos .
O i galioe T addes i o oye yin 53 ail,l52 39
Source of variation &% Al Grain Grain Grain Thousands
df Spikelet number/ number/ iold/m? grain weight
numbers/ spike spikelet y
e
Replication 2 2.7 133.1 0.31 6581.3 0.7
SpLI:;ILI’Jl’ngA) 19.3** 317.5** 0.16 14681.8** 7.5™
Culti:/l;:’ls ®) 3 5.3* 549.6** 1.20** 23562.2** 10.2™
Ax B 9 0.48 1.2 0.01 2143.3 1.2
réale)] ozl 12 148 0.13 12015 43
Experimental error
CV (%) clpis oyt 6.8 9.0 143 9.6 48

Moy iy 9 S Jloin ] pdaw 3 (g3 xe (g3 gire i iy g
**and * are significant at 1% and 5% probability levels, respectively.
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Table 5- The effect of genotypes and foliar spraying on thousands grain weight, grain yield, grain number per spikelet, grain
number per spike and spikelet numbers

oy albdslasi bl Al o ,Sles &15,158 39
A Al A & s 4> Thousands

Spikelet Grain Grain Grain grain

numbers number/ number/ yield/m? weight

spike spikelet (gr) (gr)

NEN Gl 15.43b 32.77c 2.16¢ 319.6¢ 42.55a
Cultivar ~ G2 16.69a 44.27b 2.64ab 370.6b 44.05a
iy G3 16.72a 48.62a 2.92a 391.9a 42.14a
?enotype G4 16.85a 43.99b 2.61b 364.6b 43.76a
Jals (control) 14.83c 36.19c 2.45a 316.6¢ 42.13a
_5_3 % ool (Fe) 16.09b 40.97b 2.55a 371.4b 42.98a
E-gapenc 16.99ab 44.12b 2.60a 356.9b 43.37a
&9y + o»l (Fe+Zn) 17.79a 48.38a 2.74a 400.7a 44.03a

)5 a0y gy Jlein] s 53 Sl (slaiels dix (g0l bl (615 xe MBS e gy gl (slo 5 Silio
Means with the same letter are not significantly different based on Duncan test (p<0.05).
35 1y (s by adiian 53 Al 2lass (gl ime ygboy (] &
Ol (S (F Joia) cdb |y jlade (pieS G4 uigiy i3)S 2 6l olslne ke 45 ol ol b pSile luglie
by ilal 1y wls 5 Sae puiS (glys olde Joloro jl oolizul a8 sl 4 bsyo doxlin 13 4l 5l 08 el doxliis o &l Slaws
(El Habbasha, 2013) 55 ;15U o dodinw ;5 by slass 15 Jg Bl B2 18y b ()l sime OMS! 45 G3 s} 5 59 GL o5,

dadiiog o dala alass
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Table 6- Analysis of variance of spraying and wheat cultivars on quality traits

Slagye ke MS

Sl (Jgo Comud

Sl (Jgo Con

T T T B (A
PR ;! Zn Fe Phitic acid C T LT
Source of variation df concentration  concentration (PA) PA/Zn molar PA/Fe molar
ratio ratio
Repfg:tion 2 5.05 5763 6986349.3 471 0.73
Spﬁ%’é’:& 3 2874% 302.9%* 4104456 2%* 100.8%* 4.15%
Cultif/i)rls ® 3 10.38%* 106.4* 9676922.8** 131.1%* 15.5%
AxB 9 0.006 0.009 8209.6 0.39 1.016
Exp;ﬁ"é:‘:ﬁmr 30 0.58 37.35 384086.6 4.8 0.86
CV ol cups 2.3 7.4 8.6 9.8 12.6

o pd iy 5 S el maw )3 (6 Gxe ()0 (gime puE TS g i
**and * are significant at 1% and 5% probability levels, respectively.
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Table 7- The effect of genotypes and foliar spraying on Zn concentration, Fe concentration, PA, PA/Zn molar ratio and

PA/Fe molar ratio

K9y cdale oxl cdale b ol (Jgo w .\w|'u),o w
conceﬁtr:’ation concerﬁfration PA 83 & Pese ool S
. . ma kg? PA/Zn molar PA/Fe molar
(mg kg™) (mg kg™) (mg kg™ ratio ratio
ol Gl 33.05a 83.36ab 5960.4¢ 17.9¢ 6.0c
Cultivar G2 32.61a 82.83ab 7043.2b 21.4b 7.1b
ey O3 30.98¢ 85.39a 7515.8b 24.1a 7.4b
Genotypes G4 31.68b 78.39%b 8076.7a 25.3a 8.8a
aals (control) 29.88c 80.95bc 7854.6 a 26.1a 8.2a
ie ol (Fe) 32.70b 87.46a 7311.9b 22.2b 7.2b
D& us(@n) 33.47a 76.12¢ 6443.5¢ 19.1c 7.1b
Y3 2]
ST ox
(Fe+Zn) 32.27b 85.36ab 6986.2b 21.4b 6.9b
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Means with the same letter are not significantly different based on Duncan test (p<0.05).
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Introduction: Wheat is one of the most important foods for the people in the world. For many Central Asia and
Middle Eastern nations, wheat provides =50% of the daily energy consumption and the proportion can exceed
70% in rural areas. The production of high-yielding modern cultivars may provide the amount of energy needed
by humans, but these cultivars, due to the low concentration of micronutrients such as iron (Fe) and zinc (Zn),
are usually deficient and cause health problems. This shortage is intensified in dryland areas due to dryness,
alkalinity, and so on. Two-thirds of the total area under wheat cultivation in Iran belongs to rainfed wheat.
Declines in the concentration of micronutrients such as Fe and Zn in cereal grain which are often important
sources of micronutrients for humans cause several diseases. Agronomic fortification (e.g., fertilizer application)
is imperative and necessary for improving micronutrient concentrations in grains in a short period. Phytic acid
has a high potential for binding Zn and Fe, making them less bioavailable for humans. If the amount of phytic
acid in the wheat grain is high, the absorption of small elements in the intestine decreases. The use of
micronutrient fertilizers, such as zinc reduces the amount of phytic acid and enhance grain zinc concentration.
Therefore, the purpose of this research was to investigate the role of zinc and iron fertilizers on the performance
and quality of modern and local cultivars of bread wheat.

Materials and Methods: To investigate the role of iron and zinc Nano-chelate fertilizers on the improvement of
grain yield and elemental composition of bread wheat cultivars, a factorial experiment based on randomized
complete block design with three replications arranged in Moghan Agricultural and Natural Resources Research
Center, 2015-2016. The first factor was control and spraying with iron, zinc, and iron + zinc. The cultivars
included Aftab (G1), Karim (G2) and two new genotypes (G3 and G4). Foliar application of Khazra iron and
zinc Nano-chelate fertilizers was carried out at tillering, early of heading and milky stages with a ratio of 2 and
1.5 per thousand, respectively. Iron, zinc, and iron + zinc Nano fertilizers at the rate of 2 kg ha™*, 1.5 kg ha™ and
2 + 1.5 kg ha™ were sprayed at every stage. Ammonium phosphate and urea fertilizers at a rate of 50 kg ha™
from each one of them were applied before planting. Measurement of Fe and Zn elements was carried out at
wavelengths of 233.28 and 2333 nm, respectively with the use of the atomic absorption device Shimadzu, AA-
6300. Measured traits included a number of spikelets per spike, number of grains per spike, number of seeds per
spike, and 1000 grain weight per the main spike, grain yield m?, zinc concentration, iron concentration, phytic
acid, and phytic acid molar ratio to zinc and iron.

Results and Discussion: The results showed that cultivar G1, G2, and G3 produced significantly higher seed
yield than G1. This was mainly due to an increase in spikelet number, the number of seeds per spikelet, and/or
both. The G1 and G2 cultivars had a higher concentration of zinc in comparison with the new genotypes.
Cultivar G1 had the highest Phytic acid and phytic acid to zinc and iron molar ratio, and genotype G4 had the
lowest values. Maximum grain yield, Zn and Fe concentrations were obtained at the foliar application of Fe +
Zn, Zn, and Fe, respectively. Zinc application had the lowest amounts of phytic acid and phytic acid to Zn molar
ratio in comparison with the other spraying levels.

Conclusions: As a result, the foliar application of iron and especially zinc in dryland farms, by improving the
bioavailability of iron and zinc and increasing wheat yield, can play a significant role in providing daily energy
intake and reducing health risks.

Keywords: Iron concentration, Molar ratio, Phytic acid, Spraying, Zinc concentration
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1- Arbuscular Mycorrhizal Fungi



YY4  Lslomz o (Mentha piperita L.) Jaldgla S g o8 wlao b3,

o3l wl 3y50 i lia 33 p,5 0+« clale L (Chelate Mn 18%)
Gy ads o 90 50 LadgS 9 &S Canl S5 & p3Y i8S )8
(Jsl o bl 3l amy olio S g S 5l iy ol S)
15 3k Jsbeo

b Laslis g 09 o dw Job 4 cudls s iy Jold &0)S o
el YO ) (9 dhold g ko il ¥e iod) (Sl
2 oliwl 3y (Glomus mosseae) 15,55k )8 Lwas cuss
3 B s g lem sbll (SelS SlS ) 3w
g ) SLli sl )8 slacian (g5l &5 (Sl csls
bylas J313 )3 05 (SB £ Ve 2 )3 jomel Veve d905) ol
A5 okl cudlS (o) o 0 p, S Ar e 4 sl ) g sl
Py e ) Sho bole gl bl 3 Lapgsn,
(Peter, 2006) wa_s ¢S couws Ly S gytobo Vo o
29 Sloshd & g0t culS 1 an Aol Jgl o)l cug oyl
Marcum and Hanson,) 8,5 a0 59, Y=Y+ po gda Joly0
1 iy sladile b oj)le yuoman .(2006; Telici et al., 2011
2 J89)lS padls Lo pdy g (> ©jgodr A 0)9 byl
Spad 502 PIus Jucs " e Jsbg )8 olKiiws bawgs a5 51
4y gy 3 Bl MelS Sy 3T 1y il
oy Cadby sl Gl Bls jl de colys 4o 05 (6 el
Ao B gapeyie ¥ Plae (nlas 3 bawg bobad I > 9
O 930 Jol ded 3 gl (2 ety 285 jg0 (S
g gLyl a5l an 8l plosl olojre pgd 4o )3 pgd
SS9 S p SES (g (i)l el (ol 3LS Slas
S =50310 uiliwl 5,Slos g do > «Sis odlo IS 155 Bl
Iy S s il ol cuily p lbdiges «Suid 5y G
ol gl g 808 ()leSS (s o cali byl
plonl celn dw Gdo 4 (655 dlul b edlatnl 1556lS olSiw
Sl St ot Sllgun b o gzl yScianl (sl puilil  pupuw b
3UT le; L o1y 5 slw dm > ¥ (gl > (el Jbg S35 4
5315 il 5l axs (Morshedloo et al., 2017) 35,5 (5,leSS
42355 Ao dsged Sutd (g bl uill 00y 55 Ses
:(Poshtdar et al., 2016)
ool s> ={ el 35 (o5 F+) 505 S i) < Ve ()
el 3,8Las (g yio > £55) Kt JS osle x bl 203 (Y)
diy O 93l 918 2 53 (5 S0 31l

BB sl slajles ) 4ty (sladsses yglass il an
Gdo do o Vo rwlly LuSTgyiun 30 1) addyy 3559550

2- SPAD

Slyme o8 3y ol ls w3 53 Lilesl 5,40 (Vulgaris L.
g b posm o g iy L (Joew cale 5 il
ol Giliel sals 4 o Sl duwl ol yor 4 NPK yolie
(Pavela et al., 2018)

S509lS (slagdgy olgd sluly o) GlalS adg 13
LS IS 5 iS5 158l bl 2 S oo g0 a10390
OB 9 290> QLS 5l (1938159, oslitel &) x5 b ecplpli
Flonn S b Giagh ool g8 slal > bl
g Al yaods glewd O ¢ 15,60k 7B dadgSsil
obwl saimd LS5 bS5 g uolel 3, Sles 5 Moy p oSS
b Ll aile e o O Lylyd > Jlalbglis
g 9 2lge

SialiS 0aSuisly dsyio 0 WWAF ely; o o gl ol
5 (Oyb 42BNV gan¥F LLdlxs Job U aglye oKl
L0 daws 30 VFAD la,l b Jlod 4@ VY 5 a5 YV o 4e
Ly (s JolS S5k 2o 4l 3t o 2 9 bl 500
sl hol 05 Jole 0 el sz 99 3 9 J555 4w 5 Jad im
(leond 368" o pd Voo ((Anld) 348" B s pas ol 368" calisee
[y Clindpgw g 0ygl i ity S )3 2 SolS ATD 5 V- +)
PU (ol 395 203 Do 415 )950le )8 d0)9le )8 218
(555 5 59y «o2l) 9550 Heawliz 5 jaud ((9585) 9,51 398
941_: ‘Lf’lﬁ‘o"’_"‘, .395 do)d g +(9).i~o+9)5LA) b}g 94[; o yd g
(P9 5 ol o) by ploj (28 ole 9 112)5Sale )8 +355
Yo U yio Gos 5l SBS a9 SO inlejl slal 5 LB 0y
5 bl gl (olend 5 (Su3d sl Shy ome Car el
(N Jgi2) €855 )15 452 3)90

Sy dw )3 09l 355 9 CBlS I S o 5 Slaud g 398
Fam s Jol ooz > (25 alopo jl 18 S Ly (lojen)
s (Telici et al., 2011) wa s ool wl (Jgl oy ciloy
€8 i by SelSo g, 5l o3l Uy oolitul 3)50 (clodsS
5 03 abluo (ueorly st sl 0F 8 15) dgS ol 0aiS )
s (Mishra et al., 2018) cew! ol 4 YL 5,0, b dlgo ol
(Chelate Zn 20%) (¢s, o (Chelate N 25%) 59, (sladsS
b ladeS g5 e isren LA By ao a0 g0 clale |
Chelate ) ;yal 4 (Chelate K 35%) wawl (Chelate P 18%)

3510395 51 5 ol il Jlin 3 p Sk S, ke | (Fe 13%
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Table 1- Soil analysis results befor beginning the experiment (depth 0-30 cm)

el lade Jols cudyb G dnd e
5 el ST esk Calua EE; oS i f QA
cél o =7 Organic S S . il o 55
' sand Silt Clay 'Y * pH ~ Amountof cation — Available  Total
Texture %) (%) (%) matter EC exchangeable exchange hosphorus  nitrogen
(%) (ds.m™) potassium capacity P pk 4 . 9
(mg.kg?) (Cmolc.kg™?) (mg.kg™) (%)
S ) o 165 275 0.08 1.18 8.16 570.85 27 9.42 0.089

(Sandy clay loam)
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Table 2- Analysis of variance (mean of squares) related to root colonization percentage of Mentha piperita

S.0V )‘»’5’3 éfl"“’ db,}i ay oy U%‘”‘")‘ﬁ’?‘s oy
df Root colonization percentage
Replication LSS 2 10.152 ™
Fertilizer treatements (T) 6555 sl lows 2 290.219 ™
Error s 4 2.470
Coefficient of variation (%)  ©lyws cops 2.2

S gine olis pas g 203 B g ) paw 55 Y e e ga NS o
*, **and ns: Significant at 5 and 1% levels of probability and non-significant
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Figure 1- Means of root colonization percentage in mycorrhiza fungi, 50 % chemical fertilize + mycorrhiza fungi and nano

fertilizer + mycorrhiza fungi treatements
The columns having one common letter are not significant differences at 5% probability level using Duncan Test.
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Table 3- Results of analysis of variance for soil and harvest fertilizers effect on Mentha piperita morphological traits

MS Colagya pufilis

Sloc

P
ol

Essential oil

k)

sl olaay
4334 3B 50 (il

LT

Sy St nig ABle S 3

Ladls
by I8

4y 5Lﬁ.?JT

Plant height

]

et gila

S.0.V

PEYYE P IV
Essential oil

JS S (3
Stem dry Total dry

Leaf dry

Number of

lateral
branches per

df

percentage

weight

weight

yeild

weight

SPAD

plant

1.019 =
11.963 %

2015553 = 0.039 ==

133,591 ==

1118853 °
21238

13230 =
8338137

0.368 ==

0.543 ==
118.845 %

Replication
Fertilizer treatements (T)

03007

™~

4.92%
812.396

117666.577

7955447

32.523°

6

@ glales

0.519

0.015
11.409 *

195821
12695.048%

9.857
233517

8.061

1527.158 %

6.66
1242605 %

a.‘_glla:'-

Errora

Harvest (H)

0.363 ==

5306335 %

1
6

2334.06™ 495987 % 4931147 01237 0.755 ==

9430 ™

7.801 ==

-

SRR s

T=H

Errorb

Coefficient of variation (%)

0.389
13.64

0.023
7.17

912.135

108.662
13.63

454315

14432
6.50

5.672

4.549
5.08

14

b ollas

(1) oy syt

14.14

13.98

3

So e gl pde g deeyd B g ) akees p3 )l cne i S 115 4 7

* %% and ns: Significant at 5 and 1% levels of probability and Non-significant
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Table 4- Means comparison of plant height, SPAD, leaf dry weigh, stem dry weigh, total dry weight and essential oil
percentage of Mentha piperita in treatement combinations of fertilizer patternsxcutting

Ol
Traits
O 9 89 S8 T s s s LS OB GlKis gy S K ogy el sy

co-r;rk()eiitgtrir:)enr;tof Plant height Jadg IS s Stem dry Total dry Essential oil

a (cm) 9 Leaf dry weight weight content

fertlllzer SPAD We|ght (g m.z) (g m.z) (%)

patternsxcutting (g.m‘z) ' :
T1 H1 37.68 3453 f 89.79°¢ 43417 133.2°¢ 2.153°
T1 H2 28.58" 53.30d 1335 7167 205.2 « 1.473°
T2 H1 48.25% 70.07b 135.9 72.44 ™ 208.3 ™ 2.920 %
T2 H2 4250° 82.90 a 254.62 127.9° 382.6° 1.527 %
T3 H1 50.75 2 40.50 ef 113. 6 ¢ 61.36 < 175 2.763°
T3 H2 33.33° 59.40 cd 126.7 ¢ 67.97 @ 194.6 « 1.647
T4 H1 50.08 ? 63.63 bc 140.3 74.94 ™ 215.3 " 2.750 ¢
T4 H2 40.92 ™ 65.40 bc 236.5% 120.2°® 356.7 2 1.750 ¢
T5 H1 47.33° 4150 e 92.72°¢ 42.28" 135°¢ 2.383°¢
T5 H2 34.42 % 63.86 bc 173.7° 86.61° 260.3° 14431
T6 H1 49.88° 61.50 ¢ 130.1« 67.17 197.2« 3.127°2
T6 H2 41.67° 77.03a 253.82 114.7° 350.5 2 1.713 %
T7 H1 47.75° 4340 ¢ 103.8 * 52.25 % 156.1 % 2.297°¢
T7 H2 34.17 % 61.17 c 143" 68.17 2112 1.543 %

D (I3 gixe gl duoy> iy Jlein] aws j3 (Sl (ge5l bl it S e G gl 45 ola pSSle gt ya 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
{35595L Ao yd B+ + olowd 355 10)d ) TO (355 55L) TS (132,550l + oolonsdsS 2oy 0¢) T4 (152,600 3,5,18) T3 o obionsd 355 Ao pd Vo) T2 (sali) T1
(s> 02) H2 ((Jgl ) HL (132,5500 +35556) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza fungai), T4 (50% Chemical fertilizer+ Mycorrhiza), T5

(Nanofertilizer), T6 (50% Chemical fertilizer+ 50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza). H1 (Firat harvest), H2 (Second
harvest)

395 Bliseo glgil 5,18 ”;U Codd Jald slas uilwl 3,50as g digy o 43 ol (ad L dand lo duylio -0 Joua
Table 5- Means comparison of number of lateral branche per plant and essential oil yeild of Mentha piperita affected by
different fertilizer application

il o los Lyt 2 3 e S5 Slass ol e
Treatements Number of lateral branche per plant Essenz‘]amqg)yle
b 12.85° 2.94°¢
Control ' '
Gtlpond 395 dop3 V- 19.332 599
100% Chemicla fertilizer
lgSale @8 16.68 4.02°
Mycorrhiza fungai
1315555k 250 + o lowdngS Lo yd O+ . .
50% Chemical fertilizer+ Mycorrhiza 19.42 6.07
fungai
> o 15.41" 348%™
Nano fertilizer
355 b o yd B¢+ oliosd 355 Mo pd B+
50% Chemical fertilizer+ 50% Nano 18.11% 6.072
fertilizer
l)J)?g\’L‘ C)Le + >9§ 9"1" 1740 ab 343 bc

Nano fertilizer+ Mycorrhiza fungai

Dy 6l sime gls duoy> gy Jlein] grdaw j3 S ygejl bl cdiads S nitie g gl &S la pSile gt
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Table 6- Means comparison of plant height, number of lateral branches per plant, SPAD, leaf dry weigh, stem dry weigh,
total dry weight and essential oil percentage of Mentha piperita in between of cuttings

o slis L L alaxs ) S 49 By Sl -t e
Y EW, & s il sl & Blw S oj9 S5 S o9 ol ao
o Plant L BB e S » Stem dry Total dry Essential ol
Harvest height Number of 9 Leaf dry weight weight
(cm) lateral branches SPAD weight (g.m? (g.m? content
per plant (9.m?)
o 47.39° 11° 50.99 115.18" 59.12" 174.30" 262°
First cutting
PS> O 36.51°" 23.062 65.90 2 186.27 2 93.89°2 280.16 ° 1.59°

Second cutting
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level using Duncan Test.
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Table 7- Ingredients detected in essential oil of Mentha piperita in the first cutting affected by different fertilizer application

. N ol
235 S ) GosadSuis &5 T1 T2 T3 T4 TS T6 T7
Row  Essential oil ingredients . Retention
ol indices
1 a-Pinene ReeaH]| 931 0.62 0.60 0.60 0.59 0.56 0.57 0.55
2 Subinene Ol 970 0.59 0.58 0.56 0.57 0.54 0.55 0.53
3 B-Pinene Oy 975 101 0.97 0.98 0.97 0.94 0.93 0.93
4 Myrcene w0 988 0.62 0.69 0.71 0.70 0.70 0.45 0.67
5 3-Octanol Jststr 1000 0.27 0.40 0.42 0.44 0.43 0.40 0.40
6 a-Terpinene -4l 1017 0.05 0.04 - - - - -
7 Limonene iged 1026 1.46 1.42 1.54 147 1.48 1.36 1.50
8 1,8-Cineole J gtV A 1029 6.51 6.03 6.02 5.90 6.31 5.89 6.34
9 ,~Terpinene Oy 1058 0.20 0.15 0.26 0.08 0.27 0.24 0.26
10 cis-Sabinene hydrate WLT:\‘:W 1066 2.02 2.26 1.83 2.24 1.85 2.26 1.90
o
11 Linalol Jeld 1103 0.49 0.46 0.47 0.46 0.46 0.43 0.48
12 Menthone D9 1152 2477 3497 2454 30.98 24.76 34.24 25.24
13 Menthofuran Olysdeiin 1161 1.96 2.21 214 2.13 2 1.98 1.80
14 neo-Menthol Jgtio— s 1163 4.02 2.78 3.99 3.13 3.73 2.74 3.70
15 Menthol Jsie 1175 3546 2673 3425 3024 3460 28 34.39
16 Terpinene-4-ol JT—\‘—M; 1177 0.73 0.72 0.84 0.72 0.87 0.75 0.83
17 neo-iso-Menthol Jstio—gjubg5 1184 2.84 3.46 3.98 3.82 4.08 3.55 3.76
18 Pulegone O de 1236 122 1.25 1.56 1.30 1.42 1.22 1.27
19 Piperitone 5%y 1252 0.65 0.74 0.66 0.73 0.64 0.76 0.65
20 neo-Menthy acetate Oliwl e g% 1273 0.26 0.70 0.19 0.08 0.08 - 0.23
21 p-Menth-I-en-9-ol el 1294 230 199 243 198 215 190 220
Jra- gl
22 iso-Menthy! acetate Ol Juiiog 5] 1307 0.02 - - - - - -
23 B-bourbonene el 1382 0.77 0.88 1.01 0.96 1 0.91 0.97
24 (E)-Caryophyllene sk 1S 1416 160 129 170 1.36 1.58 1.31 1.79
25 (E)-p-Farnesene Cyannssy =Ly 1457 0.25 0.14 0.26 0.16 0.25 0.22 0.28
26 Germacrene D & Sy 1479 1.8 1.42 1.92 1.54 1.82 1.50 1.98
27 Elixene Ol 1494 0.34 0.14 0.32 0.17 0.30 0.09 0.32
28 Viridiflorol Josless g 1589 0.65 0.43 0.65 0.50 0.62 0.47 0.64
Total Indentified (%) 9363 9282 9382 9321 9344 9293 9359

2o pd B+ olosd 365 1oy 04) TO (555 $i6) TS (152,55 le 2B + oslawdngS 2o yd 8+) T4 (15,555 258 3,5,8) T3 o ol 355 doyd Vo +) T2 (s2ls) T1

(325555 &) B +548 95b) T7 (365" 4l
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), T5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Table 8- Ingredients detected in essential oil of Mentha piperita in the second cutting affected by different fertilizer

application
N sl
23 Essential il Gowassus &Mt 11 T2 T3 T4 TS Te T7
Row ingredients ] Retention
ol indices
1 a-Pinene oyl 931 0.48 0.40 0.46 0.44 0.43 0.42 0.45
2 Subinene Oyl 970 0.44 0.39 0.42 0.41 0.41 0.41 0.42
3 [Pinene e 975 0.60 0.66 0.75 0.69 0.72 0.68 0.74
4 Myrcene O yo 988 0.22 0.21 0.21 0.21 0.20 0.20 0.22
5 3-Octanol J yl:!’H“ 1000 0.15 0.17 0.13 0.14 0.15 0.17 0.16
6 a-Terpinene epvtij] 1017 0.12 0.10 0.11 0.10 0.12 0.11 0.12
7 Limonene eed 1026 1.46 1.44 1.35 1.57 1.35 1.53 1.46
8 1,8-Cineole Jsfaw— Y oA 1029 5.23 4.73 493 451 4.99 4.56 5.04
9 ,~Terpinene Oy L 1058 0.20 0.17 0.19 0.18 0.21 0.20 0.20
10 cis-Sabinene hydrate WLT;E:W 1066 1.58 1.90 1.67 1.93 1.56 1.74 1.61
Sl
11 Linalol Jod 1103 0.22 0.29 0.25 0.31 0.28 0.26 0.23
12 Menthone Oygiie 1152 5.03 9.46 4.99 1466 487 1417  6.09
13 Menthofuran Olysdgiie 1161 4.20 2.67 3.50 2.65 3.50 2.59 3.64
14 neo-Menthol Jge—g5 1163 5.86 4.96 6.20 4.83 5.78 4.61 5.57
15 Menthol Jeiie 1175 4588 4572 4549 4242 4631 4296 45.97
16 Terpinene-4-ol J?—\‘—O;ﬁ): 1177 0.57 0.50 0.54 0.50 0.61 0.57 0.56
17 neo-iso-menthol Jsiio—g b4 1184 1.99 1.67 2 1.46 1.96 142 1.90
18 Pulegone O5de 1236 0.04 0.07 - 0.10 0.02 0.09 0.02
19 Piperitone 05y 1252 0.40 0.50 0.42 0.54 0.42 0.54 0.42
20 neo-Menthy acetate Ol oo 1273 0.97 0.72 1.02 0.70 0.97 0.67 0.91
—oh i
21 p-Menth-l-en-9-ol Jia 1294 1399 1234 1416 1141 1461 1180 13.89
22 iso-Menthyl acetate bl Jutie— g3 1307 0.71 0.64 0.72 0.59 0.74 0.60 0.70
23 S-Bourbonene Oenyerl 1382 0.60 0.54 0.59 0.52 0.60 0.50 0.59
24 (E)-Caryophyllene Oalbgs IS 1416 2.15 2.11 213 1.93 2.19 1.95 2.18
25 (E)-p-Farnesene RV 1457 0.49 0.46 0.48 0.43 0.49 0.44 0.49
26 Germacrene D &> Sy 1479 2.35 2.47 2.39 2.33 2.41 2.35 2.38
27 Elixene oSl 1494 0.34 0.35 0.36 0.33 0.36 0.33 0.35
28 Viridiflorol Jyslisy g 1589 0.71 0.68 0.74 0.64 0.74 0.63 0.71
Total Indentified (%) 96.95 96.77 96.16 96.49 96.97 96.53 96.98
{26556 doyd B+ + oliord 365 oy 0+) TO (55595L) TS ((l5)650 e + o losddsS dop> 0+) T4 (135,655Le 3,0)18) T3 o liawd 565 dop3 Vo) T2 (anlis) T1

(52555 L +3455L) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), TS5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Table 9- Monoterpenes and Sesquiterpenes percentage of essential oil of Mentha piperita in the first cutting affected by

different fertilizer application
. . - b los
ol OS5 g 5 Treatements
Grouped essential oil compounds T1 - T3 Ta T5 T6 T7
Monoterpene Hydrocarbons
. . 4.71 4.45 4.66 4.37 4.48 4.30 4.44
A0S g)ded sl igige
Oxygenated Monoterpenes
Sl el S 83.26 83.66 82.88 83.71 82.96 83.72 82.78
WS sl gige
Sesquiterpene Hydrocarbonates
. e 4.73 3.88 5.21 4.18 4.96 4.03 5.33
S gy Sy 55
Oxygenated Sesquiterpenes
. . s 0.64 0.43 0.65 0.50 0.62 0.47 0.64
eS| Sl 5 S5
Other Compositions
S S 0.27 0.40 0.42 0.44 0.43 0.41 0.40
Total Indentified Compounds (%)
el e 93.63 92.82 93.82 93.21 93.44 92.93 93.59

{3555 2o pd B+ + oliosd 365 oy 0+) TO (55555L) TS o(l5)550 Lk + olossdsS 1o p3 0+) T4 (135,555ke 3,0)8) T3 o bawds 565 Ao p3 Vo) T2 (aalis) T1

(395l +35550) T7
T1 (Control), T2 (100% Chemical fertilizer), T3 (Mycorrhiza), T4 (50% Chemical fertilizer+Mycorrhiza), T5 (Nanofertilizer), T6
(50% Chemical fertilizer+50% nanofertilizer), T7 (Nanofertilizer+ Mycorrhiza)
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Table 10- Monoterpenes and Sesquiterpenes percentage of essential oil of Mentha piperita in the second cutting affected by

different fertilizer application
. - W) lo
il OS5 (gaing )5 Treatements
Grouped essential oil compounds T1 T2 T3 T4 T5 T6 T7
Monoterpene Hydrocarbons
. . 351 3.36 3.48 3.58 3.43 3.56 3.59
Ay gyde sy igise
Oxygenated Monoterpenes
255081 sl i 86.66 86.63 85.87 86.58 86.61 86.59  86.53
S| S S gige
Sesquiterpene Hydrocarbonates
. e 5.92 5.93 5.94 5.54 6.04 5.58 5.98
a5 g e Sl S S5S
Oxygenated Sesquiterpenes 071 068 074 064 074 063 071
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Introduction

In order to protect biodiversity, especially medicinal herb, and crude herbal drugs from the wild origin,
Biological Diversity Act (2002) and Rule (2004) were enforced which compelled the herbal industries and
medicinal plant growers for conventional cultivation of medicinal herbs. However, intensive cultivation of these
medicinal herbs and herbal drugs to meet the global demand has led to aggravated use of chemical fertilizers and
pesticides and consequently questioning their safety and integrity. Moreover, total fertilizer nutrient
(N+P,05+K,0) consumption was estimated at 170.7 and 175.7 million tons in 2010 and 2011, respectively
which estimated consumption of N, P, and K fertilizers is expected to increase from current consumption levels
by 172%, 175%, and 150%, respectively by 2050. Excessive using of chemical fertilizers caused serious
environmental issues globally such as reduction of plant diversity, instability of economic yield, an increase of
pest and disease damages, intensification of soil erosion. These increasing concerns regarding the negative
impacts of these systems on the environment and human health suggest that more effort is needed to develop
sustainable agricultural systems with higher productivity and improved efficiency. Application of nano-
fertilizers and biofertilizers such as arbuscular mycorrhizal fungi (AM) is regarded as one of the promising
approaches to increasing crop productivity. Nano-materials (NMs) are defined as materials that with at least one
dimension less than 100 which can improve one or more nutrients absorption for plants and enhance their growth
and yields. The AM fungi are a fundamental group of soil micro-organisms, symbiotically associated with nearly
80% of plant species.
Peppermint (Mentha piperita L.), which is a hybrid between Mentha spicata and Mentha Aquatica belonging to
a family, Lamiaceae, is one of the most important essential oil-bearing plants. The objective of this experiment
was an evaluation of the quantity and quality traits of peppermint under the integrated application of chemical
and nano-fertilizers and arbuscular mycorrhizal fungi.

Materials and Methods

In order to investigate the effects of different fertilizers on the quantity and quality of peppermint at the first
and second cuttings, a field experiment study was carried out as split-plot in time based on a randomized
complete block design (RCBD) with seven treatments and three replications and two cutting times at the faculty
of Agriculture, University of Maragheh, Iran, in 2017. The main factor was different fertilizer treatments
included no fertilizer (control), chemical fertilizer (CF), arbuscular mycorrhiza fungi (AMF) (Glomus mussels),
50% CF+ AMF, Nano-fertilizers (NF), 50% NF+ 50% CF, NF+ AMF and the sub-factor was cutting time (first
and second cutting). In AM fungi treatments, 80 g of the soil containing mycorrhizal fungi hyphae and the
remains of the root and spores (1000 g spore.10™ g soil) was added to soil in planting times. Also, Nitrogen
Nano-fertilizer used with 2 ml/L concentration. Moreover, phosphorus, potassium, iron and zinc Nano-fertilizers
applied with 1 g.L™" concentration. Furthermore, manganese Nano-fertilizer used in 0.5 g/L concentration.
Additionally, the foliar application of Nano-fertilizers was carried out in two-stage (One month after the
cultivation and one month after first cutting).

Results and Discussion

The results demonstrated that the highest total dry matter yield (382.6 g.m?) was achieved under 100% CF
followed by 50% CF+ AMF and 50% NF+ 50% CF treatments, respectively. On the other hand, the highest (6.1
g.m?) and lowest (2.9 g.m?) essential oil yield were obtained under 50% CF+ AMF and control, respectively.
Chemical analysis of the essential oil demonstrated that in all treatments, menthol, menthone, 1, 8 cineole, neo-
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iso menthol, neo-menthol, Menthofuran, and p-Menth-1-en-9-ol were the main dominant components. The
highest amount of menthol was obtained in nano-fertilizer treatment and at the second cutting. Furthermore,
monoterpene hydrocarbons were the major fraction of the essential oil in both harvests.

Conclusions

Based on the results, integrative application of 50% CF+ AMF and 50% CF+ 50% NF had a higher
significant impact on the morphological traits compared with other treatments. The highest dry matter yield was
achieved in the second cutting with the application of CF that was not significantly impacted with 50% CF+
AMF and 50% CF+ 50% NF treatments. Also, the highest essential oil content was obtained the integrative
application of 50% CF+ 50% NF that was 7.1% higher than CF in the first cutting. In addition, the essential oil
yield productivity increased 198% with application of 50% CF+ AMF and 50% CF+ 50% NF compared with
control. Based on the essential oil compounds, the highest (46.31%) and the lowest (26.73%) content of menthol
was recorded in the second cutting fertilized with NF and first cutting fertilized with CF. Generally, based on the
obtained results, integrative application of AMF and NF with 50% CF increased the quality and quantity

productivity of peppermint compared with 100% CF.

Keywords: Cutting, Integrated fertilizers application, Menthol, Menthone, Sustainable agriculture
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Table 2- Analysis of variance (Mean of squares) light to the canopy and dry sepal yield of Roselle

ol gt a0 NSRS Y SWid & gl 3 Slos
S.0vV df Light Dry sepal yield
’I’g" . 2 23.77™ 15128™
Replication
" 1 181" 173400™
Planting direction
obol st 2 36.1 1256
Error(a)
03975 3 1654.90" 71960™
Nitrogen
CulS s X 368 - o
Nitrogenx Direction 3 702.98 86232
o sl 12 243 4810.66
Error(b)
C.V(%) - 13.2 124

Bl eyl gre BMA] oty 5 uoyd ) o )3 O Jlein] polaws 45 45 xe us 54y NS o *F X
* ** and ns significant at probability levels, respectively %1, % 5 and non-significant
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Table 3- Mean comparison of interaction effect planting direction x nitrogen fertilizer split light to the canopy

and dry sepal yield of Roselle
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Planting direction Fertilizer Light %(Ix) Dry sepal yield (kg.ha™)

A 45.3° 504°
T B 24.6° 488°
East-West C 27.27% 408"
D 21.89° 504°
A 77.3% 7122
5> —Jlosd B 34.99« 312°
North-South Cc 43.56™ 776%
D 25.01° 784°
LSD5% 8.78 123.4

The difference in the letters in column shows a significant difference based on the Duncan test at 5%
Sag V) D (58 48l VY < 55 5l VV) C (S slee VY S 51 3 VY)Y B (532, 48l MY (S Jlea WY cuslSjl 3 V/Y) A
(2S5 VY oy a8l VY ¢ Sy
A: (1/3 before planting, 1/3 four leaf, 1/3 stem elongation), B: (1/2 before planting, 1/2 four leaf), C: (1/2 four leaf,
1/2 stem elongation), D: (1/3 four leaf, 1/3 stem elongation, 1/3 Flowering)
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owbwgsl 4S5, (Rahimmalek and Khorsandi, 2015)
g0 13 45 ] b glacdplio 5| (clod S 0,8 4y 3o
P e 035y S lyisdr g Ngd e BLS badgge plgica
4 g yiwd o3 ( oliedlge plai e (sly e w3l cou ol
Bl (35 b opleogl Gl S (So csl ygi o5ga g O
o (Nowruzi et al., 2017) cul (g,9 (5 Jlie p Lyl
T 3158 = dglle luwgsl dlex 5l oassigge ag Lol osle
Gl el 5 s Gl aisle T sl —JlesS g 5
Kakavand and Mahna, ) >4d 0 olS )5 edlo i (ol 5w

1- Malonyl-Coenzyme A and P-Comaryl-Coenzyme A
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Table 4- Analysis of variance (Mean of squares) physiological characteristics of Roselle

Oy gaio @Milaays  adsl,l adsdg i b Judy i 2R 9 Ol g S
S.0.v df Carotenoid  Chlorophyll a Chlorophyll b Seed protein  Anthocyanin  Carbohydrate
Replication ,l,ss 2 0.0007 ™ 0.001™ 0.02™ 0.01™ 0.01™ 0.18™
il e 1 0.00003™ 0.05" 0.60™ 6.77" 0.59 ™ 6.95"
Planting direction
Error(a)  Jo! slas 2 0.0001 0.001 0.03 0.007 0.03 0.02
Nitrogen s, 3 0.0007 "™ 0.06™ 013™ 356" 0.53™ 470"
iy 3 0.01™ 0.07" 017" 181" 0.24" 171"
Nitrogen x Direction
Error(b) _e,5 slas 12 0.0003 0.003 .007 0.05 0.02 0.45
C.V(%) &l yis oy - 6.6 9.7 15.4 155 6.3 12.2

Al oyl gme BMB! oy g duopd Vo3 B Jlain] zolaw 15 jId Gz iy NS g e ¢ %
#, %% and ns significant at probability levels, respectively. %1, %5 and non-significant

0P Sl ol (S jelen b Ol CullS g X (9.5 395 La il 1 (0l duglie -0 Jgaa
Table 5- Mean comparisons interaction effect planting direction x nitrogen fertilizer split physiological characteristics of

Roselle
Culls g 355 595,15 8l 15 b b 5 A oSen  odbesdl  Olasys
Planting Fertilizer Carotenoid Chlorophlyll a Chloroph%/II b Seed protein Anthocyanin  Carbohydrate
direction (mg.g™) (mg.g™) (mg.g™) (9/100g Seed) (mg.g™) (mg.g™)
A 0.28 bc 0.60 bc 04b 1.88b 2.35cd 6.37 a
S — B s B 0.29bc 0.47d 0.35b 1.77b 2.66 b 5.35ab
East-West C 0.30 b 0.68 b 0.41b 0.73 de 1.88¢ 4.26 bc
D 0.19e 0.49cd 0.38b 0.51 de 193e 3.64c
A 0.24d 0.60 bc 0.42b 0.9de 2.98 a 6.11a
oy —Jlowd B 0.26 cd 0.48d 0.92a 1.46 bc 2.45 bc 6.41 a
North-South C 0.21e 0.62b 0.42b 3.8a 2.51 be 6.63a
D 0.36a 0.93a 1.03a 1.07 cd 2.13 de 4.77 be
LSD5% 0.03 0.10 0.15 0.41 0.26 1.19

LSl e 70 aw jd (SSb 09‘).] ool b gime M oniad yLis ygiw yb )d Bgy> gles
The difference in the letters in column shows a significant difference based on the Duncan test at 5%
(Lo VY 538y 4Bl VY (S 30 ke MY) D (033, 48l MY ¢ Sy Jla VY) :C (S slea VY caslS'3) S8 VIY) B (8, aBlo VY oSy o VY cclssl 3 V/¥) A
A: (1/3 before planting, 1/3 four leaf, 1/3 stem elongation), B: (1/2 before planting, 1/2 four leaf), (C: 1/2 four leaf, 1/2 stem elongation),
D: (1/3 four leaf, 1/3 stem elongation, 1/3 Flowering)
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Introduction
Roselle (Hibiscus sabdariffa L.) is one of the important medicinal and industrial herbs in tropical and semi-
tropical regions, which, in addition to multiple drugs use. The quality and quantity of the active ingredient of
medicinal plants are affected by the applied crop. Light is recognized as one of the most important factors in
competition in ecosystems. Nitrogen is the first element that has a shortage in arid and semi-arid areas due to
lack of soil organic matter. Since the use of maximum environmental capacity and the most suitable growing
conditions in order to increase the quantitative and qualitative yield and maximize productivity, it is important
for agricultural management. The aim of this research was to investigate different cultivars to determine the most
suitable culture for planting, optimum use of chemical fertilizers and determine their best time for increasing the
quantitative and qualitative yield under Zabol climatic conditions.

Materials and Methods

A split-plot experiment was conducted in a randomized complete block design with three replications at the
Research Institute of Zabol University during the growing season of 2016-2017. Treatments experiment included
two levels of planting directions (North-South, East-West) as the main plot and the split of nitrogen fertilizer
from the source of urea in four levels (1/3 per planting, 1/3 four-leaf stage, 1/3 stem elongation; 1/2 post
planting, 1/2 four-leaf stage; 1/2 four-leaf stage, 1/2 stem elongation; 1/3 four-leaf stage, 1/3 stem elongation,
1/3 flowering stage) as a sub-plot. Ecological parameters such as light, at the end of the flowering stage,
Biochemical characteristics and yield were measured at the end of the growing season. Analysis of variance done
by software SAS ver. 9.1 and comparison of means treatment by Duncan test at 0.05 level.

Results and Discussion

The results of the analysis of variance showed that the interaction of planting directions and nitrogen fertilizer
split exception for the traits vitamin c, for all traits measured is very significant. Based on the results of the
comparison of means treatments showed that all traits had the highest amount in the planting directions (north-
south). The highest dry sepal yield (784 kg.ha™) and anthocyanin (2.98 mg.g™) were obtained from north-south
planting. The correct timing of fertilizer use is more important than the total amount of fertilizer used. Split
timing of nitrogen application for the use of 1/3 four-leaf stage, 1/3 stem elongation stage, 1/3 flowering stage,
increased the qualitative and functional characteristics of roselle. The effect of Interaction planting direction and
splitting of fertilizer was significant on carotenoid, the highest of carotenoid was obtained at north-south with an
application nitrogen fertilizer at 1/3 four-leaf stage, 1/3 stem elongation, 1/3 Flowering stage (0.36 mg.g™).

Conclusions

In general, the results of this research showed that for planting directions North-South, using better
ecological factors such as light, temperature, nutrients, and followed by application of nitrogen fertilizer, split in
four-leaf stage, stem elongation, flowering Improvement of growth, an increase of yield and quality of sepal in
the Roselle plant. Since nitrogen is one of the most effective elements in increasing the quality yield of medicinal
plants, optimum management of nitrogen as a split application at times that are more adapted to the critical
stages of the plant's needs. It is recommended to achieve sustainable agriculture and environmental protection.
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