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Nitrogen(N)  Phosphorus (P) Potassium (K) Salt (dS m™?) Acidity (pH)
144 14.9 115 1.4 7.66
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Table 2- Analysis of variance and mean of squares of treatments relevant to yield and yield components of seed of seedy
watermelon under the effects of considered treatments

Characteristics <o

v P Sis odlo &g > ogae dland dgn > &y dlasy . . . :
St e @l 422 J'sl'otal dr Frﬁifnijmet;r er SZ:d’:ljmber er b 32 o Wb
SOV df T y Sant P Pl P 1000weight  Seed yield
R;;)iézﬁon 2 11456 1.54 71.83 5779 59.5
A " o~ . o o
Féﬁ: G’der 1 515387 5.04 132908 459 40672
E, 2 507 1.04 10588 69.88 1.8
o(srl\;:?rlrfr;l 1 18095" 0.37" 726" 8238"™ 2004"
A*B 1 7315™ 1.04™ 1768™ 9.37™ 192.7"
E, 4 7333 0.416 490 175 138
© S 1 3384"™ 1.04™ 4161 590.04™ 7490™
Transplantation
A*C 1 425™ 0.043™ 5104 222" 641"
Es 4 15821 0.582 8830 650 75.03
B*C 1 9009" 0.041" 641" 3.43"™ 352.7"
A*B*C 1 459™ 0.041™ 1040™ 51.04" 2242.7"
Es 4 26.29 0.416 297 24.83 298.91

A3l e doy ety Jlain] s 3 (5 stme g oy Sy Jlatl e )3 (6 sine b sine pis NS
Ns, and ** and * are indicative of non-significant, significant at the probability level of 1% and 5% respectively.

el ailgi oS ) ciliee ol 50 53 S 1 e (B 1 alejl 3590 (5 ke lite 1,51 -3 Jgar
Table 3- Interaction effects of treatments on LAl of seedy watermelon at different stages of growth
Lo Days after sowing cuils’ 51 (s (gbdjq,
Treatments 35 42 49 56 63 70 77 84

S 09 006 0413 155 205 234 255 255 2.34
ouis mlpy  Non- biofertilizer

Unprimed = Suidse>¥'L 099 031 159 308 32 322 323 2003

osbias S With biofertilizer
Direct sowing Sgle 3 st g1 043 077 278 311 328 378 329
oxi wily  Non- biofertilizer
Primed Sjelam 268 L

st . 0.094 048 285 383 3.86 3.8 398 269
With biofertilizer

“%59195359_’“\{ 056 117 253 369 4 412 386 311
oxis malp  Non- biofertilizer

Unprimed  Sujdse> L g5g 503 329 4 449 455 395 343

Sl ews With biofertilizer
Transplanting sowing Sige S 08t 05 136 312 389 4 423 348 3.1
oxi wily  Non- biofertilizer
Primed s>l 056 158 334 4 434 466 443 398
With biofertilizer
LSD (0.05) 0.46
il (6oL s b 9B 59, b o So5olom 565 L olyen Sineulp 3o 59y 42 935) iy adgl slye 5> paiame CuiS jlei
J._:ud_)77)9))|90.>9) CAJlJL))—Q)77 )9)LUT)|U“.‘9J.J[J& w_ggumdu)wwgﬁ@a_‘»ubudm‘(wg
395 Ly olyan Saly pae jlesd )3 a0g; (pl b o ialS 9 30l o ioliel ajlass p BB floj cusdS L Jg il oo

sl 3 oo 5k 4 (3 i) 23,5 o0 el 35 Sl o Jlosl g e cuiS o )3 a3l g0 3 ine 5 Lol
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o3lo g 3,Slae ¢ Sauw) (25 &y p (Eisvand et al., 2008)
s Slesen Gilejl ol s b oS 0,8 (5)l55 1) S Sis
Ghiasabadi and Khajeh-Hosseini, «_ilojl ol gl M5,
olS ;> Izad-khah et al, (2010) 4 glasgle )3 olS 1> (2012)
J5 s ools p (gyb pime 1 (o) Sslis &S Wlodges by

il

Iy JS SCid oolo (6 pKaidn jobdy (dawj (sodgS 3 )8
L olyat iy Sineulpgorl (slmjloi (4 Jgas) ol yiulj-sl
1y S St 03l 0 malys ses 6 )SeLis o 5 bl Jolna
3l deols 93 (6 95 Jgas) wols il aali jlew 4y capd
S 5 o5 kS 8255 Ly (o565 b Jobxs b olyan Sivalys
ATT5 L 59 5,)LS pae g 59d Sl pac los g oy i
Jodz) s |) J5 Siis (g oliee oS S )3 p)SokS
b 2Vl (Stsod S5 o3bo as3 & o LS prizman gl (5
ogs0 sy ash sl o =0/T17) wgs p» 15 sgme slass Slio
Joas) el (r =0/84™) wls 5, Slas yogasa 4 (r =0/787)
2 6L 45y S oo Slge g5 4y ot langs ST sy o Jlai 40 (8
(singy el Ad) Ll cel Coles o g ond)S Ay bame
by y> .(Jahan et al., 2011) 1558 o Suis (59 5 (Al
Kochaki et al, 4 Patidar and Mali, (2004) «_islejl ol
5 95 a9 oS Cleogad p (duwj b3S 3l g ) (2008)
Il S Lgiil g posbs gl o S 2,y oS 0035 ()l Ly
ol sl olS 93 (pl y (gl bixe g Cuo

4593 yA Ho 6ga0 dlaas
Wlgain jod Sinesl poen! (laylass cosel Cumdts gl b
L (inj sbadgs Jolite OISl g (g sladgS g ()15l
Sy a5 50 53 ogne ST (5 sne I Hed Kol g
g b ) 00 dlai U s el yody Siasprgomsl (2 Jgi)
Codd Glie dn (H9dn Sualpgeul pac) aald jlos 4 Cons
3yShos L wigs 2 )3 050 s (A Jgoz) b a8l 2o
5 YU (Sianen 1 =0/717) s i o3lo o (1 =0/637) wls
Rahchamandi et al, (2010) .(8 Jgas) cuils 3929 (b size
5y 4w 3 Slee p CBlS 2036 g 59 Shmalpgousl S gy
oS )3 0l mly ) G 045 maly Hody 457 95,8 )15 Ligus
o=liacsl )8 g Lol gladdle o gyuin plo ol Lgw
e bl ((id e |y Gialidl el (ol Jele e
Shiw b Jlis cuis 50 )8 by odd mily jods 5l 8L sladsy
S L duslio )0 1) 0gre sl oy iy A9y p2 1D 0guo 2/9
(4 Josn) wisls [olazsl 395 4 (4592 o 4 o0 2/0) )3y waiians
4 S 25,8 5,55 Rahnama and Bakhshande, (2005)

Ay Aoy (6 ey (S il dlge Sl oS 0lS A oS Juad
o 9 il Jdsay wby Juad Slgl 5o Ll el o oliazs]
2 i RIS S g a3l da by 5 S s
hass) Jobo 3 S aw padls (p e e CuiST )
3 Jsiz) 290 Ll Seselses 268 2,08 pas 5 Siaslyy pas o
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(o =) 90 il o el S &y G bjlogs o ) S
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g gL oy Bjled dod 3 X3y S paw adl
&) OiaLS (g 9 39 s 005 €Sl g 59, 10 0 S
o 595 105 putiane CuS BOMS S5 cusS jlowd ) amd oo
2y b oaalie Sy pdaw adl ) il X, cuis )
5 Col 039y s Loy jasls ) TT 156 o, 5l maiions oS
g asls (lE Vil (3 Jga) cond aidl lS
5 Sl Jlosl bulpds )3 a8 039 (6 )elis g elis w0 Sy
S Mg B 2lse g (aoe Lulyd 3 1) 095 4ol 43
CoiS deyie pd a8 WSl by pl 4 Bl e Cpiomen il 03,8
O8> 5 04 ploul glazan din olaslis cuiS L jlojob padiiane
5 Bl 5l Laslis a8 )] b 00 o joib ygds pubitiane S
£33y 95 (s5agts b ALolidly 550,55 5 e
St g pa3ld 9y 2 3 Sefslgn sldgS 28 S e
2 S pled Tyles 5 0us Lasls ol Sl el Lol wlyain
&5 g Sy )9 sk (il ()b jl g 0l ald b aulie
1zad- .35 o 45l 5 )Shas g ogen ;> il shud Liolssl cacl ]
Ghiasabadi and Khajeh-Hosseini, 4khah et al, (2010)
o35 @b o (Allium cepa L) 5Ly olS 5 o554 (2012)
59750 L cutS )3 Sy o sl 5 5 i oS W08
Demir and Mavi, .cusl 634 maiiane oS 1 iy CablS 5l g
9 dladimd )3 ud 54y 35 Barlow and Haigh (1987) 4 (2004)

23,5 5155 1y yads Staenlpgousl Cato 3l (S5 5aeS

Js S G
3908 9 59d Shmalpgonsl o8 o (LS (il)ly 4325 s
oy e JS5 i iy s)bine Sl ) sladgS
U gl ailac @l g Lajlass o bilie ol 1 g 8l
Soailpgas (2 Jgiz) ol olis S S 055 2 g sine
by dg-ste by il g (0 jew Gl Cage ol
S5 Sa gy il g g 2 ySdes Gl i odug) laciens
2 o9da Sizelpged )l ine ST i I 6yl D950
1515 (Barlow and Haigh, 1987) 55,3465 alexjl Slals
Gladgle ien slacile 4548 4w o (Zheng et al., 1994)
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Rezvani-Moghadam and (5 Jgacs) 4539 1555y asdlllas
i 5 slmdgS 5L S 4 S u xS 4L, Moradi, (2012)
Cuminum ) jow o j blse cuiS )3 (SLgsjl 5 liegdgw)
s 4 (Trigonella foenum- graecum) alos b (cyminum
0o o 4y Cows ALl ;3 BMe Diw g juaw 0y0) 0 yix Dl
A5y ) 388 3,8 Ll 3 Ylasl sly aliil ]y 58
laplisl ol il & oo gel (! g 4Bl dgugy oLS i)

ol odd Lol dlgsin )3 oguo 4 osd s il

B D (6 by et DA palie CulS 4 G ST g S5 Lis
O9ed (S Jdd 4 ()86l cuse il il Ylaas! cuih @y
2 b o lals wb) jl ds o oy teps oS ¢ lazalS dls o
sy Juad gl 3 olie dlge yioo onlyd b oolyer o) Lalyis
) LS g Siamlpgend Jlite Sl (owyp ol 0392
) S8 (3L Jgloxe olyen 4 0dd maly yods o5 2b L
Jols (6555 (sl jloss )0 dS g ysbody .0 0gee dlaad ]38l ey
355 g slasi g ogse a5 by G2 2 53 0900 315 L i

390 Ctio oyl Gliae 2 yieS 3l gy y2 3 0gx0 212 b odis il g

ol alowia 5,S0os gl3a] g il 3 Shos o g w395 9 (6,5l «Kigosl g 03l W1yS1-4 Jgun
Table 4- Simple osmopraiming, transplantation and bio-fertilizer effect on seed yield and yield components of seedy
watermelon

Characteristics <low

o J5 S osle G b )3 0gme IAKT  gwo pp P A BAG &I, s &l 3,Sdos
Treatment Total dry matter Fruit number Seed number 1000 Weight Seed yield
(kg ha®) per plant per fruit (9) (kg ha®)
00 ol b b a a b
1 Saanslppm Non primed 6066 2.6 511.3 149.1 1553
Osmo priming 2 ey 6615° 208° 522.3° 152.8° 1773
Primed
. s Sl 6222° 2.5° 503.7° 146° 1487°
)8l Direct planting
Transplantation S euss 6459° 2.9 530° 155.9° 18407
Plantantion ) )
> o9 b b b b b
i da Non bio- 4875 2.3 442.4 146.6 1252
st loags fertilizer
Bio-fertilizer 5551,
. - 7806° 3.2° 591.3 155.3% 2075°
Bio-fertilizer

Lyl 3o p> g Jlein] gaws 53 (655 ixe MBI LSD (y9051 ool anlllas 3y90 o a5 I S o gy (glyls & (glay oo
Means which have common alphabets don’t have any significant difference in aspect of considered treatments based on LSD test in the level of 5 %.

kel Blgaia 3 Slos (g1l 5 3,Sas Slieo 2 a3 (SBO95X iz Sisos pgoue! e 131 -5 Sy
Table 5- Interaction effects of seed osmoprimingxbio-fertilizer on seed yield and yield components of seedy watermelon

Characteristics «lao

(E%) > gm0 dluxi > 15 3oy
it Siwotlpgon! 4 J5 Sais o3le 793 0me - Qa5 e Wl 3,Sdas
Seed L Total dry matter . s 09 1000 Weight  Seed yield (kg
osmopriming Bio- (kg ha'l) Fruit number Seed number (9) ha'')
fertilizers per plant per fruit
o il 355 O 4775° 2.2¢ 439.2° 145.3° 1170°
Non primed Non Bio-
oo fertili
ol e 4975° 2.3¢ 445 5° 1475 1333°
Primed
ot gl 73572 2.8° 577.2° 152.8% 19372
Non primed 55 L
5 il Blo-fertlizer 8255° 35° 605.3* 157.8° 2075°
Primed

5 o> iy Jleis] s 53 ()3 ine GBI LSD (03l (yolsl pr aslllao 3)50 b Jlas ) 43S jiie By (il &S clapySilse
Means which have common alphabets don’t have any significant difference in aspect of considered treatments based on LSD test in
the level of 5 %.
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aslaaim sLis 1 S lay e g p> Ly 0 et al, (2011)
5 9] ol plle CuiS 4 Cond ()L &5 08 )18
Cute yil 50 Olson et al, (1994) .5 )5 ol opl 5, Sas i3]
Cuto Sl pizman 93,5 (5155 |y o 3 Skes 4y (o5l
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(1 Jses) ey JuSa 45 p,59ks 1103 salis b auolio ,> s Amiri et al, 4Zabihi et al, (2009) (Sorghum bicolor)
slaas ,Slas slinl ey cul Gasuine Glislejl gl ) ascl oyl s 5lasb e (Triticum aestivum) pus > (2010)
b 2y Sloe LIy (Stunsod p st i)l )9 5 000 ) &b 3 Ly Stmlpgensl | Jols St S o 50 Jolie

B Jss) el 0 p 85k 2300 i 4 ]y Wl 5 Slae oty (a5 slo2S
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é\ ab
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_:J ab ab
v, 1500 b
\) b b
3 1000
s
< 500
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b4 0 _Z _Z _ 2
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osmopriming x transplantation x biofertilizel i glas £ x & JSeli x Snal 3 yawl
T ilgia 415 3,Skas 51 siuwnj (£10395 K g £,elid T oyiy Sigaylpygous! P el el 1 -1 JSu5
s o258 b 2 g s g 1) i (slongs K (L5 S 2 g dtns S 1) (6)SeLAT (00 gl 2 5 0025 ol 1) 5 Siaslsasl P
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Figure 1- Interaction effects, P seed osmopriming, T trandplantig and K bio-fertilizers on seed yield of seedy watermelon, P
Osmopriming of seedy watermelon (unprimed and primed), T: planting style (1. Direct planting and 2. Transplanting), K:
Biofertilizers (without biofertilizers and with biofertilizers)

] dlawia 5,S0os gl3a g ald 3,Shos Clhio w dmt ; SBI9S X 5,5l il @l y51-6 Jou
Table 6- Interaction effects of transplanting xbio-fertilizers on treatment of seed yield and yield component of seedy

watermelon
Characteristics <l
.. 2 0 ogae daxd FERLEHLREY . .
&5l ) Slazgs PSS odbe oy - R
Transplantation Bio-fertilizers Total dry mlatter : } g 1000 Weight ~ Seed ylelld
(kg ha') Fruit r;)l:g:]t:er per Seed nlyrrSilt)er per (@) (kg ha'})
. 355 o 4798" 2° 41417 144.7° 1120°
Direct planting .
5L eots Non Bio-
@I ) fertilizer 4952° 2.5 470.2° 148.5° 1377
Plantation
At 7647° 3 589.8° 1473 1840%
Direct planting 35 L
:u s Biofertilizer 7967° 3.3 592.7° 163.3° 2303°
antation

5,85 2oy gy Jloin] gaw p3 (6,I5 me GBI LSD g0l olsly axlllae 3y90 o Has 5l A8 jiie g > (gl)b & sl uSilio
Means which have common alphabets don’t have any significant difference in aspect of considered treatments based on LSD test in the
level of 5 %.
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Table 7- Interaction effects of osmopriming x transplantation on treatment of seed yield and yield component of seedy

watermelon
Characteristics e
o] 2 gl . 2 Pogmedlani pa yd dild dlaxd . .
. &S5l J5 Sis ook g - &l 5 039 &l :,i-los
I . Total dry T ~ 1000 weight  Seed yield
Seed Transplantation matter (kg hal) ~ Fruitnumber  Seed number (@ (kg ha%)
osmopriming per plant per fruit
e indS 5753° 2.3" 493° 1445° 1338°
0l waly Direct planting
Non primed (S S 6378° 2.8% 529.7° 1475% 1635%
Plantantion
L 6540° 2.7%® 51403° 153.7% 1768%°
0l waly Direct planting
Primed (S S 6690° 3° 530.3° 158.2° 1912°
Plantantion

3,16 0oy g Jleis! w13 (g3 gxe B3I LSD 9031 ool aslllas 3y90 o Jlis S it gy (gl & (ol Silio
Means which have common alphabets don’t have any significant difference in aspect of considered treatments based on LSD test in
the level of 5 %.

S pyS 1448) 1 piitane oS o 4 s p)5 163 il
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Zabihi islojl cpl b alie 5ol )5 (0 Jods) sily (o ynd
u»U9A9.>9_w )I 6l_mdu9_w b)).)l_f )u‘b EIrS et al, (2009)
 lises golaw ) pasS &b > Slas glinl 9 5 Slas ) Ciwysld
M52 Gy p ke 80 (Wlgegdge (558 o5 il bl (6)9
cel 8L ol O] = 09Me g il puiS &l 5 Slas 5wl

Aol ol 50 (gye Il Lials

asles glial g o slas G (Siaan ol b

o1 &l T Joao 533 Slee (linl g 3 Sos (Stuan gl
Sy Glaw b als 5,Slee 0 254 oo dlan Mo a5 45555ken .l
(1 =0/677) 09sa - ;5 &ils slaws (1 =0/637) w5y o0 )3 o900
(r =0/84") s Sis o599 (1 =0/507") assls Hl3—a 56
Onm Caio dbaily 35 59 0510 3955 (61 re g oo [ Siused
o &S Jole ja oS Canl (pl (Sl il 5, Slee slinl g 0 Slos
2l daled ilisl 551y il 5 Slee g 5 Slos glial iuljel

5 039w ) SB35 Bl o) L Khorramdel (2008)
o5 (Nigella sativa L.) alialw oS Slaogas p jiwd
Ll Hlia 5 g JousS 50 aib o o ls glaadlis oy a8 5 S
b 3gg YU g Cuto (Siuwed 4l 5,Slos

@l 32059
03s = Ll Jolite Sl g (6)Selis 5 (s sloogS
byl (159 ) s9d Sl pgend (Jy 092 b gime &b 5
oilai] ol L o gl 5 (2 Jsia) et (s b 51
pie 35 4SS > Maghni-bashi and Razmjo, (2012)
58 GRSy Al i g 2 sk Siaeslgend jlagiae b
Siposl ppgeml a8 65,5 5155 5.5 Rahchamandi et al, (2010)
2 (o ol il Lgw 08) aw &)l 559 2 b Gre Sl 9
P E P Gl ok Sialy ()3 655 2 sloe]]
(Moradie-Dezfoli et al., 2009 ) coul o )3 &l 452 55
G‘a_w » 6)I.>U_Laa )_)I 6)l§szl_;.£§3¢)9.3.g &AAAJ‘)JW] )L »
L Sl cuss (2 Jgas) sl &l Jia 59 p oy 1 Jleas]
6355 Hlas 0b olamdl dgs a ) lie o yieS &l Jlia 59
coab ash i e p gldasMe JB 5l g,85Lis aslon 35
1l oo #ligogdgms 5 porls gl Sl slacs S (4 Jgoz)
Sly polie oald [l g olS A, euiiS ulay S 5 A
ole A g g 3y Sloe (glial o0 Sloe ¢ jiuwgid inli8l cels olS
Gy Lo Sy Jolize lidlen @Il ags olS 0 Kb
oS o s oole ay Lilidl el (s el 55,000
555 5 5,80 Jlawe <l il (Saeidnejad et al., 2012) coul
{2 Jgiz) 352 o sime il i (g » 20yd B e 5 s
I 533 b s oS b 005 3k Jslos slaslits IS sbo
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Table 8- Simple correlation coefficients between different treatments of seedy watermelon in osmopriming, transplanting

and bio-fertilizers treatments

2 50 ogae daxd 2 dlbdolasy
ol &g dgso &l 2, Sos &l I3 oyig JS Sis oale
Treatment Fruit number  Seed number per Seed yield 1000 weight Total dry matter
per plant fruit
Gy 2 ) ogee i 1
Fruit number per plant
ogeo y 40 b dlus 0.369"™ 1
Seed number per fruit
als 5,Sles 0.634™ 0.677" 1
Seed yield
als 50 35 0.331™ 0.089™ 0.500™ 1
1000 Weight
J5 Ses oobe 0.712™ 0.780™ 0.840" +0.348™ 1

Total dry matter

sop L i) g 13 6 bgime - edoys B Jlainl e 53 6)bsine «sybsine pas NS
ns, and ** and * are indicative of non significant, significant at the probability level of 1% and 5% respectively.
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Introduction

Watermelon (Citrullus Lanatus) is one of the most important fresh fruits in Iran particularly during summer.
After China, in terms of production and cultivation area, Iran placed second in the world. Research conducted in
different regions (especially in arid and semi-arid regions, like Iran) indicated that poor germination and
establishment of seedlings in the field causes low yield, particularly in vegetables. Seed priming, (to increase the
percentage and rate of germination) and transplanting to increase plant establishment and use of bio-fertilizers to
increase food availability during the growing season are inevitable to transfer to ecological agriculture. The
purpose of this research was to evaluate the effect of seeds osmopriming, transplanting and bio-fertilizers on
watermelon grain yield.

Materials and Methods

This experiment was conducted at split plot based on complete block design with three replications in the
Laboratory, Greenhouse and the Farm of the Faculty of Agriculture, Ferdowsi University of Mashhad in 2013.
First factor was seed priming in two levels (unprimed and primed), the second factor was transplanting in two
levels (direct sowing and transplantation) and the third factor was bio-fertilizers containing pseudomonas and
Azotobacter in two levels (non bio-fertilizers and bio-fertilizers). Leaf area index (LAI), number of fruits per
plant, number of seeds per fruit, 1000 seed weight, grain yield and total dry matter were determined.

Results and Discussion

Transplants produced using osmoprimed seeds that had been sprayed with bio-fertilizers on the field (T,P,K,) had
higher LAI than the other treatments (Table 3). Bio-fertilizers in both transplanting and direct sowing produced
more LAI, but osmopriming of seeds with PEG 6000 had little impact on LAI (Table 3). LAl is one of the growth
parameters which had a great effect to achieve maximum vyield that needs to be at higher level before flowering.
Izadkhah et al. (2010) and Ghiasabadi (2012) reported that onion and corn leaf area and LAl 50 days after
transplanting were higher than the direct sowing According to the results, osmoprimed seeds of watermelon,
transplanting and bio-fertilizers and interactions of bio-fertilizers with osmopriming treatment had significant effect
on the number of fruits per plant (Table 2). Osmopriming of seeds increased (8%) the number of fruits per plant
compared to the control (unprimed seeds) (Table 4). The number of fruits per plant with grain yield (r= 0.63™) and
total dry matter (r= 0.71**) had a significant correlation. Mature plants resulted from transplanting produced 2.9
fruits per plant, compared to direct sowing, with 2.5 fruits per plant (Table 4). Rahnama and Bakhshande (2005)
reported that oilseed rape transplants produced higher numbers of pods per plant in compare with direct sowing.
Primed seeds with application of bio-fertilizers caused an increase in the number of fruits per plant. Fertilizer
treatments in the primed seeds, with 3.5 fruits, and primed seeds without fertilizer treatment, with 2.2 of fruits per
plant, had the highest and lowest fruits per plant, respectively (table 5). Seed yield per plant is one of the most
important economic indexes. The results showed that the effect of osmo-priming (at %5 level), transplanting,
fertilizers and bio (at 1% level) and the triple interactions on grain yield (at 5% level) were significant (Table 2). As
the results, osmo-priming of seeds, transplanting and fertilizer were superior compared to control treatments (table
4). In this study osmopriming, transplanting and bio-fertilizers increased grain yield up to 13%, 23% and 65%,
respectively (Table 4).

1,2 and 3- MSc. Student, Associate Perofessor and Lecturer, Department of Agronomy, Faculty of Agriculture,
Ferdowsi University of Mashhad, respectively
(*- Corresponding Author Email: Agr844@yahoo.com)
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Conclusions

Resowing generally is one of the major problems of farmers in direct sowing of seedy watermelon due to
poor germinability and establishment, sowing at heavy soil, low rainfall, irrigation water shortages conditions or
lack of ability to absorb water and fertilizers. Osmopriming with saving inputs will lead to an early and
ultimately increase performance. To face this, transplanting using primed seeds alongside of application of
organic fertilizers is recommended.

Keywords: Azotobacter, Grain yield, Pseudomonas, Seed priming, Transplanting
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Table 1- Compounds and values of nutrients used in Hoagland solution

S 5 Ol S 5 Ol
Compound Concentration (g L™) Compound Concentration (g L™)
MnS0,-H,0 1.18 KNO; 101
ZnS04-7H,0 0.25 Ca(N03),-4H,0 236.1
CuS0,4-5H,0 0.07 NH;H,PO0, 136.1

(NH4)sMo,02,*4H,0 0.25 MgS0,-7H,0 246.5
Fe-EDDHA 10 H3B0; 0.6
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Introduction

Salinity stress is regarded as one of the most important abiotic factors limiting plant growth and agricultural
products, particularly in arid and semi-arid regions. Sesame (Sesamum indicum L.) is an important oilseed crop
rated moderately salt tolerant and capable of producing profitable crops in saline conditions. Germination and
seedling establishment are critical stages in the life cycle of plants especially under stress conditions. Different
methodologies have been adopted by plant physiologists in different crops to alleviate salt stress. Seed priming
has proven beneficial in this regard in many important agricultural crops. Salicylic acid is one of the
physiological processes regulators that it increases resistant of plants to environmental stresses such as salinity
stress.

Materials and Methods
To evaluate the effect of different levels of salinity and seed pretreatment with salicylic acid (SA), on some
growth indices and nutrient uptake of sesame (Sesamum indicum L.) seedling, a factorial experiment with
completely randomized design and four replicates was conducted in Department of Agronomy, Rafsanjan
University of Vali-e- Asr. Factors were seed pretreatment with three levels including, distilled water, 1 mM
salicylic acid and 2.5 Mm salicylic acid and salinity at three levels: control (Hoagland standard solution, 2.5
dS.m™), 6 and 9 dS.m™. A dry seed treatment (no pretreatment) was also added and considered as control.

Results and Discussion

Results showed that at 9 dS/m™both SA concentrations caused significant increase in emergence percentage
compared to dry seed and distilled water. Plant leaf area and SPAD values decreased along with salinity in dry
seed and distilled water, nevertheless, at 2.5 mM SA, values were not significantly different between 6 and 9
dS.m*. On the other hand, SA seed pretreatment decreased shoot Na and increased K content, although shoot
Mg and P contents were the highest at 1 and 2.5 mM SA, respectively. The effects of SA pretreatment on shoot
dry mass was not clear. The highest shoot, root and seedling dry weights were observed at control salinity in dry
seed, distilled water and 2.5 mM SA and decreased with salinity level. Seedling dry weight was not significantly
lower than control only in 1 mM SA and 9 dS.m™ salinity.

Conclusions
Generally, in this experiment ameliorative effects of SA pretreatment were more pronounced on seedling
survival and some nutrient uptake.

Keywords: Hormon, Priming, Sodium Chloride
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Figure 1- Changing trend of leaf area index (LAI) during the growing season in different plant density (D1: 60, D2: 80, D3:
100, D4: 120 plants m™) in main treatment N; (Control- no nitrogen application)
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with application of 50 kg N/ ha (N3)
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Figure 4- Changing trend of leaf area index (LAI) during the growing season in different planting densities (D1: 60, D2: 80,
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Figure 5- Changing trend of total dry matter (TDM) accumulation in different planting densities (D1: 60, D2: 80, D3: 100,
D4: 120 plants/m?) in main treatment N, (Control- no nitrogen application)
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Figure 9- Changing trend of relative growth rate (RGR) during the growing season in different planting densities (D1: 60,
D2: 80, D3: 100, D4: 120 plants/m?) in main treatment N, (Control- no nitrogen application)
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Figure 10- Changing trend of relative growth rate (RGR) in different planting densities (D1: 60, D2: 80, D3: 100, D4: 120
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Figure 11- Changing trend of relative growth rate (RGR) during the growing season in different planting densities (D1: 60,
D2: 80, D3: 100, D4: 120 plants/m?) with application of 50 kg N/ ha (N3)
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Figure 12- Changing trend of relative growth rate (RGR) during the growing season in different planting densities (D1: 60,
D2: 80, D3: 100, D4: 120 plants/m?) with application of 75 kg N/ ha (N4)
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Figure 13- Changing trend of crop growth rate (CGR) during the growing season in different planting densities (D1: 60,
D2:80, D3: 100, D4: 120 plants/m?) in main treatment N, (Control: no nitrogen application)
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Figure 14- Changing trend of crop growth rate (CGR) during the growing season in different planting densities (D1: 60,
D2:80, D3: 100, D4: 120 plants/m?) with application of 25 kg N/ ha (N2)
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Figure 15- Changing trend of crop growth rate (CGR) in different planting densities (D1: 60, D2: 80, D3: 100, D4: 120
plants/m?) with application of 50 kg N/ ha (N3)
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Figure 16- Changing trend of crop growth rate (CGR) during the growing season in different planting densities (D1: 60, D2:
80, D3: 100, D4: 120 plants/m?) with application of 75 kg N/ ha (N4)
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Introduction

Fenugreek (Trigonella foenum-graecum L.) is a specific condiment crop mostly grown for its edible parts,
and is used as a green fodder and fresh vegetable. The seeds have medicinal value solely against digestive
disorders, whereas its leaves are rich source of minerals and nutrients. The growth and yield of fenugreek is
particularly affected by the application of nitrogen fertilizer and planting arrangement. Plant growth is a process
of biomass accumulation which in turn is derived out of the interaction of the respiration, photosynthesis, water
relations, long-distance transport, and mineral nutrition processes. Growth is the most important process in
predicting plant reactions to environment. Irradiance, temperature, soil-water potential, nutrient supply and
enhanced concentrations of atmospheric carbon dioxide are among some external components influencing crop
growth and development. Growth analysis is a useful tool in studying the complex interactions between plant
growth and the environment, clarifying and interpreting physiological responses. Plants total dry matter (TDM)
production and accumulation can be appraised via relative growth rate (RGR) and crop growth rate (CGR) which
are the most important growth indices. Leaf area index (LAI) is a factor of crop growth analysis that accounts for
the potential of the crop to assimilate light energy and is a determinant component in understanding the function
of many crop management practices.

Materials and Methods

A field investigation was conducted in a paddy field at Shaft County (Guilan Province) for eight consecutive
months (from November 2009 to June 2010), to study the effect of four levels of nitrogen fertilizer (0, 25, 50 and
75 Kg N ha™) and four levels of planting density (60, 80,100, and 120 plants m?) on the growth indices of
fenugreek (Trigonella foenum graecum L.) crop. The soil for the experiment was loam in texture and strongly
acidic in reaction (pH 4.5). Sixteen treatment combinations, keeping nitrogen levels in main plots and levels of
planting density in sub-plots, were replicated four times in a split-plot experiment on the basis of randomized
complete block design (RCBD). Hand-sowing was done in lines (30 ¢cm apart) as per experimental treatment.
Weeds were controlled regularly during the whole study. All other recommend management practices were
followed.Observations on leaf area and dry matter accumulation were recorded from all subplots (6 plants per
subplot) with 15 day intervals up to crop maturity, initiating at 42 days after planting. Harvested plants were
separated into remaining leaves, pods, and stems in the crown. The fresh weight of each sample was determined
and the green leaf area of the remaining leaves was also measured immediately after harvest using a LI-3100
area meter (LI-COR, Lincoln, NB, USA). Shoot tissues were then oven-dried at 75°C for 24-48 h and dry weighs
were calculated. STATGRAPH software was employed to find the best mathematical model to describe the
relationship between total dry matter (TDM) accumulation, leaf area index (LAI), crop growth rate (CGR),
relative growth rate (RGR) and growing degree-days (GDD).

Results and Discussion

Result indicated that the physiological indices were wholl¥ influenced by applied treatments. The highest leaf
area index was recorded in plots containing 120 plantsm™ while receiving 50 kg pure N ha™. Combined
treatments of 120 plants m?x 75 kg N ha™ and 80 plants m?x 50kg N ha™ resulted in highest TDM and RGR
rates, respectively. In all the applied interactions, among the podding and fully ripened pod stages, the CGR
reached to its maximum rate (peak point) at around 1043 GDD from sowing and almost had a steady and linear
trend which then slowly declined down turn to reach zero value at about 1400 GDD and thereafter to negative
values. CGR was the highest in combined treatment of 120 plants m™?x 75 kg as compared to other nitrogen
levels in this plant population.

1 and 2- PhD student and Professor, Recpectively, Plant Breeding and Biotecnology Department, Zabol University, Iran
(*- Corresponding Author Email: |_bazrkar2004@yahoo.com)
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Conclusions

Result showed that the physiological indices were all were affected by applied treatments. The highest leaf
area index was recorded in plots containing 120 plants m? while receiving 50 kg N ha*. Combined treatments of
120 plants m?x 75 kg N ha™ and 80 plants m?x 50 kg N ha™ resulted in highest DMW and CGR rates,
respectively. RGR was the highest in combined treatment of 120 plantsm™?x 75 kg as compared to other nitrogen
levels in this plant population after receiving 294.3 GDD.

Keywords: Growth indices, Nitrogen fertilization, Plant density, Trigonella foenum L.
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Table 2- Analysis of variance for some traits of Pigweed

MS wlayye (nSibe
i @le Af goljian,y ATV EW)  oapEl IS Sk ale
S.0.vV ’ Pigweed height Pigweed total dry matter
(Block) sk, 2 16.86" 785™
(A) 5 Jos (o s 3 666" 40398
Time of emergence
B) sl o5l 2 1276 32345~
Pigweed density
A*B 6 12.25" 435™
B Error b s 22 194.5 4250
CV  lpuds cops 16.2 15.1

b ime pae NS 7D Jlosnl pdaw 13 4 gxe * AL Jlais] zolaw 43 o ime *F
**: Significant at the 1% level, *: Significant at the 5%, ns: not significant

o9l Olio (B Gy 9 ST 0515 9 (e e ol O 51 (5L (ke dumglio -3 Jgu>
Table 3- Comparison of mean effects of relative grow time and Pigweed density to some characters of Pigweed

Characteristics liw or9AEl EW) 9 Al I s ook
Treatment Lo Pigweed height Pigweed total dry matter
il (cm) (@m?)
Grow the Pigweed 509525 A5 e oo
8 days before the Potato wejia 31 U5 39, 8 96" 507"
4 days before the Potato njos | B g, 4 89® 456
Along with the Potato i b lojen 82° 409
4 days after the Potato ol dar gy 4 76 350°
Pigweed density g ,3z5 o515
5 76° 380°
10 84° 428°
15 97 483°

5105l xe glds o> gy Jloin ] e it Syde By G JBlis gl &S SlaySle gty > F
*: Numbers followed by the same letter are not significantly differentns
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B- Different density
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e e Sl B 595 F
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""" 05 e 3l 0 595 F
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Sl 51 g 595
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O oy s (1 Lo - I
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Figure 1- Trend changes in the total dry matter of Pigweed in different treatments of grow time and in different density
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Table 4- Fitted equation coefficients for dry matter accumulation trend of Pigweed

Treatment  los coefficients dstxe <ol pé R? p-value
a b c

Grow the Pigweed wg,d gzl oyawd jw (ylo
8 days before the Potato  wejeuw j b3 55,8  527.1188 792.857  0.154438  0.99718 <.0001
4 days before the Potato  wejouw 3l J3 594 471.693 963.8327  0.153289  0.999148  <.0001
Along with the Potato oo b lojen  422.2009 115529  0.156351 0.999416  <.0001
4 daysafterthe Potato  iwjoww jlaw jsy 4 350.4141  1878.806  0.16169  0.999669  <.0001

Pigweed density  sg,526 o515

5 391.6709  1452.235 0.159947  0.999361  <.0001
10 443.4934  971.2977 0.153798  0.998866  <.0001
15 500.4586  886.1452  0.153263  0.998853  <.0001
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Figure 2- Trend changes in the leaf area index (LAI) of potato in different treatments of pigweed density and
different treatments of grow time
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Table 5- Fitted equation coefficients for leaf area index (LAI) trend of Potato

Treatment ,lo. coefficients  aalao il
2
TS oM e ploj e El o515 a b c R p-value
Grow the Pigweed Pigweed density
5.8 5 -0.08096 2574145 54.84124 10.87869 0.997077
e 3 U sy 10 0.0224 2200441 54.12404 9.958244  0.997416
8 days before the Potato 15 0.002198 1.984823 54.26741 9.55865  0.990227
G 5 -0.0552  3.051317 54.72689 9.917823  0.997632
eejomee S| A8 ) 10 0.010338  2.66026 54.72954 9.045422  0.994507
4 days before the Potato 15 0.03301 2.156587 54.71166 9.009792 0.986751
L 5 -0.04339  3.241947 5574011 10.02632  0.99937
hnjirso L oo 10 -0.01729 2782674 55.24002 9.628843  0.998897
Along with the Potato 15 -0.00714 2289301 54.73341 9.666693 0.993454
e d 5 -0.05399  3.53244  55.695 9.857171 0.999978
e S| A 5 10 -0.04455 3.203264 5575063 9.910542  0.993321
4 days after the Potato 15 -0.0485  2.817914 54.37889 9.790506  0.99495
asllas ;> (Lynch and Rowberry, 1977) (¢ s3) 5 @i S 3 o oAl
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Aghaalikhani, 2001; Izadi-Darbandi, 2002; Hasanzadeh-
L 4y (Delooi, 2002; Khaleghi, 2004; Najafi, 2002
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Figure 3- Trend changes in the total dry matter of potato in different pigweed density and different treatments of
grow time

2 a5 15 (S1,5 e )5 (empeto 1 £S5 460) o Bl
e 3l B gy cudn (A8 jew (e 9 eg el apeste
LD ols

i el ols Kid osle ials sLsS 5 baaddllae Lo
Ghosheh et al., 1996; ) s sl o jyo slacale (ST )58l
Lindquist et al., 1996; Massinga et al., 2001;
S e joaw Suis odlo ials” (Ahmadvand et al., 2009
2l 33 55 (e b duglie )3 o slacile gy (A5 jw
Vangessel and Renner, ) cowl 4355 1,8 KW 350 Ol
(1990; Kolodziejczyk, 2015

)AI)LQWSI)_IMNL»MJJ9)4§3JSJQ4,>9KQ

ploi jo a5 35 5 o odalie wimd o L 1) alises (slaylays
G 05 G o) lagd ) AS (oo Cund L9y So 5l oSS
@ 15 & @y Jl g el o515 GRIBIL oweie S U 55
(el 3 JSs) el jials woyd 35 uejoam JS Sis ool
A o ) 3 59y sz o e 0o e 3 SalS
ajim b Glojon b o loj Jlos > 0 3 JS2) aoy
S oy slae i e ooy sl 53 9 (2 3 US) o 40
P S mn oS Hles g (3 3US) w0 > 24 e
e S oy Sl b Jee lej 9 w9 SEl @peste
292 (yesie 2 £S5 I1D) Lrajim JS S ole Sl (4l



1396 (liwmo) 4 o loud 15 alar sl (1)) Sliepgy 42,55 168

(0 o S 03lo 2o Ol g (612 8L (53] 50 Y 3lae ul b -6 Jgo
Table 6- Fitted equation coefficients for dry matter accumulation trend of Potato

Treatment Loy coefficients  aalxo cul s
2

9 SED oM ooy waSEL oS1S a b . R p-value
Grow the Pigweed Pigweed density

B 5 7246499 7801215 0.152937 0.998677  <.0001
e 318 s 10 531.7075 503.8348 0.140942 0.997947  <.0001
8 days before the Potato 15 4738927 3395488 0.133343 0.997053  <.0001
i sed 5 9405937 1179.622 0.162371 0.999053  <.0001
eeimee S| S8 59) 10 651.6486 527.9491 0.142244 0.998386  <.0001
4 days before the Potato 15 5421931 2456977 0.121842 0.998017  <.0001
L 5 086.4343 638.1189 0.145315 0.999154  <.0001
hnjirse s plojes 10 777.0599 718.4922 0.150452 0.998265  <.0001
Along with the Potato 15 589.2818 612.1833 0.146632 0.994747  <.0001
i ed 5 1001771 838.816 0.147772 0.99875 <.0001
oo 3 8 s) 10 951.6757 1041.745 0.152752 0.998157  <.0001
4 days after the Potato 15 760.0752 6914317 0.148589  0.99878 <.0001

L&)G&W9Jymm)¢&)w¢jﬁcmua$uflsb‘5ﬁ
Jlde oy oy (Samaee et al., 2003) 5,5 sloul bgw (s
‘;f)_g Cja_wu»lw flsb ¢;§).: 5]4») ua>l.w «SiS oole ))S\Lo.c
borye Ligw (o) 4w 2 )3 (ool A3y Cspus g Jpammo M) Cos puo
atlS Ll Jlade 1 g3zl w15 il b a5 b sals s 4
slecale L cold)y 15 puiS (CGR) Jgamo My sy yidlS .0
Yoy 5 oli Ly e85 pasS (Najafi, 2002) gyeas 50
5 ooyl L culy 3 by (Hasanzadeh-Delooi, 2002)
oy Sdelw g ©)d <8, (lzadi-Darbandi, 2002) gy
Aghaalikhani, ) ws,5zU L <, culé, (Aghabeigi, 2003)
Khaleghi, 2004; ) —wejcuw L o slacale culs, (2001

Cuwl 0l )55 (Notghi-Taheri, 1997

(e iy a8 g

g2 lie Ly 5 ojloss 4o )3 (gausd 455 €8 poo Sl g,
o g s ol wdy s bl jo (s Ay sy S hs
osals (b D JSB) 2,8 Iy dalS Kg) w9 <ol Ske
S Sl Js ol e oS (e Rl L o A3 sy
GBesly 5039 ol clacdly ol 4 oad 03953l slaciand
255 by ) ek (Bl i W 0g0  SJailie Lt
¢33 U Talls pimen (Koochaki and Sarmadnia, 2008)
2l Slge 5 Ol s clp LS w cold) sloul W 4 oo
5 B3 b LS 58,5 )8 ale ) Grioren 5 )98 <Ly
gl St godle et sy dlag] (giogts Ul (talS
o )T s My sy il Cawo yol (pl g Bl lais
Board and Harville, 1996; ) La —w)y pluw > polie
sl okal cunses (Ahmadvand et al., 2009

Jgans adiy &ue e
23y Jlo g 4o ofly cn pline b Jpamee ) Cas puo
doly 50 Sis odle peod (lie }SLles a8 il o BLS xelo>
Keating and ) ¢l jasin olej anly S SLS plaws
Ol Jgamo Ay sy il B9y ) (Cooper, 1983
U ceslS 8o jl Jouase 4y cue ypuw Olpnss  oxie oS o
3y Gl 3y b (sl > o (GgS55 U5 4
o bl Il ol e Sy e (Rl iman 5 g,
ladsy e <oy Jods an 015 e ey 85 2> S
B Y I
JUl g 0aiS jhuogid (SLaplisl (4 g (pizmen 9 (LS jllasle

8l il Jgaste by sy lie daoss 4y Glie slge

Ay ey Sl o B Gl oo JSs 5 otel cansay gl
2 ClS 5l ey sl S dn Cond |) <dlS (slapSlys
o Gl (g3l Hrb Oloj amd e (Lt Llises (slales
48 (6 ygloty bl inajm COR ()l sine b (ipajcus
li8l (aejas COR LI 3195 4 (g 52l H0obs 422
O Jew gloj gk plad )3 (g 32l g o515 GBI 8L
L g slisie won Uy tnlS oyl W, g cdly Liels CGR
e sles 3 COR > Jials op iy (g 3el o515 il
e Jleg 3 (il (2 yieS g (o 4 JS5) (05 s 51 S 55,
(>4 JS5) 05 oanlio (o 5 oo | g

Gy g Jogmarme AD) Capu b (umjin 3)Sos abaly 5
Sloaslis w «islS 1 an o) 70 &S ol ot ()ly (oons A3,
Patil etal.,) cuily sgn5 (S35 (Stusod 3,Slas g wyp 3590
s> 48 A8 aside Wik S| By > oizzen (1990
g a3l (s 03l 5 Slas ) () ine B g B2



769

g S Wby S S L oy

40 -
.} 35 T &e e and
o B T ST SERE AR
3 30 { o o s st
. [Pt
S i 25 1 5plants per m2—
I 0 10 plants per m-2 --
o Y, 20 1 15 plants per m-2...
g &
1 -“ 15 7
2 4
x %10 -
QP
(@] 25
Y0 T T T T T T |

30 40 60 70
il 5l 395
Day after planting
i 3 B 59, 4 A5 s o e~
B- Ttreatments of grow time, 4 days before the Potato

20 50

=

10

-
=]
)

T e e Al
TTT T e e 0 N )
T ey 50 452 10

N W W
h o W
!

5 plants per m? —
10 plants per m-2 ==
15 plants per m-2...

CGR (gr m? day™)
(395 20 &30y 31 055) Jguazo ol y Cas s
%3
=}

15 -
10 -
5 4
0 o= r r , . . .
0 10 20 30 40 50 60 70
il 5 g 395

Day after planting
e 3 3% 5oy A A jew ol Jles =2
D- Ttreatments of grow time, 4 days after the Potato

CGR (gr m? day™)

CGR (gr m? day™)

1 40 -
-_— o yd digy O

:j 35 | (<SP iiad 4

2 STTT R e ag )

Y309 . T

i &0y 5 4592 10

251 s plants per m? —

2 10 plants per m-2--

"’é 209 35 plants per m-2...

K 15 -

B

2 10 -

92

X 5

- 0 P T T T T ]
0 10 20 30 40 50 60 70

s 5l s 39,

Day after planting

e 3| B 3908 (b (s o =l
A- Ttreatments of grow time, 8 days before the Potato

-
=]

T e ey dgld
TTT T ee e A )
T e ey 69210

N W W
h o W
L

5 plants per m? —
10 plants per m-2 ==
15 plants per m-2...

(395 39 &30y 2 p35) Jgpazio ol y a8 yus
[
=}

15 4
10 4
5 4
0 T T T T T T 1
0 10 20 30 40 50 60 70
bl 5l s 395

Day after planting

i b plojer (A0 jew oloj sled —2
C- Ttreatments of grow time, along with the Potato

O g (o Blises (5l jlowd 3 (g Bl Ao (ST, 3 (S jomm Jgaone dudy o s Oyt gy =4 S5
Figure 4- Trend changes in the crop growth rate (CGR) of Potato in different Pigweed density and different
treatments of grow time
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Introduction

Weed is one of limiting factors in potato production.Weed management systems require comprehensive and
accurate data on behavior of weeds and their impacts on the farming systems. Pigweed (Amaranthus retroflexus
L.) is third dicotyledonous weeds in the world that due to photosynthetic pathway of C,and indeterminate, in
high temperature and high light intensity conditions particularly in the fields of summer crops such as corn (Zea
mays L.) and sunflower (Helianthus annus L.) shows more competitive. Weed density is the most important
factor affecting on crop by weed competition and defines part of the decline in crop by weed competition. The
emergence time of weed and competition period with crop are two important aspects that are often considered in
competitive studies. Quantitative analysis of growth is a method for interpretation of plant response to
environmental conditions that plant is encountered during its life. Plant growth analysis can be used as a factor to
illustrate the competitiveness of the crop and weeds. Growth indices such as dry matter accumulation, crop
growth rate (CGR), net assimilation rate (NAR), and leaf area index (LAI) have been used for assessing the
effects of weed competition on crop yield. The aim of this study was the evaluation of growth indices of potato
affected by density and time of emergence pigweed.

Materials and Methods

The experiment was conducted as a factorial based on randomized complete block design (RCBD) with two
factors and three replications at the experimental station of Borujen city in Charmahal and Bakhtiari province,
Iran. Treatments were included a combination of pigweed density (5, 10, 15 pigweed plants m™) and time of
emergence pigweed (four and eight days before potato emergence, coincided with the potato emergence, and
four days after potato emergence). Pigweed evaluated traits were included as plant height, and total dry weight as
well as potato evaluated traits were included as LAI, total dry matter (TDM), (CGR), relative growth rate (RGR),
and tuber yield. Plot size was 15 m? with four lines of 60 cm. Potato cv. was Bourne which is an early ripening
cultivar was planted at 10 April. Irrigation was performed based on requirement of the plants, temperature and
environmental conditions in 7 to 9 days. Potato tuber harvested at 20 June. Data were analyzed by SAS software
and the mean data were compared according to least significant difference (LSD) Test at 5% probability level.

Results and Discussion

Results showed that the relative time of emergence and Pigweed plant density were significant on plant
height and TDM of pigweed. Pigweed plant height and dry weight decreased, when pigweed emergence was
later than potato. Pigweed plant height and TDM increased with increasing density of pigweed. Their interaction
was significant only for potato tuber yield. Earlier relative emergence and increasing density of pigweed was reduced
potato tuber yield. Five pigweed per m? at emergence of four days after potato and 15 pigweed per m? at
emergence of eight days before potato had the highest (39800 kg ha™) and the lowest (18400 kg ha™) tuber yield,
respectively. Also low density of pigweed in treatment of emergence at eight days before potato was caused
more economic losses. Whatever emergence of weed delayed, more number of weed plants is needed to
economic losses causes. Therefore emergence of weeds is important equally that weed density is important and
should pay attention to the fact in Weed management. In general, the results showed that the pigweed can
damage to potato production because its height is higher than potato and it also is C4, when relative appearance
is earlier can be strong competitor to absorb light even in the less dense. Previous researches about crop-weed
competition for light, have revealed that higher plant with lower LAI could overcome the plants with lower
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height and higher LAI. These findings showed that plant height have a main role in competition and height is
one of the determinant factors for light competition.Therefore, it seems that pigweed which has this feature by
itself, is a strong competitor for potato plant. This study concluded that because of that pigweed is C4 and its
plant height is more than potato, so pigweed is superior competitor for light even in lower population.

Conclusions

Generally, according to the results it can be concluded that the relative earlier rise and increasing pigweed
density through height gain and dry matter further, reduced tuber yield of potato. Furthermore, pigweed, due to a
higher height than the potato as well as its C, the if a relative early rise occurs, even at low density for absorb
light, is still a strong competitor and can cause heavy damage to potato production. The relative earlier rise of

this weed in potato fields can reduce the potato yield. After amaranth weed control in potato farming is very
important and should be done as soon as possible.

Keywords: Competition, Relative Appearance, Weed, Yield
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Table 3- Analysis variance (mean square) of yield components and yield of Roselle affected by different treatments
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Table 4- Results of mean comparisons of yield components and yield of Roselle affected by different treatments
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shrub) per ofthe  ofthe (kg.ha?) (kg.ha™)
shrub) main lateral
branch  branch
Control sl 99.7bcd 58.3a 9.4a 14.1abc 11.1a 664.9ab  7219.6a  9334.6ab 7.2ab
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Chemical fertilizer
+ Vermi compost
32)5550 + (olord
Chemical fertilizer 102.2bcd 50.2a 8.1a 11.4bc 7.8ab 611.9ab 5244.1ab  9285.9ab 6.57ab
+ Mycorrhiza
losse + oS 555
Cow manure + 101.3bcd 43.1a 7.3a 13.5abc 6.1ab 599.6ab  4561.9ab  8573.4ab 7.0ab
Mycorrhiza
+ ConggeS 509
bssSe 1045bcd  61.5a 84a  1l.6abc 10.0ab  687.3ab 5229.2ab  10482.9a 6.6ab

Vermi compost +
Mycorrhiza
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CoW 1j,)55e
manure + Vermi
compost +
Mycorrhiza

96.7bcd 49.6a 6.9a 10.5¢

7.8ab 583.3ab  4437.9ab  7618.8ab 7.6ab

S (ol pixe gl Mo yd iy e jd Syiiie B SO Bl oy (glajles g 2 )0
Similar letter in each column indicate no significant difference in 5% level.

odlaiul a8 15,8 ol by .an,S (o)l gyl 4l 5,18
e polis (SIS 5ol b 535 wlio 51 il
odlitwl a x> g SLS )3 34390 yolic yipo Jols el JI
L o opl 45 90,5 oo by sy sga0 g ngy] 51 0lS pewbio
Abelmoschus ) a4l ,, (Akanbi, 2002) ,LST sl 5,155
Stefano ) ,LSen 5 gilizul o (Zea mays) <3 4 (esculentus
caisllas (Solanum lycopersicum) S ,34>45 ,, (et al., 2004
oslizl plg 3,8 5 sl olS (coy p 6)Sud addllae 4> il
5 5b) slagadld p Sigdm ladgS olyen 4y (ol 355" ]
(Gendy etal., 2012) x5 bl Cuto olS ol S pualS 5 Slos
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Introduction

Roselle (Hibiscus sabdariffa) is an annual plant with a height of about 64 to 429 cm belongs to Malvaceae
family. Roselle is self-pollinated and sensitive to cold. Sepals of Roselle are used in food and pharmaceutical
industries. It has been reported that Roselle is not native to Iran but it is cultivated extensively in Sistan and
Baluchistan province, Iran. In order to achieve high quality and quantity yield of Roselle sepal it is necessary to
improve nutritional systems of plant. Proper management of soil fertility and plant nutrition can preserve
environment, improve biodiversity and also increase inputs efficiency. Results showed that use of nutritional
resources will improve plant growth. Organic fertilizers such as compost can improve soil fertility as an
important source of food that increase yield of plants. Nabila and Aly (2002) observed that use of hen and cow
manure increased plant height, number of lateral branches, numbers of fruit and sepal yield of Roselle. Each
plant species has the maximum potential in favorable conditions. Therefore, evaluation the effect of climatic and
agronomic factors and nutritional management for plants is essential. This experiment was conducted to evaluate
the yield and yield components of Roselle in response to use of single and combined nutritional resources.

Materials and Methods

In order to study the effects of single and combined organic, biological and chemical fertilizers on yield and
yield components of Roselle (Hibiscus sabdariffa), a field experiment was conducted with 12 treatments based
on a Randomized Complete Block Design with three replications at Research Station, Faculty of Agriculture,
Ferdowsi University of Mashhad, Iran, in 2013-2014. Treatments included: 1- mycorrhiza (Glomus
intraradices), 2- cow manure, 3- chemical fertilizer, 4- vermicompost, 5- chemical fertilizer + cow manure, 6-
chemical fertilizer + vermicompost, 7- chemical fertilizer + mycorrhiza, 8- cow manure + mycorrhiza, 9-
vermicompost + mycorrhiza, 10- cow manure + vermicompost + mycorrhiza, 11- control. Roselle seeds were
planted in seedling trays at greenhouse in mid-March 2014. Then seedlings transferred to field in last April 2014.
The distance between rows and plants were 75 and 25 cm, respectively. Chemical fertilizer (200 kg ha™),
vermicompost (8 ton ha™) and cow manure (32 ton ha™) were put at the depth of 30 cm soil. Along with the
cultivation Glomusintraradice was used 30 g per seedling. Roselle was harvested in mid-October before the
arrival of the first winter cold in Mashhad. Statistical analysis of the data was performed by using of Minitab
Ver.16. Also, means comparison were compared by Duncan multiple range test at 5% probability level.

Results and Discussion

The results indicated significant effect of treatments on most of the traits of Roselle. The maximum plant
height (138 cm) was obtained in chemical fertilizer + cow manure. The combined use of fertilizers increased
plant height by 9% compared with using of single it. Results showed that the maximum height was observed by
combined using of organic and chemical fertilizers. The highest sepal yield was observed in mycorrhiza (854.1
kg ha™) and then chemical fertilizer + cow manure (791.6 kg ha') and the lowest sepal fresh weight and vyield
(3202.1 and 420.8 kg ha™, respectively) were obtained in cow manure treatment. Combined use of fertilizer
improved sepal yield 11% compared with using of single it. Researchers concluded that combined use of
fertilizers by creating a stimulatory effect on the balance of elements in the soil can be improved growth of
plants. Also, the maximum amount of biological yield was obtained in vermicompost + mycorrhiza (10482.9 kg
ha™) and then chemical fertilizer + cow manure (9887.2 kg ha™). Several studies showed that the combined

1, 2, 3 and 4- Professor, Associate Professor, Ph.D. Graduated and Ph.D. Students of Faculty of Agriculture, Ferdowsi
University of Mashhad, respectively.
(*- Corresponding Author Email: Rezvani@um.ac.ir)
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application of manure and chemical fertilizers by improving soil physical properties and increasing the
availability of nutrients, improve the efficiency of nutrient uptake and yield of plants.

Conclusions
Generally, combined application of organic and chemical fertilizers through improvement of growth indices,
increased quantity yield of Roselle compared with single application. As well as, transplanting of this plant had a
positive effect on sepal and biological yield. Therefore, with the advent of early winter cold in Mashhad,
recommended that Roselle cultivated three month earlier as transplanting in the greenhouse.

Keywords: Harvest index, Mycorrhiza, Sepal yield, Transplanting, Vermicompost
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Introduction

Health and quality of potato (Solanum tuberosum L.) seeds are important in the potato seed production
technology. Moreover, the basic seed materials must be free of pathogens. Therefore tissue culture techniques
are used at this stage in the laboratory to produce disease free seeds. Mini-tubers can be produced after
acclimatization from plantlets as tissue culture which are planted at high densities in the greenhouse in beds or
containers using different substrate mixtures, or even in hydroponic culture. Foliar application of growth
regulators is a way to increase potato mini-tuber production. Growth regulators influence on potato mini-tuber
dormancy. Triazoles, a family which Paclobutrazol belongs to them, have both fungitoxic and plant growth
regulatory effects. In addition, they can also protect plants against various stresses. Therefore, the triazoles have
been characterized as plant multi-protestants. Paclobutrazol changes the relationship between source and sink
and by this way, affects plant production. Also, it can inhibit giberellic acid biosynthesis. Some morphological
changes observed in paclobutrazol-treated plants include the inhibition of plant growth, decreased inter-nodal
elongation and increased root to shoot ratios. Time of paclobutrazol foliar application is an important factor
which changes plant characters (Lim et al., 2004). This study implemented to evaluate foliar application of
paclobutrazol concentrations at different time on production and mini-tuber dormancy.

Materials and Methods

The factorial experiment based on randomized complete block design with four replications was conducted at
the faculty of agriculture’s research greenhouse, Ferdowsi University of Mashhad, Iran, in 2013. Plantlets of
Agria cv. produced from nodal tissue culture in Murashinge and Skoog (MS) medium. After 25 days, plantlets of
free disease and uniform exported to plastic pots with 12 cm diameter and 30 cm height. Perlite, cocopite and
sand with 3:3:4 ratios, formed the substrate. Potato plantlets were fed with corrected Hoagland solution.
Treatments were foliar application of paclobutrazol at two growth stages (stolen initiation and tuber initiation)
and six concentrations (control, 20, 40, 60, 80 and 100 mg I™). Foliar application of mentioned concentrations
implemented in the final hours of day. After 95 days from transplanting, number of mini-tuber in plant, mini-
tuber length, mini-tuber diameter and mean of mini-tuber weight were measured. Then, mini-tubers saved to
fridge with 8+2°C and 10% relative humidity. Two months later, mini-tuber’s germination was measured.
Finally, time of achievement to 5, 10, 50, 90 and 95 germination percentage was measured with Germin
program. Beside that, rate of germination was calculated with equation 1:

R50=1/D50 Q)

R50 and D50: rate of germination (1/h) and time of achievement to 50% germination, respectively.
Analysis of variance and correlation between trials was done with SAS 9.1 Software. Means comparison
measured with least significant difference test (LSD) at 5% probability level.

Results and Discussion

The main effects and interactions of paclobutrazol foliar application and growth stages, on number of mini-
tuber in plant, mini-tuber length, mini-tuber diameter, mean of mini-tuber weight and time of achievement to 5,
10, 50, 90 and 95 germination percentage trials were significant. But interaction between foliar application and
growth stages was not significant at germination rate trial. The effect of foliar application on maintained trials in
tuber initiation stage was lower than stolen initiation. Increase in paclobutrazol concentration increased mini-
tuber dormancy and reduced germination rate. Paclobutrazol application in tuber initiation stage had more
inhibition on mini-tuber germination. With increase in paclobotrazol concentration, time of achievement to 5, 10,
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3- Assistant Professor, Research Institute of Plant Sciences, Ferdowsi University of Mashhad, Iran
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50, 90 and 95% germination were 11, 13, 17, 19 and 17% in comparison between foliar application growth
stages (tuber initiation compared to stolen initiation).Significant negative correlation obtained between number
of mini-tuber in plant, mini-tuber length, mini-tuber diameter, mean of mini-tuber weight trials with time of
achievement to 5, 10, 50, 90 and 95 germination percentage..

Conclusions
Application of 20 mg I paclobutrazol at stolen initiation, produced highest number of mini-tuber. But,
maximum amount of mini-tuber length, mini-tuber diameter and mean of mini-tuber weight obtained in control
treatment. Overall, in most cases paclobutrazol application had negative effect on production and germination of
mini-tuber potatoes.

Keywords: Agria cv, Growth regulator, Tuber dormancy, Tuber size
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Table 1- Amounts and coefficients for treatments based on central composite design
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Plant density (No m?)  Nitrogen (kg ha™)
7 0 -1 -1 1
10 0 -1+ 2
7 300 +1 -1 3
10 300 +1 +1 4
7 150 0 -1 5
10 150 0 +1 6
8.5 0 -1 0 7
8.5 300 +1 0 8
8.5 150 0 0 9
8.5 150 0 0 10
8.5 150 0 0 11
8.5 150 0 0 12
8.5 150 0 0 13

A G 1515 9 (5950 Jite (slopie 0L oy (X2 9 Xy
X1 and X;: indicate independent variables of nitrogen and plant density, respectively.
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Table 2- Physical and chemical properties of soil
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1- N recovery

2- N uptake efficiency

3- N utilization efficiency
4- Nitrogen use efficiency
5- Full quadratic regression
6- Lack of-fit
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Table 3- Analysis of variance of the full quadratic regression model

s 38ee s I, S90S & o g,
e 1. > . - & rae sy
i3 galie ool S WP Shes e RN e
S.Oo.v. ’ Biological Seed yield care N utilization ©29
d.f . N recovery L N use efficiency
yield efficiency
M‘(J;;el 6 177.291** 22.222%* 374.85* 2209.3** 565.63**
’].)Sj . 1 20.548** 0.683ns 61.90ns 1.5ns 77.12ns
Replication
Lliﬁ;r' 2 497.124** 65.264** 684.38** 5099.7** 1200.34**
.‘Jj”g 1 7.579ns 0.017ns 247.41ns 8.0ns 0.23ns
Nitrogen
Dggnz;ty 1 986.67** 130.51** 1121.35** 10191.3** 2400.46**
S:ZJ;;;' 2 12.483* 0.896ns 69.54ns 1527.6** 407.67%*
i9rs Xoiers
Nitrogenx 1 0.217ns 1.722ns 12.10ns 43.1ns 132.58ns
Nitrogen
‘”%I’j ki . 22.82** 0.554ns 137.93ns 2327.2%* 390.97*
Densityx density
Jlize 31
. 1 23.983** 0.33ns 517.32* Ons 100.63ns
Interaction
Oiars X w51y
Density x 1 23.983** 0.33ns 517.32* Ons 100.63ns
Nitrogen
[
19 2.274 0.489 89.40 16.8 50.05
Error
Sl poe 11 3.086ns 0.654ns 114.66ns 21.5ns 82.74%*
Lack of-fit
o s 8 1.159 0.276 54.66 10.3 5.00
Pure error
N
25 - - - - -
Total

y=ap+ayXg+apXoHagXy +aX, +asX Xa 1 JolS 93 dayd Jdo (6l cya b 9 gaw S ) el o =4 Jgaa
Table 4- Regression coefficients and R? for full quadratic model: y=ag+a;X;+a,X,+asX;* +asX +a5X1 X,

Coefficient values R?
dp a ay a3 dg a5

‘:&5’]_”5)"_ -81.3  0.0628 20.25 0.000009 -0.903 0.0077 96.10
Biological yield
&b 5 Sles

T -18.76 -0.0149 4.46  0.000025 -0.141 0.0009 93.48
Grain yield

oisrd ele 2l -101  -0.293  38.8 0.000066 -2.22  0.0357 55.13
N recovery

")5_”_:*'3‘_5””“?"_"5 864.7 -0.0443 -174.5 0.000124 9.123 0.00019 97.65

N utilization efficiency
0igr Srae 2 4005 -0.198 754 0.000218 3.74  0.0158 78.11

N use efficiency

it G 1815 9 (5950 Jite (slopie 0L oy X2 9 Xy
Xy and X,: indicate independent variables of nitrogen and plant density, respectively.
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Figure 1- Response surface for biological yield (A), grain yield (B), N recovery (C), N utilization efficiency (D) and N use
efficiency (E) of corn as affected by plant density and nitrogen fertilizer
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Table 6- Optimization of grain yield and nitrogen efficiency indices of corn based on plant density and nitrogen levels in
different scenarios

.. W ool shasouny 5 - ol
- Economic Environmental Economic- environmental
Variable - - .
scenario scenario scenario
DS 2 ) b 2,Shee 10.00 . 7.9
Grain yield (tonha™)
2 4b 2 55lS) (595 905k bl
(V) axedy (SEN p5ks i 69.99 61.86
Dependent (Y) N utilization efficiency (kg grain on
kg N in soil)
(K) Oiors > )l _ 64.75 65.91
N recovery (%)
(No m?) 3, o515
o : 8.12 7.0 7.0
) Plant density (No m?)
Independent (k ha‘l) I
X) . 9 DI 225.27 46.95 69.42
Nitrogen (kg ha™)
Cegllae pale 0.99 0.90 0.71
Desirability index
& 325 Ao sl (Y (aeannj ggpliow a5 Jls

ador ey OV pame Lol W 4 ol jolated
i jlpSele 5 b e LIS 390 4yl ool
J b die e mesd 503 Gl @ wul (6yeliST slaosles
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Ll 53935 9 e Syl ccilio 3 Slos Joa>

ot a3l g9 b aS” Cawlosly oyl calises llllas guls
Srmae a8l oj g (5)5laS Gisu ) bedle Bpas ol
ol Cows fles 4 ely; bS5 Sloe g s gladgS
laing odlatwl g ely; slapllas o pte dgups W Ll asdls
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Introduction

Response Surface Methodology (RSM) is a statistical tool for modelling and optimization of multiple factors
which determine optimum process conditions by combining experimental designs with interpolation by first- or
second degree polynomial equations in a sequential testing format. Nitrogen (N) and plant density are two
factors crucial to the successful implementation of crop management practices used in corn production systems.
Numerous studies have reported the effects of N fertilization on yield of corn. The optimum resource level in
agro-ecosystems should be determined to decrease production costs, conserve resources and reduce
environmental pollution which occurs as a result of excessive use of these resources. In this work, optimization
of nitrogen fertilizer and plant density of corn using central composite design for RSM was done.

Materials and Methods

An experiment was conducted using central composite design with 13 treatments and two replications at the
Research Field of Ferdowsi University of Mashhad during the growing season of 2015-2016. The treatments
were allocated based on low and high levels of plant den5|ty (7 and 10 plants m?, respectively) and nitrogen (0
and 300 kgN ha™, respectively). Biological yield, grain yield, N utilization eff|C|ency, N recovery and N use
efficiency were calculated as independent variables and changes of these variables were evaluated by a
regression model. Optimum levels of nitrogen and plant density were proposed to obtain the expected level of
these traits based on economic, environmental and economic-environmental scenarios.

Results and Discussion

The results showed that the effect of linear component was significant on biological and grain yield and
nitrogen efficiency indices of corn. Effect of square component was significant on all studied traits except for
biological yield and N recovery. Interaction effect of full quadratic was significant on biological yield and N
recovery. Lack of fit test had no significant effect on the studled traits except for NUE. The hlghest observed and
predlcted values of grain yield were obtalned in 7 plants.m? with 150 kg N per ha (11.71 ton ha™) and 10 plants
m? with 300 kg N per ha (12.22 ton ha Y, respectively. The maximum observed and predlcted values of N
recovery were obtained in 10 plants.m? with 300 kg N per ha (86.45%) and 10 plants.m with 300 kgN ha?
(90.14%), respectively. The optimum levels of nitrogen fertilizer and den5|ty were 8.12 plants.m™ with 225.27
kg N per ha, 7 pIants m? with 46.95 kg N per ha and 7 plants.m? with 69.42 kg N per ha for economic,
environmental economic-environmental scenarios, respectively.

Conclusions

Increasing nitrogen fertilizer led to an increase in grain yield and a decrease in nitrogen use efficiency
whereas increasing density caused an increase in grain yield and nitrogen use efficiency.

Keywords: Lack of fit, Full quadratic regression model, N use efficiency, N utilization efficiency
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Mean in each column followed by similar letter(s), are not significantly different at 5% probability level, using Duncan’s Multiple
Range Test.
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1: Date 1 and 2 are 6 November and 22 November. N1, 2 and 3, respectively 100, 125 and 150 kg urea per hectare
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Introduction

Nowadays, the phytochemical constituents of medicinal plants have received much attention due to their
potential use in nutraceuticals and drug industries. Spices and herbs are part of daily food intake across many
regions of the world. They have been used as natural sources of flavorings and preservatives. Recently the use of
medicinal plants and their derived products in the pharmaceutical and healthcare industry has seen rapid
development in recent years. As the other crops, the increase in seed and active ingredient yield of medicinal
herbs is influenced by genetic and environmental parameters. Although genetic factors play a significant role in
the development of the essential oil of medicinal plants, should also be aware of the role of climatic factors and
crops in the field. Therefore, medicinal plants dry matter production and its essential oils are controlled by
environmental factors, conditions, sowing date, planting? fertilizing and harvesting time. Researches indicated
stated that nitrogenous fertilization and sowing time increased yield by increasing hydrocarbon production owing
to the development of shoots and the expansion of carbon-absorbing surface. Therefore to determine the
effective N-fertilization level and plant sowing date for Fennel (Foeniculum vulgare) an experiment was carried
out to increase the yield of anthodium flowers and content of essential oil.

Materials and Methods

Field experiment was carried out at the research farm of Islamic Azad University, Shoushtar branch
(Shoushtar located in the north of Khouzestan), in Iran during 2010-2011. The experiment was conducted on a
split plot design based on randomized completely block design with three replications. The plant sowing date
(November, 6 and 22) and Urea™ fertilizer (%46) (100, 125 and 150 kg ha™) allocated to main plot and sub plot,
respectively. For identification of components, Agilent gas chromatography model 6890 N, equipped with MSD
model 5973 N and fused silica capillary column (HP-5MS, 30m- 0.25mm) were used for qualitative and
quantitative analysis of oils. The GC oven temperature was held at 50 °C for 5 min, then programmed from 50
°C to 240 °C at a rate of 3 °C min-1 and from 240 °C to 290 °C at a rate of 5 °C min-1, held for 2 min at 290 °C,
using the gas as the carrier (1.0 ml min™). The temperature of injector and detector were 240 °C and 280 °C,
respectively. The percentage composition of the essential oils was computed from GC peak areas without using
any correction factors. Qualitative analysis was based on comparison of retention times and indices on both
columns and mass spectra using computer mass spectra libraries model Agilent Technologies 5973 Network and
corresponding data available in the literature.

Results and Discussion

Growth and essential oil yield of Fennel seed and shoot significantly influenced by sowing date and N
fertilizer. Results of interaction the effect of sowing date and nitrogen fertilizer showed 6 November sowing date
and 125 and 150 Urea fertilizer increase shoot dry weight (442.5 and 438.9 g m™), seed essential 0|I percentage
(2.9 and 2.8%), shoot essential oil percentage (3.14 and 3.12%), seed essential oil yield (2.2 g m?) and shoot
essential oil yield (13.9 and 13.6 g m™). Anatole had the highest percentage of essential oil components. Highest
percentage of seed and shoot of anatole obtained from samples from plants sowing on November 6th and
fertilized with Urea 125kg per hectare under the influence of urea fertilizer by more than 39 percent of (seed)
and 45% (shoots), respectively. The highest percentage of seed estragole obtained from plants sowing on
22November and under 125and150 Urea kg per hectare, respectively. Fennel shoot estragole percentages were

1- Associate Professor, Department of Agronomy and Plant Breeding, Islamic Azad University, Shoushtar Branch,
Shoushtar, Iran
(*- Corresponding Author Email: rfarhoudi @gmail.com)
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not affected by various treatments. Highest of seed and shoot De-fench one percentages were observed.in
planting of 6 November and125 and 150kg per hectare under the influence of urea.

Conclusions

The results of these experiment revealed that the sowing date and nitrogen content affected the constituents
of the essential oil of fennel. Results showed that delaying sowing date under the North of Khuzestan weather
conditions leading to reduced growth and yield of essential oil. According to the results, the most suitable
sowing date and N fertilizer for Fennel under north of Khuzestan province condition are 6 November and 125 kg
ha™ Urea™ fertilizer.

Kaywords: Anethole, Dry weight, Estragol, Umbrellanumber
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Table 1- Physical and chemical properties of the soil and animal manure before the start of the experiment

B
Culan . . ) - .
! S S oS FojA  aons P Cheo oy oM <l o
) Oj9 e
pH EC Organic j’otal C/IN Phosphorus Silt Cla Sand Texture depth
carbon nitrogen y
(ds m) (%) (%) (ppm) () (%) (%) (cm)
Sk )
(Soil) 7.79 7.48 0.31 0.04 7.75 5.8 26 22 52 o 0-20
Loamy
sandy clay
158
=
(Animal 8.01 6.03 12.4 058 21.15 1180

manure)
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Table 4- Mean comparisons for interaction effect of animal manure and nitrogen levels on leaf and biological yield of hemp

13 395 0395 35 Sy 2,8as S jgom 35Nhos
Animal manure (ton ha™) Nitrogen fertilizer (kg ha™) Leaf yield (kg ha™) Biological yield (kg ha®)
0 0 2566.3 4683.25
50 3149.67 5962.92
100 3734.92 6973.67
10 0 2672 5034.67
50 3739.75 7246.67
100 4249.83 7949.33
20 0 3088.67 5960.17
50 4743.42 8258.33
100 5836.83 9889.25
30 0 3505.58 6495
50 5034.75 8984.83
100 4882.5 8451.42
LSD (0.05) 596.72 900.58

S138LS S 1 5 4Bl 5Kkt 2 s 5 (350,55 (ool 395 Joliko 51 (ko dumnlla -5 Jyao
Table 5- Mean comparisons for interaction effect of animal manure, nitrogenand phosphorus levels on
stem and leaf yield of hemp

LR 03955 3¢5 Suund 35 dBlw 3 Slos Sy 25es
Animal Nitrogen Phosphorus
manure fertilizer fertilizer Stem yield (kg ha™®) Leaf yield (kg ha™)
(ton ha®) (kg ha®) (kg ha®)
0 0 0 958.16 244.83
80 1085 2690.83
50 0 1194 2775.16
80 1411 3524.16
100 0 1370.83 3456.83
80 1694.33 4013
10 0 0 9425 2360.66
80 1073 2983.33
50 0 1373.33 3591.16
80 1435.83 3888.33
100 0 1593.83 4067.33
80 1830.5 4432.33
20 0 0 1132.83 2983.33
80 1355.83 3194
50 0 1832.66 4460
80 2004.66 5026.83
100 0 1923.83 46725
80 2541.83 7001.16
30 0 0 1176.16 3218.66
80 1273 37925
50 0 1709.5 4674.33
80 2566.33 5395.16
100 0 1762.33 4774.33
80 2103.33 4990.66
LSD (0.05) 433.75 843.90
9 Cagby ()laSs cd b b me ilidl g S pH el Iy e yolie oalp o & SB 4 JI sladgs 2458l
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831 Sy Ll 0 Sdos bl 9 sﬁ Gousss plols iz glaw J.u;l.v

395 29 5l 5568 o] oline Lol Dy dey30 S 1 i o exlizl
» ol d o gonmdyLis 25 55 CIN s (1 Jgis)
Neyshabouri ) cowl lase byl s )0 (Seo s o i
o 265" il enlaul oy Yl & (and Reyhanitabar, 2010

b e inlojl ol 5> o ol

alaylya ol

2 aS il e ab o Slee gonmd LSS 53 aib)lia 50
Valadabadi et al., ) 3)l> ot Lids 0o Juusls 9 3ly5 oybo
aulio ) 1S ,> yawd p,59lS 80 lews 358 B pao (2007
11718 Lioljl coma (799 Jlassl L) ()b sime yoboas amli L
Py ygme S8 sad (352 Joaz) 13 @l 1000 )55 105
ol 5n i ol ST 45 o il obS (Silplio sloan] 8
Sl )3 50 5 Wardsiud (S5 slad Jiss il Ol 5
05 Hlwo 50 3659 b (Moradi, 2015) wisb e 0L )3 lagy 351
oS by o] @y ol (5555l Sl 0 & SB o i
dwy o yi54s (Mohammadpour-Vashvaei et al., 2015) .l
e g Jrry Sland g (oliowd 358 3ok ) jhud (pels o
3 3390 yhd i 53 0L (gl ool 358 5l 00 Sl yid 52 1o
sowd gl ond S5 ol B @ dagi b g Cunl 0dgy S50 ailialis
ol B i puiored L ioli8l 1y aild)lia yie ol dtwdles
Aoy g 00 S 5 oS sl plsoti am yiud b
b g Loy pde gl b g a8l Bag5 & LS n (03)
ails iy 0y9 b dlae 48w, 5l alspo oyl > ol obls
G Jole pl g Canl oS Jngid Jos pglts o e 5
5, [(Tohidinia et al., 2014) >l baily ;55 (il )5 oljwas
093 ;0 &l 35 L5)S Lo o (Reeed et al., 1988) ) Sen 4
aloyo ] )3 SIS (s friangs Slse (el g 2980 (e o] 45
sl e b)lia (jg (RIEN 3 olS (Ldlj s sl

dily o Slac
g ol By ins 4 & Canl oS (golaidl iy aily 5 Slas
Jiilty 5 (ame Jolse 515 co5 Jole (ol gy o poibo
sl (Valadabadi et al., 2007) 5,5 - )8 oS S5
S Jlazo k) (595 9 (495 Jlainl L) yid g ab 58
i b e (Ll il gud g il a5 Sles ()b cxe

2 Jgz)

Oili8l Lo sen jalod |y wilials adle g Sy > Slas ¢35
25 ablo 4y Sy Cnd ) (6 et Slatunsles aylows ol (Jg 2
Tahami et ) )], \Sen § oolos jas b Gollae oS opl (2 Jgio)
(Ocimum basilicum L.) 4lsu, 4)b olS (59, (al., 2010
»» (Asghari-Pour et al., 2006) (/,LSon 5 5550l 5
g Bl g olejen Glalidl wiliald ()95 98 I (o)
YU polae o glayiw byly b og ol U ) slials Sy

izl (53

S5 9 9 Slas
Siiogih e ax oS o Canl () Sy Kol >,Slas
Majidian) 5,51, (el iwgis & ygods Casl B 1) 365 s
4l 5 Sy bl 5,Slas Jols SGjglon 3 Slee (et al., 2008
il jles 3> S g able 3 Slas Rl aagi L Y L0k e
o b S, 59,5 o5 ok 100 ol o 4 ol 5457 o5 20
B95 (bl Jlos )3 55 Sl 0 Sles 45 ) oo llat]
il g8 JaSo (18 g5 (A Jgaz) S3L Oliee oyt
oalS wiy ol > o canl cax o] 5l olS 3 olewd ¢ (b
Alsgra pml).é olﬁf J..u':") dl).: l) u.\> JJLQ u.)l.\f— .)lyo u.:w .)95
g Byunoy ldeoly s ooy S by gan slaoyed s
Blaise et al., ) o 2> o I, 8oL3 Ll )5 |y oY 8yunonS
595 i i olie yolie ad Jaxe dee L (2005
Sy dawgd ddday oS (6l 0F9 (lrend 355 5 (551
yolis 5 O g ol [l L ol aisldnwgs claddy) b oo
(g e (SLS 5 s Gl 53 &S (g ofgr (2l
i3l oS (Slom 3 )Ses wunl 5o 008 5 g S
Bigonah et al., ) ,LSen 4 ol .(Moradi , 2015) 125> .
acs glacals jilisl 1 S s I sly e 3909 (2015
Fow (Sofpdgn 9 e = (Spd Oleble dgg 5 (Sgaygn
by ogdlas byl b olool o1y else (ol g dizusly e cuils
yieS LS 3,8 (Byme olS 5 Sl (ljal ity 5 ()
s5lslil o, Vil 51 o palie 2 a5 (5950 sladS
7 ladian solf lodss 1S 2l 5 ine (gt S
Sl oS 5 S clapuilS)lg o o colB) 3939 St Yiazs!
O35 Cadgime 5 (Sl 059 9 esesel Ojes Wi
LasgS ol CIN cans il38l Jdoas olS (glp wds LB Sase
Pourazizi and Fallah, ) a_sb o 35, Joad Jolsl 15 o354
b 395 CIN e wizyn yinlojl ol 5 (1 Joas) (2013



1396 oybino; & ojlois 45 als oyl 1l o2ly5 Gleidos a3 pis 832

192l oL duwi (55505101 Wlho (s (Niwnod il w5 =6 Jou
Table 6- Correlation coefficient between measured traits of hemp

FULIRYT LU
&Em)l Sl s a,fl«.c a,%J& 3 Sl s 3 Sl ua:l.w s 50y
adlw adlw Sy &l SO 5elam Sl
Stem . Thousand . ? Extract
St_em diameter S_tem L_eaf G rain grains Blol_oglcal I—!arvest percentage
height yield yield yield weight yield index
1 1
2 0.3917 1
3 0.560™ 0.485™ 1
4 0.642™ 0.449™ 0.736" 1
5  0.353" 0.245" 0.413"  0.532” 1
6 0.229™ 0.324™ 0.432™  0.3287 0.284" 1
7 0.642™ 0.472" 0.8277  0.962”  0.694" 0.390™ 1
8 -0.389" -0.321" 05157 -0.5377  0.3797 -0.145™ -0.383" 1
9 0.510™ 0.260" 0.3717 05367  0.213™ 0.165" 0.492" -0.379” 1

Loy iy 9 S e ) dme BB Dgng iy - 5* Gy gxe BB 3939 pac 1 NS
ns: Non- significant, * and ** significant at 1% and 5% levels, respectively.
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1- Aminoalkylindoles

2- Cyclohexylphenoles
3- Classical cannabinoids
4- Naphthoylindoles

5- Phenylacetylindoles
6- Benzoylindoles
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Introduction

Hemp is a dioecious and annual plant. The most important use to this plant is in the food, drug, and natural
fibers. Proper fertilizer management for a medicinal plant species is important for increasing its yield and
maintaining the quality of active principles. Sustainable farming is on the basis of natural fertilizer application
with the aim of decreasing chemical fertilizers. Various studies show that application of animal manure with
chemical fertilizers (as N, P and ...) have positive effects on soil structure, microbial population, soil fertility,
growth and yield of plant with the aim of protecting the environment. Therefore, the present study was under
taken to evaluate the effect of organic amendments enriched with chemical fertilizers of nitrogen and phosphorus
on yield and extract of hemp.

Materials and Methods

To study the effect of different levels of animal manure and chemical fertilizers, a split factorial experiment,
based on complete randomized blocks design with three replications was conducted at the research Farm of
Faculty of agriculture, University of Birjand, during the growing season 2014-2015. Experimental factors were
animal manure (0, 10, 20 and 30 t. ha-1well rotted farmyard manure) as the main plot, and factorial application
of three levels of N (0, 50 and 100 kg N ha-1 as Urea) with two levels of P (0 and 80 kg P205 ha-1 as triple and
P was superphosphate) as sub-plot. Animal manure, P and half of the N fertilizer were applied before planting
and the other half of N were applied by top dressing. Hemp were planted 5 may on rows 60 cm apart, with 30 cm
distance between each hemp on row, at the depth of 3-4 cm. Measured traits included leaf, stem and seed
weights, stem height and diameter, 1000 seed weight, and leaves extract percentage per square meter in sub-plot
for female plants of hemp. Also percentage of female plants calculated per sub-plot. Finally, all variables were
analyzed by SAS software (V. 9.1). Comparison of the averages attributes was performed using FLSD test at the
0.05 level of significant.

Results and Discussion

The results showed that the percentage of female plants did not affected by animal manure and chemical
fertilizers. Stem height and diameter, leaf and stem weights and extract percentage were increased with
|ncrea5|ng rate of animal manure, nitrogen and phosphate fertilizers. Phosphorus application caused a 11. 2%
increase in thousand grains weight. The hlghest stem and leaf yields were 2541.8 and 70016 kg ha
respectively, which were obtained by using 20 t. ha animal manure with 100 kg N + 80 kg P ha An increased
stem yield was also obtained by applying 30 t ha™ anlmal manure with 50 kg N + 80 kg P ha™. Integrated using
of 20 t. ha® animal manure with 100 kg N + 80 kg P ha*, and 30 t. ha® animal manure with 50 kg N + 80 kg P
ha™ were appeared as the favorable fertilizing treatments for hemp.

Conclusions

It is suggested that combined usage of the animal manure and chemical fertilizers have more positive effects
on growth and yield of hemp in compare with the use of fertilizers or animal manure lonely. Also hemp
nutrition should be done according to the aim of producing.

Keywords: Cow manure, Triple superphosphate, Urea
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035 gy Ady b (6 ymune)S Sl | S Vigna sinensis L.
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byl @ygo puS bl 3,5 puiS (IS 5ol 0 )las a0
O ygmodny A5 SLoli 2,8 QLS )3 o 93 Glie 4 SB L
P LG 3,8 LS 53 5 e olie & S L Lgbis

LS o0 SRS 1) S e s sladle ool oluss 5 5 Sy
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38as byl Sl pliSyn (cds il gy Cae b (5550l
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A5 plool EXCel 38l 5 b 56 b S ey oS
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b8 5 5l Lausgs i 3,90 (e Il 532855 g0 lo
oLl 3 43S e udans Joo 4 plSI (o 105 035 o5
Sy el 10 alols & olaaity 5 g5> 55)l6 dbwges
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)5 55 50 s 9 OS5 9 o ookl S IS pas pglaiess
soitedns (65505 9 S5 e 4 O il jglatedy (S5 &S
Poledby s bwlgl o cuis g oYL LSS (iS5 Ol zg)5
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o pied Jobo 4 cutS kS ez Sl ialel @8 a0 plos
Al Ay S RS Gl @) 95 G dlols )3 5 0l JiSuis
) i g Al | Mg S le a5 4588 5 o
il @5)ld 2ble il b ol culS 51 S (LS 5yl
5 sloyd S50 L ,kse 5o 1) 300 Jolore woes L g Lilgusl 558
g 43 03y, dbgrye claes)S 53 )b 215 g plews HLid
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Table 1- Physical and chemical analysis of field” soil

o ) - Colun iy I oS S oske
09X oy o Organic Organic
. 1 . 1 Phosphorus . pH
Nitrogen (mg.kg™)  Potassium (mg.kg™) (Mg k) EC (dS.m™) carbon matter
9+ (%) (%)
1.05 2.22 0.4 7.34 8.05 5.9 12

5 9> 22,5100 5 50 o )lae il Jsloro slojleg a5 (3 Joa2)
3 ol 5 S ile oo 4 paiS (Ll (5 can Jaia 318
A S 5 gyl 09,5 Sy ym sladile (ST sl s
09 o 4 borpe ey 35 jppcdle oSI o yide 9 0 yeS
g Sloglony Sl 1 otlojl )3 05 Juad plas (g pie
pa=5 JS {Euphorbia spp.) S, jaslacale Jms o)
Conringia ) 55 5,5 s S (Centaurea depressa L.)
» (Polygonum aviculare L.) s scan cile 4 (orientalis L.
d9290 S JaS T & 135 sanliie 5 4 () 3959 455
Ty wdly oxi)bjl 31 5ym slacale ud) g dilex lalig 2 > 0

(Jafarzade, 2004) 3¢ ,5U 9 3956 d5gy 305 (59,

acyie cdle 5y acile claaigS el Cund @l oy

o5 4alw 9 (Echinochloa crus-galli L.) cg,gu Jolis iolel
bosye o515 op YL aidl &S K54 (Chenopodium album L.)
pie 1l Jlos 5 ol o815 45 (g ygbes g Lgygm 5y dile &,

Dg qpe yio d G 80 g

mdle o515
sladile 6515 p pialejl lalas 3t o ol oLt gl
oy s Lap,Silie danlio (2 Jgas) 340 (P<O/01) o jxo
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Table 2- Analysis of variance (Mean Squares) of dry weight and density of weeds due to experimental treatments

a5 le (@lfary 5 sadile oS5 e gladle SWS

S.0.V df Weeds density Weeds dry weight
S 2 13.633™ 12.866"
Block
et 9 401.908™ 14.940"
Treatment
s 18 1.911
Error
oS 27.7
CV (%)
o3 Sy 5 g Jlain] o 53 3 sine 5 Bine e ik ¢ DS

*** and ns: indicated significant at the 5 and 1% probability levels and non- significant respectively.
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Sgdie ol gy 30yd 5 o slaplil oy (ials esly
—yy y9aieds |y —dlel (Tho et al., 2008) ) ¢ 5
ol sl bl (Cucumis sativus L) jls Ssbgll cluoguas
Ggyge it 595 22 0128 5 )l olS I 85 0 lae b (e
ol ol ojluas aidl s (pling 3 gy )lie A jpacile)
OBl L g S e il a5 baojludld a3y 5 (Sl
ol 5 pmcide (ol o o (S85l3k b g8 o lae clale
Lo ialel (slayloss 0l S5 (slajingsy ol S b
aS el jpn sladile gt (il p geg B b
wegadan o gladile (YU sl oS15 1) o U e
YLl 03958 g o515 4S5 ygber 905 S5 g9
oiSeide L5 il o o aoly 2 5, sladile
5 Sy Lly e 3 035§ slacile i olliés
W51y ozl b as” whals oL (Winkle et al., 1981) )Sen
codlas S slp Sl 0y9e S le 5 raw 2y 5 el
S Sogmo ol e o g el GRIBEIL 5o e slacile
oS palS L ()b jlad aalygs give jya lacile gl
990 o)luae (b Jslxe g paiS bl b o 5m slacile
AL oladis L osledl sy (3 Jgie) g2 10y 100
by b g opl 1Y cslansly mlio dy (g i (o ywd Slodds juuw
pis sbes Jole wlatuilys iaw s2ly )3 (wloger i 15
&5 uinlasl ol mlss slily 55 ables Mg 0395} Cung
S| )y, (Zare Hosseini et al., 2014) ) Se» o

l_g Sls uM_wy Ao )0 60 4S ol 0 uu)l)f e
paS o o )a5l clad &S ol o 5,155 (Bilalis, 2003)
519 (Worsham, 1984) el o] coul 35 3lge 3105 s @
Slg—a 5l oohis o)l plgd azin ib L5 o SaSogS ,w
elolis puS )3 SJgid slasul 9 DIMBOA wile JSuS 4l
Inderjit, ) ohLSen 5 cunya il (Alsaadawi, 2001) aslba s
aS by, dls L v 5 pAS Lol gadllas 4 (1999
pAS L oS ol dlo i oz dddyy 15,8 saaline e oy
(Wang et al., 2004) ,Ken 5 Silg .l odis jlae 035" A
slecale gy xe jobay puiS (ilS g olS @le 48" W2 )ST i)lS
QS 5 o5y 29290 SSlglll Dlge 3905 J5uS ) @0 )30 S0
oEalS romen Db g0 393 Cpglne 3 asiie i slacile
0 odalie i paiS sLlG u"—l sosbas Sy 5 slacile A,
ojlas 3 dgrge LS duwy oo Jlas 4 (WU et al., 2001) coul
PS5 SLlE: 3 29250 LS g saBgh 5 gt dlse S Sl 2
18y 9 sgir il bl e g sl ol bsas oS
LS o g 03l 5 b o ) jya slacile (slaazals
ol 0xd gl WS15

Jud sladdle KA (59
sologs (PSO/0L) Jls sime 13T 51 ST iy 4326 s
auglie oluly (2 Jga2) 350 jyp slacale Sis (59 ialej]

2l ab plas (g o 2 (3 Joia) oad plosil (1 S0ke
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Sr sladide 035 9 w515 2 (G pde il slagshy,
YL o515 sl (odider GlalS @lle & 20,8 plo oliie;
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Table 3- Mean comparison of weed dry weight and density affected by experimental treatments

g i ledle o515 pladile S8 o
§ Weeds density (n0.m™)  \weeds dry weight
Treatments 2
(g.m™)
b plas g 0.000" 0.000"
Weeding all season
O pls 39.00° 5.617*°
No weeding '
e 2.333 4.139"
Herbicide
i 202 S0 e 19.00% 4.043*
Wheat extracts (concentration of 50%)
S 20,3100 o 2317 7.189%
Wheat extracts (concentration of 100%)
piS (sbliy (ke > (52)
Wheat residue (2 t/ha) 11.67¢ 6.555%
pAS sLls (_)m »od) 11.00° 3.265°
Wheat residue (4 t/ha)
pAS shle (_)m »8) 8.500% 7 400°
Wheat residue (8 t/ha)
32 20 S0 ojlas. 9.500% 5.372%¢
Barley extracts (concentration of 50%)
> 20 100 0 L 4.667% 6.201°

Barley extracts (concentration of 100%)

S5 deoy> gy Jleis] g ;3 LSD yg0j] poluolys Iy xe M3 (gt s )3 S jidie gy ()b (slacySile
The means within the same letters in each column are not significantly different to the 5% level of probability according to LSD test.

pis 2ol jlog & o |y 5,0 dl‘bf’l‘ o515 ol ssba
S LilS 5 ol (oolj ke LOES] Yol s ialS s
sladile )i Siale ials pegMe S L (S 3 oy cuda)
b ool jlg cuload S pdin Cugh) (5SS s 52
alllas Bl Ph e BMe sl g Lugd by dgugy 50 Cuwl dules
Yadavi et ) ),\Sen 5 554 9 (Mirshekari, 2008) ¢ \$5 e
Shas a8 b ol e gl o Jdieuia g (65, » (al., 2004
g b ash oy Sloe L ) (Siuer iy d5g yb j0 pls
el Sy glacale b ey & cond 3 Sles s o i plus
Slao 25108 5y slacale WST5 (El581 L wlosly ylis clagiss
bk )3 (LS Gide (n ) ok 3 peyies JB ol
O 3 om b gl > 5 WS (352 30> GRal33l s oS50
9 S Fhgd lga o &ijlge 2ol polain 4 05 (F)leds 93,5

Lusl @ by e lie
UL ylaas

(P<0/01) (g s ino yobots ialojl (slan)los ol ()Lt ol
s poluly (4 Jgas) w3l 3 b cov 1) argy ,o B slass
s iy Joad plod g Jlog O Joa) 0:S0loe aunslie
e jlas ol plamdl sg da bjled plo 4 o |y M
25 g2 203 100 (go)lae (S (Bl glxe (slo)loss
B dsdxe Geizmen 5 ,USe )3 (o Cudin plise 4 paS Ll
09,5 o ;D BME sl oy o b paiS o yd 50 (g0 )lac Sy
basles b5 4o bype gl 4 anhe b wissS 8 o)Ll
B9 slalos 45 b oanlie o slacile (S15 5 (tale
Ldlgs LS > o Cudin (lie 4 pAST LG 5 )5 jogadas
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ob el Sy asg o dMe S oliw gyl ixe jobods A,
Sy cillas o iolojl zlis L a5 (Woolley et al., 1993)

Sy G > AN s gl 5 iie 5L Sl gl
09 90> Capnd (IS Cle S &y g0 |y o ! (4 Joo2)
adllyslay 5 s 5,155 (Nooden and Thimann, 1963) ;L 4
S9) 7 ippalime el g e (SIS )lge )51 ol (5 Se
L oeig g i abezjl Jobo (0 )i sl spgp slosial b
Ay gaals ]y elys ol a9 bl anily RNA

AL b JSis s 5 1 (olisd wlge 5,80 5 iis Hlide
Khan and Mumtaz, 1995;) 655 0 Bis S5elg 58 jebods
Oilill 5, slacale a8 col s i5)l5S (Bastawesy, 1991
a8 1 o ials 1y e Lo jo jtwsd LS gjlulale
o plie ol parass g e Sl ol Jgas 3 o 2ub)
2 e oluwd Colegyd g5 0l dalge Cudgioe b Linly (slaplu]
450)S" 5)155 opdicee wen (Malik, 1993) Wb o jials &g
039> 5 Jsb 53 b Logd b dle S 50 lacile cols) oS

oilojl gl iU ot bl ug) Sl I (B 1 (Slrspo SSle) il lg 4325 -4 Jga
Table 4- Analysis of variance (Mean Squares) of some beans traits affected by experimental treatments

. 33 GBS dlaas L &l 3,Sdos
gove iy N VY H T A YL > &il> dlawi SG590gm 3,Sdos Grain yield &l xo (39
SOV df 9 Seed number per pod  Biological yield 100 grain weight
Pod per plant
;’l" . 2 0.385™ 334.876™ 841841.364™ 5539.367" 1.712"™
Replication
e 9 37.084™ 10922.48™ 59066801.459"  14576513.235™ 11.698"
Treatment
ELB 18 0.984 203.718 1065268.952 134910.809 4.132
ror
el 17.26 21.10 17.27 14.12 10.07
CV (%)
o155 Jlaisl s 3 b sins 5 55 ixe yé iy o DS

*** and ns: indicated significant at the 5 and 1% probability levels and non- significant respectively.
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UL Hu ddla ulaas
GBUE > aib ol (4 Jgan) ol oylis uibyly o5 ol
aS o ol (5 Jgao) bapuSile dulie 340 (P<O/0L) b jxo
LS 5 Cudd plise 4 puS bl 308 5 g slajles
2l jla b duglis o a8 aidly 1) BMe )5 &ily dlawy iy
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5 e 228,58 s 5ol )l e )3 9 13,5 W (g8
(Ghanbari and Taheri Mazandarani, 2003) _l,5;l (s ,»lb
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Yousefi et al., ) hlSan g dwg g0 I gme AU )5 aib
U coog 2956 BULE > a0l sl 48 Wn S 3155 (2007
Ol o pieS Lol 4S5 18 50 lacale S iz sla b,
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Table 5- Means comparison of some beans characteristics affected by experimental treatments

H o > SYE dlaxy s aild 3 ,Shos
Slow YL 45 Ails dlaxs wls 2o oo s 6‘”’"”” b’s_l“' Grainvield
Treatment Seed number per pod (_g) . et Blologlca_llyleld rain )./ie
100 grainweight  pod per plant (kg.h™) (kg.n™)
b pled g 168.9° 22.44%° 15.33° 16750° 6285°
Weeding all season
Nﬁgggigng 34.30° 18.77% 4.667° 3672° 1368
H::;:f;e 54,75° 23.54° 3.133¢ 4881° 2501°
203 50 o,lac
puiS
Wheat extracts 34.53° 17.92% 5.467" 4222° 1241
(Concentration of 50%)
F.Mf .x.;,alOO o)Lac
Wheat extracts 30.73° 17.54° 4.333" 4177° 1044°
(Concentration of 100%)
(o 55 57 2) pasS cbliy 43.93° 21 1725 5 3330 4602° 1866
Wheat residue (2 t/ha)
(2 o 5 4) pa8 Ly
Wheat residue 32.40° 19.62°% 3.533%¢ 2630° 1279
(4 t/ha)
(2 0 5 8) pus by
Wheat residue 192.5° 18.81% 5.800% 11020° 7093
(8 t/ha)
9 30y3 50 o)lae
Barley extracts 46.80° 21.12%% 3,733 3176° 1963
(Concentration of 50%)
5 30> 100 o )lae
34.40° 21.01%% 6.133° 4610° 1383

Barley extracts
(Concentration of 100%)

S5 Mo y> gy Jleis] o ;3 LSD (g0l (bl 5l sime IS ¢ygia ya 13 S o gy (il (glaypSilio
The means within the same letters in each column are not significantly different to the 5% level of probability according to LSD test.

30 L5 20 cpm (Sl coge ol (Son baslpd oyl g Cants 35
(Koocheki and Banayan Aval, 1994) 45 45l (59 4>
o35 wlie Ladss ) (Raeis al Sadat, 2007) @bl s,
50 a8 59 (c)loi 4 bagsye ) dilblia 13 oy &S 5,8
Ol 3 (LSe35 93 Glime & IS 5 o) puiS GLlky a0
5y50 @bio Qla b 5y slacale o yla5 & 11 05y o oolitul
) 5t dlge polaidl Glie o 43) (2alS 5 (o5 ol 5l

ol 0 il duo 59 ialS Cge g 0db ials laaly 4

A ly @) A ws 59 yals’ (Makarian, 2002) LS.

S9y 52 gladile <) (i J1 )5 S gaw plgdy il >
Oilejl il Jols zls j3 .08 5118 ladily udy dsye jd )d
S el b Log) 6 20 g o i il 55 L
slaylag a s ob L ol cicren .Ad sdalin ja slacale
Ll 2,2)LS 5 92 003100 5 50 (go)lae (S il Jglone
Lo g slass ojll 4 diuslys JLSe )3 (5 93 (ljee & paS
a5 o (5e s iolidl ) ol aibs do 59 (S cale g Juad
Sy 0393 Laalyd 51 $lie o 3l Ll o 5 Cnoguas S



BAD . lilipicr Lugd 5 Slae slyzl 5 9,Khat 1 33 5 poiS ol ompal 55 5T

435 0dd g Gl S A Cud o8 Lagl 4l 5 Sles
55 4 ¢ plpls (Ghanbari and Taheri Mazandarani, 2003)
2)93 plai ) b gl b 50 (slacile culd) pglis oS ) oo
i gl (g pas jle 3 3)Sles alS 4 e olS A
slacale o, oljl Gls cel oy a5 Jb jo canl oy S
M ialjdl Sdos aom)s 5 o (b Lagl olS (59 2 52
sow cpinlasl ol 5l eael Codts gulis 4 asgr b el 03
Oliee 4 pS Ll 3,8 4 s (6518 3 Sl iSile
Cowl aSale s 18 o) el ail (iSa o oy cula
2 g slmei iy LS5 J spSsly o) & GpaecSls
5 sk (A8 usb 5 oo e )3 JS] sl jsine s
giSile cpl bl od)S o o sacile jd (a8 s 5l 505l
ol 3 LS (45 s (9 1y 355 e b Sl e
b ollsls (555 gty 335 3] 555l L 13 o5 323 (s
Sl 03 35S oo G0l 53 Jsbo Slovuds i
ohlus 31, ely; oS 5, Slee ial s (Talbert, 1965)
Ramezan ) couwl oai odalin (dixio Gldlas o o S cile
Lo zols (Zadeh Hojabr and Razmjoo, 2014; Wilson, 1990
L bglsee & ygody paiS ilS 5 it 3087 jlawd &8 0b LS
Iy ==lyj olS 2 Slas uad plad puzg slows 0jl0] &y cunslyy S
(Singh Sidhu et al., 2007) ) Sen 5 gapun i a3 i3l
Bblie ) &3 3 Slee ialidl 55 g S slod pSaita Al j5
o )3 PSS IS 5 0l8 ) @3 |y (g ypee)S 9SS
S Cagby i 51,bj) (2l Gbll Lais 35,8 saslite SB
cesl S g jl s (tals 5 S lod (ials 3L ]
Limon-Ortega, ) ssi 0 S 3, Sloe slinl g 5,Sae i3]
OlSen g cpallyy diej (pl 5> 457(2002; Sayer et al., 2001
g 0lS gle 48 nges )55 50 (Badaruddin et al., 1999)
Ol el SLSe g ol (g O balys )3 3L b
S ohie olge iolidl 5ok 5l L bhas 0l puS 5,Sles
g pigd D9 0y &b 5 Sielon 3 Slas ilidl el Cunl (S
GLle cuiSy a8 15,8 5,155 (Fischer et al., 2002) )lSan
A PSS g )3 3y Shes (I3l g gyt enlb > (LS
Wgh) yie (onld Bk jl a4 0 Ll bis )b 5 5%
slecale J S ooz o il dnib 3 Sles p suie 5l Wl 0
o) sl o <y Sl Byl Sl )l (ST ialS g jm
2 ol s Gl3dl cage s cuslio s g (jpmaile 5 o))
Bastawesy et al., ) 55,5 o 45l 5, Sloe 4 pls > b iy
(1991

S5 9 9 Slas

P9 shine I S pib)ly 4ol Jols ol
35 3> Sy g )3 Sufglan 3 Sles  0ad Jlosl slaloss
3ySlas a8 b oL (5 Jpics) (Sl Slanlio (4 Jpao)
ol Jlacm g5l oty g e 0 by Lugd Sojdlse
G 85 Sl )3 LS )3 o5 Cudd (e & pS Ll 58
OhLSen 5 (s)ls (5 b L (gl b Ll b jles ple &
byl 30 3959 S 5gon 3, Slee ]38l (Tewari et al., 2001)
Sl 04 (B)l5S copiman 03,8 (IS ]y 5 e slaile J S
Jsane b5 05 o Llay 2,15 b 5,0 sloile oglas J 55 o
295 Jolbs (Jod L85 Slos jioS a o Bpo by g adn S )
Danga and ) Ssa Sy o LSS (Ebrahimi et al., 2012)
Sl e e 30,18 &S iy Ll 55 (Wakindiki, 2009
yolis ol lifl 4 poxie SB- Jiale b (ialS (s pS
dow j3 pAS ilS g olS Laas ol pogMe g 0 SIS o lie
aSopbdn il e SB ol ar ) b o sl e S
P Ll 86 B L awlis ) odew bl gL S
b 3 N3 gwil g 0kl S Spd aee YL Ol a2
5 (Chen et al., 2005) siad o Cowd jl y5 03 1) 395 &yl
5305 (o5 S lys drp p paS IS e 1L L)
»ly eSS LG ia (Najafinezhad et al., 2009) ), Sea
)3 3,Skee 390 5 9 Oyl anyd hawi (SB I ool i3l
paiS sbla 5,8 a8 o i Lo gl IS jeboay .0,S" i)l
IS L Slgie Juad plad (g 9 5188 53 (5 Cadn liee
e g a3 L8 el5 ol Ladl o |y (gt mlie 0 slacils
D)8 A Log olS 50 Siis godle zeo yiulj8l 4

dily o ySlac
sbajles 51392 )bine pilo)ly w20 5l Jol> b
(4 Jgacs) ols lis doyd S grdaws 3 1) il 5 Shes il
2 &b 2Sles o 30 o1 51 (S 55 (B i) loSile Sl
Uilsdl 5y mcile (S gy 5 @15 LS | dilise (slayless
P9 e 4 paS Sbld g g byl S ygbar 2Bl
Wl 3, Shes 0y 80/T9 5 78123 o)l o o ity ,liSa
)l 09,5 Sy 5 9 b jpadile 4 0xgll dals Lo 4 Cans
100 450 o,lae il Jolxo (slayloss a5 Js j> cxizd )3 ),
995 olime 4 puS bl 3,8 (g 103 100 o )lac (a5 2oy
o G ) a5b 0 Shos (oS (g pie g 1S ) o Sl
5SS 5 (6ylol g Sy 55 5 W3 L eyl
3o 812 ialS Coge jyn sladale S pas oS ol ond



1396 cybinmo; & ojlois 45 al oyl 1l 2ly5 Gleidos a1 pis 846

S g (Joid dlye (SJgib slagl Jold o ol 3 2925
a8 Gl o o slacile o515 JalS L Sl e il oo
Gty olS 5o i (izmen 335 jya sladile b Loyl s,
orgb) (o O 55 1 SLE (58 Laulpd 290 )3 p4S
i3l s S (Tl dlgo (i ol SB clod Joiw
wegate (jg (il j g SB > ale JSas jialsy (ol
(Foroughifar and Pour Kasmani, 2002) SLs ¢l b
bog il g Sglsm 3 Shes (pgmen Jlio (hljEl eel Slp oo
Ulgi e ST |y piiS LS 5 ol gLl b g gazms 5 39
b i sbaddle plerd & Copie 3 5o (0], plyiea,
SiogliS Sl & s cax 3 (B (o) olS 5 Slee iulj8)

(8 35 4ol

oS a8 b pled (g slass 1 ob (LS b
Culd (liee 4 puS GG S )8 Slajlas 4 bgaje jya slacile
392 93 2oyd 100 5 50 (gojlac Sy il Jglme 9 S p> 0oy
391 o (o )lel 5 31 gl (5 LESile 3,018 Jlag | &S
A Cand Lajless plu (uad plod cpog jods a5 gy Jbjd oy
i gladids SUiS (5 50 )b ire SRR g pis les
o paS Ll 0,LS 5 g slajlesd rimed 3,55 x|
WMe > aib dhw b gxe iulel el [liSa (o op Cuin e

syacide 4 039l sals 4 Cuns 4 3 Slee 5 So5elgm 3,Ses

sbla 5 ool 48 by lis Gialesl opl ol JSjgbas 505 ,5

Al ol .
’ Sblll slge G ybjl QS 5 08 (5 cutin 38 Joguad ey puS

References

1.

Alsaadawi, I. S. 2001. Allelopathic influence of decomposing wheat residues in agro-ecosystem. Journal of Crop
Production 4 (2): 185-196.

2. Ashrafi, Z. Y., Sadeghi, S., Rahimian Mashhadim, H., and Hassan Alizade, M. 2008. Study of allelopathical
effects of barley on inhibition of germination and growth of seedling green foxtail. An Open Access Journal
published by International Crops Research Institute for the Semi-Arid Tropics 6: 1-6.

3. Badaruddin, M., Matthew, P., and Osman, A. 1999. Wheat management in warm environments. Agronomy
Journal 93: 975-983.

4. Bastawesy, F. I., EI-Bially, M. E., Gaweeesh, S. S. M., and EI-Din, M. S. 1991. Effect of selected herbicides on
growth and yield components of rape seed (B. napus L.) plants and associated weeds. Egypte Journal Agronomy
13: 1-8.

5. Bagheri, A, Zand, A., and Parsa, M. 1997. Beans, The Bottlenecks and Strategies. Publication of Universiti of
Mashhad. P 94. (in Persian).

6. Bilalis, D., Sidiras, N., and EconomouVakali, C. 2003. Effect of different levels of wheat straw soil surface
coverage on weed flora in Vicia faba crops. Journal of Agronomy Crop Sciencel89: 233-241.

7. Chen, S. Y., Zhang, X. Y., Pei, D., and Sun, H. Y. 2005. Effects of corn straw mulching on soil temperature and
soil evaporation of winter wheat field. Transactions of the Chinese Society of Agricultural Engineering 21: 171-
173.

8. Danga, B., and Wakindiki, I. 2009. Effect of placement of straw mulch on soil conservation, nutrient
accumulation, and wheat yield in a humid Kenyan highland. Journal of Tropical Agriculture 47: 30-36.

9.  Ebrahimi, F., Majnoun Hossieni, N., and Hossirni, M. B. 2012. The effect of extracts of medicinal plants on weed
control (Amaranthus retroflexus L.) and (Chenopodium album L.) in beans. Iranian Journal of Field Crop Science
4: 757-765. (in Persian).

10. Fisk, J. W., Hesterman, O. B., Sheresta, A., Kells, J. J., Harwood, R. R., Squire, J. M., and Sheeaffer, C. C. 2002.
Weed suppression by annual legume cover crops in no tillage corn. Agron. Journal 93: 319-325.

11. Fischer, R. A., Santiveri, F., and Vidal, I. R. 2002. Crop rotation, tillage and crop residue management for wheat
and maize in the sub-humid tropical highlands. Field Crops Research 79: 107-122.

12. Foroughifar, H., and Pour Kasmani, M. E. 2002. Soil Science and Management. (Translated) Ferdowsi University
of Mashhad Press, Iran. 336 pp. (in Persian).

13. Ghanbari, A., and Taheri Mazandarani, M. 2003. Investigation of planting pattern and weed control on yield and
yield components of red bean (Phaseolus vulgaris L.). Seed and Plant Improvement Journal 19 (1): 37-47. (in
Persian with English abstract).

14. Hansen, W. R., and Shibles, R. M. 1987. Seasonal log of flowering and podding activity of yield grown soybean.
Agronomy Journal 70: 47-50.

15. Inderjit Keating, K. I. 1999. Allelopathy: Allelopathy principles. Procedures, processes, and promises for

biological control. Advances in Agronomy 7: 141-231.



847

i Lagd 0 Slas (1521 9 9,50as p1 92 5 puiS Gy ool ;55 ST

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

Jafarzade, N. 2004. Allelopathic potential of barley residue (Hordeum vulgare L.) on weed control and chickpea
growth (Cicer arietinum L.). In: Proceedings of the first National congress of pulse crops in Iran. Pp.542.

Khan, R. U., and Mumtaz, N. A. 1995. Performance of Treflan, a pre-plant applied herbicide in rapeseed and
mustard. Sarhad Journal. Agriculture 11 (5) 647-655.

Koocheki, A., and Banayan Aval, M. 1994. Pulse Crops. Javidan Publishers, Mashhad, Iran. pp. 238.

Lam, Y., Sze, C., Tong, Y., Ng, T., Tang, S., Ho, J., Xiang, Q., Lin, X., and Zhang, Y. 2012. Research on the
allelopathic potential of wheat. Agricultural Sciences 3: 979-985.

Lemerle, D., Verbeek, B., and Orchard, B. 2001. Ranking the ability of wheat varieties to compete with Lolium
rigidum Gaudin. Weed Research 41: 197-209.

Limon-Ortega, A., Sayer, K. D., Drijber, R. A., and Francis, C. A. 2002. Soil attributes in a furrow- irrigated bed
planting system in north-west Mexico. Soil and Tillage Research 63: 123-132.

Lydon, J., Teasdale, J. R., and Chen, P. K. 1997. Allelopathic activity of annual worm wood (Artemisia annua L.)
and the role of artemisinin. Weed Science 45: 807-811.

Ma, Y. 2005. Allelopathic studies of common wheat (Triticum aestivum L.). Weed Biology and Management 5:
93-104.

Makarian, H. 2002. Planting date and population density influence on competitiveness of corn (Zea mayz L.) with
redroot pigweed (Amaranthus retroflexus L.). MSc Thesis, Ferdowsi University of Mashhad. (in Persian with
English abstract).

Malik, V. S., Swanton, C. J., and Michaels, T. E. 1993. Interference of white bean (Phaseolus vulgaris L.)
cultivars, row spacing and seeding density with annual weeds. Weed Science 41: 62-68.

Majnoon Hosseini, N. 1993. Legumes in Iran. Tehran University Press. 240 pp.

Majnoun Hosseini, N. 2008. Grain legume profuction. University of Tehran. Jihad Publishing Unit. Pp. 294.
Mirshekari, M. 2008. The effect of Weed interference when red root pigweed (Amaranthus retroflexus L.) on the
performance of cowpea (Vigna sinensis L.). Journal of Modern Agriculture 4 (11): 71-81. (in Persian).

Musavi, M. 2008. Weed Controls (Principles and Methods). Marze Danesh Publishers. Pp. 491.

Najafinezhad, H., Javaheri, M. A., Ravari, S. Z., and Azad Shahraki, F. 2009. Effect of crop rotation and wheat
residue management on grain yield of maize cv. KSC704 and some soil properties. Journal of Production Seed and
Plant 25-2 (3): 245-258. (in Persian).

Narwal, S. S., Sarmah, M. K., and Tamak, J. C. 1998. Allelopathic strategies for wheat management in rice wheat
rotation in northwestern India. In: Olofsdotter, M., Ed., Allelopathy in Rice. Proceedings of the Workshop on
Allelopathy in Rice, 117-131.

Negahdari, M., Hossieni Monfared, R., Miri, H. R., and Safarpoor Shorbakhlo, M. 2013. Allelopathic effect of
different types of wheat germination and growth parameters of Secal montanum. First National Conference on
Healthy Environment for Sustainable Agricultural Development.

Neustruyeva, S. N., and Dobrestsova, T. N. 1972. Influence of some summer crops on white gooseloot. In
“Physiological Biochemical Basis of Plant Intractions in phytocenoses” (A. M. Grodzinsky, ed.), Vol. 3: 68-73.
Naukova, Kley. (in Russian).

Nooden, L. D., and Thimann, K. V. 1963. Evidence for a requirement for protein synthesis for auxin-induced cell
enlargement. Proc. National. Academic. Science. United. States. 50: 194-200.

Parsa, M., and Bagheri, A. R. 2009. Pulses. Jahad Mashhad University Press. (in Persian).

Raeis al Sadat, A. R. 2007. Wheat residue effects on corn yield. Journal of Keshavarz. 322 (27): 72-73. (in
Persian).

Ramezan Zadeh Hojabr, F., and Razmjoo, K. 2014. Effect of pre- and post-emergence herbicides and their
combination on weed control and yield of safflower (Carthamus tinctorius L.). Agronomy Journal (Pajouhesh and
Sazandegi) 103: 38-47.

Rezvani Moghaddam, P., Koocheki, A., Molafilabi, A., and Seyyedi, M. 2013. The effects of different levels of
applied wheat straw in different dates on saffron (Crocus sativus L.) daughter corms and flower initiation criteria
in the second year. Saffron Agronomy and Technology 1: 55 -70.

Regosa, M., and Pedrol, N. 2002. Allelopathy from molecules to ecosystems. Science publishers gnc. NH. United
States America. P 12-195.

Regosa, F. M. 2007. Pesticide use trends in the US: Global comparison. Florida Cooperative Extension Service,
Institute of Food and Agricultural Sciences, University of Florida, Gainesville.

Sayer, K. D., Mezzalama, M., and Martinez, M. 2001. Tillage, crop rotation and crop residue management effects
on maize and wheat production for rain-fed conditions in Altiplane of central Mexico. World Congress on
Conservation Agriculture, 1. 1-5 Oct 2001. Madrid (Spain).



1396 cybinmo; & ojlois 45 al oyl 1l o2ly5 Gledidois a1 pis 848

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Singh Sidhu, A., Sekhon, N. K., Thind, S. S., and Hira, G. S. 2007. Soil temperature, growth and yield of maize
(Zea mays L.) as affected by wheat straw mulch. Archives of Agronomy and Soil Science 53: 95-102.

Talbert, R. E. 1965. Effects of trifluralin on soybean root development. Proc. 18" Southern Weed Control
Conference. p. 652.

Teasdal, J. R., and Mohler, C. L. 2000. The quantitative relationship between weed emergence and the physical
proerties of mulches. Weed Science 48: 385-392.

Tewari, A. N., Tiwari, S. N., Rathi, J. P. S., Verama, R. N., and Tripathi, A. K. 2001. Crop weed competition
studies in chickpea having Asphodelus tenuifolius-dominated weed community under rainfed condition. Indian
Journal of Weed Science 33: 198-199.

Tho, H., Lan, P. T., Chin, D. V., and Noguchi, H. K. 2008. Allelopathic potential of cucumber (Cucumis sativus
L.) on barnyardgrass (Echinochloa crus-gali L.). Weed Biology and Management 8: 129-132.

Wang, G., Yang, P. R., Zhang, H., and Ye-Zing, L. 2004. Effect of returning straw to field on weeds of rice fields
and wheat field and the efficiency of chemical weeding. Acta Agricultural Shanghai 20 (1): 87-90.

Wilson, R. G., Smith, J. A., and Yonyhs, C. D. 1990. Effect of seedling depth, herbicide and variety on sugar beet
(Beta vulgaris L.) emergence, vigor and yield. Weed Technology 4: 739-742.

Wicks, G. A., Crutchfield, D. A., and Burnicide, O. C. 1994. Influence of wheat (Triticum aestivum L.) straw mulch
and metolachlor on corn (Zea mays L.) growth and yield. Weed Science 42: 141-147.

Winkle, M. E., Leavitt, J. R. C., and Burnside, O. C. 1981. Effects of weed density on herbicide absorption and
bioactivity. Weed Science 29: 405-4009.

Woolley, B. L., Swanton, C. J., Hall, M. R., and Michaels, T. E. 1993. The critical period of weed control in white
bean (Phaseolus vulgaris L.). Weed Science 41: 180-184.

Wu, H., Prately, J., Lemerle, D., and Hang, T. 2001. Allelopathy in wheat (Triticum aestivum L.). Annals of
Applied Biology 139: 1-9.

Yadavi, A., Agha-Alikhani, M., and Modarres Sanavi, A. M. 2004. The critical period of Weed control in beans
LORDEGAN. Abstract Crop Science Congress of Iran, Gilan. P. 294. (in Persian).

Yousefi, A. R., Mohamad Alizadeh, H., Rahimian, H., and Jahansooz, M. R. 2007. Investigation on single and
integrated application of different herbicides on chickpea (Cicer arietinum L.) yield and its components in entezari
sowing date. Journal of Agricultural Science 8: 73-84. (in Persian with English abstract).

Zand, E., Baghestani, M. A., Bitarafan, M., and Shimi, P. 2007. A Guideline for Herbicides in Iran. Mashhad Jihade
University Publishers. P. 25-43.

Zare Hosseini, H., Ghorbani, R., Rashed Mohassel, M. H., and Rahimi, H. 2014. Effects of weed management
strategies on weed density and biomass and saffron (Crocus sativus L.) yield. Saffron Agronomy and Technology
1: 45-58. (in Persian with English abstract).



Iranian Journal of Field Crops Research Olnl =) Ghipgly 4 s
Vol. 15, No. 4, Winter. 2018, p. 838-850 &@;},Z;, 838-850. o 1396 yliwsj & o Loy 15 al>

Allelopathic Effect of Wheat and Barley Residues on Yield and Yield
Components of Cowpea (Vigna sinensis L.) and Weeds Control

M. Shahbyki- H. Makarian*- H. Abbasdokht
Received: 23-04-2016
Accepted: 01-03-2017

Introduction

Weeds are a major constraint limiting crop yield in agricultural systems and in organic systems in particular.
Although herbicides are efficient for weed control, continuous use has caused the development of resistance in
weeds against several herbicides. Furthermore, herbicides also pollute the soil, water and aerial environments
and herbicide residues in food have deteriorated food quality and enhanced the risk of diseases. Allelopathy is
defined as the direct or indirect harmful or beneficial effects of one plant on another through the release of
chemical compounds into the environment. Wheat (Triticum aestivum L.) is known to be allelopathic against
crops and weeds. The objective of this study was to investigate the allelopathic effect of wheat and barley
residues on weeds control and cowpea yield.

Material and Method

An experiment was conducted as randomized complete block design with three replications at the research
field (36° 25’E, 54° 58’N, 1349 m a.s.l.) of Agricultural Faculty, Shahrood University of Technology in 2015.
Treatments were included; weeding all season, no weeding, trifluralin according to the recommended dose (2 ton
ha™), foliar application of wheat straw extract (concentration of 50%), foliar application of wheat straw extract
(concentration of 100%), the application of wheat residue mixed with the soil at a rate of 2 ton ha’, the
application of wheat residue mixed with the soil at a rate of 4 ton ha™, the application of wheat residue mixed
with the soil at a rate of 8 ton ha™, foliar application of barley straw extract (concentration of 50%), foliar
application of barley straw extract (concentration of 100%). Statistical analysis of data was performed with
MSTAT-C software and means were compared with LSD test at the 5% level of probability.

Results and Discussion

The results showed that the effect of treatments was significant (P<0.01) on weed density and dry weight.
Soil incorporation with wheat residue at a rate of 4 and 8 ton ha™ significantly decreased weed density than non-
weeding treatment. Seed number per pod, biological and grain yield of cowpea significantly increased in the soil
incorporation with wheat residue at a rate of 8 ton ha™ compared to control. Our results showed that weeding and
soil incorporation with wheat residue at a rate of 8 ton ha” increased cowpea yield by 78.23 and 80.79%
compared to no weeding treatment, respectively. Wheat is a potent source of bioactive phytotoxic compounds
representing three main classes as phenolic (hydroxybenzoic, vanillic, pcoumaric, syringic and ferulic acids
being most frequently reported and transferulic and trans-pcoumaric acids being the dominant acids), cyclic
hydroxamic acids (a class of alkaloids) and short chain fatty acids. It is reported that wheat extract compounds
can interfere with basic processes of receiver plants as photosynthesis, cell division, respiration and protein
synthesis and indirectly provoke other forms of stresses. Thus, these compounds can reduce weed germination
and growth. Another important effect of these allelochemicals is the activation of cellular antioxidant system in
response to uncontrolled production and accumulation of reactive oxygen species. The reason for increase in
grain yield was the control of weeds and probably the allelopathic effects of crop water extracts promoted the
wheat growth which ultimately increases grain yield.
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Conclusions
The present study concluded that wheat phytotoxins in straw inhibited germination and seedling growth of
weeds, and the inhibition was concentration-dependent. Also wheat straw added to soil increased yield and some
traits of cowpea. In general, the results showed that wheat straw can reduce weed suppression and can improve
characteristics of plant, moreover, decreased environment risks of chemical inputs and ensure sustainability of
production in long time.

Keywords: Bean, Bio-herbicide, Non-chemical control, Weed management
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Table 1- Mean of minimum, maximum and total air temperature and sum of precipitation of Khosrowshah agricultural
research station during in 2014 and 2015 growing seasons

Jlw Jlw sl2obo Bl glod (ke ST (lod (ke > J5 (ke ¥k gy
Year Month of year Mean of mininlum Mean of maxingum Mean of tote}’l pr(;scliJ[rJTi]tz'rion
temperature (°C) temperature (°C) temperature (°C) (mm)
2014 April 3.7 15.9 9.8 22.7
May 10.4 24.4 17.4 26.0
June 13.8 29.0 214 131
July 18.5 33.8 26.2 1.6
August 19.5 34.8 27.1 0.0
2015 April 4.3 16.2 10.3 37.6
May 8.0 219 14.9 50.6
June 14.2 30.0 22.1 3.5
July 19.7 35.2 27.4 0.0
August 19.5 36.2 27.8 0.0
ol a8 )50 S olonisSy jud Oluogas (& 1-2 Jgaa
Table 2- Some of physicochemical traits of experimental soil
a | Culaa i " . s -
Ay Sl IS ] 09 o) 2 o P
EC Organic carbon Potasium Nitrogen Clay Silt Sand Phosphorus
pH (ds m) (%) (%) (%) (%) (%) (%) (mg kg™
7.8 2.6 0.26 222 0.03 30 28 42 18
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Table 4- Mean of measured traits on spring varieties of safflower during 2014 and 2015

33 Gub Sy
Jl S b o3, EepY &Lé_s,i &g d,.la shd Geb > &l dlas
Year Planting date Cultivar Plar&r?](;lght riﬁ&“:‘g;‘r digggtlttalﬁlzﬂm) pseef(cjar;)lfgﬁ)uer;
plant
1393 ole (25,4 10 Sina Lo 51.7 e-g 7.7¢d 22 c-h 26.7d-g
30 March
2014 Soffeh wan 65.0 b-d 9.0bc 23c-e 31.7ac
Goldasht cusils 50.0 fg 55e-h 26b 19.9 jk
olo (pdy9,8 20 Sina L 38.3h 4.9f-i 2le-h 2451
9 April Soffeh wan 55.0 d-f 5.3e-h 21e-h 22.0h-j
Goldasht cusals 60.7 f-h 45e-h 26b 26.7d-g
olo (359, 30 Sina L 41.7 gh 4.9f-i 20 f-h 26.7d-g
19 April Soffeh aas 51.7 e-g 4.7g-i 21 e-h 30.3 b-d
Goldasht cusals 61.7c-e 5.2e-h 27b 30.3 b-d
olo g, 9 Sina luw 50.0fg 5.5e-h 21d-h 27.7¢cg
29 April Soffeh wan 50.0fg 4.5 hi 20h 24.7 f-i
Goldasht cusals 36.7h 3.31i 20 f-h 17.3k
1394 ole ()9, 10 Sina L 68.3 bc 11.2a 21cg 32.7ab
2015 30 March Soffeh wan 86.7 a 6.3d-g 24c 25.0f-i
Goldasht cusals 68.3 bc 5.8 e-h 28 ab 28.3 b-g
olo (pdy9,8 20 Sina L 71.7bc 10.3ab 21d-h 29.0 b-f
9 April Soffeh aaws 88.3a 6.5 d-f 23c-d 35.7a
Goldasht cusals 70.0 be 55e-h 29a 3l.7a-c
olo (359, 30 Sina L 71.7 be 6.8de 20 h 243 0-j
19 April Soffeh wan 91.7 a 5.5e-h 22 cf 20.7i-k
Goldasht cusals 68.3 bc 4.3hi 28 ab 29.7 b-e
olo g, 9 Sina L 70.0 be 6.8 de 20 gh 25.7e-h
29 April Soffeh ass 75.0b 5.2 e-h 23 c-e 22.0 h-j
Goldasht cusals 71.7 bc 5.0f-i 27 ab 26.3d-h

Ll o o yd (S 905l b oy gy Jleinl e )3 5 ixe gl pac osimd Ui ygia ja 1> alie gy
Means in each column followed by similar letter(s) are not significantly different at 5% level by Duncan test.
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Table 4 continue
Jus el gl <3 ;13 bis dpssles TN oy,
Year Planting date Variety 1000 seeds weight Seed yltﬂd Seed ol Qil yle!(lj
(9) (kg ha™) percent (kg ha™)
1393 olo (333595 10 Sina Ly 33.0e 3052 be 28.5 c-f 872 b
2014 30 March Soffeh aas 32.8 ef 3852 a 30.1a-e 1161 a
Goldasht c.usas 46.2b 3222 b 23.89 771 be
olo 3,9, 20 Sina L. 32.7e-g 2155 e-h 275f 599 d-g
9 April Soffeh aa 30.0f-h 2674 cd 28.8c-f 771 be
Goldasht c.usas 50.4 a 3007 be 24.99 750b-d
olo (3,9, 30 Sina L 31.5e-h 1978 f-i 28.9c-f 575e-h
19 April Soffeh aas 325eg 2215 d-g 27.1f 596 d-g
Goldasht c.usas 427 ¢ 2355 d-f 23649 556 e-h
olo gyl 9 Sina L 33.0e 2618 c-e 28.2 ef 738b-d
29 April Soffeh wawn 28.8h 1141kl 28.1ef 320 i-k
Goldasht cusuls 41.6cd 1156 ki 2289 265 jk
1394 olo 39,8 10 Sina L. 31.2e-h 1648 ij 30.4ad 501 f-h
2015 30 March Soffeh wawn 25.71i 1757 g-j 316a 555 e-h
Goldasht cusus 41.6¢cd 2667 cd 28.3d-f 754 b-d
olo (2,9, 20 Sina L. 29.3h 2227 d-g 31.3ab 696 c-e
9 April Soffeh aas 25.7i 1963f-i 31.7a 626 c-g
Goldasht cusals 41.1cd 2463 de 28.0 ef 691 c-e
olo (33359,5 30 Sina L 29.9 gh 11403 jk 29.9a-¢ 420 h+j
19 April Soffeh wan 24.9i 1005 ki 30.5a-c 207 jk
Goldasht cusals 39.1d 2287 d-f 28.6 c-f 654 c-f
olo gyl 9 Sina L 29.6h 1000 ki 29.7 a-e 297 jk
29 April Soffeh wawn 24.8i 8731 29.1 b-f 254 k
Goldasht cusus 409cd 1709 hj 27.5f 470g-i

Ll o S 903l b oy gy Jlein] gaws 53 )b e gl pae oxmd LS g b 40 wlie g y>
Means in each column followed by similar letter(s) are not significantly different at 5% level by Duncan test.

oy yimi slo bl des cuiS )3 g ash ()b gxe Jilite il o3,
oelasl cosilS o5, 4 ,kSa ;5 p,55LS 3395 L &l 5 Slas
L)l (Samadi-Firouzabadi and Yazdani, 2012) c il
g o515 5 CdlS o)l 4 Cand S35 Sl sl oS S
il oy pa s as ol Lt sgle cudd j3 prdaw sl
Sy90 pLB)| py g 00l 9, 9 w3 Slas b xe ialS sl
Omidi and ) cails 1y (g, g aib 3 Sloe oy pidy o3y ¢ oy
10 )55 () p 5| J—ol> @l (Sharifimogadas, 2010

Sl (gl ey mpSmslio olo (39,8 10 cusls’ 0,6

9039 ilde (ol Ll b (Ablie g 505 b 53 0yl SIS
els aob sl Jod B sladSlos dto g cuddlS 18, 40
ol g gole byly i pd cubilS 5 daw plB)l &l 5 Sloe L)
Slojload iy (gyed & Jooo b dduo o8y &S 0b i gy
Bahadorkhah and Kazemeini, ) 5 )b,55 55 (6 5Y0L 5,Skes
U 5 03y ccaslS pl5) aslio cudlS g )b s gols (2014
L cudls 2ol oS coluw cubsy cmolyg ddlaio )0 050l culS b
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(1394 9 1393 Ls‘hdl.w "xiﬂ.\“o) ui;)lf D)Lefg ,alé,l <9, axflle 3590 Olw O o3lw M %!,5—5 JsA?
Table 5- Simple correlation coefficients among studied traits on spring varieties of safflower mean 2014 and 2015

33 b dlass 5.S) fa dod
o gy g5 & @b s Geb > &l dlas &l L1 439 09222 5,5des
e ¥ . ald FHE A
Traits Plant Capitulum Capitulum Seed number per 1000 seeds . Oil £q,
height (1) number per  diameter (3) Capitulum (4) weight (5) Seed Seed oil yield (8)
yield (6) percent (7)
plant (2)
2 0.06
3 -0.03 -0.30
4 0.37 0.51 0.23
5 -0.45 0.32 0.87" -0.01
6 0.20 -0.43 0.60" 0.60" 0.44
7 0.51 0.62 -0.72" 0.33 -0.88" -0.01
8 0.31 0.57 0.41 0.66" 0.23 0.97" 0.23
*and **, Significant at the 5% and 1% probability levels, respectively. B )d Ko g g Jloin] gaw )3 5 dxe gy s g ¥
Ol g8 gy 5 4 3)Shes el gyl catS o L o8 & 325 Ao

G el yomb lad Slhee ggome y3 (g I
g il 3 Slas )b jxe 8l L ojlgan iy 0y9d LEalS gl cuils
Py 54 dog BB Ghlesl adate gl g 392 olyen 185,

cals gl loj o yTcwlio olo (39,8 10wl &b
CuBAS 15 93 g 035 oy Suliddars 5 3 p Cudd ) 0,100 S35
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Effect of Planting Date on Reducing Growth Period of Spring Safflower
Cultivars in Tabriz Cold and Semi-arid Climate
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Introduction: Safflower is a plant adaptable to areas with limited rainfall during winter and spring and dry
air at flowering, seed filling and maturity stages, and tolerant to water deficit. The positive correlation coefficient
observed between safflower seed yield with precipitation and low air temperature during seed germination to
flowering and flowering to seed maturity. Furthermore, precipitation and low temperature during flowering to
seed maturity significantly increased seed oil percentage. Therefore, it seems that, by adjusting the planting time
can be adapted phenological stages of plant with appropriate weather conditions. The aims of this research were
study the possibility reducing the growth period of safflower spring varieties with maintaining performance
through delay in planting time, evaluate seed and oil yields at different planting times, and identify the best
varieties for cold and semi-arid areas.

Materials and Methods: The experiment was conducted at the East Azarbaijan Agriculture and Natural
Resources Research Center (46°2'E, 37°58'N, 1347 m a.s.l.) during 2014-2015 growing season. According to
Koppen climatic classification system, the area climate is semi-arid and cold. This study was carried out as
factorial experiment based on randomized complete block design with three replications. Treatments were four
planting dates (30 March, 9, 19 and 29 April) and three safflower spring cultivars (Sina, Soffeh and Goldasht).
Plant spacing between rows was 24 cm and final plant density was 70 plant per m2 Each plot consisted of 6 rows
in 5 meters. Plants were harvested on the 11th and 14th of August in the first and second years of experiment,
respectively. At the harvest time, in order to control boarder effects, plants from the sides of each plot were
removed. Measured traits were plant height, capitulum diameter, seed yield, capitula number per plant, seed
number per capitulum and 1000-seed weight. Ten plants in each plot were used to determine plant height and
seed yield components. Also, seed oil content was determined by nuclear magnetic resonance (NMR) method.

Results and Discussion: The results indicated that interaction effect of year, planting date and cultivar was
significant on the plant height, paniculum number per plant, seed number per paniculum, 1000 seed weight , seed
yield and seed oil percent. A delay in planting date from 30 March, significantly reduced yield components, seed
and oil yields. Soffeh cultivar had the greater plant height and Goldasht and Sina were located in the next rank.
Goldasht cultivar had higher seed yield with the largest capitulum diameter and the most 1000 seed weight. The
highest oil yield was belonged to the Soffeh (1161 kg ha™) and Goldasht cultivar (754 kg per ha®) in the first and
second year, respectively. There were positive significant correlations between capitulum diameter, 1000 seed
weight and seed yield. The Goldasht and Soffeh cultivars provided acceptable performance that were seen
appropriate for cultivation in Tabriz cold and semi-arid plain. Delayed planting led to significant decrease in
seed and oil yields and therefore is not be recommended.

Conclusions: The results of this study indicated that the most appropriate date to cultivate spring safflower
in Tabriz cold and semi-arid plain is 30 March and planting is not recommended at the late season. Soffeh and
Goldasht cultivars are suitable for cultivation in this region.

Keywords: Goldasht, Seed oil percent, Seed yield, Soffeh, Spring safflower
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Table 1- Metrological data in Khomein city in cropping year 2012-2013
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Table 2- Physical and chemical soil properties of the experimental site
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Table 3- Mean squares of studied traits
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spike per grain per weight content
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*, ** Significant at 0.05and 0.01 level of probability, respectively.
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Table 4- Mean comparisons of main effects the measured traits
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Experimental ¥ 1000 Grain
treatment Plant Nurnber of g rglil;]mgﬁl;orke Kernel Grain selenium Grain
height spike per area grain persp weight (g) yleld_l (ug kg™ protein
(cm) (kg ha™) (%)
Nitrogen, ;4
N1 59.76b 89.91c 16.21c 38.91b 853.33b 202.88¢c 10.16b
N2 66.40a 117.25a 18.27a 48.25a 1105.00a 300.85a 11.89
N3 63.65b 108.58ab 17.75ab 38.33b 1116.42a 285.19ab 11.57a
N4 62.00c 107.16b 17.35b 47.08a 1117.50a 272.67b 11.96a
Seleniume gl
Sel 64.08a 103.93b 17.55a 43.75a 1053.88a 216.31c 11.43a
Se2 61.94a 108.00a 16.93b 41.12b 1039.06a 259.58b 11.52a
Se3 62.83a 105.25b 17.70a 44.56a 1051.25a 320.31a 11.16a

555 (o sime BMST sops gy Jlail s )3 S (glaieb az gesl bl 2 ool yo sl 5 oogis 2 )3 allito B> Sy JBlao b oSl
Meansfollowed 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.

N1: without application of Nitrogen

N2: application of 60 kg Urea/ha as top topdress in the late stages of

tillering,

N3: application of 30 kg Urea/ha as top topdress in the late stages of
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p5 e 200+ ety Ao ye )3 1S 3 0l £,k 30 8 me N

tillering combined with 200 mg Urea /lit as foliar application before

spike emergence

N4: application of 20 kg Urea/ha as top topdress in the late stages of
tillering combined with 200 mg urea/lit as foliar application before
spike emergence and 200 mg Urea/lit in the last stage spike emergence

Sel: without application
Se2: 5 mg /lit as foliar application
Se2: 10 mg /lit as foliar application
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Table 4- Mean comparisons of interaction factors the measured traits

B o ; 3 . g . OS99y
b lo Sygi, e 3"‘“’ s pailslag RO g WP el &
Experimental Plant \ 5:“’ ": 9 " Number of Klé)r?]%I Grain yield Se?erna;:?m Grain
i umber of spike i i . - -
treatment height(cm) per area grain per spike weight (g) (kg ha™) (ug kg™ pr(%za)m
Nitrogenx
Selenium
N;Se; 61.10d 86.75e 15.57e 37.25fg 828.80b 210.58ef 9.75¢
N;Se;, 56.55e 93.00d 16.056de 37.50fg 877.50ab 165.58f 10.65abc
N;Ses 61.65cd 90.00de 17.02cd 42.00def 853.80b 232.50de 10.09bc
N,Se; 69.60a 115.50a 19.00a 47.25bc 1207.50a 200.73¢f 11.54abc
N,Se, 64.47bc 119.50a 17.22bcd 46.25cd 1040.00ab 308.18hc 12.56a
N,Ses 65.12b 116.75a 18.60a 51.25ab 1067.50hc 393.68a 11.29abc
N3Se; 63.57bcd 108.25hc 18.52a 37.75fg 1120.50ab 223.58de 12.04ab
N3Se, 64.30bc 109.5bc 16.37de 36.759 1141.30ab 289.20hc 11.64abc
N3Ses 63.10bcd 108.00hc 18.35ab 40.50efg 1087.50ab 342.80ab 11.03abc
N,Se; 62.07bcd 105.25¢ 17.12bcd 52.75a 1058.80ab 230.38de 12.42a
N,Se; 62.45bcd 110.00b 18.10abc 44.00cde 1097.50ab 275.38cd 11.23abc
N,Ses 61.47cd 106.25hc 16.85cd 44.50cde 1196.10a 312.28hc 12.22a
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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.

2 559,550 3936 Joleo ails pouibs ljae oy o8 ob Lt
P Sy Gygeody iS5 05l p S okS 608 pme Lo Sl p S 5lS
g s 13 S oo 10 o Ll jeoy Ao o
i yo 3 S 53 0,9l p)S5kS 30 mo Jla L g Jol> pssils
5 b Jolome 50 i 53 395t o5 e 200 + gjeniy
S )3 SIS 52 p353,5en BA2B oo pilis b as ysels
Curtin et ) oL,LSen g 055,05 (0 Jgdo) <é)5 515 (glel 09,5
posdw ,LiSa 45 )5 20 Cyune b a5 w3905 j5)l;5 (al., 2006
2 pyS ko 003 51 a8 &by pguibis Jade oty Jolome )50
Bl 3Rl S olS )3 p)S e 0145 4 sals Jlos 13 oS5k
L S adses )35 (Wang et al., 2013) 4l )Lson 5 Ky
s 55 3 55 8l pstls Jae gl calisco 300 5 yae
S gon paibo 3,8 45 widges G5 gl il (a3l
Al 1y 4l pgsiles e g ooty (Bl Syl 5 B pne
Ol syt IR ol Jplone g, 3 413 pgsl ke Ll ol
30 5,5,L8 lw dw (ilojl S5 jd aS canl o 5,135 b

ply S )3 Jslomo &0ty posigal Oy 298 iS5 p 5ok

Sy 355 Spae sbabyy Sy w5 Joio oluly

slagdyy Jlite g1y poril ciliss yolio o gjaony dlye )3 0yl
Ol 2 potbe cilisie polie 5 Sy g0ty )9l 395 B e
s (3 Joso) 5g )b xe oy 1 Jlets] mlaw )3 il pouils
Cygaody 0ygl 555 Lpnn b aS o L Glas (1 Sko duslis
O b 8l iol5 8l dsly padis e bl 4 Caws Sy
o Bpan Sl pSokS 2 595500 300185 Jolas posilis s
Gyrano L ad Jols i dlspe 0 ,6Sa 13 o4l oLS 60
0395 25 9 306 po 508 S 13 09l 515 60 (sl los
Pl Ji5a 53 g 1 5ok 20 5 (2l o 25 e 200 L
ilye o 52 )3 S oo 200 i 4 (Bl gl dl>po 93 L
34139 40/57 48128 5o 4 oty ails posibes Jljae il
Ol (1S5he dulie gl (il Liulidl wald 4 Cuws doy
Oliee ol 4 s pouduw alisee pdlis Bpas b oS db lis
320/31 Jsleo il posikr ylimn o yiatis -3l i3l il pouibio
alsyo )3 51 posibes p)S oo 10 Bpucn 1 S lS” 59,5
Lilat it 1 gl (8 Jyia) 25 ol (pasalin ) 3



1396 (liwmo) 4 o loud 15 alar sl (1)) slipgy 42,45 868

Sl (g dopd 93 Sdas il coge pAS OLS ) (g
4S 3505 i35 (Strong, 1982) 54l (Irani, 1998) i
L plos cdls’ adge o )i 5 gy pySoks 100 6yna
9 by S olej > sy p)55ks 100 550 525 6y
Oisrs 2l &Sl e Bl Gl Al S5 (lie <25

bl (oS )A;L Al o

S 5 4

©pgmodey 0y9) 395" Lo L oy (Lt 3ui0 (pl (IS ol
23t il yo 5 03] Bl Jgloma b plg ety Aoy )3 S e
4,8 )3 09l 355 Bpae cogllas 3 Sloe Jpax (ol cdliins
poil (ab sl Ly ()b jlecdly (imlS 10 50 s
b ccas o bylyd o (S (15 B i pewd )le e
SiSe )3 oy9l p,59 1S 30 Byma b oyl ply ol iuljél ) puiS
200 sl oo 5 ey dloye > b sy O)god
10 (b glone b plgs alis j50b alya )3 0] 2l 53 £S5 oo
Sl ¥ b plaSe m blyd 53 postle il )3 p)5 e
D903 w2l )8 1) pAS CuhiS g CoaS S5

e )0t m Sl gl pgile 520 L 10 L

by ilial pniS o 1y aib pauilis e sl 4 (Sjdony Al o
.(Ducsay and Lozek, 2006)

Olie 2 0pgl Sy 395 Spae slaghg, Sl b i gl

polie (B pae Lol 39y )b ixe dopd 1 Jlain! prdaws )3 aily iy
0 )9l Sy 355 (1395 hliite Bpae Sl (pizman g poibe il
J9i2) 48 )0 gine e &> (g (e 2 posiber il p3ldo
059l 595 B yano Ly a8 o )Lis Slas (pSSke auwlio gl (3
adl Gilial by gy ol cald 4 Cuns Sy g0
60 yae Jlow 5 201196 Jolao &l oyl liwe o yidian
@l B Jsiz) 15 Jols S &ygon JliSe 1 0yl p S5lS
Olie oy o8 0l (LS bnlogs Blite @31 (ks dunylie
1 039l py59kS 60 Gy Jlows 3 20,d12/56 Jolae ails gy
i 2 S e B b ply iy Aoje )3 S pw 0y S
239 p)59S 20 b pan Jlowi b &S A ool pguil o3l Joloxe
Bhdglone dlsye 93 9S54y Al pe 3 S p jgon US>
10 Gyaa L plgs il dloye 3 2 3 25 oo 200 (l5e 0
6 Jsin) oS 15 sl 095 Ko pps ) 5 s
OlFse Bt lagsdgy 1 0)gl S g 368 Lo Uy sy oo Jlaiey

olli8l i s ploul gla yiolojl )3 bl cuwd Callas does &

References

1.

Alston, A. M. 1979. Effects of soil water content and foliar fertilization with nitrogen and phosphorus in late
season on the yield and composition of wheat. Australin Journal of Experimental Agriculture and Animal
Husbandry 30 (4): 577-585.

2. Arif, M., Muhammad, M., Chohan, A., Sajid, A., Gul, R., and Khan, S. 2006. Response of wheat to foliar
application of nutrients. Journal of Agricultural and Biological Science 1 (4): 30-34.

3. Aro, A, Alfthan, G., and Varo, P. 1995. Effects of supplementation of fertilizers on humanselenium status in
Finland. Analyst 120: 841-843.

4. Blood, D. C., and Radostits, O. M. 1983. Veterinary mediciene. Sixth (ed).PP. and Radostits. 1054, 1194, 1198,
1199, 1200.

5. Cassman, K. G., Bryant, D. C., Fulton, A. E., and Jackson, L. F. 1992. Nitrogen supply effects on partitioning of
dry matter and nitrogen to grain of irrigated wheat. Crop Science 32: 1252-1258.

6. Cimrin, K. M., Bozkurt, A., and Sekeroglu, N. 2004. Effect of nitrogen fertilization on protein yield and nutrient
uptake in some triticale genotypes. Journal of Agronomy 3: 268-272.

7.  Curtin, D., Hanson, R., Lindley, T. N., and Butler, R. C. 2006. Selenium concentration in wheat (Triticum
aestivum L.) grain as influenced by method, rate, and timing of sodium selenate application. New Zealand
Journal of Crop and Horticultural Science 34: 329-339.

8. Djanaguiraman, M., Prasad, P. V. V., and Seppanen, M. 2010. Selenium protects sorghum leaves from oxidative
damage under high temperature stress by enhancing antioxidant defense system. Plant Physiology and
Biochememistry 18 (12): 999-1007.

9. Ducsay, L., and Lozek, O. 2006. Effect of selenium foliar application on its content in winter wheat grain. Plant,
Soil and Environment 52 (2): 78-82.

10. Emami, A., 1996. Methods of Plant Analysis (Voll). Agriculture researches, education and extension
organization. Soil and water research Institute. Journal of No: 982. 126pp.

11. Gooding, M. J., and Devies, W. P. 1992. Foliar urea fertilization of cereals. Nutrient Cycling in Agroecosystems
32: 209-222.

12. Hasanuzzaman, M., and Fujita, M. 2011. Selenium pretreatment upregulates the antioxidant defense and

methylglyoxal detoxification system and confers enhanced tolerance to drought stress in rapeseed seedlings.
Biological Trace Element Research 143: 1758-1776.



869 ddld 0 Slos w09l S pw 095 d}.m‘slb‘jég)g.o”&uzﬁi&' )2

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.
33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

Hasanuzzaman, M., Hossain, M. A., and Fujita, M. 2011. Selenium-induced up-regulation of the antioxidant
defense and methylglyoxal detoxification system reduces salinity-induced damage in rapeseed seedlings.
Biological Trace Element Research. 143: 1704-1721.

Hatfield, J. L., and Prueger, J. H. 2004. Nitrogen over-use, under-use, and efficiency. Crop Science 26: 156-168.
Innes, P., Blackwell, R. D., Austin, R. B., and Ford, M. A. 1981. The effects of selection for number of ears on the
yield and water economy of winter wheat. The Journal of Agricultural Science Cambridge Core 97: 523-532.

Irani, P. 1998. Effect of rate and time of nitrogen fertilizer application as top dress on yield and quality properties
of Qods wheat. Journal of seed and seedling 3: 10-19.

KabataPendias, A. 2001. Trace Elements in Soils and Plants (3rd Edn) CRC Press, Boca Raton, FL, 287 pp.
Kahakachchi, C., Boakye, H. T., Uden P. C., and Tyson, J. F. 2004. Chromatographic speciation of anionic and
neutral selenium compounds in Se-accumulating Indian mustard (Brassica juncea) and in selenized yeast. Journal
of Chromatography A 1054: 303-312.

Kopsell, D. A., and Randle, W. M. 1997. Selenate concentration affects selenium and sulfur uptake and
accumulation by granex 33 onions. Journal of American Society for Horticulture Science 122 (5): 721-726.
Koocheki, A., and Sarmadnia. G. 1999. Physiological aspects of rain fed production. Mashhad university press.
Kostopoulou, P., Barbayiannis, N., and Basile, N. 2010. Water relations of yellow sweetclover under the synergy
of drought and selenium addition. Plant and Soil 330: 65-71.

Kuznetsov, V., Kidin, V. P., and Vladimir, V. 2004. Protective effect of selenium on wheat plant under drought
stress. Abstract of articles symposium of plant biology-lake Buena. 695-700.

Lawlor, W. 2002. Carbon and nitrogen assimilation in relation to yield: mechanisms are the key to understanding
production systems. Journal of Experimental Botany 53: 773-787.

Liu, K. L., and GU, Z. X. 2009. Selenium accumulation in different brown rice cultivars and its distribution in
fractions. Journal of Agricultural and Food Chemistry 57: 695-700.

Malekooti, M. J. 2000. Wheat Optimum Nutrition. Agriculture education Press. 524 p.

Malekooti, M. J., Khoogar, Z., and Khademi, Z. 2004. The method new wheat nutrition. Agriculture education
Press.524 p.

Martin, J. H., Leonard, W. H., and Stamp, D. L. 1976. Principles of field crop production. 3" edition.Collier
Macmillan. 1118 pp.

Mascagni, Jr. H. J., and Sabbe. W. E. 1991. Late spring nitrogen applications on wheat on a poorly drained soil.
Journal of Plant Nutrition 14: 1091-1103.

Merian, E. 1991. Metals and their compounds in the environment. VCH Verlagsgesell. Weinheim. Plant
Physiology and Biochemistry 48 (12): 999-1007.

Pennanen, A., Xue, T., and Hartikainen, H. 2002. Protective role of selenium in plant subjected to severe
UVirradiation stress. Journal of Applied Botany 76: 66 76.

Pukacka, S., Ratajczak, E., and Kalemba, E. 2011. The protective role of selenium in recalcitrant Acer saccharium
L. seeds subjected to desiccation. Journal of Plant Physiology 168 (3): 220-225.

Rasmusson, D. C. 1987. An evaluation of ideotype breeding. Crop Science 27: 1140-1146.

Raun, W. R., and Johnson, G. V. 1999. Improving nitrogen use efficiency for cereal production. Agronomy
Journal 91: 357-363.

Rayman, M. P. 2000. The importance of selenium to human health. Lancet 356: 233-241.

Sarandon, S. J., Gianibelli, M. C. 1990. Effect of foliar urea spraying and nitrogen application at sowing upon dry
matter and nitrogen distribution in wheat (Triticum aestivum). Argentina Agronimic 10: 183-189.

Strong, W. M. 182. Effect of late application of nitrogen on the yield and protein content of wheat. Australian
Journal of Experimental Agriculture and Animal Husbandry 22 (115): 54-61.

Timothy, P. 2001. Effect of selected selenium status: Implications of oxidative stress. Biochem Pharam 62: 273-
281.

Voltas, J., Romagosa, I., and Araus, J. L. 1997. Grain size and nitrogen accumulation in sink-reduction barley
under Mediterranean conditions. Field Crops Research 52: 117-126.

Wang, C. Q. 2011. Water-stress mitigation by selenium in Trifoliumrepens L. Journal of Plant Nutrition and Soil

Science 174 (2): 276-282.

Wang, J., Wang, zh., Maoa, H., Zhaoa, H., and Huanga, D. 2013. Increasing Se concentration in maize grain
with soil- or foliar-applied selenite on the Loess Plateau in China. Field Crops Research 150: 83-90.

Wortman, S. E., Davis, A. S., Schutte, B. J., and Lindquist J. L. 2011. Integrating management of soil nitrogen and
weeds. Weed Science 59: 162-170.

Yao, X., Chu, J., and Wang, G. 2009. Effects of selenium on wheat seedlings under drought stress. Biological
Trace Element Research 130: 283-290.

Zebart, B. J., and Sheard, R. W. 1992. Influence of rate timing of nitrogen fertilizationon yield and quality of red
winter wheat in Ontario. Plant Science 72: 13-19.



Iranian Journal of Field Crops Research Ol o=l sy iy 4 i
Vol. 15, No. 4, Winter. 2018, p. 861-871 g;;(,,fgz;, 861-871..p 1396 ;ylims) 4 oylois 15 ul>

Effect of Selenium and Application Methods of Urea Top-dress on Yield and its Components
and Quality Traits of Wheat under Rainfed Conditions

M. Konani'- N. A. Sajedi*"- M. R. Sobhani®
Received: 09-05-2016
Accepted: 09-11-2016

Introduction

Wheat (Triticum aestivum L.) is the greatest nourishment for most of world’s population. In many lands of
Iran, water is not enough for irrigation and also the most regions of country have arid and semi-arid climate.
Water deficit is an important stressful factor for plant growth and crop productivity. Nitrogen is main component
of proteins and enzymes. It is essential in all of the plant growth stages. Application of nitrogen is essential for
retard leaf senescence, maintenance of photosynthetic leaf during grain filling period and increasing grain
protein. The time and method of nitrogen fertilizer application are effective on grain yield. The reported that
maximum of grain yield recorded when that nitrogen fertilizer was applied at sowing time along with foliar
application at the tillering stage. In higher plants, the role of selenium is still unclear. Selenium can increase the
tolerance of plants to induced oxidative stress include drought, salinity, high temperature. Selenium increases the
tolerance of plants by transpiration or osmotic potential under water deficit. The current paper studies the
influence of selenium and application methods of urea top-dress under rainfed conditions in order to promote
improved drought stress tolerance and increase the quantity and quality of wheat.

Materials and Methods

In order to study the effect of selenium and application methods of urea top-dress on yield, yield components
and quality traits of wheat under rainfed conditions, an experiment was conducted at Ashianeh-ye Sofla village,
Khomeyn County, Markazi Province during 2012- 2013 growing season. This experiment was carried out as
split plot based on randomized complete block design with four replicates. Experimental factors were included
appllcatlon methods of urea fertilizer in four levels (Wlthout application of fertilizer (control), application of 60
kg ha™ at the tillering stage, application of 30 kg ha™ at the tlllerlng stage combined with foliar application of
200 mg L* before ear emergence and application of 20 kg ha™ at the tillering stage combined with foliar
application of 200 mg L™ before ear emergence and 200 at the late ear emergence) and selenium in three levels
(0, 5 and 10 mg L. Seed denS|ty was based on 100 kg ha™ of Sardari cultivar. The seeds were sown by hand on
6-m Tows with 15 c¢cm spacing between rows. The distance between the plots was one meter. At the final harvest,
2 m* was harvested from the middle of each plot and the grain yield was evaluated. Statistical analysis of data
was performed with MSTAT-C software and means were compared with Duncan's test at the 5% level of
probability.

Results and Discussion

The results showed that application of urea top-dressing fertilizer and selenium increased the spike number
per m®. Maximum grain yield (1207.5 kg ha™) was obtained from application of 60 kg urea per hectare at the
tillering stage and without application of selenium, that was statistically S|m|Iar to application of 30 kg urea per
hectare at the tillering stage combined with foliar application of 200 mg L™ before ear emergence with 1196.3 kg
grain yield per hectare. This is due to that application of nitrogen increased spike number per area unit, grain
number per spike and 1000-grain weight. Application of urea fertilizer significantly increased the grain selenium
concentration and protein content. Foliar application of selenium at different urea levels increased the grain
selenium concentration. The application of 60 kg urea per hectare at the tillering stage, application of 30 kg urea
per hectare at the tillering stage combined with foliar application of 200 mg urea per liter before ear emergence
and application of 20 kg urea per hectare at the tillering stage combined with foliar application of 200 mg urea
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per liter before ear emergence and 200 mg urea per liter at the late ear emergence increased the grain selenium
by 48.28, 40.57 and 34.39% compared to control, respectively. Foliar application of selenium increased the
amount of grain selenium compared to control. The highest grain selenium was obtained from application of 10
mg selenium per liter.

Conclusions

In conclusion, with application of urea fertilizer at the rate of 30 kg ha™ as top-dressing at the tillering stage
combined with foliar application of 200 mg L™ before ear emergence can reduce the rate of urea fertilizer by
50% without reducing yield. Furthermore, foliar application of 10 mg L™ selenium can moderate effect of
drought stress, also increase grain quality. Therefore, application of urea fertilizer as top-dressing combined with
spray along with foliar application of selenium improve the qualitative and quantitative yield of wheat under
rainfed conditions.

Keywords: Foliar application, Nitrogen, Sardari C.V, Sodium selenite
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Table 1- Names and origin of the 40 triticale genotypes

B3y g el L Gy el i
1 Pollmer CYMMYT 22 Tewo Poland
2 Sika CYMMYT 23 Fidelio Poland
3 Passi CYMMYT 24 LAD1900 Poland
4 Fahad CYMMYT 25 DAD601  Poland
5 EMS CYMMYT 26 Vero Poland
6 Anoas CYMMYT 27 Dagro Poland
7 Cananea79 CYMMYT 28 Prego Poland
8 Alamos83 CYMMYT 29 Disco Poland
9 Bacanora CYMMYT 30 Presto Poland
10 Faras CYMMYT 31 Pronto Poland
11 Caracal CYMMYT 32 Lamberto  Poland
12 Tesmo CYMMYT 33 Kitaro Poland
13 Beagle 1 CYMMYT 34 Lasko Poland
14 ERI7012 CYMMYT 35 Pinokio Poland
15 Altar** CYMMYT 36 Moreno Poland
16 Alpaca CYMMYT 37 Woltario  Poland
17 Jago CYMMYT 38 Sorento Poland
18 Passi2 CYMMYT 39 Magnat Poland
19 ERI206 CYMMYT 40 Zorro Poland
20 Eronga83 CYMMYT 41 RAH116  Poland
21 Fahad5 CYMMYT
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A pbsl )8 a by iyl Bolas G 10 g, 5 olas
Sy U jgy daw caliw joels duoy> 50 b g, s olaw
1y alis oo o L) A Jgbo i 5] 5 i)
(S 5> ) aib 3ySles (LS 1 () Seglen 3)Ses s
0ig dpsS) wbylie iy caliiw ) dodliius Sluss et > &b Slaws
pn Sp b drep) caby padls (Wgsa) (e
Sis g 5 g retle) o) Sike T Sk e sl)
xS0l AACC-38-10 59, o (59l (sl 392 (o)
.(American Association of Cereal Chemists, 1983) .
oozl b las (65505051 5l sdal canday (laodls Julosi 9 4 550
5 o3lizal b oy Silio .5 ploul SAS (SAS Ver 9.3) Jlsilh s
auwlie 1oy 5 maw j> (LSD) b gxe M3l Jslis oyg0jl
5 ol caway Loby slanel eloly (S5 wib)ly 5as
Colps A5 dlxe (S5 bl 205l 5l A (wisid byl
@ jbee Blosl cns 1 (CV D) (553 5 (C.V.0) (S g5

15 e 5 sladged b Bilbe (ke

CVg-= 7;% (1) dsles
X..

CVp-= i (2) dslne
X..

2 Glp )G SSke Sl oySles S50 Slao (s sl
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Al 7 lizeo i o) )0 (S 9 () ilid Clio U3

9 5@ Sl LSSl I (S liyl gl obj Sy aials
Sl 5 (Sl | sSsle sl b5y 8] 555 IS 4y S
Kociuba, ) 1l o a0 5 i dawgs 3 03518 cuild y
slgo Jsl > Jele lgicas e )3 0, ke op 31 Job (2002
Bl Sid i 0yed bl )3 05sd 0lS &ily &y (g 5tuogus
b slacwss ol b plply (Araus et al., 2002) cool o

Sl il aly 5 Slas s o 0l 0,k Jobo

1718) 4l 5, Shos & bgryo 55 b iy o8 b (5155
sl 035 (303 413) gy £li)) 42 bgayo o 250 5 (000
didisee Glio la ySilie auwlio (Lamadji et al., 1995)
Lasko g} ol i oy B Jlets! w3 Lacss)
b e gy (e ke 63) Fahads cuigs g (se 5L132/5)
Joe @l ol (3 Jgsz) w9 wiss £l65)] (25208 g (2 b
539 9395 5 obisS iyl (S Cunnn Lite b slacaiy; 3
Sy S g Pl pli) Lite b slaguips o o

A 5 ilites (slacaisj ;5 alllas 390 Olio (i gid 5 (SiU5) E985 0 9 Ol (il ly 41525 W -2 Jgua
Table 2- The result of the analysis of variance and values of phenotypic and genotypic coefficients of variation for all traits
studied in different triticale genotypes

(Mean of square) iz e il

Rbe (D) b e cars g oo o (%) 95 oty
Cheo BN CRL) s Gliw Coefficients of ( U)C‘(—)i;;i)c‘iﬁegr?tsb of'w (cv)
Trait Replication Genotype Error Traits phenotipic genetic variation Coefficients of
mean variation variation
el 449.6™ 388.1" 54.2 98.8 14.1 13.1 75
Plant height (cm)
o) Sike cn 31 sk - -
Length of the last 86.6 71.9 6.3 31.4 19.1 18.3 8
node (cm)
RSy dsk -
Flag leaf length 2.3 154 8.5 16.5 16.8 11.3 17.6
(cm)
b Jsb * ok
Spike length (cm) 31 3.7 0.7 9.8 13.8 12.6 8.4
&ye e 5> Al Sl - -
Number of spike per ~ 5822.9 1789.3 585.4 134.4 22.3 18.3 17.2
mZ
3oy 2,8 kes .
Biologic yield (ton 18.4 30.3 12.5 22.9 17 13 155
ha)
a5, Ses * ok
Seed yield (ton ha) 15.2 5 2.2 7.8 20.1 15.2 18.9
Al 55 aild oy
Grain number per 0.30 194.0” 33.4 46.6 21.1 19.2 12.4
spike
] -
Number of spikelets 6.6 47.8 4.7 25.7 19 18.1 8.5
per spike
ab e o - -
Thousand grain 118.9 43.2 14.6 32.8 14.2 11.6 11.7
weight
> 0)9
Test weight 0.0004 0.006 0.003 0.8 7 45 7.4
(kg/hectoliter)
b s 0.008" 0.003" 0.001 0.3 114 9.3 9.3
Harvest index
R o
Wet gluten content 64.3 385 53.3 30.9 44.9 41.7 23.7
(%)
[EGTENG
Dry gluten content 5.0 43.8" 5.1 10.5 44.3 41.6 21.6
(%)

*and ** are significant at 5% and 1%, respectively

L Jlazs) b 53 Josine g W5 Jlazn) saws )3 b sine
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Fida et al., 2011; ) cuul 035 9> g pgy90 piiS & G A 5
Iy (glod i jlaw Slyss aiels &ily 5,Slas .(Josephides 1992,
S oy 11/84 1 Jgs L Sorento Cusgss <8 s yoboas ol L
wpa JSe » 5 5/5 L EMS 4 Beaglel (lacwis; g
(3 Joda) wol oladl sgday 1) ails 5 Slas oy S g oy yiddins
Sl 3ySles i 5l Al 5 e oy om E55 i
S0l &S g i bulys o ail 0 Sles s o (YU Jeoo
A5 5l b aSles pal Gl > 0o il SRe 5
sl (Dhindsa et al., 2002; Fida et al., 2011) sl -
i > dodiiw Sl oy iy DADGOL 4 Lamberto (Pinokio
Fahad5 wg5; 9 RAHL16 (clacws; .3 Jgis) sl |,
Al &b ol oy aS g oy i (p)5) 2115 568 L cwipa
Wb cov (S5 Jelse g ogMe aliiw d aly sl sl |,
3o diw o aib S ple 3 dgnge bulyi g Jaore Jolge
ol i)l 5 A Ollllas > jbd e Cglds ol &S 5,5 0 )18
Alamos83 55 «ibylia oyjs Jasil (Irani et al., 2010) ¢l
sl 5,5 25/87 L Prego cuigs g cpyisin syl o5 42/96 L,
Sly ogize BMBT 3529 3 Jgaz) 9 wbylie iy cyieS
Boros, ) cul sad GiyliS 0 L8 cldllas > a5
oadli da 3kl A a5 Slee iul58l (2002
0,8 lee Lilidl pl g cawl 03y (Mol e ilual I il
Sywgid Slgo adi S99 oS (SIS Ful GRIEI G b
DyS 0 C)po

Sl e cp i ob ol Gl Olas (1:S5ke duslio
9 RAHL16 C iy dau slaio (hoyd 41) cutlyy Ladls ciw
Cananea 5 Zoro slacuis 4 slate (Ao ,d 26) b oy a8
WSz 50 slS lgme Cdo olie 09 ol B J9a2) 09
agle ©)ygody SS lzeis 435 sl 1) (aslhae Cupmdge 42 )51
s Oloj 2 A 5 et (mly Cngliio by (Jg S (o0 o3
L Fahad5 <55 (Saldivar et al., 2004) 395 0 2lgil 5,
Seis 58 00)322/85 o 5 5ol aoyd 6716 ySlus il
95 5ol Moy 4125 il L Magnat cusgss 9 o yidw (sl
D39 Cduo oyl (sl e cpjieS (b Suts gl ao > 1/35
» Fahad5 s )5 Sis glS g 5 gl 2033 Jpa2)
9 95 39S 1o ALI5 (lyls oS T 13, pgy9 S b dunlis
as 81l s gyld sime BB g Siis 59l Mo yd 14/2
L b oy adllas (ol jo (p5olS (glgioen (gl (8IS S5 go
S5 el lyme Cho (lie (92 a8 Jdda Jb 0l
5 ol (Saldivar et al., 2004) pasS L awslis ,» (£15-10)
2,8 G Gl ol dupe

Cas ojll Glik edgaoee &S b L b 1 Sle duldo
18 b Dargo s 5 (stessle) 4315 5l o)k (2 31 Jobo
p2n Sy B Jsi) L2l e e Fahad5 g 5o e sl
3,8bos Gl g 5 5o b (b (o s anl ) 5
Jsb b slageisy Sl b alnly @gdee (35 ulyd
oS (nl p jiwgd ol Gl coge plyie ik w2 S
o5l 4 glbie (e Blu2BA) o2y Sy Jdb cnsite
G855 4 lato (2o Blul2l) o2y S Jbo 0% 5 Sika
Job s &5 Sika cwsgs Jb cpl b (3 Jga) 4 Fidelio
S 395 VL ghaw 3 3Slas a5l g gl wrn S
pac g by Juad 31 )3 olS 4 odidyly iS5 g3y > 4 NN
o352 oS sl (g (sloplel J osi mgih oI5 Jil 1S
Ll 53 pogasay g 43y Jad 31 50 olS o (l3El L
Sy peyasdlde WSy 3 eadady 09y dge ((Sid i
3 2590 (25 9 Wb (0B sl Lol s (g5l o2
oS als wlio plo bawg a3, Jbo o cbaaily 50,8, lp
oo, Siks I loysd slaclamg S sacme JUal dazsl ()8
@oli .(Rivero et al., 2009) 3¢5 o dliuw jiwgd 35 g 4Bl
wrn Job cao il A 5 dilise sbcwip] om )b e
Lamadji et al., 1995; ) coul oad (3l 50 A oldlas ,
eyl b aiw Jsb cadllas ol > (Farokhzade et al., 2013
sk i)l b slacuigy Sygba iy mitue bl 455
oo BW12/4 |, PinoKio gy aaib oy s sbaaliu
CnyieS yia gls S L PolIMer syl g aliw Jsbo oy it
S5l a8 ol ol L5 Slllae (3 Jgan) wimils 1y aliw Jobo
Ay Gt gy » @obine ©oli diiw Jsb cio
Kociuba and Kramek, 2014; Farokhzade et al., ) 5,5 3424
(2013
85 L EMS (335 9 gpeyie > aliw 200 L Anoas iy
iy 1) aliw Sl (168 g (il Gl Fa mpepte 5D Al
e M @old ( LE cldlhas > (3 Jgas) wobs olass]
Oettler et al., ) cal oad (5)l5 aliw sl Jasjl lacuisss
Sty 3 g5 @i 3Slae 5 ol 2Sles (1998
wlaidl s Slae ilwy wSls 4 gly SMol Slas oy jioge
wwoy; (Araus et al., 2002) Ggb 0 Cpwme M )
slocwiss o cpyin (iSa o) 32/9 5Sle L Sorento
S s (kSa ) 16/24 5 Slee L EMS 4 Beaglel
2 ab o Slee (a5l glanlie Gladllas ade Sjelgn 5ySlos
e S Sl pgyed paS g Ay e lacy
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Table 3- The mean comparison for studied agronomic traits in different Triticale genotypes

8 o P e S BE s PO gl oigs
. gyl s , Pl i . s ) Sosd # e .
) o2 Al g 5 > Cuila s
o5 e & o e (@s5)
Plant Length Flag leaf Spike -Number Nu?fber Grain Thousan Seed BiOI.OgiC Wwet Dry
height of the length length of spike spikelets number d s.eed vield al yield I—!arvest gluten gluten
last node ) per weight " (ton/hect index content content
(cm) (cm) (cm) (cm) per m Sg:el:e spike © (ton ha™) ar) (%) %)
1 83 285 16.6 5.9 170 28 155 428 6.3 18.04 0.35 19.3 7.0
2 85 46 254 7.9 158.5 375 175 322 8.4 22.8 0.37 15.7 6.6
3 84 26.5 17.6 8.1 101.5 385 19 36.2 6.3 16.5 0.38 46.6 Vo
4 97 325 19.1 10.6 136.5 475 25 36.2 7.3 19.6 0.38 26.2 9.4
5 97 25 14.9 10.2 84.5 435 24 29.8 55 17.0 0.32 47.5 16.0
6 90 31 19.1 9.0 200 33 22 341 5.8 20.3 0.29 43.6 154
7 94 255 171 115 153 445 245 39.1 5.7 21.6 0.26 37.7 12.6
8 93.5 295 15.9 9.6 172 345 23 429 8.4 24.2 0.35 31.6 114
9 99 305 23.75 10.5 164 47 25 36.9 8.8 234 0.38 34.7 11.8
10 86 245 16.1 7.9 149.5 39 21 352 7.9 12,5 0.35 32.7 11.6
11 82.5 255 16.6 8.0 185.5 39 20.5 35.6 7.3 20.3 0.36 45.7 155
12 110 335 19.1 10.2 136.5 59.5 26.5 412 8.3 33.8 0.35 25.7 8.3
13 84.5 25 15.7 8.3 127.5 40 21 30.3 55 16.2 0.33 40.8 144
14 935 26.5 16.9 8.8 1445 385 21 337 1.7 231 0.34 30 10.3
15 97.5 315 18.6 10.6 136 39 245 39.7 6.7 20.4 0.33 41 14.2
16 90 285 19.8 10.9 1185 44 235 37.8 5.7 20.1 0.29 23.6 8.6
17 92 27 17.3 10.4 198.5 405 22 335 5.9 22.3 0.26 221 8.7
18 90 30 17.6 8.6 181 385 20.5 35.1 8.5 21.8 0.39 16.9 5.8
19 91 27 19.5 8.9 1155 415 215 40.2 6.9 20.2 0.35 19.3 6.5
20 89 29 15.45 10.9 166.5 375 21 322 6.1 19.2 0.32 36.7 12.6
21 63 18 10.15 6.6 188.5 275 155 30.7 6.0 18.1 0.33 67.6 224
22 122 43 16.95 10.30 97 55 28.0 276 8.9 36.2 0.36 27 8.6
23 104 34 12.05 10.70 103.5 55.5 315 8.3 9.6 2.10 0.39 222 8.2
24 96.5 29 14.01 10.90 145 55 30 26.9 30.1 29.2 0.39 255 8.5
25 121 325 14.60 10.75 99 61.5 325 275 9.2 28.0 0.33 43.9 144
26 116 39 18.75 10.85 108 47 28 311 8.1 29.6 0.28 39.1 12.9
27 114 435 17.60 11.20 123 535 30 325 10.3 31.72 0.33 111 4.6
28 110 345 13.40 9.85 132.5 53 32 259 9.71 27.94 0.35 1.12 2.9
29 111 38 17.60 10.20 93 53 28 344 7.80 22.23 0.35 36.8 12.3
30 114 38 13.10 9.65 120 395 26 326 7.27 18.38 0.39 47.4 17.3
31 116 35 13.30 9.65 109 55.5 30.5 29.1 8.17 25.34 0.33 16 51
32 109 39 14.20 10.30 134 455 30 29.1 9.08 25.33 0.36 10.1 3.6
33 111 40 17.85 11.80 99 63.5 325 35 31 21.46 0.39 47.5 15.7
34 1325 43 13.05 10.60 1445 43 275 274 7.46 25.61 0.29 20.5 8.5
35 96 28 18.90 12.45 96.5 59.5 325 30.2 8.15 24.03 0.33 251 8.5
36 111 36.5 14.50 11.20 127 60.5 32 26.2 8.49 24.56 0.35 44.2 5
37 87 245 17.10 9.65 102 59.5 28 324 9.49 24.03 0.39 23.6 14.3
38 109 39 16.35 10.80 147 50.5 29.5 26.9 11.84 32.92 0.36 10.3 3.6
39 89 295 14.80 10.25 119 49 31 332 8.12 21.21 0.38 4.2 1.3
40 85.5 26 12.45 10.10 122 495 30.5 26.2 5.79 22.18 0.26 35.2 11.2
41 105 335 13.05 8.60 127.5 68 29.5 272 9.73 23.61 0.41 31.8 11.3

LSD (0.01) 15.26 5.20 6.04 1.72 50.17 4.49 11.98 7.92 3.06 7.33 0.062 4.6 4.7
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Table 4- The results of stepwise regression of agronomic traits (independent variables) on the yield (dependent variables) in
different triticale genotypes

Cdo oSy il R’;> R sxo F
Trait Regression Proportion coefficient of Cumulative coefficient of
coefficients determination determination
Sl 3,5les 0.34 0.68 0.68 19.8”
Biological yield
b o= L 23304.4 0.30 0.98 938.7"
Harvest index
25k 03] oo 156 0.002 0.99 78"
Length of the last node
bl o 15.4 0.0016 0.99 6.82"

Thousand seed weight

GEiy o)y g Jae: Y= -7057.0+ 0.34X,+23304.4X,+15.6X5-15.4X,,

31 203 80 goeme 3 9 a0 8 99 12 13 39 s pay adhe
Jol allye > 008 gl |y owyp 2p90 (£ Slio G g9
Job s o il dhws g glay)| s 0 dodius dhad phu
o Slao ol g 39 by Sufglan 2,8kas 5 05 ol 5
2 koo YL pod ddlie b oSl angi 1) prew
S Gl Slye o ol Slye 4 bgiye 3 Sles dny
w2 Sy Job pow adlie 13 g dliw Jgb g aliw > b dlaws
Ol dng 0 Slaw plo 1 gde &b 5)Slas @byl e
gaye yio yd dliw ol p)les 4dlhe j0 LN papew w3 Sles
2 byl 5y g Cate ey Al 3 Sles «Sjedon 3)Slas
oz adlpe > AL £95 4yl 3 |y e Cpytde (Ao S
Ol 4295 ) |) wtew (i w2 Sp Job oAbl Ui
il 3 Sles
oSl (1 JS8) sladss s ol Juols o155,
Oyt (ourddl dold mye ojlul ululy 5 3l (29 b wlico
Sba Vgl gd g calud b slacaisii ob Gl alds lee
i) Ui b (slacass pgd 095 5 Cpmpm Lo b sl
oo 09)5 5 Yl W g A5 i 095" 25 93 4 09) p2 392
owss dop 415 Jols o Jsl 09,5 pj o el Cawday
Sorento [Dagro [Lasko Moreno [Lamberto Prego
Mero Disco Tewo [RH116 [LAD1900 Fidelio
Sbuad Lo lyls (Kan g 30 Magnat o Pinokio (DAD601
J9]o ‘414.4..»’ J9.|0 sy .))ﬂo.c :&)9]9.\4' J)ﬂoﬁ ).EJ‘ )l ‘J.;.)y
2 oVl G i) g Al 5D doxiw daw 05 phe o3

Azzaly )8 e

5 4l 5 Slee b osd (gpSojlul chw 13 blsyl oy

e glacus) Cliv opiie vx bl 5 s pbol
Cups b pasude opile Mo (ygw)S) el Gobjl A
Job g cutlyy (asld «Sujglan 3 )Slee pite aw (lp (oS
St 42 gy Jo ot 5 Sl e 05 0ke 08
S 3lae (Jin (sloise) el b o 3,Skae
b g & cul oS ple pl Jgb g oy asls
Joaz) 239 20 0121 § 0515 30 <003 68 ¢ (pons oy
dogp el Wl o Clo aw pl lue p bl cplplo (4
o ol g e padld iy g 098 S5 > ab > Sles
shb g YL e)ly cllB b e K oljerd caw
clal Sl o @b 3 Slae L L b pxe 5 Cute (Siuen
e ulpd Aot SaS 4 b odlatwl &b Sl 4ly
S 0 pasile g duglie (U g pgyd pAS L S 4l 5 Sles
W glis)) Jols 3,8las e3> 3 15l cov A5 4l 5 Sles
b (g (rioen g Cute 1L Al Sl (g g Al )3 &l Sl
5,8 lee w03l i > (glaalllas o &S Jbs > gy tie ]
Wi Job gy iyl Slio il cov poys g b puS 4l
Gulmezoglu et ) wsb o poy9> piS (sl dbinw (59 9 nBign
Jeloe 5151 3 Xlgs o oel Camnsay ol > glis(al., 2010
A5 T ela ;) o cglie slaciss ;) odlizul b g lawe
9 895 jl Cho e e lp ol slaadlie 4 40
Srddlie & 4o o Cul oid 48T S b yusio Sl ialS
g odd dng uibjly Cons @asiie glajhy polie Lol
B i) sl 00 dpuloms 01 a2 (il JS g 4ilhe o
& ol W Sl ) aaside ady) b gl adlie &y
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Table 5- Principal component analysis of different agronomic characters in different triticale genotypes
Principal component Lol sladse

ol Js! P9 Pow PRTES e
First Second Third Fourth Fifth
Sjglsn 3,5k 0.32 0.16 -0.02 0.40 -0.23
Biological yield
b 3,8Lee 0.30 0.34 0.24 0.20 -0.35
Seed yield
ko Jobo 0.29 -0.31 -0.04 0.23 0.34
Spike length
Sy g 0.35 0.05 0.14 -0.002 0.19
Plant height
oS o251 b
Length of the last inter 0.32 0.06 0.09 -0.07 0.23
node
w22 Sx Jsb 0.09- 0.11 0.22 0.63 0.39
Flag leaf length
oo 3 b 3l 0.33 0.21 0.23 0.05 0.01
Grain number per spike
i > a1 0.38 -0.23 0.02 -0.04 0.01
Number of spikelets per spike
bl 0 0.15 0.39 0.27 0.01 0.48
Thousand seed weight (gr)
@ e 3 4y S -0.19 0.25 -0.32 0.41 -0.16
The number of spike per m?
7> 09 -0.21 0.09 0.27 -0.23 0.27
Test weight
Cuiby padls 0.08 0.38 0.50 0.21 0.27
Harvest index
PO wop -0.25 -0.36 0.39 0.18 -0.19
Wet gluten content (%)
S iS40y 0.26 -0.38 0.40 0.20 0.20
Dry gluten content (%)
e oy 39 13 12 9 8
Relative variation (%)
e by 39 52 64 72 80
Cumulative variation (%)
datudo by 5.43 181 1.66 1.24 1.07

Eigen value

Fahad Jago Anoas Cananea79 Polmer [Pasii2 Eri206 9 o> i« yolS slame a5l acuigl cpl b ol b

Jsbo yas 5l a8” sl H),8 Tesmo 4 Bacanora Alpaca Altar
Mo oy i daw dsly 3 dliw dlass ly Jlia ig e Sy
05,5 ) 5 Ndg bawgie o > Glaw ad s I Js aih 1)
53] iy o gl JS 5 aep T8 els & p)ler
cew VUL cuby (edls g ez i i 2 b bl
pod agy  aib 3 Sles 5 Sojolan 3 Slas Wile Jlaw as jl
Iy JMae (p eSS mow doly o dliw ol jlas Gl 5 wizab )3

sl

T2 P93 095 1) ) g (n S wp Sy Jsb g b s 1
ol & 5y Fahad5 4 Silka Passi Beaglel EMS Cuigj
025 3 Sl 3Skos il 3 Shas Slio i ) oy
P P e il Jy g oy S ple 4 Cuws s
g At )3 aoxlitn sl g g plisy] Jlai 5l g g Jlade o SV
g 2 0Ske (w81 Jsb g At Job g a5 &b ol
Pl bodss 10,5 39 & pow 098 5 iy 5 ol
Eronga83 [Caracal ERI7012 Faras slacuwiy) «é)8
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Figure 1- Clustering of different genotypes of triticale based in agronomic traits
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Introduction

Genetic variation is essential for the success of breeding programs and is vital to helping the genetic
improvement of triticale. Understanding patterns of genetic diversity in the triticale and use of its genetic
resources on a practical basis may help to establish appropriate procedures for breeding genetic materials. It can
be used as a benchmark for classifying parenting lines and favorable heterotic groups in triticale. Triticale (X
Triticosecale Wittmack) has considerable potential either as a grain crop or forage crop, but has received little
attention from breeding programs in Iran.

Materials and Methods

This research was conducted to study the genetic diversity and the performance of triticale cultivars imported
from Poland and International Maize and Wheat Improvement Center (CIMMYT) using some agro-
morphological traits. Forty one triticale genotypes were evaluated using a randomized complete block design
with three replications at Research Farm of College of Agriculture, Isfahan University of Technology.
Agronomic characteristics comprising plant height (cm), length of the last node (cm), flag leaf length (cm), spike
length (cm), thousand seed weight (g), the number of spike per m? seed yield (tha™), grain number per spike,
number of spikelets per spike, harvest index, test weight (kg hectoliter), biological yield (ton ha™), wet and dry
gluten content (%) were measured. All statistical analyses were performed using SAS statistical software. The
multivariate analysis procedures used to analyze the collected data and to investigate relationships among
variables. Mean comparison was conducted using LSD range test (at 5% level). The unweighted neighbour
joining (UNJ) cluster analysis was carried out using NT-SY'S software.

Results and Discussion

Analysis of variance showed that genotypes were significantly different in all characters. The measured traits
varied in coefficient of genotypic and phenotypic variation. The highest coefficients of genotypic (41.7%) and
phenotypic (44.9%) coefficient of variation were belonged to wet gluten content. The least coefficient of
genotypic (4.5%) and phenotypic (7%) variation was denoted to test weight. Simple mean comparisons for seed
yield of Triticale showed that the highest seed yield (11.84 ton ha-1) was denoted to Sorento genotype from
Poland and the least seed yield (5.5 ton ha-1) to Beaglel and EMA genotypes (from CYMMYT). Using stepwise
regression analysis, 98.8% of seed yield variation was attributed to two traits, including harvest index, and
biological yield. Correlation analysis showed the significant relation of number of spikelets per spike, and spike
length with grain yield. The results of the factor analysis revealed that five factors namely, plant height, grain
yield and their components, biological yield, harvest index gluten content explained 80% of total variances of

the grain yield. Cluster analysis of genotypes based on agronomic and protein content traits grouped the
genotypes into four separate clusters. In categorization based on collected data, the fourth group included
genotype from Poland origin (Prego, Lamberto, Moreno, Lasko, Dagro, Sorento, Fidelio, LAD1900, RH116,
Tewo, Disco, Vero, DAD601, Pinokio and Magnat) with the highest value for biological yield, seed yield,
number of spikelet per spike, plant height, spike length and the length of the last internode. These clusters have
beneficial characteristics and are useful for plant breeding purposes.
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2- Professor, Department of Agronomy and Plant Bereeding, Faculty of Agriculture, Isfahan University of Technology,
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Conclusions

Based on the data reported here, the scientific use of multivariate statistical analysis including stepwise
regression analysis, principle component and cluster analysis of genotypes revealed subjectivity of these
methods as a suitable way to exploit intraspecific variation within triticale and evaluate its genetic resources for
their agronomic value and the amount of genetic variation for specific traits to allow more efficient genetic
improvement. The identified superior genotypes such as Sorento could be used in hybridization programs for
improvement the seed yield in triticale.

Keywords: Diversity, Multivariate protein, Seed yield
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Figure 1- Effect of nitrogen on leaf area index of different hybrids of maize
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Table 2- Analysis of variance for leaf area duration, radiation use efficiency and grain yield of maize hybrids
under various levels of nitrogen fertilizer
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* *

*and **: are significant at the 5 and 1% probability levels, respectively and ns is Non-significant
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Figure 2- Effect of nitrogen (A) and maize hybrids (B) on leaf area duration
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Figure 3- Effect of nitrogen on absorbed radiation in different hybrids of maize
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Figure 4- Effect of nitrogen on crop growth rate in different hybrids of maize

(5 Jsis) st samlitie &> Caliso
SLiSe )3 09l p,59S 483 & 138 51 59,55 565 3,18 Lol
5 0/069 0/066 5| jul;8l x> 15 54 17 50> U sy
» S pp,S 00074 40/073 0/078 « 54, 5 p)5 5 p,5 0/064
01 S ol Jgmao (g by e puo (4 IS2) Bl 25 o)
Alols SO adel g 4 Caws ol Sis (5 (il s o
Ady had Job )0 s Ay ey GialS clde sl e o)
(298 Fomb Sy ohga) S n oy Gl & plyi e )
Olehisly (ials aseiip o )00 g9y Lo o (gihilal
sriwgis 3 48 Slazsla (slacdl il js g bl (s3imegd
GRS i sladgie i 8l el ass ) g atbly ids
4 (Nassiri Mahallati et al., 2015 b) sls Cous 4 0 oLS
A8l sk 5l 0598 265 38 e (el ey Sl
9o GiliSl pimen 5 S g plpd Sy aw a3l
oS g90d oo Lawlsl b 059 gy w3l 5 S0 (35
Gk ol il 8 &5 (g e (L ORIl 4 e
A Al (o by C g 105 o Dy s pun Sgupe sy
> en 0 g Wb (o0 juS ol (il g Swgid Cumdg Ol
(Jgae 1) Coyu S 35 9 Fomb Sy g GRIEIL
(Gulser, 2005) asb o LialS aiy Joad 3l o o Hhds
L ;- (Hasanuzzaman et al., 2010) ;|,LSea ¢ ;lojgime

by s B9y 03955 395 3l e GRIBIL 35 Sl
Eiads Ola 9 S e (a3l Gl b 4 Jgame
spboacy &3 ailis) 5itugd (i deme o S 4 5 saedyss
SIS b oionan A8l 4Bl S50 (o) )90 P8I 53 6y
LS g Sy (0 5 b3 2l o @ ) Sl e e
LS Jpaze 4d) Co p S Oliae GRlE]) Al Srwgid
Sas ¢ (Byas gy Giali8l b o lis 1o K0 laisee Lcdly
o (5 gt oo 8Vl el o Cdly Ll S oo
il Gl S odlo Ay g Jparme A3y Gy ol 4 )3
Hasanuzzaman et al., ) ol,en g ;lojgus .(Gulser, 2005)
Ay ey o ine I3]0, 355 2,0)18 L 343 (2010
3,5 GBS ) g (o My sy g Jpazee

(e 3y Oy
s Ay sy dilie Lo W I S adllae ol ol

Ay Cas oy el 4S5 ok 390 iy 3y90 sloylen (gl

L qupdsiar 5 M odalie o5 Sis (g o 4 badigy ()l
TS 35 (ol M) Cp (lem 0l Gy Sl g 035 Al
395 38 gl Sl I 0 e (0 JSLE) il tals
PLE (o 28y Csps (liee 81> ) Sluix Sl (5



1396 ybinmo; & oylois 45 al oyl ol o515 Gloido’s a1 o 892

0l

0.8

0

0

Relative Growith Rate (g'gd)

(595 25 (255 a2 18 35F oot Do, e

odlo F e ) 9 4.\.9[: u..;l)sl u;’?"lf ),.Wys U‘)“’ cgf).g
13l 5 28,5 08 4y (s b JS S
Sl piorod g LacS s (i) g (g e & olS Ay
oS Sy Gl a9 sl Sy 2V S
Nassiri-Mahallati et al., ) 15,5 <ol as) als o 3l Ll

0)9> skl > o

2500

2000

1500

1000

(Z3 0 350 33 0 35) J5 S s oole
Total Dry Matter (z/m2)
=]
=

|

b @ s 48 Sy 0 ine Gl (5958 395 08

3,8 )l
, e | k] 01 5 - [Bhgha 01 8 kol
Simon 138 kgha 04 9’ BC6TS v | kg2
...... 18 kgla e 138 kglha s 238 ko
. 008 4 Y T L
--- 30 kgha - gl --- 30 kgha
— 483 ik — i kg/llﬂ —_ 1
oha i 4 83 keha
04 1
042 1
T T T T l“ 1 I.) T T T T H l - 1 0 T T T T T 1
» o9 o0 N oW w9 N L 0 H oW o9 W M MWW
O o iy Ml iy
Days after emergence Days after emergence Days after emergence

€5 e pf )3 (o ) C g Kig 2 (39,55 395 P15 JSWG
Figure 5- Effect of nitrogen on relative growth rate in different hybrids of maize

Js sdia sule
oinlejl Lol s 5 )b S Sis oole Lialzsl g,
WAy 0y93 sl )3 (0 JSi) 290 (cageSm (dxie i jgods
Mg g S domS D g 90 olo e 4y S5 SUS ol ped
Ay s yo 5l yaee 3l e g zuyias Ll og ol ieS Sis ool

(2015 b g LS BRI S 4 (ad 0l dls o 4y (08 3l L (ol
2500 1500
““““““ 3kgha  Simon — 18kgh 4 — kg BCOTY
,,,,,,, Bkgha and 38 kgha wml 138kgha
-- X0kl e ---¥0kgha
---30kgha A %
¢ — 483 kgha AW ) — 483 kgha
— Wlgh 150 150
¥
1000 1000 ’
500 / ) b
I e L e s
, 00 4 6 % W W o9 w4 @ N W 1
i o g 4 g el iy
Days after emergence Days after emergence Days after emergence

oy Blises 0,1 45 JS SWid a3lo qesxi Wigy w1 (595 395 1 -6 JSUS
Figure 6- Effect of nitrogen on total dry matter in different hybrids of maize



893 .5 Gilizko lhf iy (glb L 3 qinid Gy ()5 2 (13955 1

Friwgid Sy g lie S9e sk Sl 03955 295 28 e
u))MMobuHﬁstm)wwawwb
bl ob Gl ) adeds Gpne S 3ok pl il s w8
(LS @ drgi 4l oollae 3Sles S 4l Gl
Ply> (imen 9 S o a3Ld Sl 4 S b
Obej 3 by JeSS 9 595 @i Sl (lp YL S
DI el 55,55 355 13,5 Ao o phslen i gl
Byane oS Sl cel colps oS 105 e iShs s
oLS jriogid (ialil o daay oo 5lai L i AD O)D it
ORIIL a5 )8 ol g olRamgh 5l S0 Slode gy i
YU claaY o oid Gls mdadd (e <59, 358 B juas
Sakamato et al.,1967; Hatfield and ) <. sl i3 8l Lels
o5 5 (Kaur et al., 2012) .l lSen 4,58 (Carlson, 1978
aog Glie 5 5L (595 doyd 90 525 Bpas b a8 wid )
Il minds oSy o (adls aile SG5elgs jadeST Gliuo s
8l Gl aay BB by @iads Spae (oS g s jtiwgid
Sy aw (adls Wl gla ol oS cuwl oddi i)l5S pioren
039 s 053 53 (Ll g8 | Fhe edliiel 5 aS e Jobo
=2 o= gl (Muchow and Davis, 1988) sl 58l
ol auddds B o )8 a5 51 )b pB )l A" ol LS oo
35S Gyas Lilidl b pld)l ads 1o 5 aidly Sous$ b ()b cxe
8l il ol Sy o b Loy s Gpae (2 59y

(7 Jss) cails Jolize @l gl ()l sme pu 5l oL oS
S sz 9 Gt (Sumod a8 0b Ll @) by g s ls
s Jguame Lb) e il il Ol S ls Sy
(3 Jgde) sl gy S Sts oolo piShis g s Aidy sy
ol 039y Sy Slas pl g bjles 5l aS Conl gzo cpdy opl
L3y glaasls p Slesh 5 cute Sl G5g s 355 4R ©)le &
plgd 9 Sy e ili 8l el 5 s 058 Wl 03ly il
ir LagSip onl Gl ohas 5 01 &3 pl8)) S
el D9 g an el Jale oyl a8 ol 4l il piads
plgd 4 (0/98*%) Sy maw (el o ime g Cute ( Stunen
do>9 (3 J9J._>) Cwl 035 éum.u) u» l) (0/84*) ;f)) c]aw
Jaame iy sy g gubadd Gda (po D Sxe g Cude (Siusod

A8y 0093 Sl 3 (19,8 395 38 (e 5 Hlaid e
5 104 56 ) 15 sy JS Sits o0lo ylio ol 9 VL
3 0595 355 318 LlEI L (6 JS3) w35 eaelis BC 678
Ogos pLE)| IS SKis o3le JiSa 3 09l p,55LS 483 4, 138
3l 30 o yd 54 5 82 42 5405 554 BC 678 4 704
o 5 25 2087) S5 S o0lo iy izen (6 JS2)
2oyl p Sl 483 pme Lol s 5 T04 (5 & bogyye (e
5 104 5, )3 55 (e pe e 5 p)5 1146) (] (2208 5 iSle
odlo Wg5 .05 osalie S 13 09l p,SokS 138 b yune Laslyis
048 ol Lilg o aS” Cunl 0L 2l iwgid | wlSsl (Sis
O3ar (eSS @lie 4y (qwpid pie 8l (2))j lalS 5 Shes
s ofg i 2oy A0 5yl s )3 1y el olye 53 B
5 e (s jiigth 3o 155 & e e ALl j5aS ) s
= Poe Jolos &5 ol 4 g b a5 Sl SUS Gy e
O Ll s g S g )9 Ol Gl ol Glug 5 ad,)
Gtalidl sl 055y5 s Gl el (s fiingth LS
i e Glali8l g S e plgd oSy (5518 ey
J5 Sis oole adgi (iolidl 4y oo colps 0 & A pdiadds
30,55 aldlles (Gulser, 2005; Banziger et al.,1994) 15,8
9 Bl S (g «0Fgre Ol pRaLS L olen oy (L
2 oS asl ials al g IM G (I wile (il (slacaond
Pan et ) cuul ouds oS S Siis oalo 3 Slos yialS cely s
o sLis polis cely 5,00 3935 ;505 (sow 3l .(al., 1998
S Fhagd Glise g ©do oSy paw plgd GIEIL 9800 S
M b St 03lo Ll o olS it )3 9 Mbe GRS 5
ey IS s ool cuglas (Zebarth and Sheard, 1992) xS
Cwl 0dd (5,35 30 cptioee plaw bowgy calises plE)l
Rahimi-Moghaddam et al., 2015; Gardner et al., 1990; )
(Kaur et al., 2012

b.i'u..i’ﬁ S pas ol yls
Syae 2 jm Gigrts S ob Gl oy ol @S
9 05 ST (Hg 29 b ire o> Sl )3 &)Y pdads
Gy 25 (2 Jgi2) 351 aistne b 03 9 (55 SiSamy:
a0 138 51 3g s 355 3 )l lime GI3EI L )3 Pl iaits
521 A3 5900 b sy S 5 09l p,59LS 483 5 350 238
Jo5LSe o p,5 2084 4 2181 2/63 & 2/33 5 io)s3l ssys 22

) s 15 00 (T JS) 8l S 5 s b cins



1396 ylinmo; & oylois 45wl ooyl sl o5l ) Gleido’s a1, 894

Ol Jyazee Ay sy g J§ St 03le g @iad Bpan )8
L ;0 (Kaur etal., 2012) 4, Kan g 58 .08 0 a5 | gui90
Aim 3 ©)3 Pl pdads Bpan (L 2 (gs 395 Sl )
S 2D Om e g Cute (Stuon &5 3,8 ()15

il 292 Sy aw 2SS 5 gt

a8 ol e opl S5k, (0/97%%) S Sizs 0lo 4 (0/98%*)
Sid oole g Ay Cespeo | S ol (gpdy pdadd olS axpe
b & olajles caleg 0 3 Jgiz) Culd Jloy8 0 5 syt
Bpas ohlS jlidg (st SiS odlo g Jgame Ay Cu pu
O 503 I (Stuam 3925 0351 0,581 55 (6 5V gt

g M0, kgt y=2ome Simon M0 gy g 0 ot igha y=230 g8
a e o . woha v=157
j”ElZDOU +8kgha y=268188 g | +198Keha y= 26405 | g | ¢ B8 hefha y=137x |
P3| kg y= 17l 1 330 kgha y=29728¢ Y 1350 kglha 7=1734x A
15 , ¢ oy V=162 ;
ﬁgmou 1483 Kgh 229920 160 1 MRS kgha y=agity g 1600 1 0483 kgha ¥= 261290
¢k "
2 p 1 1200 1 1200
5%
1 800 4 810
3
3
0 0 1 0
0 T T T T T T T 1 0 T T T T T T T 1 0 T T T T T T T 1
010 N0 0 40 S0 60 T 800 00 N0 N0 40 S0 60 N0 s 0 M0 00 M0 40 M 60 0 80

o g b s
Photosynthetic active radiation (MJ/m3)

G5 g [l
Photosynthetic active radiation (MJ/m3)

G g o ki
Photosynthetic active radiation (MJ/m3)

Oyd s o8 )| auirnlid Bpan oI5 039,29395)5‘—7 IS
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Introduction

Dry matter produced by crops is a function of absorbed radiation and radiation use efficiency. Radiation use
efficiency is an effective approach to quantify total dry matter accumulation. It is defined as biomass produced
by plant for solar radiation absorbed during growing season. Radiation use efficiency is often calculated from the
linear regression slope between total dry matter accumulation and cumulative solar radiation absorbed. It is
affected by species, weather conditions, crop management, plant development stages, and the production of
photosynthesis compounds. Among the factors of agronomic management, nitrogen fertilizer and crop species
are the most important aspects that affect the radiation use efficiency. Therefore, by considering the fact that
Kermanshah province has favorable condition in terms of more natural resources such as solar radiation, the
aims of the present study were evaluation of nitrogen effect on radiation use efficiency, growth indices and yield
of some current maize hybrids.

Materials and Methods

A split plot experiment was done based on randomized complete block design with 4 replications at 2014.
Treatments were 4 levels of nitrogen fertilizer application (40%, 70%, 100% and 140% of the maize demand to
nitrogen which based on the amount recommended by soil experiment equivalent to 138, 238, 350 and 483
kg.ha™ of urea) as main plots and 3 maize hybrids KSC-704, BC-678 and Simon as sub plots. Leaf area index
and total dry matter yield measured during growing season. Crop growth rate and relative growth ratio calculated
by differentiation from fitted equation on total dry matter yield data. In order to calculate radiation use
efficiency, sunny hours for Kermanshah latitude obtained from the nearest weather station. Daily solar radiation
simulated by the method cited by Goudriaan and Van Laar (1993) for growing season. The absorbed radiation in
each stage obtained through the multiplication simulated daily solar radiation in percent of absorbed radiation.
The amount of cumulative absorbed radiation calculated through the multiplication simulated daily radiation in
integral of absorbed photosynthetically active radiation fraction. Finally, radiation use efficiency calculated
through the slope of linear regression between dry matter accumulation and cumulative absorbed
photosynthetically active radiation. Also, grain yield measured for each treatment separately in the physiological
maturity time.

Results and Discussion

The results showed that maximum and minimum of leaf area index, leaf area duration, crop growth rate and
total dry matter yield were observed in KSC-704 and BC-678 hybrids, respectively. Also in all 3 hybrids,
maximum leaf area index, leaf area duration, radiation absorption, crop growth rate, relative growth ratio and
total dry matter yield improved by increasing of nitrogen fertilizer application from 138 to 483 kg.ha™ of urea.
The highest total dry matter yield (20450 kg ha™) was related to 704 hybrid and consumption of 483 kg ha™ of
urea. Simon hybrid had higher grain yield than other hybrids at 483 kgha™ of urea condition (10467 kg ha™).
Radiation use efficiency was not significantly different among maize hybrids. Regardless maize hybrids, by
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increasing of nitrogen fertilizer application from 138 to 238, 350 and 483 kg ha™ of urea, radiation use efficiency
improved from 2.33 to 2.63, 2.81 and 2.84 g MJ™ (about 13%, 21% and 22%), respectively. Our results also
indicated that there was a positive and significant correlation between radiation use efficiency and maximum leaf
area index, maximum radiation absorption, maximum crop growth rate, maximum relative growth ratio, and
maximum total dry matter. The positive correlation between radiation absorption with crop growth rate (0.98)
and total dry matter (0.97) demonstrated more radiation absorbed lead to more crop growth rate subsequently
higher total dry matter production by maize hybrids. Nitrogen fertilizer also improved total dry matter yield
(58%) and grain yield (63%).

Conclusions

The results indicated that despite effects of nitrogen fertilizer application on maize grain yield, but
unfavorable application of nitrogen would be led to intensify environmental pollution. Therefore, consumption
of nitrogen fertilizer based on plant demand leads to increase resources use efficiency and reduce environmental

risks.

Keywords: Crop growth rate, Grain yield, Radiation absorption, Radiation use efficiency, Relative growth
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Table 1- Logistic model coefficients; a and ¢ are constant model coefficients and b is time (days) to maximum leaf area index
(LAl ) that calculated by numerical solution. R?is the determination coefficient.
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Figure 1- The trend of leaf area index changes in 4 planting dates (a: 26 Nov, b: 19 Dec, c: 11 Feb, d: 10 Mar)
and 3 seed sizes in faba bean cultivar Barakat in Gorgan during 2013-2014 growing season
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Table 2- Maximum accumulative dry matter (W, xSE), curve slope (K+SE), time to 50% of maximum dry

matter (T+SE), root mean square error (RMSE), determination coefficient (R?)

cdls &6 Faloled Wi tSE K+ SE Tm#SE ~ RMSE R’
Planting date Seed size

Large iy 10733048528 0024008 15470268 7277 98

26 Nov. Ui 18 Medium Luse 12045013670  0.01#0.06  162.60+4.41 5464 99

small 3, 923.30470.74  001#0.09  161.40:245  47.18 99

Large c.s,s 877.141091  0.09+0.01  140.91+356  40.96 99

19 Dec. 528 Medium Lz 647047044  0.09001 14170259 2290 99

small 3, 727347112 007000  147.80+3.14 1237 99

Large s 787.5¢2165 0101004  93.19+7.16 7814 96

11 Feb. a2 Medium L.g — 70260+1835 009030  93.83+698 5901 97

small 3, 620.0488.81  0.14+0.05 9135309 5616 97

Large s 366,10 +11.05  0.21+0.03 5898077 1688 99

10 Mar. x4 20 Medium Lug. — 287.11#1172  0.19+0.03 6063103 1580 99

Small 3, 255.90+8.94  0.22¢0.03  6101+083 1304 99
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Figure 2- The trend of total dry matter accumulation in 4 planting dates (a: 26 Nov, b: 19 Dec, c: 11 Feb, d: 10 Mar)
and 3 seed sizes in faba bean cultivar Barakat in Gorgan during 2013-2014 growing season
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Table 3- Maximum cumulative seed dry weight (W,,xSE), curve slope (K+SE), time to 50% of maximum dry matter
(TmSE), root mean square error (RMSE), determination coefficient (R?)

&b
il s o3l Wi, tSE K+SE Tm+SE RMSE R?
Planting Seed size
date
18 Large cu,s 497.01+17.02 0.25+0.03 62.81+0.67 20.76 99
26 Nov. Medium Lz 520.01+£22.15 0.23+0.03 63.8+0.83 2279 99
Small 3, 428.14+16.16 0.31+0.06 62.8+0.67 2189 99
28 Large cu,s 269.6+3.33 0.34+0.02 39.01+0.67 530 99
19 Dec. Medium Lz 248.30+9.15 0.23+0.03 42.80+0.73 1068 99
Small ;, 234.20+7.57 0.21+0.02 42.34+0.67 835 99
Large c.s)s 154.50+8.18 0.24+0.06 26.32+1.26 1267 99
1»'*1‘*; ezs Medium Lz 149.91+17.68 0.17+0.08 27.84+2.85 2024 98
' Small 3, 174.40+14.42 0.19+0.08 29.74+1.88 17.40 99
. Large c.s)s 60.63+10.51 0.16+0.07 20.05+2.75 524 99
lm jro Medium Lz 47.76+2.73 0.38+0.10 22.05+0.74 359 99
Small 3, 43.44+2.98 0.32+0.09 21.68+0.94 350 99
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Figure 3- The trend of seed growth changes in 4 planting dates (a: 26 Nov, b: 19 Dec, c: 11 Feb, d: 10 Mar) and 3 seed sizes in
faba bean cultivar Barakat in Gorgan during 2013-2014 growing season
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Leaf Area Expansion, Dry matter Accumulation and Grain Filling Trend as
Affected by Planting Date and Seed size in Faba Bean (Vicia faba L.)
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Introduction: Green leaf area index and dry matter accumulation are closely associated with grain yield
components (i.e., number of grains per unit area and grain size) and grain yield per unit area. This study was
carried out to evaluate the effect of seed size used for planting and sowing date on leaf area expansion, dry
matter accumulation and grain filling trend in faba bean, C.V. Barakat.

Materials and Methods: The experiment was conducted at the research field of Gorgan University of
Agricultural Sciences, Gorgan, Iran, during 2013-2014 growing season. The experimental design was a split plot
in a randomized complete block design with four replications. Planting dates (26 Nov., 19 Dec., 2013 and 11
Feb. and 10 Mar., 2014) and seed size (small, medium, large) were arranged in main- and sub-plots, respectively.

Results and Discussion: Based on the results of the analysis of variance, there was a significant interaction
between seed size and planting date for maximum leaf area index (LAla), dry matter yield (BY) and grain yield
gGY). LAl BY and GY were variable between 0.75 and 5.3, 2.56 and 12.05 ton ha™™ and 0.43 and 5.20 ton ha’

, respectively. The lowest value for each of the above mentioned characteristics was obtained from combination
of last planting date and small seed. The highest LAl was observed in the first sowing date and large seed
combination treatment, and the highest BY and GY was observed in the first planting date and medium seeds
combination treatment. However, when large or medium seeds were used in this planting date, there was no
significant statistical difference between the BY and BY.The time required to achieve LAl and 50% of
maximum dry matter (W) and also grain filling period (SFP) significantly reduced in result of delaying in
planting. LAly.x was observed between 59.7 (for Mar. planting date) and 158.9 (for Nov. planting date) and
Whax Was happened between 60.2 (for Mar. planting date) and 159.6 (for Nov. planting date) days after planting.
Moreover, SFP declined by planting delay so that from 80 days (in 26 Nov. planting date) decreased to 33 days
(in 10 March planting date). There was no reliable difference between three sizes of seeds on the three
parameters mentioned above. According to the results of regression analysis, there was a linear relationship with
high coefficient of determination between LAl as well as dry matter and grain yield, and between the duration of
grain filling with grain weight, grain number per unit area and grain yield. So that the increase of values of the
mentioned traits led to increase in grain weight, grain number and finally grain yield per unit area.

Conclusions: The results indicated a reduced LAlya, the maximum dry matter and days to LAl with any
delay in seeding. Furthermore, the phenological development stages passed rapidly and seed filling duration was
shortened in delayed planting dates. As a result, the number of seeds per plant and per unit area decreased, the
grain size became smaller, and finally grain yield was reduced. According to the regression results, an each unit
increase in leaf area index, total dry matter (gr m?) and grain filling duration (day) resulted in increasing grain
yield as amount as 153.6, 0.53, 9.81 g m™, respectively. Therefore, in consisting with findings of previous our
studies, planting up to mid- autumn is necessary to achieve maximum LA, total accumulative dry matter and
grain yield of faba bean under Gorgan environmental conditions. In addition, due to positive correlation between
seed size and three above mentioned parameters, the application of more large seeds for planting leads to a better
result.

Keywords: Dry matter, Grain filling period, Grain filling rate, Grain yield, Maximum leaf area index

1- M.Sc. Graduate of Agronomy, Gorgan University of Agricultural Science and Natural Resours, Iran

2- Associate Professor and Faculty member, Gorgan University of Agricultural Science and Natural Resours, Iran

3- Professor and Faculty member, Gorgan University of Agricultural Science and Natural Resours, Iran

4- Assistant Professor of Horticulture and Agronomy Department, Golestan Agricultural and Natural Resources
Research and Education Center, Agricultural Research, Education and Extension Organization (AREEO), Gorgan, Iran
(*- Corresponding Author Email: e.zeinali@yahoo.com)



Iranian Journal of Field Crops Research
Vol. 15, No. 4, Winter. 2018, p. 914-924

i,

Oln) =y Sleid gy 4y
914-924 . p 1396 siwmo} & oot 45 al

o5ml IS il slaw s 5o OF lil 5 o Shes 5 K 25 LS50

(Brassica napus L.)

*

oo oy = el Dy oy 5555 ol Ly ol =T S Lo,

1395/06/02 -4 55
1395/11/18 5 ., ju 6

2>

2 osd 35 Lo S oo pialejl (SIS GET d Capmd 03y SIS il clacas) o ol lipl g 28les sl (D)l glaied

Jlo (B8 o3l il (rbs ilio 5 (65,5lS Sliios 35 j0 Sliiow (gas)ie 10 S5 aw o 5 alai Lol S5l aly b B
lgieds (23055 5 (S Jolie 50 (olol g (i (s e dw ) (SUis 15 Jeld bl (slleg 5 plodl 1302-93 el 5
L210 .L.146 HW101 .L72 L73 KR18 Karajl RS12 HW113 ol o sas ojmb (il calise cusgs 18 ¢ Lol Jole
Jenlhe o s a8 ol Lo mlss gy e58 Jole gty KST 4 Karaj3 Karaj2 KR4 HW118 1201 L5 SW101 .L183
O e baulyd 55 ol ialS @i a1, Lol pualie g azsly (ool pili 1518 Calisee slacasnss 5o o] eljal 5, Sdos o (B30ps jo> o 28
o= 0y Slos @S s gy S g Lacs) plo 4 cud |y (oYU 5 Sles aizuilys Karaj2 5 1210 L1183 (L146 L72 slocss)
U5 e bl s 4 s Karaj3 o SW101 HW101 KR18 (slacuisss ¢ Jlie o .cély jials wis a4 ugby (i balyd ) acuse)

L5 e ol By ) (Sas A5 4 Jaoxie g polie slaci sl clysar )l Gl o5 Al (6 52a8 3 Slas 8l

Selgd ol (i) GlalS (2B (B3 y5s 0 Sles il g MIS sl

Lo i (Aliari et al., 2000) 35,5 slgaivg 598 sl il
g pials Lol elgs jl o)lgen 0a3jé 5 055 5l sl (Jaoee
3o Joily ay sy ol lge 1y ol Y g
45 .(Chaghakaboodi et al., 2012) wile>g; cakisee Y guame
P Y gmaze A (ol iiS3gu0m0 Jsle (p ytere (St
Clus 4y Sidaes 3 SUs sble ) (5))liS slapiuw
o 9 5 oyl > (Debaeke and Aboudrare, 2004) 1] .
oy IS A5 5 0y glo (88550 (S codijpd sla i
L olyon 315 )5 Ul 54008 .(Moradshahi et al., 2004) 4, .
5 M35y Colan (Jobo )5 Gl el Sy Ol Jouilsy talS
LS j dedao Jpao g5 g D) 4 Colod)d g 00 hwgid
ol CAs g (Suts A5 j9p ooy (Kumar and Singh, 1998)
slizl sy Sis 0y Wy gl plas IS Olio il
039 9 g 3 4 S (et sk g ol a5 Sles
00,5 o asl ol 2y Sles yialS Cgo g atilis Sl laashy
S 55 ()bl (el oloj oy uliv (Sheykh et al., 2005)
s 3 b ol o (b &) (moi s Rlsl s (25 S
GilS cage ol () )3 ol 3518 5 Mty o (53,5 o paSuie

doddo

e e 4.
g loyw &y Jooo plas el); couzo las (g L Judoay IS
b 4 G (65 jlw 035208 (gaiah YU ogls b))« ol oS
Slacaigs (o9 b (S pGl e sladile Jyus oKl (S
9 e oS A (SLE by 5l LS aolitul cojuly g 0)les
Sab plo 4 Cund paw a3ty )3 £gy yiin 3 Slas Colysyd

S ) CedlS Caa Ble o 5 atib gy (CuiS Dyg0 s,

(55yglisS 038l (bls Mol g sl g5 iyl i S s gal isls -1
el o5 lulyd S s oKty
e A olStily o655l 0aSiiils wbls Mol g cuely; 09,8 bkl =2
RUABTRL AR
Ghigel 5 s S0 Bl g sl psle Clids i ol -3
@er 9 Uhisel «Wlais plojl (Fyd mldl (b gl 5 syt
Oll 058 53,918
(Email: Sarabi20@azaruniv.edu e odiasgi =)
DOI: 10.22067/gsc.v15i4.58356
4- Brassica napus L.



915 osmly IS dilisio locuisis 3 of wlil 5 0, 5kae p S i 5l

@ Joos 3 IS slacuis gl @bl sle ) osss colus
ddg zb le> (Singh et al., 1985) xlos S slpidy St
e 5 B (sloaiys only olos) sl saelie a3l Sy
Ui coss oblS (Pasban Eslam, 2009) wib . Sis 4
Ot 45058 o (6 pS ol Ol ol O ) (glasjg, walats 3 ,boj)
95 o Lol BLS caide gl clod Lilidl el aliune
O S Hld e 5 Cute (Siused 4 4355 L .(Cornic, 2000)
ey g (Sl (slasiey colin g (g ol gl L u_a)»
L olsSi sie sl padld & cus Sy glos (6550510
2y s Jlpe 3 (LS gadg g sled (g pSojll
lagwss Gl 5 lslid & Cand @l 105 cov IS
Slaslge ol codguoe b a8 bl lp IS ) Sid 4 polio
;s 40 4 b gyl 5l .(Kumar and Singh, 1998) s4e5 pludl
adlae Ban b (pdngly (g slaa Wi ) )9S (938l
9 2 15) by gl sl (Sis i ol sl
G235 g o3l GIHS 3 ol sl g w2 Shee (@305

W s, 9 dlge

slacaiss » L'j Slial g0, Slas Gl olj)l jelaieas

O ygmods (oinlojl ol 39408 g (o3le Laly b 5 1518 caliske
dw jd g Dolat JolS Sob il 24l BB 5 osis 35 slaes S
b @l 5 (65)5liS Cliid S je (ST (gasie 3 ),
b 8eyd0 =y s3le 15 jegls’ 5> adly (B30 ml3l il
3T ol (oys g (b 4> 2 9 220 46 ldl e Jsbo
A ploul 1392-93 _cly; gl o Jei a3 58 5 asp
Jeoles 3 ialesl sl Joxe (S5,b lise 5 (olod Slascio
bl ol 1 Joas 53 1393 ooy 51392 500 0 Slo;
9035 lapliwl 5 sy o b ylius) gl)b Hlai 550
asyd 1207 Sls lod bawgio (clyls dilaio oyl ol Siis
slajlow sl o Jlo 3 (S83b yie Lo 160/7 L oI5 il
2 okl g G5 Gy e dw > (S G5 el iale]
ool plgisar (30w salbpo 3 ol g g (25 g4l o
W35 258 Jole lgieds ojnly SIS ciliss (55 18 5 Lo
Karajl RS12 HW113 : Jol s s pasy 315 slacig;
SW101 183 (210 .L146 HW101 .L72 (L73 KR18
Ui jIKS7 4 Karaj3 Karaj2 KR4 HW118 .L201 .L5
@lie 5 (sjyaliS Clidos S ye 5k g Jlb ad 5 ol cliios
2 185 350 e dalad LSS agd (B b lulyd bl aob
clles 92 Jlu oloygs o balyl j3 g 59y ] cou L Jlo

Colpdy g Laash sl S aos 35 g (ganah opajyes dlas
[(Sinaki et al., 2007) 25,5 o ;y£5y g 45b 3y Slos ials
Ol Coge o S (55 L olS o boly Ady gadlsye  Slojen
WSgr 50 e Db ulas IS 5 5 Slae & diunly Glaw (S
5y Slas LinlS 4 05,5 o Cpzyed 40 &b dlaxi g wildlia jje
O2s 50 a0b s g et ey ialS 5kl Baas 4l
sl o LIS cladigy &5 olSin . (Ma et al., 2006) il o
4y e dla o Jlanl s S anlge (Sl i b e A,
Pasban Eslam, ) sob o ials 5, Sles 5 4l ol laash
Sl ica el IS 0y Js 5 e o)l (2009
i 4 .S o colBy i 4 dawg b yd gladild b (g jawgsd
el ol ol g adly i culdy ool Jese gl jiis ]l
(Wright et al., )5 o boyeyes Giiy b ab o Slas Jials
4 &b 2 Slas 5 4l yialS gl e jebas 1S 55 wily iy
(Faraji et al., 2009) 5,5 ,|,3 gl cos cins
P A e (IS L (o5 slapiian (651055 <09 el
4y dng pgyl &S (Xiao et al., 2005) cul ouds dxlye ooy
ul_)Lo.) L-)AAA_J )l ‘)M.A_J |) o.\_u] dLb‘_JLw ) uT .)9».05 qu.wo 6.9)
Sewis G S calpS JSie b ablis (sbaol, 51 (S 05k oo
4 4595 L (Koocheki et al., 2006) col Suis (55 4 polis
oo b &S sl (6958 olpl 3 518 ctS 5 pdaw (dmwg
eyt ol 39S LIS 4 Cons B slacaig) gl (A
4 Josio pLB)l 035 4 Cons ((Sofglsid el olpe
olals oMol ¢y .(Sheykh et al., 2005) 3405 pladl Suis
2 L) QS el I (B (S A5 4 pglie
Betran et al., 2003; Rajaram and van ) cglles lyl, &
ot bl 3 gl A2 S 5 5 5S> (B g (Ginkle, 2001
«(Ceccarelli and Grando, 1991; Rathjen, 1994) b _\Sb
sl it Brdsis G235 sl 48 gl ol 2 coie 251 g
Pourdad et ) u5,5 5,8 a5 g g oi balys 93 ya p0 Lyl
Cuoglio jlme oy ity o yids baylpd 50 5, Skee Juusly L(al., 2008
09 g U5 Laulyd )3 3 )Slee ()l g oMl Cguone (SuiS 4
by U5 & beiss STy (2Ll Gl s cwle Sl ]
&b sl yastls ( ogas opl > (Simane et al., 1993) cul
O Joos padli o Jle ylyicds usl o &) puisee lawgs
o=l YL polde b slacwsss (Fernandez, 1992) i
g oYL oy Shee o fgam g a5 balys 90 ya 0 yadls
sy s Sojgler b G Shy s oeiine | (B S o0
5 S saiy gL cled (Khan et al., 2010) Sy o s



1396 limo) 4 o)lod 5 aler ol pl o1y sy 505 916

93 o ) ity Bl 93 53 (> (g, 41 9 By )90
30 galols s iy, oy Sl oS y2 .88 plonil S (g0 Lo
S9y Ladig galold g odd JSWS je dw Job g st Sl
1518 sladig b aid)S jlas 5 o Ole Can cuils glacas,
23l 53 5 andls j18 gy gl po 5> e (e 13 51 S
i sladde oy Sldes ‘LQ‘JT Saome M, 1 93 Jlo oloydyg,8
P8 sl a8 e bdn b bl (pliend 5 iwd )50
sl Jeitomsl g8 S glla (pS e jlgrge jpn slacile

A5 ool (w\Jlf)Jyw)

&lp s bl OT 2 geband g (9iSund (el Jolis & ilwoslel
U5 ief] sl Joee S5 s 5 S5 gt (s
ags S 905 (6 yi0 5l 0 U yao Boc jlopo; (iluodlal )
Lo 35,0 S g Ol olinlej] @ osd ags S diges .0
O g A Oldes 9 008 Jite (anb glie 5 (555La8
093l @l bl 285 plonil o (pliardsysd Sliogas
03,5 bglee S L lulod lawgs 5 0did 63938 S 4y punliy
sadspo ol le g cuslS gl ) 3epi5 365 1 paw
calsens, a5 sladsle S g dle ad ik

1508 Cudls gatlaie 43 93 Jlus oo pui G 92 Jlus ya1 s 51 (55,1 9050 g JS ¢ ST (Jilas slod (paKilo -1 Joun
Table 1- Low, high, total monthly temperature and total monthly rainfall from September 2013 to July 2014 in canola
(Brassica napus L.) planting area

Jlo Jloglasle JBlas les b A1 glod (ke Fldonlibe Tl fgere
Year Months High monthly temp. (°C) High monthly temp. (°C) T?;?T!E?Pg;ly I;)itr?:arlrl](znmtmgl
2013  September 14.7 30.9 22.8 1.9

2013 October 6.6 225 14.6 3.8

2013  November 3.2 14.6 8.9 42.4
2013  December -5.3 4.6 -0.3 37.3
2014 January -10.5 -2.8 -6.7 0.3
2014  February -4.2 5.7 0.7 12.8
2014 March 11 135 7.3 34.3
2014 April 3.7 15.9 9.8 22.7
2014 May 10.4 24.4 17.4 26

2014 June 138 214 131
2014 July 18.5 33.8 26.2 1.6
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Table 2- Characteristics of soil water content in different depth of canola planting area for two consecutive years

. SB Gos &las 30 Cud b O w13 (5505 abis Of szl BB of
=l Jw . . . v ) .
Year Soil depth Field capacity Permanent wilting point Available water
(cm) (wt. %) (wt. %) (wt. %)
0-30 27.3 13.7 13.6
2010-2011 30-60 213 10.6 10.7
60-90 14.8 7.4 7.4
0-30 25 13.7 113
2012-2013 30-60 29 143 14.7
60-90 28.7 14 14.7
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Table 3- Analysis of variance and slicing interactions between canola genotypes and drought stress (Mean square)
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5 szh'“f'tu‘” @) 2 1341.117 279.90"" 0.76" 0.35" 37569143™ 65234266
rougnt stress
; slas 4 23.59 3.74 6.54 0.34 34591475 1815522
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G “t“‘” ®) 17 2.36" 15.05™ 3.8 0.03" 2902197" 741461
enotype
AB 34 2.25" 14.40™" 3.49" 0.07" 2590183" 545299™""
Erﬁ‘; 102 1 7.03 2.18 0.05 1569798 96672
dﬁé”"v*”‘”' - 3.99 2.66 491 7.04 14.17 10.24
it i bl 5SS il slacais hlite 51 (35
Slicing interactions between canola genotypes and drought stress
9'”“”\]' ut“" o 17 2.96" 11.95™ 4.04" - 2471697 " 1165486
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@ el yo > 5
Drought stress in 17 2.56 21.86 2.87 ns - 2282064 ns 275790
flowering stage
slye p S5
GBI 17 1.33" 10.04™ 3.85 - 3328801 390783

Drought stress in
pod setting stage
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T

“and * shows significantly different at 0=0.05 and 0=0.01, respectively and ™ is not significantly different.
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Table 4- Effects of drought stress and genotype on canola yield and its components

o wigsrl o wq{p axi > il :!j\a; Sis 6/0:\» Wl 3,Sdos
o Canopy w93 o> e Grain yield
Drought stress temp. No. pods per  No. seeds Dry matter (kg ha'!)
plant per pod (kg ha®)
G O s 19.23 101.93 29.87 9788.43 4255.63
No stress
25 galsye > i
Drought stress in flowering 27.83 97.38 30.05 8211.16 2119.63
stage
RO gl i
setting stage
LSD (0.05) 2.59 1.03 1.37 3142.6 719.96
locis)
Genotypes
HW113 25.08 100.92 30.47 8333.3 2693.67
RS12 25 99.18 31.06 8950.6 2781.02
Karajl 24.83 98.77 30.22 8256.2 2888.73
KR18 25.39 99 29.22 8410.5 2777.47
L73 24.74 98.85 29.78 8487.7 3310.65
L72 24.52 98.89 29.33 9027.8 3635.93
HW101 26 99.77 29.89 9567.9 3199.23
L146 25 100 31 8623.4 3092.28
L210 25.39 99.63 29.89 8410.5 3161.11
L183 24.61 99.29 29.62 9336.4 3540.43
SW101 25.28 99 30.69 8642 3140.31
L5 24.94 101.14 29.56 9567.9 3162.96
L201 26 100.73 29 9103.6 2960.34
HW118 24.62 101.39 30.67 8906.3 3156.01
KR4 23.86 99.92 29.25 10090.9 2938.43
Karaj2 24.67 100.55 30.56 8008.9 2985.03
Karaj3 24.89 100.52 30.44 8179 2596.31
KS7 24.83 95.72 29.44 9270.7 2659.12
LSD (0.05) 0.93 2.48 1.38 11715 290.72
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Introduction
Canola (Brassica napus L.) genotypes with wide adaptability to environmental conditions could play a major
role in Iran’s oilseed crop production. Selection of high performing genotypes is very important for developing
canola cultivation. Water stress can reduce crop yield by affecting both source and sink for assimilation. Canola
yield depends on genotype and environmental conditions and response of genotypes to environmental factors.
Canola genotypes response to stress depends on the developmental stage and the events occurring prior to and
during flowering stage. Resistance to water stress is divided to avoidance and tolerance. Some species are
tolerable against water stress. In a while, other species respond ending life cycle, falling leaves and other
reactions into water stress. Therefore, investigation of canola genotypes response to water stress in phenological
growth stages can be valuable in order to determine resistant or tolerant genotypes.
Materials and Methods
In order to study the effect of drought stress on canola genotypes yield and its components, an experiment
was conducted in 2013-2014 as a split plot based on randomized complete block design with three replications at
the research farm, Agricultural and Natural Resources Research Center of East-Azarbaijan, Tabriz-Iran. Three
levels of drought stress were considered as main plot (No-stress, stress at the flowering and pod setting growth
stages) and 18 canola genotypes including HW113, RS12, Karajl, KR18, L73, L72, HW101, L146, L210, L183,
SW101, L5, L201, HW118, KR4, Karaj2, Karaj3 and KS7 as subplots. Flood irrigation was scheduled at 50%
field capacity, 30 and 30% field capacity for no-stress, stress at the flowering and pod setting growth stages,
respectively; i.e. soil moisture capacity was maintained at 30% by irrigating to 100% field capacity when
available moisture reached 30% in drought stress treatments. An ANOVA was conducted using the PROC-GLM
procedure in SAS ver. 9.2 and Minitab ver. 17 to test for normality. Means were separated using Fishers Least
Significant Difference (LSD) set at a 0.05 significance level.
Results and Discussion
As expected, canola genotypes showed different responses to availability of water at flowering and pod
setting growth stages. Results indicated that drought stress at flowering and pod setting growth stages had severe
influence on canola genotypes yield and its components. L72, L146, L183, L210 and Karaj 2 genotypes tend to
produce higher yields compared to other genotypes in no-stress conditions. Hence, these genotypes are suitable
for planting in irrigated lands or place that enough precipitation downfall especially in their phenological growth
stages. In contrast, these genotypes are not suitable for planting in arid or semi-arid regions like Iran, because the
yields reduced severely in drought stress conditions. However, KR18, HW101, SW101 and Karaj3 genotypes
could not produce as same yield as L72, L146, L183, L210 and Karaj2 genotypes in no-stress condition, they
had minimum vyield loss in susceptible phenological growth stages especially flowering growth stage compared
to other genotypes. L183 genotype could produce yield similar to tolerant genotypes, but its yield loss was high
in comparison with no stress condition.
Conclusions
Based on our findings in this study, KR18, HW101, SW101 and Karaj3 can be considered the best among
other 18 genotypes in the selection of genotypes tolerant to drought stress occurring in flowering and pod setting
stages. However, this study must be repeated in other climates and different drought stress conditions to
acknowledge what we achieved in this research. After that, decision can be made about planting these genotypes
tolerant in arid and semi-arid regions. In this regard, we can also do more comprehensive works can be done on
breeding of these genotypes, because water crisis will be the future challenge in Iran.
Keywords: Flowering, Oil crops, Phenological stages, Pod setting, Yield loss
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Skocdl P K Organic
] pH EC
Soil texture matter
ppm % ds.m?
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(Safikhani, 2007) wsb  Jgko o cdale 30 YU cas
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Table 2- Analysis of variance for physiological traits and flower yield of Cichorium intybus under drought stress and bio-

fertilizer
ks gl T SremCushy oy s adidy s b Judg k5 S ddols ST Ses
SWO V' &35l Relative water Protein Chlorophyll  Chlorophyll Total Flower
e df contant percentage a b chlorophyll yield
S 2 31.90 0.004 0.72 0.25 0.52 0.04
Rep
Droght stress 2 2203.24** 2.25%* 63.40** 2.49%* 89.54** 1976.63**
(D)
a‘él:’ 4 39.29 0.001 0.05 0.05 9.15 4.56
(s 355
Bio-fertiliazer 3 152.11** 1.63** 7.09%* 0.38** 9.26 ** 3401.10**
(B)
x a e
39; quM 6 71.35* 0.02** 0.99** 0.04™ 1.006** 47.80**
b ‘ég” 18 24.21 0.001 0.04 0.04 1.106 3.55
CV (%) - 6.92 1.57 2.58 12.52 2.47 1.13

b gre pis 9 do)d K g iy paw D ()b dze s NS 4
*,**and ns significant at 5 and 1% levels of probability and not significant, respectively

ol 53 Shes o (Sujolen 0 S S g ¢ (s SS9 (Subd (AT (SR ) L (Rile dumylio -3 Sy
Table 3- Comparison means of interaction between drought stress and bio-fertilizer for physiological traits and flower yield of
Cichorium intybus

o Cagb e oo
Srou S o adss S 5 Jiba 5 5 5Skes
ght stress Bio-fertilizer Relati Protein i
(%F.C) elative water percentage Chloroplhyll a Total chl(l)rophyll Flower ylleld
contant (mg g"FW) (mg g~FW) (kg ha™)
%)
Control 82.19abc 2.057¢c 9.505¢ 11.22¢ 153.86h
90 Nitroxin 83.80ab 2.813a 11.187b 13.53b 170.70de
EM 87.43a 2.716b 11.924a 14.10a 208.20a
K 82.66abc 2.489c 11.221b 13.16b 180.98¢
Control 70.73de 1.250h 7.071ef 8.399 144.11i
70 Nitroxin 65.12¢ 2.236d 7.407e 9.27f 164.94f
EM 78.13bcd 1.789d 8.132d 9.96d 185.66b
K 74.26cd 2.203d 8.028d 9.61d 172.94de
Control 48.16f 1.093h 5.025f 6.08i 131.31g
50 Nitroxin 62.43e 1.095¢ 6.0369 7.18h 146.18i
EM 64.68e 2.087¢c 7.015f 8.33g 174.85d
K 52.59f 1.509e 8.073d 9.09f 158.90g

25l 03 (P<O.05) Sls smo BT ghyls (g p 33 S yidie gy b el
Numbers followed by the same letter are not significantly different (p<0.05)
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(Ghollarata and Raiesi, 2007) 1L
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s SB35 (s slewd g (Suls
Table 4- Comparison means for clrophle b of Cichorium
intybus under drought stress and Bio-fertilizers

Treatments b o
(mg g'FW)
Droght stress (%F.C)
90 2.04a
70 1.65b
50 1.13c
Bio-fertilizer

Control 1.36¢
Nitroxin 1.78a
EM 1.77a
K 1.55b

2l g0 (P<0.05) Sls smo BT ghyls (g yo )3 S yidie Lgys b sl
Numbers followed by the same letter are not significantly
different (p<0.05)
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S oisine st 35 eolty (5 ol 35 (5 350 15 S5
4l (Thalooth et al., 2006) s ]38 oLS gy (slgixo
Csl (5 e 9 )55l slacudsand 2 inte 3 (S on el
0l e id (Sid el Jeoe gl i 4 Jeod &S
S A5 Ll 5 (855 5 pamliy (o2l Jsloxe (OMidi, 2010)
(o (Slgimo Lais 5 Jolomo Sl (glasid o s 15 ey
(Abedi baba arabi et al., 2011) 15 5,08 » Sy
395« (Setd i L 18y 13 Jolome O jiugs oS
Slyime y a0y S o (o Loyl (iiSeny s g i)
dglie dn a2y Ly (0 Joun) 45 Jbiae Jobro Clising: S
S G 4 by Joloes Sl S e o yide b Sike
a0 bypo o] a8 g ealty OUSHL 298 28 L plys 0
oanliie 595 5,8 pae g o5 cud b 0oy 90 oLl Lalyis
3 o coog lalS sl claas als jlaie (6 Jods) w35
b dunlio 5 (5l gime ygbots (2 g ng)) 13y ciliea Jolye
Jo-bre g ) (s ol cle el JVL 5 (9 alS
YU 1y og s A8 (g ieml jlid olS &S cunl (pl ol i 8l o
g 00 b Yo LacS i Cuoruw 4y (6 juogid dlgo JWES! U dgd o
29108 53035 ()59, L el )b mrasliy 35008 &5 SlalS
il 1y oty M55 Cgndg (ol 85 sitn Jloxo 0 1ims 8
Gelder and ) 555 LS ) 5 )Sles ol Canw g dd o0
(Mohammad and s 9 e>e.(Van gelder, 2006
= el 30,187 il 8l 31 a8 asly lelsl Naseem, 2006)
Aal) 8 oS JSs d pomie LS 90y @l yns e dlad i lidl
a3l 5 Lagutipy colo slp Jotus jbojsyis slosSlge
2503 a0 GOl gl i laais JLasl ¢ iwgid j> 4 395 oo
)_ig.) = 2 ‘_s_S).\AoATP o)ﬁ&.) 9 d).\m le)g blﬁf dllbmd
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OsS L alys s (Glycine max) bgw ;> cuoglio yiol33)
(Sang-Mo et al., 2014) cuul o

(s 295 9 (Sl (T iU COU Gl 19,15 0US 1S puolis 9 Suielsed (Sl S g mile g 41529 -5 g
Table 5- Analysis of variance for physiological traits and nutrient of Cichorium intybus under drought stress and bio-fertilizer

ary Ol g S

Ol g g o Mg Jge Mgy, Sd oy
S.0.v &2 Proline Flavonoid Carotenoid Phosphorus Potassium
df Carbohydrate
é);“; 2 0.020 97.40 303.64 0.30 0.169 444.29
S A 2 0.75" 36316.99" 26684.67" 504" 1.114” 217814.32"
Droght stress (D)
aéf’ 4 0.008 3.85 0.88 0.08 0.042 1064.38
o 3 0.081" 2334.65" 2811.70" 10.40™ 0.418™ 23441.44"
Bio-fertiliazer (B)
x Wit} *k *k *k * *k Kk
3’; x“E“: 6 0.04 110.43 72.80 0.19 0.146 6583.98
béf}” 18 0.0057 4.51 4.26 0.05 0.017 1090.95
CV (%) - 13.30 1.40 1.01 6.95 14.35 7.85

Sobiime pis g 2o 1 g5 daw ;3 ()b e ciju NSy
*,**and ns significant at 5 and 1% levels of probability and not significant, respectively

Sl (2138 polis g (S5ele 50 (S Sy () ST 9 (SWd T HiSed p1 (S (pSle Ay lin -6 Jga
Table 6- Comparison means of interaction between drought stress and bio-fertilizers for physiological traits and nutrient of
Cichorium intybus

Drought Bio- oo 59 391::)5 2599,8 s el
stress fertilizer Proline Flavonoid Carotenoid Phosphre  Potassium
(molg’Fw) (%)  Carbohydrate  (mgglrw) (%) (PPM)
(mg g"FW)
Control 0.309°f 73.741 129.601 2.379 0.730def 396.48e
90 Nitroxin 0.352f 89.51k 146.67k 4.32bc 1.364b 536.97bc
EM 0.372¢f 99.71j 164.869g 3.56ef 1.086¢ 574.77b
K 0.418def 116.42i 179.42i 3.24f 1.734a 635.43a
Control 0.477def 135.40h 183.88h 2.48¢g 0.603ef 407.48e
70 Nitroxin 0.528d 147.41g 192.97g 5.47a 0.842de 482.66¢cd
EM 0.548d 165.95f 21157 4.61b 1.120c 436.35d
K 0.533d 175.62¢ 225.70e 3.77de 0.936¢d 485.98dc
Control 0.680c 187.12d 235.70d 1.42h 0.530f 245.31f
50 Nitroxin 0.733bc 200.31c 243.15¢ 4.12cd 0.624ef 263.39f
EM 0.818b 220.42a 254.07b 3.20f 0.571f 285.40f
K 1.178a 210.65b 264.38a 2429 0.762def 293.68f

250 03 (P<0.05) Iy gme B! gyl (gt p )3 S jidie Lhgys b sl
*Numbers followed by the same letter are not significantly different (p<0.05)

O SB )l pole sl jials e a8 cwl SOl SialS
St yly b oS cwl olaye il (SO b (sl oid olS
i s o ol 1 g-dm o3litul BB pué olS (ol
el 0lind g jl (S oo b g ord SK b,
da sy s & Glawd g da (Sdd bylyd )0 .l Joloe
ol U, ol 0,38 ol oy o8 oo o Jo bl

2 Lol iSan sy g (s 355 (St (5 S 2 pd

Misine (G829 ol jhud (dlyie Gline o> S o
Josi & bgiyo shud ke (it ol @l i .0 Jso2) 43
5 el M G 345 L plgs —elyj cud b aoy> 90 (6 LT
Gpao pis g (S 108 (15 Jlael 4 bgipo o o o208
L bl )3 (Setd G5 (0 59 s (2ol (6 Jga2) 551 268
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(Wu and Xia, 553 oLS 4y SISl polie L yals
5 O3sr O HhB ey 3 pogde ) sladsS 2006)
Ol Jo a5 ol8 o) 45 I3l Gyl el 5L 390 saud
2l g mly (oald (Rl Gl dgre el ady) dnwys

.(Marschner, 1995) G445 o (sdao sy yolic

& 25 4o
9o 2 QlS 28 blisul i ply e @l @ 229b
SbaS i il (B Sl slonl Ly (s i o
o Ol ol Al imd e gl S 4 053 Syfglsa
2,8 o)Ll olS 3 (g 9 Jsloe Chamg S (g ]Sl
St gt (55 byl 50 SwlS (g9 oLS Ay ol cuw
oS (gl (Sid s i dejlys o il anily algi g 0l
oMl 295 g0 olS 3 Slos I dne (LS & joxie g 039 parsa
Sladsliss) (S5 5, Slas (l5 8l co j3 (s slaagS ]
38 Lol 3 S jind Ol g (g g lgine (riwgid
50 Ses o (St G e Sl o ) g0 b axgS
o S 5,8 15U b g e ials ol cawls olS o) cdos
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O bl )3l el Gl g g (Jobre Slidng S
28 e i Cto 18U Ly ) sladgS (Sid 0
sy O3l jo 5l g U sl g 9 Jglone Sliang S
Lad Lials jl le g atwls awlS )b olS 5 (Sis jis

5l eslazwl (Kafi and Mahdavi Damghani, 2000) 15" . 1,
L pl i 008 o 5 (3900 2108 Cs (sl s S 5
2 @l ey g hed 35y lesd (S35 103 50 G puno
2 b g Ojgy 2o (Il 4 e (B Sle (29 olS
o Sl ylS 5 PH € ey cobuossl Gliee 5 Sy
Lt izen (Abo-Baker and Mostafa, 2011) >4-5
395 £ 9 Glojer 28 450l (Lt (S5 sle o9y (SlgR
cble (il cage ool 255 b plg i pded 5 Lefast (st
(Gendy et al., 2012) s o ;> wawls g yiusd (5955 polic
o i Bl g Jsboue e (I3 ool (s (slaogS
L (Bacillus)  juplasl (i .35 o0 0LS (slauiss Cumdg dgnte
Sl (S gm9 0 Muaol Sl daol A 5le (T olosn] i3
It St Sl 5 S logh Sl SISl (S5
Agn 405 L e g 00D (mdge Spgod PH ialS el
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iy Lo i BB Jolomo JS5 & 1 lagl claal,s Jplonals
S ppansS (g9 inlejl b .(Ojaghlou, 2007) 34l oo ;5 olS
yaad M 6581 oS 13,5 pMel (Solanum  lycopersicum)
Oleyon 3p)LS 9 298 SB 53 jhnd (gyiwd (il el
Sy e Ju Olind pgw (olend 395 5 jaud o 8L
S90S (0 Hhd Gl g aldy) SUS (g o yide
(Turan et al., 2007)
5 e 365 (St (5 5 plty ol ety
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Introduction

The chicory is an economically important member of the Asteraceae family. Chicory has also been used for
medicinal applications, useful to liver and gallbladder, which some of its health benefits is scientifically proved.
In recent years, drought has been a serious problem in Iran. Several scientists have shown that a plant under
stress will produce secondary metabolites that may influence its medicinal properties. This study aimed to
investigate the effects of drought stress and bio-fertilizer application on physiological characteristics and
absorption of some nutrients by chicory. Water is one of the most important environmental factors that has a
significant influence on the growth and active ingredients of medicinal plants. Water shortage causes serious
damage to plant growth and development. In the time of drought and salinity due to the high concentration of
salts in the root zone and increase in the osmotic potential of the soil, nutrients absorption will decrease.
Therefore, the decrease in soil moisture changes the rate and amount of nutrient absorption by the plant. Organic
fertilizers under drought stress by increasing the proline, soluble sugars and absorption of potassium and
phosphorus can mitigate drought stress impacts and increase the crop yield. The sharp decline in root growth
under the drought stress condition is the main factor reducing the elements absorption capability of the plants.
The combined application of Effective Microorganism (EM) and organic fertilizers is a suitable method to
supply and release essential nutrients. Results of a study showed that EM inoculation with soil has not only
improved the quality and quantity of crop but also enhanced the quality of soil. Application of Nano fertilizers as
an alternative to conventional fertilizers resulted in slow and controlled release of nutrient in the soil. In addition,
nano fertilizers increase the nutrients uptake efficiency and minimize the negative impacts of consuming too
much fertilizer and reduce the frequency of fertilizer application. Drought stress decreases the potassium level in
soil and consequently in the plant. The aim of this study was to examine the impacts of Bio and nano fertilizers
application on physiological traits and absorption of some nutrients in chicory plant under limited irrigation.

Materials and Methods

To study the effects of Bio-fertilizers on physiological traits and absorption of some nutrient of Chicory
(Cichorium intybus L.) in response to drought stress, this experiment was conducted in 2014-2015 growing
season in a split-plot design with three replications at the Agricultural Research Institute (Chah-Nimeh),
University of Zabol, Iran. The main plots were drought stresses regulated with irrigation after 90 (control), 70
and 50 percent of field capacity. Sub plots were different levels of Bio-fertilizer application inclusive of a sub-
plot without fertilizer (control), inoculation of nitroxin (1 lit ha™), effective EM (10 lit ha™), and foliar
application of Nano potassium chelate fertilizer (27%) (10 kg ha™). The traits such as relative water content,
protein percentage, chlorophyll a, chlorophyll b, total chlorophyll, flower yield, proline, flavonoid, carbohydrate,
carotenoid, phosphor and potassium were evaluated.

Results and Discussion

Results showed that the interaction of Bio-fertilizer application and drought stress had a significant impact on
all the traits except for the chlorophyll b. Increasing the stress rate, decreased the relative water content,
photosynthetic pigments, carotenoid, protein percent, flower yield and phosphorus and potassium uptake.
However, increase in the stress rate, increased the proline content, carbohydrate, and flavonoid increased. Bio-
fertilizers application improved all the traits. The maximum relative water content, photosynthetic pigments, and
flower yield were obtained from the treatment irrigated after 90 percent field capacity (FC) with EM application.
The highest level of protein was obtained from the treatment irrigated after 90 percent of FC depletion and
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nitroxin fertilizer application. Maximum protein and carotenoid level were observed in irrigation treatment
regulated with 50 percent FC and Nano potassium chelate fertilizer application. Maximum phosphorus and
potassium uptake achieved from the treatment irrigated after 90 percent FC and Nano potassium chelate
application. It is concluded that the increase in drought stress significantly decreases the photosynthetic pigments
and absorption of nutrients.

Conclusions
According to the results, the use of Nano potassium chelate fertilizer, microorganism bio-fertilizer (EM) and

nitroxin had a positive impact on efficiency of chicory production.

Keywords: Chlorophyll, Flower yield, Potassium, Proline, Protein percentage
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Table 5- Analysis of variance for effects of urea fertilizer and cultivar on maximum leaf area index, maximum dry matter
accumulation and yield of lentil
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Figure 2- Trend for leaf area index of lentil under different levels of (a) urea fertilizer, (b) cultivar and (c) their interaction
effect
S 53 05l 255 £S5 B0 5 1S 15 091 555 2,59 A0 w0 5] 365 Bpuae pis by 08 iz o5, 4 NBO § N4O NO C2 C1
C1, C2, NO, N40 and N80, respectively Birjand cultivar, Robat cultivar, 0 kg urea fertilizer per hectare, 40 kg urea fertilizer per
hectare and 80 kg urea fertilizer per hectare
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Table 6- Mean comparison for effects of urea fertilizer and cultivar on maximum leaf area index, maximum dry matter
accumulation and yield of lentil
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Means in each column and for each factor followed by similar letter(s) are not significantly different at 5% probability level using
Duncan’s Multiple Range Test.
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Table 7- Mean comparison for interaction effect between urea fertilizer and cultivar on maximum leaf area index, maximum
dry matter accumulation and yield of lentil
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Means in each column and for each factor followed by similar letter(s) are not significantly different at 5% probability level

usingDuncan’s Multiple Range Test.
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Figure 3- Trend for dry matter accumulation of lentil under different levels of (a) urea fertilizer, (b) cultivar and (c) their
interaction effect
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C1, C2, NO, N40 and N80, respectively Birjand cultivar, Robat cultivar, 0 kg urea fertilizer per hectare, 40 kg urea fertilizer per
hectare and 80 kg urea fertilizer per hectare

Cos e g plgd gl SiS (55 4 by Jlalsje o ) (el olS
1 .(Karimi and Siddique, 1991) 5,1y Ky Jssase L,
Msine Sid ole oot Sl 1 05y 5 09l 205 Jlite
gz S i (S g e o5 Jsiz) 55 (p < 0/05)
255 £S5k A0 (635 pans )3 A2y 05 & iy SitS o3l
ol el olaidl ool 368" (8 yms oy bl b8y 5 ;LS )5 o0
039 [ 1) Sy o (adld cp 35S g Cn i o4 b)les
{7 Jsse)
2lie 35 ot Jgmuatme Ay e poo Ol K39 (o)
Ay 0y93 bl 5l as oly s (4 JS) o9l 548 Calises
Ay s 5o i S )3 09l 358 £, 5lS 40 Lo
sosiitonn b5 &ljg) 15 Cop & oloil g )l 1) Jguaca
Koocheki et al., ) 3> j2ll5 5 wgd ceypuw 9 Sy aw b

Siis 0dbe xazs JS b po (g dre g Cuto (Siuon Iys;
U a8 a5 15 0 jow 5l Ay o) o pd g joy ol b
g5 yS e o cpl 0 cih dgrg Cudbdy U cudlS g (Sdow,
r= 0.63** 4 1= 0.67**%) Siuwwed ;limo o yidey Sis o3l
UL D e b 1) (45 59, 4253 9 59, s el ey
5 5 (Samad et al., 2010) o,LSan 5 s (4 Jga) cuih
Segs a5 Wdges sdaline yode Cuiei 03 g5y p (slaslllas
WD (g5 iz gldy gadey s oole a5l wyp )50
2 Sid oo F) CJ‘M Lg) o)9| ‘)5§ 9 Wg) J’L""“" )J]
oo yd S odle zes iShs Ll osd 03> L5 g=3 S
850 15 Loy by (sl 1S )3 090 358" Sk slitn g sio
o3lo xoos piShis Loyl ilo ;5 Lol dol Cowdes A3 o, dn )
SiS g9 S Heba b Jols g, a3 900 sgus > Sis



1396 cylinmo; & oylos 45 al oyl ol 2l 5 Gleidgis a1 o 950

0595 Ol L &S (595 4 55 o 8 (g il co ol
090> 4 )9 298 2o b o IRl Sy e b8 (S
Jolse ool a8 35800yl 03905 98 o 2L 5 sl
oo Ol U8 lege Calodyd g 0ad olS A alisl el

A Ul e ylend cpl 0 Jgase by Ce w39 YL (1988
o S8 )3 051 355" 25518 40 o 5YL Sy el a3l
3 )ligy lalllas .15l bgsyo (@2 JS5) (0365 celolagi pilos 4
A5y Saal oS sl i 55 (Uhart and Andrade, 1995) 5.1 4

12 12
=) NO . b
O L0f —-— Ndo L 10 b
&} — - N80 ) \,
X /
1 £ o08f 0.8 -
3 &
&
> @
j = 06F 0.6
-
i =
s
3 % 04} 04+
-
&0
g oaf 02
1
Q
0.0 1 1 1 L 0-0 1 1 1 1 .
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
oy 59y 42 Sy oy 4
Growing degree days Growing degree days
14
~
= CINO
A 12F| —— caxo
a — - cINo /. \
O Ll — - e
] | [ CINSO / R \
i=g — — C2N80 / A\
3 o0 08 / - b
S’
-3 4
1%
£ o6l
i =
s
D3 04t
Tt
o0
o
S o2p
St
@]
% ; A ;
0 200 400 600 800 1000 1200
e 11 Vi

Growing degree days
Lol blie 51(z) 9 8y (&) 09 355 (W) Bliseo ok 3i b Codd (as Jonasme dady Cus g Ol pundd Wig, =4 KW
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Introduction

Lentil (Lens Culinarris Medik.) is an important pulse crop in Iran and is usually grown in rainfed areas. The
average lentil yield in Iran is 1195 and 476 Kg.ha™ in irrigated and rainfed farms, respectively. Low productivity
occurs due to different factors. One of these factors is poor agronomic management practices that applied by the
farmers, e.g. Limitation or inappropriate fertilizer distribution. Plant development occurs in a number of
consecutive phases. These phases can be affected by temperature, moisture, photoperiod, cultivar and other
factors. The amount of available nitrogen affects the distribution of assimilates between vegetative and
reproductive organs and phenological stages of growth. Therefore, analysis of growth indices and its effective
factors can be used as a suitable tool in evaluating the yield. The aim of this study was to evaluate the effect of
different nitrogen levels on phenology and growth indices of two lentil cultivars in rainfed conditions of
Mashhad.

Materials and Methods

The experiment was conducted as split plot layout based on randomized complete blocks design with three
replications at the Agricultural Research Station, Ferdowsi University of Mashhad, during growth season 2016.
Nitrogen fertilizer as urea (in three levels i.e. 0, 40 and 80 kg.ha™) and cultivar (in two levels i.e. Birjand and
Robat) were in main plots and sub plots, respectively. To determine the leaf area and dry matter, sampling was
done every two weeks during the growing season. Phenological stages timing for each plot were determined
based on 50% of emergence, 50% of flowering, 50% of maturity. Final yield was estimated from three square
meter from each plot. Data were analyzed with the SAS software; the means were compared with Duncan's
multiple range tests at the 5% level of probability. The graphs were prepared by SigmaPlot software.

Results and Discussion

The results showed that the effect of urea fertilizer was significant on vegetative, reproductive and overall
plant growth based on days and growth degree-days. Also, 40 kg urea fertilizer per hectare showed that
maximum of these traits. The effect of cultivar was significant on days and growth degree-days of planting to
emergence, vegetative growth, reproductive growth and overall plant growth. Maximum of these traits were
obtained in the Birjand cultivar. The difference in two lentil cultivars is related to genetic differences and their

different adaptations to region. Urea fertilizer and cultivar interaction effects was not significant on phenological

stages.

Urea fertilizer had a significant effect on leaf area index, dry matter accumulation and yield. The highest leaf
area index was obtained in treatment of 40 kg urea fertilizer per hectare. More production of leaf area affected on
other growth indices and led to increasing of crop production. The highest grain and biological yield were
achieved in this treatment. Cultivar effect was significant on maximum leaf area index, dry matter accumulation
and yield. Birjand cultivar had maximum leaf area index, dry matter accumulation, crop growth rate, grain and
biological yield. Since the most of growth indices are dependent on leaf area index, changes in this indicator
through change in the nitrogen fertilizer levels, is one of the most important practices to improve yield.
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Correlation analysis showed that, grain yield had positive and significant correlations with vegetative growth,
reproductive growth, overall plant growth, maximum leaf area index and dry matter accumulation.

Conclusions

In this study, using of 40 kg urea fertilizer per hectare had a greater effect on leaf area index in comparison to
other nitrogen fertilizer levels. That leads to an increase in the dry mater accumulation, crop growth rate and
eventually increased the seed yield. So, application of 40 kg urea fertilizer per hectare is advised to achieve
maximum crop production. Birjand cultivar had a good situation in terms of all growth indices and produced the
highest yield, but it is a late cultivar and requires the optimum planting date for cultivation in this region.
According to the observed correlations, leaf area index and dry matter accumulation can be introduced as traits
affecting the yield of the two lentil cultivars.

Keywords: Dry matter accumulation, Leaf area index, Reproductive growth, Vegetative growth
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