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Figure 1- Mean of PSII maximum efficiency in rye ecotypes after freezing stress in controlled conditions
(Means with the same letters, indicated significant difference at 5% probability level.)
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Figure 2- Mean of PSII maximum efficiency in rye ecotypes after durations of freezing stress in controlled conditions. (Each
point is mean of 90 observations)
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Table 2- Parameters value for fitted models in Fig. 3.
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Introduction

Chlorophyll fluorescence measuring is a quick and undestructive method, which is used as an important
index to identify stress tolerant varieties for environmental stresses such as freezing. Rye planting is less
prevalent comparing to other cool season cereals, but more investigations are needed because of suitable
potentials in this crop for growing in cold area of Iran. In addition, low temperatures decrease physiological
functions of plants and results in irreversible damages and disorders in physiological process of plants.

Material and Methods

In order to study the possibility of using the chlorophyll fluorescence parameters for evaluation of freezing
tolerance in perennial rye ecotypes, an experiment was performed using a factorial experiment based on
completely randomized design with three replications at Agricultural Faculty of Ferdowsi University of
Mashhad. Ten rye ecotypes (264, 941, 8425, 15771, 1587, 14947, 591, 1275, 3857 and 12460) were exposed to
nine freezing temperatures (0 (control), -3, -6, -9, -12, -15, -18, -21 and -24°C) and maximum efficiency of
photosystem Il (ME of PII) were measured four times (12, 24, 48 and 96 hours) after freezing. Correlation
between ME of PII with Electrolyte Leakage percentage (EL %) and survival percentage (SU %) were tested.

Results and Discussion

The results indicated that there was a significant difference among rye ecotypes for ME of P11, while ecotype
12640 had the highest ME of PII and the lowest efficiency was observed in ecotype 264. There was no
difference in ME of PIl among rye ecotypes until to -18 °C, but ME of PII decreased in -21°C and -24°C after 12
to 24 hours recovery period. This efficiency was zero in -24°C during 48 and 96 hours after recovery, while ME
of PIl did not get to zero in this temperature during 12 and 24 hours after stress. ME of PIl impairment by
freezing temperatures was similar in 48 and 96 hours and it seems that no changes happened in the efficiency
after 48 hours. There was a rapid reduction in slope of efficiency from -15°C to -24°C in 264 and 941 ecotypes
than the other ecotypes, while ecotype 12640 had the highest ME of PII than the other ecotypes in mentioned
temperature range. In the four measuring times, ME of PIl was not reduced until -18°C, but it was severely
decreased by temperature reductions to -21°C and -24°C, as ME of PIl decreased to the lowest value after 48
hours. Decreasing the ME of PII in rye ecotypes was different due to the ectypes in the times after freezing
stress, the most reduction was observed in 264 and 941ecotypes and ecotype 12640 had less decrease in the slope
of ME of PII. There were differences among rye ecotypes in reduction temperature for 50% of ME of PII; while
ecotype 12640 get reduction temperature for 50% of ME of PSII in -24.8°C 12 hours after freezing stress; and
ecotypes 264 and 941 had the highest reduction temperature of 50% ME of PII in -20.2 °C and -20 °C,
respectively. Reduction temperature for 50% of ME of PIl decreases in 24 hours after freezing stress; at this
time, 12640 and 3857 ecotypes showed the lowest reduction temperature for 50% of ME of PII by -22.6°C and
-22.2°C, respectively, and 264 ecotype had the highest reduction temperature for 50% of ME of PIl by -19.2°C.
There were significant correlations between ME of PII, EL% and SU%. Since EL test was conducted 24 hours
after freezing stress, it seems that measuring ME of PIl in 12 hours after freezing stress increases quickness in
test and determining the stress effects rapidly. Higher correlations between plants survival percentage with ME
of Pl 12 hours after freezing stress, indicate that ME of PII is a non-destructive factor for estimating long term
effects of freezing stress on rye plants. In conclusion, the mentioned factors can be used as a quick procedure to
identify cold tolerant plants.

Keywords: Chlorophyll florescence, Electrolyte, Freezing tolerance, Survival percentage
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Table 4- Sesame phenological stages based on the range and average of days after swing and GDD

] g ey LS PR KES S e)

Sy 395 453 (wlwl

SS9l gd Al yo Based on days after swing Based on GDD
Phenological stage aald CrSlo Lald Sl
Range Average Range Average
OAD S 10-15 12.6 173-293 217
Emergence stage
Az ..
S5 el “J"_ A 25-38 318 426.8-676.9 555.7
Flower bud formation stage
W 35-47 416 617.5-854.5 750.6
Flowering stage initation
@l et 41-58 49.9 736.6-1037 904.9
Pod stage initiation
S gm_s 47-69 57.8 854.9-1208.4 1033.5
Complete flowering stage
S Sy 92-100 100.4 1544.2-1785.9 1668.6
Physiological maturity stage
J ) 115-127 121 1829.8-1910.4 1874.8
Full maturity stage
B il 093 Jobo
) 092 O B 57-78 68.5 926.7-1251.2 1112.9
Length of reproductive stage
C 2
Sy 0 o 14-27 20.6 171.4-322.8 206.1

Length of maturity stage®

oS ol 05 (351 dgaomall oy 22 0 «anls oS (g ) (ngy Aol 355 bl e |y A e ol 90 5 0331 oL ol 5B Ao gl IS Wl JuSias B
Dy o0 Dygo lojen ol dul) by aimed g (odug) ) ol
A Formation of flower buds is the first reproductive phase of sesame and the initiation of this stage could be the end of the early
vegetative growth (juvenile), although because of the indeterminate growth of sesame, continuing of vegetative and reproductive
growth occurs simultaneously.
g gn iy 5 Saiolen b S 9y B (S Wl Sit5) 39 gm il 6 3)l5 ol 45 Sloj ota bl (ol 0393 Jobo ©
B Length of reproductive stage is the period from the initiation of the reproductive phase (flower bud formation stage) to initiation of
physiological maturity.
b8 Sy B Seelsn b (S 955 5 035 (53 ooy s b el il Sy 90 Jsb ©
© Length of maturity stage is the period from initiation of physiological maturity to complete maturity.
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Introduction

Nowadays technological innovations, the use of chemical inputs, development of methods and etc., help
agriculture to produce food for human. However, some problems such as growth in fertilizer prices and
environmental pollution has drawn attentions to sustainable agriculture.

Sesame as the oldest known oil-seeded plant by mankind has ranked #9 among 30 important oil seeds.
Therefore cultivation of this valuable plant should be done based on ecological principles and inputs.

Growth and phenological aspects of sesame affecting by bio-fertilizers is less known. Therefore, the aim of
this experiment was to evaluate the growth and phenology of sesame by application of various biological and
chemical nutritional sources.

Materials and Methods

This experiment was conducted in randomized complete block design (RCBD) with 3 replications and 10
treatments including Nitroxin® (Ni), Biophosphor® (BP), Biosulfur® (BS; with recommended amount of
elemental sulfur), double mixture of Ni+BP, triple mixture of Ni+BP+BS, Urea (U), triple super phosphate (P),
double mixture of U+P, triple mixture of U+P plus the used amount sulfur in BS, and control.

Sampling was conducted every 7 days and growth indexes including, leaf area index (LAI), total dry matter
(TDM), crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) were studied during
growth life of the crop. Phenological stages were recorded then GDD was calculated for different phenological
stages. Statistical analysis and drawing of figures were performed using Minitab and MS Excel.

Results and Discussion

A. Growth Indexes: Changes in LAI, TDM, CGR, RGR, and RGR under all treatments were almost similar.
during the early days of growing, LAI increased gradually and then it rose sharply after production of more
leaves by the plant in most of the treatment about 35 days after sowing. After the flowering stage, by lowering of
increase in LAI, all of the treatments reached to their maximum LAI and then decreased. Control and BS had
minimum LAI (2.42 and 2.54) among all treatments. LAl of U+P+S and U+P were highest LAI (3.42 and 3.32
respectively) and after it, Ni+BP+BS (3.03) and Ni+BP (3.01), urea (2.98), Nitroxin (2.85), Biophosphor (2.75),
triple superphosphate (2.78) were placed respectively.

The highest dry matter accumulation occurred in plots that meet higher LAI, resulting in a higher potential
for the production and accumulation of dry matter. So, the highest dry matter accumulation was recorded in
U+P+S and U+P, and then Ni+BP+PS and Ni+BP and urea.

Due to the development of leaves and roots, CGR increased and then reached to its highest amount after 52 to
70 days from the sowing. Then, about 100 days from sowing, CGR decreased and this trend continued to the end
of plant life. Application of Nitroxin and Biophosphor increased CGR of sesame, but it did not affect CGR of
Biosulfur treatment. The double and triple mixture of biofertilizers and chemical fertilizers increased the growth
of sesame in comparison to their sole application.

Numeral amount of RGR was between 0 to 1 that describes the amount of increase in plant dry matter weight
in order to its previous dry matter’s weight among a time period.

In all treatments, NAR at the beginning of the growing season due to low levels of leaves and photosynthesis
were low. Gradually in the middle of the growing season, NAR increased, along with the increased growth of
plants and their LAI. Because of some reason remobilization and aging of the leaves and reduction of the
efficiency of photosynthesis, NAR has an intense reduction. All the treatments had higher NAR comparing to

1- PhD. student of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
2- Professor and member of Faculty of Agriculture, Ferdowsi University of Mashhad, Iran
(*- Corresponding Author Email: mnassiri@um.ac.ir)
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control.

B. Phenological Stages: Statistical analysis of data showed that the effect of treatments on phenological
stages was not significant. But seeds in the treatments of biofertilizers grew 3 days earlier in average. It has been
proven that farm managerial decisions that cause faster growing of plants (even one day), can be effective in
competitions of crops versus the weeds.

Conclusions

Based on the results, it can be concluded that although nutrition resources affected the sesame growth
indexes, they had no effect on phenological stages of sesame.

Keywords: CGR, GDD, LAI, Nitroxin, Urea



Iranian Journal of Field Crops Research
Vol. 16, No. 1, Spring. 2018, p. 35-48

A

Olpl =155 Sl gy 4yl
FO-FA o VAV 4las ) o ks F s

Sl s izt glag)) 4 Ols ST &ils AS sla S5y s S Slaw 5l 5 25815

Yo, . ®Y . z \ . .
L;’l’,‘:*'“dj"'*’ﬂs‘g;l’_ .\;,.\.«:-U);‘,S—@L«.Aﬁumbb
VWAF/VY/YY (sl s ‘@)U

AP/ FINN 5y 06

2SS

lojl o S o SB ppian g (f,SBl ibg) oS wls AS o Shy (S p sl 5L lawm) ST o pslaien;
o jloss s |l e Lows e g oSy (g559liS 0aSiily Slados aeyie 50 ),S0 aw o (Bolal oS laSel )b CJB 0 VYA Lo po
ey yid 5 035y (aleand 395 12 NP) oas slatiey (aleon 355 0)3 Vee 338 (s 5 (aliond 355 4355 1 318" pas 1 Jols
FwgraS (0yg g plighoand +gaS (0)g yolgunm () 395 )l g ighnd () 395 CamgraS o) JI 355 (st 355 (igs oA
0 Mainiiey o 5 05y o 395 L2 HLS5 55 g0 d w0 Slaidiy 0ud 5 (055558 (lrond 355 12 +CusgeaS 09 )5l
0 Mainiiey a5 05y lrord 395 L2 4115 g ighwd +CuigiaS 0)9 0 Slotiny yaud 5 (o (bord 355 12 4 p5ilgsn
doyd b dn Olaw oled (sldss (olajlows 48 ol lis zuls 3¢ oad Slgidy Hawd g (55 (ol 395 12 + )5 gugun +CuwsgreS o9
il sLmlows 13 40l gy g (sEgy 0hd oy polie clale it oy 3 b cou )b e yebas |y ST ansl 5 &l i,
aS dy oo Hlat @ i (S8 jebdy il olpen 4 1) S Sldlgw g paud cfeyis cdale oy YL adgS aal 5,8 pisees A odnlive
s bl 3 g Ly il e oo, Sl ogllas 5 )Slas sl (v (aliand (£35S oo 4y Cusgpa )9 5 aslllas 390 () (sloS
bl 4l plesd slo3sS Bpao (il 5 Mg 5yl » e b SB

Dgas oo 03wl pdaw dnlg p3 adgr Sl 4y olaws
by oLals ) (i pre (B polie (S 5o
i (rgd b Sl el SS9 g (g cELw
2 9 38l 03958 5l e (=lj Ll Sy esiSaguome
St 531 Jaml g 1505l sloaS 5 g alasbgn bl 2
odpe o1y (el i dtwlis 4 08 i jle g Chgm g &l
45 Sl LS b 2y90 (6y9 08 polis 5l 505 (03555 )b
ol 435 1,8 dngi 3y90 yiaS ] 5 eslitl sl gla o 5
slaguSan gladls ) )98 yolie 5l ()jgpis wlo j 3,555
O St glod gl )3 (6L A8 5 cul oS
Fim 3 oo SlacuSry Sl (B9 GE9) (OPsste § (e
Marschner, 1995; Weiss, 2000; ) 5)ls 84,18 5 Lo ol g
Dol olsl 3 e oyl cpises (Kacar and Katkat, 2007
Ol 2L &S ygbdy sl oo Yl S (132 Slge Cgllas
ORIl ) (e i Ml e ()39t olpen 45,555 Sl lie
9 el 9 phad (Gigyi bl 308y yolie ooyt bl
Sl Al 3580e g o) e ol Ale )18 oS polie 5
Kaplan and Orman, 1998; Erdal et al., 2004; Zapata )

CugraS o039 (s ) 355 ¢ lié yolis 1 galS” sLdo]lg

.

LY RY-T

e 5l =S (Helianthus annuus L.) s, Solss]
bl (lie 39 Vb 39500 Cguie lax )3 (g, slaaily
2392 908 @y kel & Sl 5 S eldlt © 2
e 00 o, Sl gy glain b)) Ll el
(Izquierdo and Aguirrezabal, 2008)
o ol sl (ol Capie pte Sl ladix S (S
yolis (B )lade (3905 walyd (alS e 53 Y (ool 5 Shoe
wdye Gl b eJgpaze 5 Slas sl SB )3 olS s 3)90 (2l
ot 13l Sy JB o] sl o SB g ises polie
5olS 5 o (Al g ame polie Conl 4y 1ty by 1 g 09
Sl ol Glaeds oS 5l ojg 0l w03y (o Jaao g

095 Sl 5 (515 OLalS (5955 (18> a 9ol Sl i =Y 9 )

Olted dipwo (e gy oSl o5 yaliS” 0uSLiily «bls Mol g casly;

Olon b e gy ol&ily ¢65,5liS 0080l ¢ wliiS B 09,5 oliwl -V

(Email: gahmadvand@basu.ac.ir
DOI: 10.22067/gsc.v16i1.54524

'J9f.m.4 ol 95 —-*:ﬁ*)


mailto:gahmadvand@basu.ac.ir

1AVl o osleds I8 o oyl pl oo ly) Slesiergpy apis YF

(Varzi et al., 2011) ;l,LSen ¢ (gjy9 lislejl 53 .(2004
slasgs olyad a0y Sy e slagwSL |l iy odlazl
09 s o S |y I, T &l (5952 5y ¢ 59yt
Jahan et al., ) ol)LSen g slas Sldllas p3 3l ilisl ¢S
aSly ey Ao )yd (p i o ssS” glgil g4y (2013
L asly opiigy 9 o) YA/FF L (Sesamum indicum L.) aous
Hdon g ysilawon L gl (cbjlog )> < iy Lo ¥o/-¥
5 (Kumar et al., 2014) | ,LSon g )logS pizmon Ab 0y
g5l eligogags 681y Ly oS 4l gl doly ()
orlowds 3557 JolS" 5 4,8 ol yomn 4y (Pseudomonas aeruginosa)
ol y ot 4y aly g dli 4 S 05,8 5 ] oy B g (oolpiiin
i) (an 5 Oy 3Nes wad Sl 355 | (o 3 )8
Al il 8l olewd 3557 JolS 55,8 gl 13 duoyd Y/ o YY/Y
= Y93 ©llllas ) 35 (Ahmad et al., 2013) -, Sen g dos|
po—moil,) Lo (Vignaradiate L.) ol o pdlia S o 5>y
dop ly g ol (Pseudomonas)  ywlgegasw 5 (Rhizobium)
)‘ d)Lu.u CJL».: ..)9}_él ashy P ]) 9y 9 )Q_mﬁ clale 9 sl
938y 9o > (T g () sLadgS Cute 1L e Slilllae
Arancon et al., 2004; Roesty et ) L5l o &Y gamo CusS
L g 00,85 3,l0 4y >0, .(al., 2006; Fankem et al., 2008
rolie plg uiSly pogas ) by ddllbs oSt &Sl 4 dg
plosl oml ) elaiss calisco (clavessy 4 o, Kokl ails § S1&-
055 slan) U (yn Baa b (iagh ol sl 0ais
A pbul s, ksl caely; o S g iy polie clale p claiss

L rig) 9 3190

008l Sladss dejo 0 WAY Jluw o Lidgi ol
wlidlpe oy Glaize b les duw Jeg oKl (65,5lis
5 S5 oot (s - litndy 5 plodl o Jl > s o
Vo U jrio s jl a8 o liges ‘&LA)'T e S olowss
Y Jods 0 ol 40550 ol 45 ans asyj0 SB (¢ pio o
CuwgaS (0)9 Cluogiad (S p g (N polis Glise Cunl 0208
() Jga) 4 s 58 00kl 550

5 osd VW ool JlS lacS3l ol oo B 5 ol
5 (oot 355 455 1 315 pae : Lol b jlos b Lya] 1SS
ool 0ad Sl (NP) oliosds 365 duopd Voo 53,8 ¢ w5
O 04b ey Hand 9 (1938 (2leerd 395 12 (S (90l
355 ) g piighnd () 355 cCamgaS ayg (JI 095 ¢t 355

a5 L0845 1,5 .(and Roy, 2004; Uzun et al., 2008
JUisl g coddlo (SIS (Shy on e Ol SB al
1S JS 1 SB sl g 9)See slacled (siae ol
35 5 eS| 3o,k 515,555 (Graeme et al., 1993)
h yolie (B (o pod Sl g pals]) SB anal g9
B s 4 osw 5l (Modaihsh et al., 1989) ues o yiul;8l
2 S Spsily o doul 15 el Gblis 151 )5 S gy
Dtali8l )3 Al e 3,55 5 0uiiS auuS| (clae Sl cllab s
A8l e )8 oS 908y pole Gl
e Jolos 5l ol d 2l38 ) olie I S0yt dz o
AU Jgame (&5 5 o5 3,Slas cgoi 5 43y o Ceul o5
ol czge olond (slodgS 49y 3 bl )y (e JB
Sy Ol gl (S ales 1 Slgl et ML
Sxdaols (live LS g (55ysliS SV game cisS el
S35 e Capde 5 g @l 3p)lcl o35 S
Slial el g ok 3 SMane g2l 3 oljwds i Ly e
e > b Jo ol 5 (S Bl anslhy Jlal g Wl o) claplas
5 A @lie sl oslitl Gl (65,5l8 Slual | oty 4 ol
Ll (£ QLS 4l caa ) )
e Madgus panlS)lg e 55 Wi b Gl (g sladgS
Vessy, ) sloas sl bl (claodygl 3 L g 015)laa S5 dlge ol yos
Azotobacter ) xSUgijl aile 0 by Sy sla g, (2003
L—a wsl b o (Azosprillium  sp.) posds g3l (SP.
(39 S ) alisee claan]d 5 b 5l (Bacillussp.)
Lognd s o inasT aiilan 45 S yox0 slagyge9nidss
Slid Gali8l g Sliud (gilw st (3lisl 5 Lo S g
Solind w31 Bl chliseo clom 3l e 5 Gl 1ol ol 5
ilidl ol Ois il 8l (Vessy, 2003) (T claawl
il Jolse (gt J55S 5 Wnseoling A5 Ao 5 &y ol
Lo ol wbiss .05 550 oS 4d) ,» (Kennedy et al., 2004)
Sl paBlg So oy 35 etee 1 S =0 (Thiobacillus sp.)
Algs oo 48 Wl oo (6509 GBS )3 5,55 oS 4]
Chl g jolie c Mo e anspul p labsMe L6 )
.(Zapata and Roy, 2004) x5l ar sl Lagl oy
3 b e s b le Jal 5 (T (5358 CoogaS g
prS Lo 5 Jlse 355 (2LS (shla dogy il das Sy
by 5 S slye g dials] s a8 03l o SB
33,5 (0 oS CiS i 3 sl g (g Se sl
G cnd s il 8l 5 )b 5l s J(Bremness, 1999)
lapigoygn 1y s S5 3 55200 lidpolie glualjl
Arancon et al.,) wiso s 1) HblS g0l g b Wilgs 0 BLS



\n'% Slaaw el sbw i) & o|é,§qb§i Q1S S b She 9 S Wlas 5l S STy

yad g 39y (2lend 395 12 1159 590 +CuwgreS c0)9
05950 (leosd 395 12 + )58l gus g +CungiaS’ 009 codbolpidn
..)9;. DMJLQM :'..‘, )ﬁ-ms 9

FwgraS (0y9 )59 gind HlugeS 00)g odlgwon ()
iy yand g9 (159)%5 (loowd 395 L2+ CawgneS 09 )98l g
iy ind 5 05905 (oD 395 U2+ g g0 o
@l bdloindy yiud g (5950 (olend 365 12 + )58l guges 0 s

o3ltw! dy90 C‘M%‘osgo)s 9 S Olaswin -9 Jg-\b
Table 1- Characteristics of the soil and vermicompost used

ole S ojere ool JiBpmly  iBjied  OlWew  duawl g ol
B Nt Kavaitavie (MG k™) asliees! Js pH S S s
0,
oc Paaie  Sulfate sigs  EC
(%) (mgkg?)  (mgkg™) TNy (@Sm)
(%)
Soil
S 1 0.1 326 11 141.3 8 15 0.18
Vermicompost
R 9.51 1.77 1727 1200 - 8.25 - 3.36
CungeaS 039

bl i) drwgi Gos ) inloj] clacs S il plaS a S
Page et al., ) ab (¢, Sojlusl alBlinlejl s lubwl sla g,
oy Jols ol 5ol asly S cla S5g owiocen (1996
O Al g oSid S5 L 29, 9 SIS B9y b (590
b 53 9y e ol Sl Al gy Jlade 0,8
9 xSy rE9) 2, Sles (ANONYMOUS, 1987) ol covsas £/Y0
ly 3,Sas )3 04D sla ol )b duo pd s uols 5l by yolie
9 SASVAr9.2 ,l5 dle s il s S0y b oy L5l ad dusle
aulie (gl .cd)S ploul EXcel Jlible s lawes 56 b )lages pusw
s 3 (LSD) s mine sl JBlas os, 5l b jlog (xSile

A okl duo pd gy Jless!

oiloly an ol ol ol 14ils 3,595 3 Sas g il

g ebale (gl ime Jly joboas (6955 slajleg &5 Sy (LIS
plos 3, LS (Y Jgaos) wiols 413 ,5h cow 1) ails 3,565 5 ,Slee
IYYN) 4y 3,595 (i (yiiny CwgneS (says 5 ssilgwse:
layles U jeSie jleg azdl (¥ Jgio) casly oy 1y (1)
olyo dy yoilswgn (Bl o 9 CwgraS oy )9l
el (g5 ime BMST (pliod 395 5l (gond 5 CawgeS 50y
CyS B (myp 2)90 b jles b o5 350,568 5, Shes
=l 2L 53 (W) 5,568 3 See oliee ey (Y Jgi2)
Fosilg—wgn ply5 3p)LS Lo aS A S esalde (plied 35S

395 3l (oo g CamwgnaS s0yg olyod & Hadlgugn § CungeeS c0)9
OI)LS.@, 9 )9l || EPR R Y L;,LJ M u’"""“’"

olo Cigndyl )3 (S5 g b Slilos ol ¢t 45
g Cowd Ly yoligy o5y o) SOLBl jods S A plo] VYAY
Oy p2 3088 pbl olo BB a3 (T ASES g0y
byl alols g ab a5 Lo )5 o gy Jobo 4 b oy oolo]
lond 355 L3 3)90 (Sl laylass ol g2 yie Bl 7
P S2) SLSs 53 S o lSVO: (i @ 0yl @ite Sl (g
a3y SLEL (le 33 S g0t po 93 5 4l ©j90a
bl Jp poland pow gite I jand o (245 51 U3 5 sy
i 3l (o 9,150 13 2S5 LS 00 olul iy SLS g0
b & )8 g i g0md s 355 8y S S0 sadolpinin
Bacillus ) 59— eaiS s g Olawd ouilS Jo (slas ySL
Azospirillum  coagulans, Azotobacterchroococcum,
W) ol 8y lawgy oddalpidis (yl540 4 sl (lipoferum
b odlatl Jloydoy ©ypgods 5 (Hd kS Ve il 4 (o (o
Aedygt 595 3l 593 A g by 0adjled jody AT gl 5l g
o g ls jeiy JolS ad (Ks jl uy dlolBMl ¢ w0s i
s98ly—ge Sjslsn 395 Jloel Geizmen A plosl cis
By mo ol ped 4 S 3 p,56lS b 5 4 (Thiobacillus)
25 9 NS O 300 (S 3 oSS Yor) Jocuisiy 5555
3350 S o 5 355 CuwgeaS sayg (I 365,085 plol ol 1S
b asenal SB L cldlS ) G S 50 5 V0 lire ok
F il o 3 Ladigy (35 S5 ol 2,50 (S o515 sl e
Oygpods 18y Jad (b 3 jpubdile JpuS e85 Gge Sy
Pl ol Ayl esliwal b 5 (ds ©jg0 55 ilel g (s
L)
5 ool (sladils 33,565 5 jaud ()fg i polie clale



IVAY L o osleds IF Wl oyl ) (1)) Sleiidgly 4 piis YA

012 S &l 00l g S 031051 lhio 2 (395 (5l lowi T (puily g 2325 ~ ¥ Jgae

Table 2- Analysis of variance of fertilizer treatments effect on measured traits of grain sunflower
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Table 4- Analysis of variance of fertilizer treatments effect on soil measured traits
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Figure 1- Effect of fertilizer treatments on total sulfate concentration in soil (Cf: 100% of the recommended fertilizer,

1/2cf: % proposed fertilizer, Nf: No fertilizer, V: Vermicompost, P: Phosphonitrokara, B: Biosulfur). Means in each
column, followed by the same letters, are not significantly different at 5% probability level- using LSD test.
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Figure 2- The effect of nutrition treatments on phosphorus concentration in soil (Cf: 100% of the recommended fertilizer,

1/2cf: ¥ proposed fertilizer, Nf: No fertilizer, V: Vermicompost, P: Phosphonitrokara, B: Biosulfur). Means in each
column, followed by the same letters, are not significantly different at 5% probability level- using LSD test.

0.16 -

& a
= 0.14
Z 012 - b b
< c
- | d
_:_3 é 0.1
" -1 e e e
EY £ 0.08 of e €
= 3 : =
3 £ 0.06 -
W 3
4 5 0.04 -
2 ¢ 0.02 -
£E
= 0
= P U U S WU G - SC A U UL 4
= = O < > < < o, & < >
Ny NN TN W
= QX

Fertilizer treatments ¢555 gls o
2 bound 35500 53 0+ 1Y /YCF o Dlpuing 2 lvownd 395 o y3 Vo0 1ICF) .S JS 5055 o)l iwe 2 Slasd%5 o ylows w3 b —Y JSS
2Oy gD gD wlin ;99)5 d‘)lb ‘slh‘_valgo ()99.’5».0954 B ‘1,159,&.39.6.‘.& P Aw%.os‘:o)s !an’; ;Q)aaa s NF oud DW
I I re WA woyd gy Jlois ! b ;3 LSD (9051 (wlw!
Figure 3- The effect of nutrition treatments on total nitrogen concentration in soil (Cf: 100% of the recommended

fertilizer, 1/2cf: ¥ proposed fertilizer, Nf: No fertilizer, V: Vermicompost, P: Phosphonitrokara, B: Biosulfur). Means in
each column, followed by the same letters, are not significantly different at 5% probability level- using LSD test.
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Introduction
To achieve the high economic yield in crops, supplying enough nutrients for plants is important, that much of
it, supplied by chemical fertilizers. But excessive use of chemical fertilizers led to environmental problems that
these negative effects have caused attention to healthy and ecological sustainable farming systems. One solution
to reduce dependence on chemical fertilizers is application of organic and biological products for plant nutrition.
Bio-fertilizers are made from one or more species of beneficial microorganisms with preservatives and or their
products. In addition, vermicompost is an organic fertilizer and mixed of very active biological bacteria,
enzymes, plant residues, manure and earthworm capsule which leads to continued organic matter decomposition
and development of microbial and enzymatic activities in soil. Several experiments have shown that the using of
biological and organic fertilizers improve growth and quality of products.

Materials and Methods

To investigate the effect of various nutritional regimes on seed quality characteristics of sunflower (Euroflour
cv.) and some soil characters, an experiment was carried out as a randomized complete block design with 3
replications in 2015 at the Agricultural Faculty of Bu-Ali Sina University.Treatments included no biological or
chemical fertilizer application, 100% of the recommended NP fertilizers (250 kg urea per hectare, 50 kg triple
superphosphate per hectare), % recomended NP fertilizers, vermicompost (15 ton per hectare mixed with soil),
phosphonitrokara (including Bacillus coagulans, Azotobacter chroococcum, Azospirillum lipoferum, 110 ml to
inoculate 10 kg seeds), biosulfur (including Thiobacillus,mix 6 kg of fertilizer with 300 kg sulphur for 1
hectare), vermicompost+ phosphonitrokara, vermicompost+ biosulfur, vermicompost+2 NP fertilizers,
phosphonitrokara+%2 NP fertilizers, biosulfur+¥ NP fertilizers, vermicompost+ phosphonitrokara+% NP
fertilizers, vermicompost+ biosulfur+%2 NP fertilizers. Concentrations of nitrogen, phosphorus and sulfur of
sunflower seeds and soil were measured by standard methods. Moreover, seed oil content was determined. Data
processing and graphs were performed with SAS var 9.2 and Excel software.

Results and Discussion

The results showed that nutritional treatments significantly affected all traits except seed oil content and soil
pH. The maximum seed sulfur content (0.231%) belonged to biosulfur+ vermicompost treatment indicating that
providing sulfur for sunflower of oxidation in soil increased the concentration of seed sulfur. The highest
phosphorous (0.45) obtained from phospho nitro kara+ vermicompost and biosulfur+ vermicompost+ %2 NP
fertilizers. Secretion of different enzymes such as phosphatase by rhizobacteria led to solubility and increasing
available phosphate. Maximum nitrogen (2.688%) and protein (16.8%) content of seed was observed in
phosphonitrokara+ vermicompost+ ¥ NP fertilizers treatment. It seems that bacteria in the biological and
organic fertilizer along to chemical fertilizer by nitrogen fixing provided the necessary substrate for protein
synthesis. According to grain yield, the highest oil yield was achieved in chemical fertilizer that there was no
significant difference with biosulfur+ vermicompost+ %2 NP fertilizers. Likely, the positive effects of thiobacillus
on oil seed was related to the appropriate turnover of photosynthesis enzymes, activity improvement of acetyl-
CoA and increasing availability of carbon for oil biosynthesis. Maximum total sulphate, available phosphorus
and total nitrogen content of soil was observed in biosulfur+ vermicompost, phosphonitrokara+ vermicompost+
% NP fertilizers and phosphonitrokara+ vermicompost+ % NP fertilizers, respectively. In treatments includes
vermicompost due to increasing soil organic matter, humus colloids and carbon availability for activity of
nitrogen fixing bacteria was occurred less leaching and increased maintenance and fixation of nitrogen in the
soil. Soil pH was not affected by treatments. The finding showed that reduction of pH must be done during the
process of long term and sulfur to be added to soil plenty and in times.

1, 2 and 3- Respectively Graduated Ph.D. in Crop Physiology, Associate Professor of Agronomy and Professor of Soil
science, Faculty of Agriculture, Bu-Ali Sina University, Hamedan
(*- Corresponding Author Email: gahmadvand@basu.ac.ir)
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Conclusions
In general, we can suggest that biological (phosphonitrokara andbiosulfur) and organic (vermicompost)
fertilizers along with chemical fertilizers by modifying the nutritional conditions of soil and reduce the use of
chemical fertilizers can be effective in stability of production and conservation of environmental health.

Keywords: Biologic fertilizer, Nutritional elements, Vermicompost
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Table 1- Chemical and physical characteristics of soil before planting
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Table 2- Chemical criteria of used cow manure
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Table 6- Mean comparison for the effect of cutting time on morphological criteria and quantitative and qualitative yield of indigo
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* Means in each column and for each trait, with at least one similar letter are not significant different based on Duncan’s test (p<0.05).
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Introduction

Medicinal plants are valuable resources in a wide range that scientific identification, cultivation, development
and proper utilization of them can have very important role in community health, employment and non-petrol
exports. Quality of medicinal plants is more important than other crops. The impact of environmental factors is
significant on quality and quantity of medicinal plants. Among the environmental effective factors, irrigation and
manure can be managed. Drought is considered as one of the most important factors that limited plant production
in arid and semi-arid areas, where such areas are subjected to a wide range of climate variations. Water deficit
stresses, permanent or temporary, limits the growth and distribution of natural vegetation and yield of cultivated
plants more than any other environmental factor. Under water limitation conditions, yield of plants depend on
water available content and water use efficiency. Indigo carmine is considered as a highly toxic indigoid dye .

Indigo blue dye’s main component is indigotine which is extracted from the leaves of indigo ). Indigo carmine is

also one of the oldest dyes and it is still one of the most used in textile industry. The aims of this study were
evaluation of qualitative and quantitative criteria of indigo (Indigofera tinctoria L.) under Bam climatic
conditions.

Materials and Methods

An experiment was conducted as strip plot based on a randomized complete block design with three
replications at the Bam, Iran, during growing seasons of 2012-2013. Four nutrient resources (such as NPK, cow
manure vermicompost, Mycorrhiza and control) and three drought stress levels based on %FC (including 100, 80
and 60 percent) were considered as experimental factors. Plant height, canopy diameter, number of branches, dry
weight of leaf, dry weight of, dry yield of shoots (above ground matter), indigocarmin content and indigocarmin
yield of indigo were measured and calculated.

Results and Discussion

The results showed that at the first and second cuttings, the highest dry weight of leaf (with 751.11 and
769.24 g m, respectively) and indigocarmin yield (with 4.62 and 4.66 g.m™, respectively) were observed for
vermicopmost. Increasing soil water content from 60 to 100% FC at the first and second cuttings caused to
increase dry weight of leaf (with 37 and 100%, respectively). Decreasing soil water content caused to reduce the
dry matter yield of indigo and these highest yields were obtained in 100% FC with 1589.3 and 1829.3 g m?,
respectively. Also, increasing soil water content from 60 to 100% FC caused that indigocarmin content and
indigocarmin yield increased with 36 and 18%, respectively. Relationship between soil nutrients and metabolic
processes of medicinal plants causes to change of yield quantity or secondary metabolites contents. Therefore,
we determined that the best growth condition for indigo was observed for manure and irrigation based on 80%
FC.

Conclusions
It was concluded that cow manure could be a good choice for decreasing chemical fertilization application.

Keywords: Bam, Cow manure, Indigocarmin, Medicinal Plant, Mycorithza, Vermicompost

1- Ph.D. Student of Agronomy (Crop Ecology), Faculty of Agriculture, International Campus, Ferdowsi University of
Mashhad

2- Professor, Faculty of Agriculture, Ferdowsi University of Mashhad

3- Associate Professor, Faculty of Agriculture, Ferdowsi University of Mashhad

(*- Corresponding Author Email: rezvani@um.ac.ir)


mailto:rezvani@um.ac.ir




Iranian Journal of Field Crops Research

Vol. 16, No. 1, Spring. 2018, p. 67-81 i

o5 lails 255 s Slas 5 S gla Sy » Sl b gy g5 50 O L ST

2 . . A N R ®Y, \
$358 5 455, = SN el hgr = Ol s = (sl Al e
WD/ WY il 5 fu 5

Olpl =155 Sl gy 4yl
FY-AY .o AFAY 5ls ) osleds N5 Al

2SS

b il el (65,58 LS| 5)lk e Jpol J) 45 p5ud o5 plls Sl olil 9 SB s 53 (LS (SLl Lais
S5 Slo iy 2 Olite 28l gy ds i 93 S Lol LIS 5 S (Shle: Lais ) gkt 4 13 IS 6 Sl o 055 3 Slas
ol A plosl i (65,5l oAl stingy 4 ey WWAY-AYAY el o b eiolej] NSBAD o5, )3 als 5 Shae (sl 5 15
5 asesd S Lrdeie 93 9 08 qwyp 1S lea b holad JolS slacSoh aly )b B 53 (e 53 5 JLuSy )3 S pe o8 g0y
1345 3l (s gl 15 gy vl csllons B 5o LT 5 oIS IS (oS SIBL, S Lol s 1 S S 5 lSn gt i
O 3 o 9 b 1) (o <A ) I S liee i (goy oog) S 28l 33 S (LS Sblly s Yoy ST (5205l -0 Gos
S Oliee S (5 (o) Sl 3 0l (g ald e MBS 18 (5 )l5 gime 09,5 Sy 3 IS 5 L LS bl s slale
Aoy I¥A L pasS Ula (ol () (o) SB j3 JI )8 daoyd cpppidin 35 (6 ke ol VO es j3 .cudly |y (auoys - /¥5) S I
S cogby ol oy o9 CBb p3 L3gr /YR g +/FY /FF b ol 5 oS g LIS ML LS Ll s slajlos o 5l dm g cuily 3939
V/2) 381 L dmglia 5 oIS sbliy 51,5 5 45 Jlo 55 o097 3mys Yo /8 5 Y+/F VY iy Ml 5 1515 (o i5 ol 305 1 csloylas 3
e U oS 5 dali (sl ot e i o) S5 3 bl (bl 5y cslnlosd com > cadls S oy daoys 1 (53 sine il (1o
3 5 0y o) SB 2L g5 93 0 Mol LS (bl b )S  claless zdly 1) S ools e 208 (T )8 0y3 <MY g < IYY
O ieS LSB 53 )5 e LS PN b (b (o) €Ly sl Jlow g il 3 Shos (g iy ) 3 Sk AOFV/A 9 NV WVAIF L iy (5
7 isie 6 b o3l g ) o) SE Bl £ 93y 40 )b el o Wil oS (Gbley (S gy il Jlide |y )b il 2 Sles
sl S S gla Sho (S deun (pitred g ) &by > Slas

M oS il padli (g als (ogase p 15 G031

L2l 655980 5l alosid e sl cles el ool
sl ol g o Bl g osd SB CudS s cage &S 200
(Abbasi et al., 2010) > jials
L oS bl o pliwjed ) ot 9 Al Joame @)y
1518 (Vicia faba L.) 8L (paS ailos juuw ,obas Slals
» (Trifolium striatum L.) ,o_5 4 (Brassica napus L.)
el s Ll 5l (ool polie Allo 355 0 5118 Cols
o Jlolge (o3 ke cuiS 1 &S 205 0 B i @)
S ol Lials cuw g o3yl Jrosan coslos SIS
s eSSl 6)ly55 5 3929 b e (bl 35
ol sla o 3 pogasa o 5908 5 STl olge s

LV RS

ShgSL wlides 13l 1 pgwge (65)0liS o S cuaS

9 Lo 5,50 0oL ol (65,08 50 gy ol e ials

oltsly Jlolloye d (c399519,51) (ool (olidpg (638> sgpmitils -

e (w939

«§5y9ltS 0uSh (o bls Mol g cslyi 09,8 wliwl g Hluisly iy -V o Y

Spudio _owgd 3 olSuiily

yudges daly oMl ol5T o8l ¢ 5yglisS 0aStily el 09,5 bokiwl —F

(Email: jahan@um.ac.ir 2 e 03k 5 — %)
DOI: 10.22067/gsc.v16i1.56548



VAVl o oylods 08 o oyl pl oo ly) Slesiurg s apits  FA

P55 25— 5| dmols S (g ps Jlade 5l &S b 13 )85 () sixe
M yllas yw LS (Koocheki et al., 1997) coul yuiy (gladgle
s (Brassica napus L.) ;1S (Brassica alba L.) J>, 5 .l
A0 @y S a5, pKe (Eruca sativa L.) ol
sl SB Joske clgime ial33l p oS 5 g)cml jl g 0l
SLs a LS slaplul jd oad 0,85 59y &S Jb 55 bl
8055 5l am ol Ll o eolaiwl LB &ygods 5 ais p
.(Koocheki et al., 1997) 5,5 .o
5wy 45 ) Sy Sy Jesle Lais jelatedy

A L5 g 09 plsl @0 plin 4 e (55)9 515 alwgay S&
ehiel Cuond Sldes i b g odlitul blis Slles 1 oSl
502 3 9 oale Ly S s S35 b a3 (LS (sl
«!— (Koocheki et al., 2007) wb o iolS bl 4550 oy
Sl 5 )l g slapllss » S gl ol copie
3 oolaial (gl 1y rlin iy LBLS Vgane (NS 2)y5
3ybS S e oslimul 1y T slansS lgil b g Lot alS (sLli,
SRS (Sl ulio gy o S5 alS Ll 5 clolo
i jolic 5ols g o3gwyd SK loay (S I osle
aw ,5b tmgh , (Celik et al., 2007) coul LS jLs 390
s (LS Lk bis b (5555 Sl 55)95B (s,
CudsS 2 (powye S5y B 9 (AL bl 2529 (g 55y S
Ol gl b (e Jlw g (b pS g @3 s 3 Sles
(LS (Ll bis L (5 81s 2l o sb ol piag
Ghuman and Sur, ) siso e deue |y Jaae CutS g 5)Slas
4 (Zeamays L.) w)d aily 5,Sles a8 oly L ba oy (2001
S U iy epulS Hlowny HUS )3 2)SolS Ve ey ialjal
J—ol8” pilis 3L (Wicks et al., 1994) sl yiul38l as o
5 (eSS pis) SIS o 3 03 5 ailiwej paS Ll
by gt o bl jlade ol )3 G35 puS 0l 95y cuilS
inetal, 2009) 15 O Gyme LS 5 clyj olS 3 Shes
L o Ve g VO FO o Lias 51 o] oS il ols
a8 ol Gl (85 )8 (qw)p 3)90 053 3 Shes  paS Bl
YO 4S oK jiSa 5 5 VOIVY e 4 )b 3 Slae o b
Bahrani . saalie il 8L S 3 puS (oLl 0oy 04 b
J(etal., 2007)

S bl g eSSy oblS 86 ) p Cuoal 4 225 L
) 76 s e 5 SB oles 5 (Sujd oSy 2
A plsl yols imgdy @yd il 5ySlas y Jolgs

4y Pl il glaJlo 3 @55 citS pj gdaw 9 W Glise
Q_g.l c;_,..o.ml .)9;9[.; ol 039 OIH‘ dLJz’L')l:;_.w\ )iL*’ BBy
F S 5 (A olys 2l (lyme 5 Gliwjsd )0 Jymae
S5 g Lialil s 6 S bl bais cote (gl sl
o3lit ] 18 &3 5, Sl il jslatods S Coghoy bais
L hpos s claghyy ol g Ll iliew joa 9 355
S able &5 S gl gy et oIS el
OBl gy g e 53 )3 CulS Coenl 4 )l Sy
355 )50 9w jl g S cogb, bas 5 SIs  Jolge
OLelS g55 9 SIS cdl ple dally jogas 3 (S SN
5 S sl Shy (B L pdeS kil d 0 il iy
b el g (phb pol Gimgg () il Sluogad
Eygoiy S dne polic 5l glalisMa b5 polie alls
lage; | LS Ll s ol 5l e (S 5 Jpae
gle (LS Slga jl mlie o> 798 23S 0 )l (6yeliS
s @yt SIS 3 Jolge gy (213 dlge g (555 el
S 3 ofga SB a4 (alS bl Sl 0gd o lals
hnl piobolinl g pge ()]l Siddes 9 Suis 3bla
.(Sheikh Hosyni et al., 2006) ¢l (¢j)5liS Lo piumss]
S5 i slso 4ialS crge agjpSl Sllas b il
sL 3,5 a8lsl L ol o Q] GMb LiblS aS Syee )0 e oo
colio ile & ol 5 Jlolge Ll cage SB a4y alS
Jlse opytage 1 SUS T slge Lialial 233,8 oo S15 T Slgo
ele 5 ol SB plasd 5 (S5 Sluogad S5 5 138,50
Olje 45 Siiddas g Sts 3blie )3 )lul Mg Car ) o4
Sy 3958l ;500 Byb 5l ] e Hleddy el o5 S I slge
S0 g S wile glacely) )0 CavgueS g o> (ladgS wiile I
Ll ciS o)l ol g 0395 48 p0 4 (49,de (3Ll L ]
Al ole () 4 SB 4 gl jl dlols alS
G55 Ggmen (el 4 gl )3 (g Jpaze p el ]
U9y P g5 (S Cugh) Gl ol A8 0)93 Job LS
Ll ety ol aeelyj 50 5yt 365 Bpae i sl
3 (S S 4 S p (ble coiS 9 SB 4 Jpamo
J8 slaJluw o oads cus olals g9 .(Soon et al., 2001)
Oisrie ol B) SLE > Cglie Lulyd slml 5ok 5l wlgi e
g oLS 3y Slas i cge (oyed B Ol o (T oslo
Slosme a8 conl o ko wlisiss (Miller et al., 2002) 40
OFgris G (gogdledy OVl odlglh lalS )3 gy VL
il e phe S S (59,00 Glie G310 gl Ly
IS iaxs olise (Jle oylgieay (Maiksteniene et al., 2004)
Sglds Sile 4 s SB @ Oliie (Lle ub Sy I ol



#4 ey G110 08 0 ,Soe g S b Shg p S b g4 90 H0 (LS L ).ub

iy Lol Jgame wudldp loy 53 (b odlitul pb p 3g0c
Loy ptal ©pposs sals g wile (Bl as)jo )5 (LS (Sbli 5 00
£9 & &g 33 bawlgl b cudqudyl bawlgl 51 lalS cuilyy 0
O bwg 5 sladile (aals) uWT S b plosl Jpame
92915 5l dm g 03 (LS oy (e LS il 5
)8 ba e ST L S Kad S L (6LS sblay ¢y
NS640 38, )3 ol b plosl oloys VO o &yd cuiS” Sllos
cuiS Sologis JS ) bwg (iSa ;0 aig i Ae dgus 1S153)
S F cuS ba ¥ ol aS 0g 0 & 0 e A )5 ya el i
A plsal gyl Jolis ey oldes wdy Jad Jgb 55 23
slac, 50 g ui dlal SB 4y bbb slewd 355 SeSzun
sladile e jobods (ulS Sy olS ClS g Hlosd & bgyye
b S g (g jom

W g, 9 dlge

e bl by plals alS (Lle Gl )y jobaie 4

90 P WWAY=IYAY elyj Sl o Limg ol [NS640 o3, clails
Job a2 T W Jlad (oye a2 ¥V 5V 5 &Bly judgds
g Ginlejl a1yl Ly o 1 yi0 £V glisyl b (3,
o laSsh bl g5k b g e 93 9 JSy 3 oS0 w25
S g5 93 b deyja 90 Lol Jole 15 Ll iS5 oo b ool
idold 3l iy Lol (e Jole g (b oog) g oy s09)
g Gial s plalS el S bl )l

&limo il ous &)1 Y Jada p3 deji0 90 ol SB sla S
pAS ol Gy GlalS et 5 ol b 50 hlojl 35
PS5 o g i s 68y YL ) Yaola o8, LIS ol e 8,
Sed 93 jl b (65,95 B Cax) 392 b o8 (5jsliS LailyS

oilejl ploil e S o bownd 9 (S jud Clasciin —Y Jgia
Table 1- Physical and chemical properties of soil

. B by
S cal WS o ,yd JB by
4o S 2 5 las S Sl Sl . . .
:'t soil B ’ 95.4“’.5) = o yad Q“’”“’_J*LSM e
e Texture oc el Available Aavailable P o
o EC (dS m™) K (ppm)
>0 (ppm)
1ac)se
Farm ) 3 0.42 3.6 126 8 76
1 Loamy clay
2 4 )3
Farm o oy 0.39 3.2 109 5 7.7
5 loamy Sand

Walkly and ) A (¢ S0l (gl yiss Loy L oy ylig )
oy JUS gy 4 oBitlesl 5 S 352 (Black, 1934
S 055 el 1 G958 4 S s (Page, 1982) ai
oS cly . (Page, 1982) 1,55 dusloe SB )3t 4 J]
U).) JMJ) J»a.‘? Ja.u:‘ﬁl Jel Sk ) 045 D).a>.) w9b) u‘).a.o U')W
Ladigel .d)S ygo (651 paiges (o)) ,SG dan) b, olos ]
Cgby pialS g jes 4550 5l B ad 03l )15 (el sy 5
ol 3 el Jesy (S sl oBtlol 4y Jlaml Jsbo )5 4yl
igS S8 Jl g pegatte (egriagll Bg)lo 53 5 0 ()59 Ladiges
b gl o sl VY Gde a4y coguinagl] g ls .50 03> 1,3 o
o~ -(Haji Abbasi, 2006) 18,5 )3 juguudw 433 V+0 slod
Ly e o 5 603 (g8 uaome St SB (g5ls By 15 o

S obad 5 S 538 Glo gad oy 3
als o il g ady Joad b wlgl o @pd ccils s
. - < A . 2 . ‘

J S ol 5 (K5 Oluogad (ow)p Cax (2T
¥ il i plogl (b pdiged (gyte Blw VO-Y+ 5+ =YD glb Gos
)5 b lp S e 90 Coled 3 9 MBS pSged ©)S i dlai
S5l g ons Suis lgn allas jobas S cladiges el Caunday

LA 03l joue (6530 Jlio 90

by (A S gl gy a0 S (8
5 &85 Oygo Lanle Sy slguil & jgloe 1 wpsly Slog S6d
Bye Spglone ) Jloy pas Slilywg 3 gl lawgs g

1- Silking



IWAY Jls O oyleds IF Wl oyl 015 Glaidgly 4 pits Vo

9 LS Cudldyy g Vo gla M Bolal jebdy co)d VY b,
o ooy P ead Sis glaasl (i lis (g 85 g
2 b oSles mye yio 0 PN ol g I 5, Sles G s ol
2 ) 45g oS5 Ale 3y 5l 3 ,Slee el Canddy @ope yio
wag}lw.mMm)bﬁm@wawwgaﬁ
oadld s gl sl 5y Sae g SLid odlo 3 Slas 03)91

(Asoodar et al., 2006) s oslitwl ¥ dlslee jl cusly

HI =a.100 (v
BY
3, Sloe =BY (olaidl 5 Slas =EY iy asls =HI

ol K555
—dBlw —&ild 59,10 liee Eaetme «byd ily cubldy o) 53
©lS (g Loyd dwlone gl g b e JWST gy 4 S
A5 o FIVD clisie )3 olS 13 dg2ge (gt oy
J(Ericson et al., 1993)
buwg ()3 3)90 Slio (5:50ke Sluglie g (uib)ly 4325
sdla s 51 oozl b b S5 ousy 9 SAS Ver.9/2 )bl lisle
L y90)l b b pSSle duslie 08,5 < y90 MS Excel Ver. 12
W plol do s gy Jleis ! plaw 50 5 (Sl (glaiel

W dwlee digel b S Sig Cugly lopd ) dlsles I eolatl
Ww -Ws

Ws

o =0 (Siis S y5s W wosb e S 558 =W,
ol SB- o) (S

pr el (S gpall ogasie pra 6)Sojlul
o bosio 5 550l oo x> Slo 4 (s plls ogasis
UPHRSe Py > Oi low= g ol ol Cuwddy iliseo (glb os sl
0 doloes ¥ dolas Loy S o ,mls

%0 = 100 (V)

P
D=— (v)
Vv
oS yto il p)S sy 6l ogate (1) =D
45]9;;»»] 2=V e, S e S Sis dges py> =P
90 Coluwe sl Bls bl &l 5 Slae (6,:505101 (4l
sbadsy g obal (Bolad jba 1S5 58 53 slesd o I @ e i
B ilojl 4y JBl 5l L s S 8> 4 prdaws ol ) D990
5 039 allan jobay ladiges linl Sisodle 5,Slos yusd G 5
A VY Lo el Y bl ae s asliS ol S5

L ash oy Slas et (gl 00 (595 0590 diges ¢ o

NS640 o8, ©)3 (£1)5 Cluogad p piei o el j3 as )50 93 €L ;5 HLLS (AL Ll O 51 il g 41520 =T Jgua
Table 2- Analysis of variances (mean of squares) of the effects of plant residues and soil texture on corn yield cultivar NS640
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Table 3- Effects of plant residues and soil type on corn grain yield, biological yield, plant tissue protein content and harvest
index of corn cultivar NS640
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Figure 1- Changes in grain yield, biological yield, plant protein content and harvest index of corn cultivated in the remains of
beans, wheat, canola, cabbage and fallow, in two sandy clay and clay loam soils. (Bean was the basis of comparison for bean

yield, wheat biological yield, protein content and harvest index)
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Figure 2- Changes of soil organic carbon, soil total nitrogen, soil moisture content, soil bulk density and carbon to nitrogen

ratio of beans, wheat, canola, cabbage remains and fallow, on two sandy clay and clay loam soils. (Wheat was the basis of
comparison for wheat organic carbon, total nitrogen of beans, moisture content of wheat, bulk density for fallow and the

ratio of carbon to nitrogen)
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Introduction

The impact of agronomy on the subsequent product in rotational cropping systems depends on factors
such as plant type, duration of crop growth, soil moisture content, tillage type, irrigation method, the amount of
nitrogen fertilizer, quantity and quality of returned crop residues to the soil. Prior cultivated crops improve the
next crop yield by causing different conditions (nitrogen availability, organic matter and volume of available
water) in soil. This study was conducted due to importance of corn cultivation in Khuzestan and necessity of
increasing the soil organic matter, moisture conservation and in the other hand the lack of sufficient information
about the relationship between soil texture, type of preparatory crop in low-tillage condition and some soil
characteristics and corn growth habits. The purpose of this experiment was to evaluate the effect of residue of
preparatory crops in low plowing condition in two soil types on corn yield and some soil characteristics.

Materials and Methods

This experiment was carried out at Shooshtar city located in Khuzestan province. An experiment was
performed by combined analysis in randomized complete block design in two fields and in two consecutive
years with four replications. Two kinds of soil texture including: clay loam and clay sand. Five preparatory crops
including: broad bean, wheat, canola, cabbage and fallow as control assigned as sub plots. SAS Ver. 9.1
statistical software was used for analysis of variance and comparison of means. Graphs were drawn using MS
Excel software. All means were compared by Duncan test at 5% probability level.

Results and Discussion

The soil texture and the type of preparatory crop influenced the characteristics of the soil and corn grain
yield. Returning the broad bean residue into two types of soil caused the highest grain yield of corn 10128.6 and
9547.9 kgha™, respectively. The control treatment in sandy loam texture had the lowest corn seed yield (6111
kg.ha-1). Therefore, in these conditions, amount of plant residues and soil texture have played an important role
in improving the soil quality and corn yield, which would be lead to economic objectives of sustainable and low
input and cost production. Treatment of broad bean residues in depth of 0-15 cm resulted to the highest total
nitrogen of 0.121% in clay loam soil and 0.122% in loam sand soil. The return of broad bean plant residues in
both soil types improved corn grain yield which can be attributed for fixing and increasing the soil nitrogen by
broad bean and decrease the ratio of carbon to nitrogen in soil. It seems that the contribution of broad bean
residues released nitrogen gradually, particularly at the end of corn growing season.

The results showed that treatment of wheat residues in clay loam soil had the highest carbon to nitrogen ratio
(8.10%), and in sandy loam soil, treatment without plant residues had the lowest ratio of carbon to nitrogen
(1.4%). Increased carbon/nitrogen ratio was the result of high ratio of carbon content to nitrogen in wheat.
Burying the remains of wheat and canola led to significant decrease in soil nitrogen during growing season and a
sudden increase in soil organic carbon.

Mean comparisons showed that adding wheat residues to clay loam soil had the lowest soil bulk density in
depth of 0-15 cm (1.19 gem™) and treatment of control (no adding plant residues) to sandy loam soil had the
highest soil bulk density (1.54 gcm™). The lowest soil bulk density was observed in depth of 0-15 cm and with
increase in depth, soil bulk density increased, too. It seems that high percentage of the soil moisture can lead to
low soil bulk density. Combination of clay loam soil with wheat, canola and broad bean residues caused soil
moisture content of 21.3%, 20.4% and 20.5%, respectively, while returning the residue of cabbage did not have a
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significant influence on soil moisture in comparison with control (12.9%).

Conclusions

In general, mixture of broad bean residues with both soil types had the positive effects on corn yield and soil
characteristics compared to other crop residue.

Acknowledgment: We thank the supports of Deputy of Research and Technology, Ferdowsi University of
Mashhad.
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Table 1- Name and origin of the studied oily sunflower lines

Sl Spe g oY sy GG S S oY 3,

Research center  Country Line Row Research center  Country Line Row
ASGROW Al H100A/LC1064 51 IFVC O po 803-1 1
ASGROW Al H100A/90R78 52 USDA 1S5 6] HAR4 2
ASGROW Al AS613 53 USDA 1S5 6] SDB1 3
ASGROW duslyd H100A 54 USDA 1S5 e SDR18 4
ASGROW duslyd H209A/H566R 55 USDA 1S5 e RHA274 5
ASGROW Al i H100A/83HR4 56 USDA 1] SDB3 6
ENSAT Al H205A/H543R 57 USDA S yel HA335B 7
ENSAT duslyd H209A/LC1064 58 USDA 1S5 e PM1-3 8
ENSAT Al AS5304 59 USDA 1S5 6] SDR19 9
ENSAT Al LP-CSYB 60 USDA 1S5 6] HA337B 10
ENSAT Al ENSAT-283 61 USDA 1S5 6] HA304 11
ENSAT Al AS3211 62 USDA 1S5 6] RHAB858 12
ENSAT Al AS5306 63 USDA 1S5 6] RHA266 13
ENSAT Al ENSAT-254 64 SPII oly! 344 14
ENSAT Al b ENSAT-270 65 SPII Oyl 11*12 15
ENSAT alp 1009329 2 (100K) 66 SPII ol 26 16
ENSAT auilys 1009337 (100K) 67 SPII ol 38 17
ENSAT auilyd 100935 0(100K) 68 SPII oyl 346 18
ENSAT 4wl ENSAT-699 69 SPII ol 260 19
ENSAT 4wl AS3232 70 SPII ol 262 20
ENSAT Al PAC2 71 SPII ol 1059 21
ENSAT Al 1009370-1 (100K) 72 SPII oyl 36 22
ENSAT Al 1009370 3(100K) 73 SPII oyl 30 23
ENSAT Al ENSAT-695 74 SPII ol 28 24
ENSAT Al AS6305 75 BRN il 5DES20QR 25
ENSAT Al AS0-1-POP-A 76 C.F awil 7CR16 D PRH6 26
ENSAT duslyd CAY 77 ASGROW Al yd 110 27
ENSAT duslyd 703-CHLORINA 78 ASGROW duslyd LC1064C 28
NOVARTIS awil 3 NS-R5 79 ASGROW auilyd H158A*LC1064C 29
NOVARTIS dwil 3 NS-B5 80 ASGROW auilyd AS305 30
NOVARTIS awil 3 NSF1A4*R5 81 USDA el RHA265 31
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NOVARTIS Al b NSF1A5*R5 82 ASGROW auil B H100B 32
NOVARTIS Al b AF1 POPA 83 ASGROW auil B SSD580 33
NOVARTIS Al b BF1 POPB 84 ASGROW auil B SSD581 34
INRAMONT Al 3 TMB51 85 ASGROW awil 3 5AS-F1/A2*R2 35
INRAMONT Al QHP1 86 ASGROW il 8ASB2 36
INRAMONT Al 3 D34 87 ASGROW awil 3 12ASB3 37
INRAMONT Al 3 H603R 88 ASGROW Al 3 15031 38
INRAMONT Al 3 PES 89 ASGROW awil 3 H158A/LC1064C 39
INRAMONT Al 3 SDB2 90 ASGROW awil 3 H543R/H543R 40
- Al H049 C FSB 91 ASGROW auil B H156A/RHA274 41
- Ol bxe F1250/03 92 ASGROW auil B H205A/83HR4 42
- Ol ylee B454/03 93 ASGROW dulyd H158A/H543R 43
RUSTICA duslyd RT931 94 ASGROW auil B H209A/83HR4 44
RUSTICA duslyd RT948 95 ASGROW auil B H157A/LC1064 45
Caussade semences Al 3 CSWW2X 96 ASGROW Al 3 H156A/H543R 46
Caussade semences dudly 9CSAS 97 ASGROW Al H100A/H543R 47
ENSAT auil B SF082 98 ASGROW auilyp H100A/H543R 48
ENSAT ausld SF023 99 ENSAT sl SF576 49
ENSAT auil B SF105 100 ENSAT auslp SF085 50
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Table 2- Name and sequence of primers used in the present study

959w 95 5 5 L (0'>¥") 5561 g ISSR 5 (0'>Y") 5511 JIgs
Retrotransposon primer Primer sequences (0'—Y") ISSR primer  Primer sequences (6'—>Y")
LTR- 1061 AGAGGGGAATGTGGGGGTTTCC  UBC-818 CACACACACACACACAG
LTR-1062 TCTCTATTTATAGCCGGAGAGGTG UBC-826 ACACACACACACACACAC
LTR-1063 GATCCGGTTTCACGGGACTTAC UBC-840 GAGAGAGAGAGAGAGAYT
LTR-1064 CGAAGAACAAACCGAATCACC UBC-857 ACACACACACACACACYG
LTR-1065 AGCCTCTGAAAGACTCGTTCG Al3 GTGTGTGTGTGTCC
CF GGTTTAGGTTCGTAATCCACCGCG UBC-812 GAGAGAGAGAGAGAGAA
CR ACAGACACCAGTGGCACCAAC UBC-864 ATGATGATGATGATGATG
UF(U81) TAACGGTGTTCTGTTTTGCAGG UBC-880 GGAGAGGAGAGGAGA

UR1(U82)

AGAGGGGAATGTGGGGGTTTCC - -
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1- Q matrix

2- Burn in time

3- Markov Chain Monte Carlo
4- GLM: General linear model
5- MLM: Mixed linear model
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Table 3- Simple statistics for studied traits in oily sunflower lines

Ol oS £SE  Jilas CP L st
. .. . 0
Traits Mean + SE  Minimum Maximum Cv%
390 ¥ (S5l cdydn dop 65.43+2.15 15.00 100.00 31.81
Percentage of necrotic area after 4 days
39y A S (Sogl cdpiy a0y 74.54+2.03 20.00 100.00 26.47
Percentage of necrotic area after 8 days
3903V 3l (Sogl cdpl a0y 82.20+1.73 25.00 100.00 20.44
Percentage of necrotic area after 12 days
o33 039l Gl Ve g 5.7840.20 2.10 10.75 32.98
100 seeds weight of non contaminated plants
oad oxgll s V- oy 4.86+0.18 155 9.85 35.26
100 seeds weight of contaminated plants
whVe gyl 24.95+2.23 1.42 73.71 7251
100 seeds weight loss
205 035l gy S5 2 Slos 38.22+2.00 8.30 1131 49.70
Yield per plant in non contaminated plants
o3d 03g)l gy 52 Slos 29.54+1.63 275 66.14 53.10
Yield per plant in contaminated plants
Sy S5 2,8kes 23l 29.91+2.83 0.00 89.91 78.48

Per plant yield loss

CV: Coefficient of variation
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Table 4- Partial correlation coefficients among studied traits in oily sunflower lines
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retrotransposon markers in Structure software
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Introduction

Sunflower (Helianthus annuus L.) is one of the most important crops grown mainly for edible oil. Sclerotinia
sclerotiorum (Lib.) de Bary is a common and widespread pathogen of sunflower. Sclerotinia stem rot is one of
the most damaging diseases of sunflower in world, causing average yield reductions of 10 to 20%. It causes total
production loss under favorable environmental conditions. Hence, plant improvement projects must focus on
creating of new genotypes with higher resistance against diseases. Resistance to S. sclerotiorum (Lib.) de Bary
has been described as quantitatively inherited with additive and dominant gene effects. Identification of
chromosome regions controlling partial resistance to sclerotinia stem rot can increase understanding about the
genetic control of the diseases and developing cultivars with improved partial resistance. In this study,
retrotranposon-based molecular markers associated with resistance to disease as well as some important
agromorphological traits identified using general and mixed linear models in Tassel software.

Material and Method

A collection of 100 sunflower lines, kindly provided by several research centers in Europe, Iran and the
United States, were evaluated using a 10x10 simple lattice design with two replications. Each plot comprised 2
lines 5 m long, with a spacing of 65 x 25 cm between lines and plants, respectively. The experiment was
conducted in 2015 at a farm in ‘Vaghaslo-e-Sofla’ village on Urmia. Five plants per genotype in each replication
were inoculated with a fungal isolate collected from naturally infected sunflower plants of this farm in previous
year.Some resistant and agronomical traits including percentage of necrotic area after 4, 8, 12 days inoculation,
100 seeds weight of non contaminated plants, 100 seeds weight of contaminated plants, yield per plant in non
contaminated plants, yield per plant in contaminated plants, 100 seeds weight loss, and per plant yield loss were
measured. The genetic profile of population was prepared with 28 rerotransposon markers.

Result and Discussion

Based on molecular marker data, the studied association panel was subdivided into two subpopulations
(K=2). Association analysis using mixed linear model (MLM) identified 27 loci significantly (P<0.01)
associated with studied traits. Maximum number of markers (5) was identified for percentage of necrotic area
after 4 days and yield per plant in contaminated plants. Some common markers were identified for studied traits.
Common markers for traits can be due to pleiotropic effects or linkage between genomic regions involved in
controlling traits. Results of the current study present useful information about the genetic basis of the studied
traits and can be used in different sunflower breeding programs including marker aided selection. In future
studies, C(z)ding regions of important agronomical and resistance traits could be identified by sequencing loci with
highest R*.
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Conclusions

In sum, 27 loci associated with genomic regions controlling studied agro-morphological and resistant traits
were identified. By converting identified retrotranspos-based molecular markers to SCAR, it is possible to use
them directly in breeding activities such as identification of appropriate parents for developing mapping
population, developing hybrid cultivars as well as marker assisted selection programs.

Keywords: Association mapping,

Linkage disequilibrium, Molecular marker, Population structure,
Sunflower
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Table 2- Means comparison of nano Super Plus application times effects on studied traits

syl dad sl

et it Jgb Sl Jsb Fertile tiller ~ Tiller number s Jsb
Treatment Panicle length (cm)  Peduncle length (cm) (No m?) (Nom?) Plant height (cm)
i 2 il gle 731 A 12.67 A 14728 2218 A 7251 A
Tillering
ESIE T _w"’le,J%’“ 7.08 B 11.65 B 1.88 A 2519 A 72.64 A
Booting
@il @EJM 7.17 AB 1191 B 1.86 A 2.545A 7344 A
Seed filling
cribslone pac 7.00 B 1154 B 1537b 1.918 B 68.69 B
No-Spraying
LSD 5% 0.2106 0.3985 0.1497 0.2532 1.043

Wl )b gime BMB o )d iy Jlein] e > s ailiie Bgy (gl a5 ol Slee
Means in each column, followed by similar letter are not significantly different at P <0.05
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Continued Table 2- Means comparison of nano Super Plus application times effects on studied traits

sos Straw weight (kg m?) o5 ;s Aigh 43 c\.fla 059 Mww )..: c\slalal.w . aodis Slaxs i
Treatment Seed / panicle (g) Grain /spike Spikeletes number (m?)
R 2 sl 2.85 A 127 A 33.88 A 1458 A
Tillering
(0P Al Jglee 3.03 A 119 B 31.94 B 1432 A
Booting
szl )3 ol Jolone 313 A 118 B 3212 B 1438 A
Seed filling
"\Tbéjgm _‘Ms 254 B 1.00 C 2733 C 1358 B
0-Spraying
LSD 5% 0.2798 0.0557 1.202 0.2948

L)l () iz BB o yd iy Jloin ] prdass )0 wiid aldie By > ()b &S ol (1 Slo
Means in each column, followed by similar letter are not significantly different at P <0.05
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Continued Table 2- Means comparison of nano Super Plus application times effects on studied traits

. . . . £y ) . .
o s y9oeb U 59y dlae Total ? |;.J:tk\j\7:i ht Agr S5 50 &b (39
Treatment DHE (Day) (ﬁg m?) g Seed weight / plant (g m?)
A et 127.80 A 466 A 181 A
Tillering
(2305 S slne 126.70 A 483 A 181 A
Booting
ot 12470 B 4917 A 179 A
Seed filling
S dsbe pas 127 A 3.828 B 1.30 B
No-Spraying
LSD 5% 1.282 0.4026 0.1848

WLl (o gime BB o pd gy o] s 50 M il By > (glyld &5 b, SSlio
Means in each column, followed by similar letter are not significantly different at P < 0.05
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Continued Table 2- Means comparison of nano Super Plus application times effects on studied traits

sl Grain yield (kg ha') ails s,Shes 09922 2253 B2 035 DMA (Day) s, U 5o, Slass
Treatment Pro (%) TKW (g)
S 2 sl 2014 A 1085 A 32.06 B 153.70 A
Tillering
i e 2065 A 1058 AB 3220 A 152.70 A
Booting
s )3 (ol Jolone 1547 AB 10.58 AB 3350 A 152.90 A
Seed filling
et 1067 B 1050 B 3172 B 151.90 B
No-Spraying
LSD 5% 529.7 0.3486 0.5294 0.8175
)l () iz BB o )d iy Jloin ] prdass )d dii a)ldie By > gh)b &5 ol (1 Slo
Means in each column, followed by similar letter are not significantly different at P < 0.05
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Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
10 15 20 25
1 1

[=]
[L]

Ling 1 1

Seymareh 17

Line 12 12 :|
Line £ 4 ﬂ
Line 11 "
Line 7 7
Line 13 13 J
Line 9 9 —|
Line 15 15

. |
Line 5 5
Line B [
Line 14 14 J -
Line 10 10
Line 8 g —|
Line 15 16
Line 3 3 J

Dehdashit 18

Line 2 2

W5 3,Sdos 9 (g w0 yd Olhio laoe 209,93 e SlacnY ol g, - UKo
Figure 1- Dendrogram durum wheat lines based on traits, protein percentage and yield
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Introduction

Durum wheat (Triticum turgidum var.durum) because of the high protein content compared to other grain
products plays a major role in providing the protein needed by humans. Different crop varieties have different
performance potential even a figure from region to region does not have the same performance. Nano slow and
controlled release fertilizers because of root elements in a good area, have high efficiency. In Iran, 300 to 400
tons of durum wheat annually produced which 60% is recoverable for production of pasta and other domestic
needs is imported. Per capita consumption of pasta in the country is 5 kg per year (about one quarter of Europe)
and with regard to nutrients such as gluten and beta-carotene in pasta and very low losses, it is necessary to
increase the amount of its consumption. For this purpose, the government has taken incentive policies such as
higher rates order of durum wheat (about 6%) compared to bread wheat and prizes export to exporters of this
product, to increase its production and exports. This study aimed to evaluate the effect of foliar application time
of Nano-chelate Super Plus on yield and its components and protein content in durum wheat varieties in
Parsabad Moghan area was conducted.

Materials and Methods

The study was conducted as the form of randomly split-plot based on randomized complete block design with
three replications. Treatments include the application of Nano-chelate fertilizer Super Plus (Biozar) with a
concentration of two per thousand in four levels, (tilling, flowering, seed and control (no application)) as the
main factor and cultivars of durum wheat lines operating in 18 level as were minor. Studied traits including plant
height, number of tillers and fertile tillers, peduncle length, ear length, number of spikelets, number of seeds per
plant, grain weight, straw weight, total seed weight per plant, total plant weight, number of days to heading, days
to maturity, grain weight, protein content and seed yield. Each plot area of 2.7 square meters (6 lines with a
length of 6 m and 20 cm spacing) and a total area of 6 square meters plot was harvested. The company proposed
application of Biozar at the dose of 2 per thousand, according to the desired level, calculated and prepared and
was sprayed every step of the treatments in question. At each plot also a sample of 1.5 kg of grain was sent to the
laboratory to determine protein content of each sample. Finally, the obtained data collected using the SPSS and
MSTAT-C statistical analysis soft wares for analysis of variance, and Interaction between treatments and figures
and data clustering was performed and the results were presented.

Results and Discussion

Results showed that the highest grain yield obtained from spray at tilling stage in L16 (2948 kg ha™)
compared to the control group (771.70 kg ha™) by 228.01%.Comparition of the interaction of means showed that
the hiqhest grain yield in the spray at tilling stage L16 (2948 kg ha™) as compared to the control group (771.70
kg ha™) 282.01% increase. Results of mean comparisons of the timing of application x figures also showed the
highest protein content in line L5 and the spray at tilling stage (12.23 %) as compared to control 23.54% increase
.The lowest percentage of protein in the DEHDASHT and spraying at the seed (9.10%) respectively compared to
control (9.53%) 4.73% decreased. So, it seems that the use of Nano-chelate Super plus ZFM (zinc, iron,
manganese) which contains micro elements, amino acids as nitrogen source and as a powerful antioxidant
ascorbic acid can be very effective to increasing yield and its components and also the protein content of durum
wheat in dry land.
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Conclusions

Nano-chelated Super Plus foliar application increased grain yield and yield components of durum wheat.
According to the results the most appropriate timing of application of Super Plus for Durum Wheat was at the
time of tillering and among the highest protein content and yield showed in the tillering stage to arrange in lines
L5 (12.23 %) and L16 (2948 kg) respectively. Repeating this study for few years of research as well as in other
areas could also be useful in confirming the results.

Keyword: Cereal, Line, Protein, Spray, Yield components
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Table 3- Mean comparison of simple and interaction effects on water use efficiency, harvest index and yield in bastan
and two genotypes of millet and drought stress levels in two years

ol Span 6 il sl 5,Slos
Water use f .
efficiency Harvest index Yield
s> &l
Joo G gy P B T T gh o s
Year Stress  Genotype Blolog_llcal See_q Grain Ear Seed Seeq2 Blolog_lzcal
gL gL per (gm®) (gm™)
panicle

93 1.739 0.659 36.60 49.08 72.33 297.2 759.11
94 1.851 0.422 22.56 31.98 72.66 184.1 800.33
LSD (0.05) 0.319 0.236 21.61 0.1635 25.91 96.85 304.78
Si 1.811 0.692 37.79 47.80 78.41 353.2 931.3

S, 1.781 0.497 27.13 39.25 68.76 216.0 7725

S3 1.733 0.432 23.82 34.53 69.57 152.4 635.4

LSD (0.05) 0.522 0.498 0.3171 16.80 42.70 140.1 267.17
Si Bastan 1.952 0.817 41.34 52.33 78.32 368.0 878.50

S, 2.055 0.550 25.25 38.87 63.31 213.0 796.58

S3 2.016 0.576 25.04 36.32 68.28 187.2 720.25

Si KFM5 1.818 0.668 37.17 50.71 71.87 367.4 1000.2

S, 1.770 0.521 28.87 44.10 64.85 241.0 818.71

Ss 1.523 0.349 22.86 36.21 63.69 131.2 571.42

Si KFM20 1.664 0.589 34.86 40.40 85.03 324.1 915.33

S, 1.518 0.421 27.50 33.81 85.54 194.9 694.25

Ss 1.638 0.369 23.58 31.07 76.76 138.7 614.42

LSD (0.05) 0.205 0.196 8.66 13.02 29.34 167.7 343.36
93 Si 1.827 0.901 49.06 58.48 83.82 461.89 936.33
93 S, 1.749 0.590 3231 46.08 67.62 258.53 760.78
93 Ss 1.611 0.483 28.44 42.68 65.25 171.1b 580.22
94 Si 1.796 0.482 26.52 37.10- 72.99 244.41 926.33
94 S, 1.813 0.404 21.95 32.43 69.90 174.3 784.16
94 S; 1.914 0.380 19.20 26.39 73.89 133.67 690.50
LSD (0.05) 0.286 0.146 15.94 13.28 37.17 98.13 131.61
93 Bastan 2.004 0.736 34.21 46.34 70.43 293.49 786.89
93 KFM5 1.630 0.613 36.27a 51.74 68.16 296.87 764.11
93 KFM20 1.553 0.626 36.33 49.16 78.10 277.1 726.33
94 Bastan 2.085 0.559 26.87 38.67 69.49 218.8 810.00
94 KFM5 1.778 0.413 23.00 35.58 65.44 196.25 729.41
94 KFM20 1.661 0.294 17.81 21.69 81.85 137.33 761.58
LSD (0.05) 0.167 0.101 3.552 3.32 4.76 61.78 63.31

oS 5l 2o y3 00 g VO N er ool iy S35, Sy
S1, S2 and S3 are 100, 75 and 50 percent plant water requirement respectively
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Table 4- Correlation coefficient between seed yield with water used efficiency and its component in divided

for each years, stress levels and Genotype

5 ,Slas of & pae 15 oadle oadle oL ol
Sl Seed yield Water Use Efficiency &y Cudls g Sl &l Cuild g .

o> K39l Seed HI JoSsly Jossly DM

Seed Biological panicle HI Seed per.ear

Jls g Two years 0.94™ 0.40% 0.94™ 0.85™ 053" 0.74™
Jsl Jl First yeas 0.94™ 0.58™ 0.94™ 0.91" 0.85" 0.93"
pos Jlo Second year 0.86™ 041" 0.89™ 0.82" -0.19™ 0.81"
O g No stress 0.96” 0.44" 0.95” 0.92" 0.49" 0.37™
oo 25 Medium stress 0.98” 0.63" 0.94” 0.83” 0.50" 0.61"
QA i Severe stress 0.99™ 0.64™ 0.83" 0.64™ 0.43" 0.74™
ol o3, Bastan 0.96™ 0.45" 0.97" 0.94™ 0.82" 0.83"
KFM5 KFM5 0.97" 0.56" 0.93" 0.82" 0.69" 0.76"
KFM20 KFM20 0.97" 0.28" 0.92" 0.85™ 047" 0.63™

Gdgine pas g ofo N o/ 20 paws )3 ()b ime simdylis s ™ g T,

*x *

*, **and ns means significant at 0.05 and 0.01 probability level and non-significant respectively
DM: Dry matter, WUE (Water used efficiency), HI (Harvest index)
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Introduction

According to NASA reports about atmospheric earth conditions, in the 30 years later, 45 countries will face
with severe droughts and Iran is in the fourth place in this list. Water shortage is one of the most important
limiting factors of production that affects plants growth by changing physiological conditions. Using adapted
plants is a proper strategy to deal with the effects of water shortage on the status of water restrictions. Foxtail
millet is a C, plant with good compatibility to dry areas and it has high water use efficiency. In medium stress
partial stomata closure reduces transpiration more than photosynthesis in this plant and as a result, increase water
use efficiency.

Materials and Methods

This experiment was carried out as split-plot layout based on randomized complete blocks design with four
replications at the Agricultural Research Station, University of Birjand in 2014-2015. The main factor was
drought stress in three levels including 100, 75 and 50 percent of plant water requirement (no stress as control,
moderate stress and severe stress, respectively) and the sub-factor was millet genotype in three levels (including
Bastan, KFM5 and KFM20). At four leaf stage, 75 plants per square meter were maintained and applied stress.
Water use efficiency, evapotranspiration efficiency, harvest index for seed and ear, economic and biological
yield were measured at maturity. . Data were analyzed with the SAS software ver 9.1 and the means were
compared with Tukey’s test.

Results and Discussion

The results showed that water use efficiency (WUE) was significantly decreased with increasing the intensity
of drought stress in all three genotypes but not evapotranspiration efficiency (ETE, ratio of total dry matter to
water used). Bastan cultivar had higher water use efficiency in all stress levels and was more affected under
moderate stress while it was less affected under severe stress (33 and 31 percent compared to the control,
respectively). The evapotranspiration efficiency (ETE) was similar in all three genotypes and did not change
under stress condition. The water use efficiency was different in two years but drought stress had a similar effect
on its. The drought stress reduced seed yield through its impact on water use efficiency, harvest index and total
dry matter within two years. The highest and lowest seed yield were observed in control (152 g m™) and severe
stress (171 g m™®), respectively. Significant genotypic variation was observed for WUE (ratio of grain yield to
water used), and harvest index (HI, ratio of grain yield to total dry matter). Bastan cultivar had higher WUE than
two other lines in well-watered (0.82 vs. 0.63 g kg ') and drought (0.56 vs. 0.42 g kg %) field conditions, due
mainly to higher HI in well-watered (41.04 vs. 36.01 percent) and drought (26.2 vs.25.5 percent). Drought stress
had not a similar effect on harvest index in three genotypes. At all stress levels, water use efficiency, harvest
index and dry matter had a higher direct effect on seed yield, respectively. Also, the results showed that the
negative correlation between seed yield and evapotranspiration was not significant.
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Conclusions

Total dry matter was similar in the three genotypes but Bastan cultivar was better than the other lines and it is
advisable to drought stress conditions due to higher water use efficiency and harvest index. As respects high crop
water use efficiency is necessary for adaptation and resistance to drought stress and harvest index is an indicator
of the amount of product to be used, WUE and HI can be used to identify suitable genotypes and cultivars for
water shortages and drought conditions.

Keywords: Dry matter, Evapotranspiration efficiency, Harvest index, Seed yield
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Table 3- Mean comparison of shoots Fe, Mn and Zn concentrations (mg kg™) at tillering and grain milk stages under zinc
foliar application treatments during two years
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Tillering  Milk stage Tillering Milk stage Tillering Milk stage
Zn0O-150mg L*? 26.5™ 35.3% 208.4° 96.3" 186.1% 95.4%®
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S0,Zn-6g L* 28.8° 37.8° 194.6¢ 87.8" 171.2° 84.1°
Control 1 24.2¢ 31.6° 216.8° 119.4° 190.9° 99.72
Control 2 25,2 30.5° 221.9° 113.9° 187.6% 96.2°
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Mean in each column followed by similar letter(s) are not significantly different at 5% probability levels using LSD Test
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Figure 1- Effect of zinc foliar application on rice shoots zinc concentration in different growth stages during two years.
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BST and AST: Respectively before and after spry at tillering stage, ASM and BSM: Respectively before and after spry at mike stage
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Introduction

Rice (Oryza sativa L.) is one of the major staples feeding more than half of the world population. It is grown
in more than 100 countries, predominantly in Asia and provides 21% of energy and 15% of protein requirements
of human populations globally. Zinc deficiency is one of the important abiotic factors limiting rice productivity
worldwide and also a widespread nutritional disorder affecting human health. Chakeralhossein et al., (2009)
evaluated the effects of rate, sources and application methods of zinc fertilizer on quantity and quality of rice and
reported that, application of zinc fertilizer significantly increased yield and grain Zn content. The greatest yield
enhancement (56.9%) was obtained in 3 g L™ ZnSO, along with application of 40 kg ha* ZnSO, as soil
application methods. In slightly alkaline sandy clay soil with sufficient Zn under flooded conditions, soil and
plant Zn concentration were increased 1.8 times with foliar spray of 0.5 %w/v ZnSO,4 which was applied at
panicle initiation compared to soil application of ZnSO, at the same stage. In a field experiment during two years
in Egypt, the effects of Zn, Fe and Mn as single or combined application in soil and foliar spray to the rice
growth and yield were evaluated. The results showed that the single or combine application of Zn, Fe and Mn
significantly improved rice growth and yield. According to Zn deficiency is a widespread nutritional disorder
affecting human health in many countries, especially where people rely on cereal-based food, the aim of this
study was to investigate the effect of foliar application of nano-ZnO and zinc sulfate on yield and grain zinc
content of rice.

Materials and Methods

A field experiment was conducted as randomized complete block design with three replications at the Isfahan
Agricultural Research Center during 2013-2014. Treatments were consisted of six zinc foliar application levels:
150 and 300 mg L™ nano-ZnO, 3 and 6 g L™ ZnSO,, distilled water as the first control (Control 1) and no spray
as the second control (Control 2). Rice plants were foliar sprayed until runoff using a hand-sprayer, at the
tillering and grain milk stages. Nano-zinc oxrde had a purity of greater than 99%, average particle diameter of
10-30 nm and specific surface area of > 30 m? g™. Also zinc sulfate was used with purity of 99%.

Results and Discussion

The results showed that Fe, Mn and Zn concentrations of plant shoot at tillering and grain milk stages, and
also grain yield and grain zinc content were significantly affected by zinc foliar application (P<0.05). Foliar
application of nano-zinc oxide and zinc sulfate increased zinc concentratlon of plant shoot at tlllerlng and grain
milk stages. The hlghest shoot zinc concentration of 28.8 and 37.8 mg kg were obtained in 6 mg L™ zinc sulfate
at tillering and graln milk stages, respectively. While the lowest shoot zinc concentration (24.2 and 30.5 mg kg™
were observed in the first control treatment at tillering stage and in the second control treatment at gram milk
stage, respectively. At t|IIer|ng stage, foliar application of 3 and 6 mg L™ zinc sulfate and 300 mg L™ nano- zinc
oxide increased shoot zinc concentration, whereas there was no significant difference between 150 mg L™ nano-
zinc oxide and two controls treatments. At grain milk stage, all zinc foliar appllcatlon treatments mcreased shoot
zinc concentration compared to the control treatments. The maximum grain zinc content (37.8 mg kg™) was
obtained with 6 g L™ zinc sulfate which was 16.6 and 19.5% higher than first and second control treatments,
respectively. Zinc foliar application significantly (P<O 05) increased grain yield. Foliar application of nano-zinc
oxide and zinc sulfate 5|gn|f|cantly improved grain yield compared to the control treatments The highest grain
yield was obtained in 6 g L™ zinc sulfate fallowed by 150 mg L™ nano zinc oxide, 3 g L™ zinc sulfate and 300
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mg L™ nano-zinc oxide, respectively. Also, there were no significant difference between first and second
controls. Zinc is a structural part of carbonic anhydrase, alcohol dehydrogenase, Cu/Zn-superoxide dismutase
and RNA polymerase and serves as a cofactor for all 6 classes of enzymes (oxidoreductases, transferases,
hydrolases, lyases, isomerase and ligases) and auxin synthesis in plants is also controlled by Zn. Adequate zinc
in plants increases the synthesis of enzymes and hormones, metabolism of essential elements and stimulates
plant growth and yield.

Conclusions

According to rice consumption per capita in Iran is 40 kg (110 g day™) and the average daiIP/ human zinc
requirement is 10-15 mg, zinc biofortification of rice and improving zinc of rice grain to 35 mg kg™ will provide
about one third of people’s daily zinc requirement (3.5 mg).

Keywords: Biofortification, Foliar application, Nano-ZnO, Zinc deficiency, ZnSO,



Iranian Journal of Field Crops Research

Vol. 16, No. 1, Spring. 2018, p. 137-152 i

Wlaals oyl oS s, gl 9 S 05955 4 S S Ol i
b g (pls slas S it s 4 ST 55 (Cannabis sativa L)

sl o - st VI ol oo - 'Y wilen
WWAB/ AV 18 )3 b

Olpl =155 Sl gy 4yl
WYIBY .o VAV s ) o kes F s

2SS

il goban b ) Sty ol ol 435 Gl (Glaptian b))l 29)l> LS Mg g (o5 oo S )3 e IS 5l S
o8 slaSe b asl zy b B jd sl cuduwl & ygods WWAY IR Jlo o sislejl clials 9)l olS p (oliowd 5 (old (sladgS
9V Ve ) ol 25 Jolis Jp“lo)"l 3y90 slyla .85 ploul Win yu oSl (g)aliS” (ouSisly Jladss gdsyie j0 ST dw b Solas
4 (ool 355 @t 51 )L 3 AlS (ot p)SokS Ver 980 jao) (1ot 395 9 ol S (lgis s (00D odswgy (olS 355 S )3 o5 ¥
S pdiges Wdg (3 O g gl Oppod (Jn ) Clindpgw 355 s 1S 53 Al jaud pSolS A g jao) jiud 395 ol jen
Bl Sts 59 il Jlab g )] 1 agy sabye 3 ol 395 B 453 Lt Jlesl gl 85 Pl ol alj 5 (agy Al ye 93 0
Ol L (el 095 LS 53 (5 Y 9 Ve o gl 3l ud) o Sy p sibime S 3o (elesd 55 Lol g5 1 dixe Sy
Yo op)lS aSgygbar (8l ialS cuilyy (adls (st 5 (o> 395 gaw Rl bl ljl Ay § Suglgm 5 Sdas gy 355 aw
LS o WV g WY s |y el ol (odng) 20y it (3] o)l Sl efg i JUSa 13 p S8 Vee g (ol 3987 1S ) o5
3,Slae Sy gzo yil38l Comw yiud 0905 a8lsl g S50 (il) dls yo 0 S CIN coms pidlS 13 old g (5955 (sladgS prdans yiul381 .50l
9 ool 368 e 3 5 e A )8 olejl gl s p ol ilj Al ye )3 (VOIYY) Sy g (doyd SIFY) diles i3 ()59 (huoydIY) il
it ShalS (435 (lp (mlio golaw ()9t JUSB ) p)TShS Ve v g (ol 398 US> (5 Ve (pizmen 5 (g LS 3 p S 5LS O

ybis gl 3l S (iliols 5 (a9 (LS i
YL 3y Shoe ay (pliwd )3 (owlul (A8 gy ilie (olis
9 Sa9pe Syais Oigyw NS oo Wil (29> (LS (S g (o5
a8 (gxiad )l sl dlge polis plo b S5 ) & Canl (ol
st il 5 aggSl ¢ Jidg IS Al K25 dnuslgival
OSgyiws 3l Am ya b (Wahba et al., 2014) 45’ o W5 55 1,
5 5 gaz 3 &S Cal LS o3lizl 5,50 Lol yolie jI S
256 SLidlod S g 2 5 cjriogis sy S oy (sl
LS 5 3 cabordsn sloanlp plos o s b pate ol o)l
23 s 535 )1 (i (65,5 Js] (glapomaSa 3  lics !
(P Gl g Sl S cndS L gy Joae Mg
odd Al 5 a0l 3,Slae VL Coleg 3 5 Lwyg & Cuoglie
Syl gyl oLS > (Valadabadi et al.,, 2007) ¢!
Olasd pow LS 40 p,55 LS VO 5,,LS (Plantago major)

&35 355 iy i g copgl 1515 (G015

LYRUFY

4 sl (Cannabis sativa L.) S b ailials o)l olS

il oolawl cpgs a8 ol o)) 05 Lannabinaceae ool

P 5% 5 al SLS 5 g g el 6K el U

Al < ale olS ! (Zaman, 2003) 54 0 cuiS p)5 bl

osals” s o gLl auiw jo alials aiby bl o b 90 g
(Oomah et al., 2002) > ls cuonl o5 Hlid g Jgmwls

ang b plals clls gaie 3 pre SIS 1 S

o8l ¢ g5y9luiS 0uSiily «bils pMool 5 cusly 09,5 (68> (goomitildy =)

iy

Kz o8I ¢ 6559LiS” oSl (bl Mol 5 casl)j 09,8 ¢ lustils ¥

Ky oKl ¢ 6559LiS” 0uSiily (bl Mol g cuslyj 09,5 ¢ Lokl =Y

(Email: Samaneh_Laleh@birjand.ac.ir
DOI: 10.22067/gsc.v16i1.60300

t s 0y g —3%)



WAY Hle O oyleds 08 o oyl oo ly) Slesirgpy a s VYA

.(Mallanagouda, 1995)

S Jgmazme g 0 (sodee GAE (g 4 ()5 o
SB (S5dgm 9 bhond (238 Sl S 2 86 ol S
3 93L5 ol i dlge S S O ()leS5 e |
Pouryousef et al.,) sl ,lub (65,5LiS" sl ) olS ddy,
P90d Bl (S CIN d 3 38,56 Lelss 51 LS, (2010
L olad ao (ob 358 oige I (sloags” 3y 51 )8 02009
,> .(Jokubauskaite et al., 2015) cuol Jlyé sladgS b oS
395" Jlesl b (Kharrazi et al., 2012) |)Ken g (555 () p
S 53 CIN s izman 9 (1 008 IS e S 42 (o
8L Gl loj CuBIS L pam p3 39290 (59588 Oljee 9 (LS
P S slaps jpas 4 gloj cddS b ofg i Gl Gl
g 3y S yoe Glaigeygh odd gdy (Siops Cluls 5 SK
3k 5l g s ol cuus SIS 3 L]l ond adoi sl il
Jia 5 oeusdlS )l S 5 (SB slop S dsgas I olge 4529
otalS )3 il ol zgrs 9 oS deST 0 8 4 8
2y 50 CIN s

I laegorme goaylap ) GLalS 3 3, Sles (55 IS5
Ol oy 4S5 Gl olS ) il Jolye )3 350 slaanl )3
P A o S Jolss cOLS 3 ol 3 4l (i g Sl e
OB 5 (29> QLS I (9331 o) eoliul d929 b 059 el 92 Smles
e ) sy Slllae cosl b dag] gy > SB (s
OlalS ) S whals 5,8 plodl gy (LS 435 56
(P93 lacislas J s 4y 4 cunl dio) cpl )0 pre 29yl
03,55 o oylpl 3 oy ely; LS o 1) 095 Lol Kl
9 01595%) (oo (S10298 b o2 (340 ol B 1l
5 magy S>3 wlls gy oS (cssl8) J g (52l
D92 (o3

L %9, 9 3190
SLadss aeyio 0 WAY —WAF _cl)5 Jlo 5 Liolesl o)
YY 5 a0 0Y olilps (bhe) din iy oKl (gj)5las saslauils
eLa,l Ly (8,5 42> 0 g a0 W oldlas Job ¢ Jlods adds
Cannabis ) alaals gyl olS g5y (Lo o jl j2o VFA-
aibio clon g Ol .cd,5 plol (Chwgs o9 (s0395) (SatIVA L.
s FIY (Seid o L ilegd il anadl olul
Khamchin ) s_isb o p,5 slabiuwt b Sas slap, L8l
& yg0 4 Lialejl .(Moghaddam and Rezaee pajand, 2009
do Ly ool JolS oS sl b B 5o siSTs ol

QJYI' 9Y’ N G)M) ‘_{o‘.) )9{@@»))'4? )‘ .JAT )0 IP‘%)‘)S}

5 ol Sy g i IS 5 9 S gy I s
yolie opl el a5 ol oy )15 . (abdipoor et al., 2013)
Obej sgre 4 alewd sdgS o5k 5l e olS (sl (213 e
P9 u_ﬂ .)19_9 )lA_S.n FRRRERW udbl.{ SB ul&»}lﬂd ST S
wegase (jg Uil g (595 A () Cund GRS o ol
» -(Javaheri et al., 2016) s sales cl); S ol
oiblS alos 51 oMo ol (S 35 2lois 4 JI slaagS
(Pourazizi and Fallah, 2013) sl acily o 1) 5, Sles
L5 sLlie olol (65918 55 (T slodgS 5,8 48 diz po
Gl SIS 3ol 5 sl Jparme CuiS (3l
cdled 5 PH 3500 5 SB o Cughy (5)0S5 byl 5 I ools
b (638 4500 )8 Sl drgi Loyl ol 9,5
g Gl 00 Cangy basro 4 (g lhlud g OMSUL o5 sl
MU anie o Slolyd cde @ 50 ol 4 o (sladeS Byao
Cowl 0adb 35050 SB 3505 (gl g (13 Dlge 305 Joleio
odlawl &4 (gL dn g sl sl Il > (Akande et al., 2010)
Cainoj o Slllbe .ol ond olewd 9 JI cladgS 5l ol
olalS oy o> 5 liowd sladgS 5l il coslizal L5l
S Sid g 5 59 g glas,l (Rosemarinus officinalis L.)
o1 g bt 355 Sy Hlewi o e il Cow olS 3 Sles 4
2 S AU lhasd 365 | dglie )3 ol 358 5 85 1,3
»» -(Hosseini valiki and Ghanbari, 2014) c il s ()
A5 Lasuie (Foeniculum vulgare) «bjl, olS ;s lagl Gl
[(Eslami khalili et al., 2014) sl> )33l 0o > WY b 1) sy
395 (335 Bymas pis) sl Jols (5355 o Jla (op
S 53 p S bS Ve boygl LS )3 p)S9 LS Vo) (oben
V/(b +P9_.Jyo| Olawd )l}'SJb Jel 3)5915 O +0)5l )US.m 2 F)f}laf
L;\L_oﬂ 4_39)‘) U_..{a)‘.) Dl_.as D)Léd IR Bol (‘_sﬁl-) .)9§ )b&b Jel ‘_)J
Jlos ) cudldyy jasls oy i (Matricaria chamomilla L.)
3eidS gyhd oS 5, Sles g 4y (Shams et al., 2012) .
5 (NPK) olous 555 auals ,los ;5 (Coriandrum sativum)

o=l Jds oo Lagl 51 SOy ailBlas 0,18 51 iy (ool 558
olS lawgi olie yole Cla uliel 3 eld 268 a4 ilsél
ol 0dd 020> Cuind S u‘vw 9 u_&»)& uo‘9> Dok 9



¥4

weilaald (09,10 obS gy wly 9 ST (359 yiud 41 (05 Lo Ol i

S529liS Sllos i a8 )S a5 15 o Jles 55 lacisd) Job g e
9 ol 955 (3,5 8Ll g Jo S pid Jobs s g
(ol ©)5 2 55 LS 3 p 56k Vev) uly Sldgw (olowsd
20 9 P9)lb bhwgs anly 5 g2 dbul ld el slrodgize )
3 S5 Slasite b Lol o5 g b o 5 )L
Y Jgds 0 Byme ol 365 g inlejl Joe S oliewsd

Gl 04

g s 5 (Lol 55 sy 33 oagy (5515 555 a3
LS 53 palls (950 p)ShS Ver g 00 ho) (gt 38
Fiud pSolS A g o) jiud o 93 olyen &) (09l 395 gite
SLac S Gl (Ju 5 Olindpgw 395 @it jl S 1> palls
JsnSsle jolaie 4 ad oliiwl Jo)sSlh g0 4y g (258
o 4ol e 95 Lol cbe S oy calols dalag 1 L3
e LaylyiSO s (salold wonis cubls casdy 9o 208 slacs)S

bl gm0 31 Jad (013 355 9 SB (olvowd 9 (S5 S S35 Jgo
Table 1- Physical and chemical properties of the soil and animal manure before the start of the experiment

i Colan . Q39 ) - . . » .
! S S oS s S Fud oo oy o <l Gos
i 039
Organic Total - Texture dept
pH EC carbon nitrogen C/N Phosphorus  Silt Clay Sand h
(ds m?) (%) (%) (Ppm) (%) (%) (%) (cm)
P b 09!
(Soil) )
7.98 9.75 0.52 0.06 8.66 6.3 26 20 54 Loamy 0-20
sandy
clay
ol 2gS
(Animal 8.5 6.9 126 0.66 19.09 1280 - - - - -
manure)

2 obalS Sy g adlo Suis (g @lo jlb g elis] (g S W9
2 a8 b pSeilasl el S | gpe e S s
P EBS Ogo oo ok Sl kS ()l paiges (il sl ye
0L olpen 4 s 5 Sojglon 0o pimen (LDlj (b ye
B)S 8 2oyl 3yee O s 5l qpe ple oy Al Cuil
S s Sl 59 JS 4w 0,Sles pends il el
09 o 1 &1 9 Bl Sy panads culps il sl ye 5
el Ceawdan aSg JS SiES 59 g il opl 5l S e Siis
aw by lw Ye U yao Gos )l S (S pe (gybpdiges
88 plonl (dly g (ag) Sl 22 O 0 S iges
5 (Bremner, 1965) JlilxS' by, 4 SLs g olS JS (15958
ows (Jafari Haghighi, 2003) S SJlg hgy 4 S oS
3)90 Slino (Siwod (poman g bodld (39 Jloyi (o)
5 4035 . 8,5 plosl IBM SPSS Statistics 22 lwgs b))
5SAS (V.9.1) (,Lel aols s 51 odliial L Lmosls el Jubos
so g Jloi] o 53 LSD (g3l bawgs o Silie dunglio
A5 plo

S Gy, o ol U ol by s Llyl 3 ilials csls

e L cid) i 0 e Ble Yo ciod) g9 dlold 5 ia Lo
Ciygo 4o g Cuwd b cubls b plool e lo jles U aw cusls
Ol pgw 355 (olod Jloel .85 plool baandy US55 (4o,
Py L (hd Spgo g S S 00l 395 5l e 9 S
9 S n ke B 9> sl p3 Jol S b plol s ()8 358
S5 pLadl 1 o 15 plodl gl S5 51 o i 93 pgd S5
(Jalud j2dn) Sy G904 0yl 395 slajloni 51 303 (sowd 3
LS S5 b Olojod dl>yo 93 53 i sl g A Jles!
2 5500 elresd 355 g9 @ plalejl (b 3 85 g
Jsl bl s Bpae (2876 5 Al b g (065 slolos
e pgd Sll g 1 Jlasl CullS Iy ol (i 90 4
plosl (Siadlss Jnwd g Jgl ol 51 g gy Slaz Aol
e ) Ve okl Hed il Suuwy oy U ol 5l e g 8,3
P i) g (Sp i Greadl yorb) (sug) dl>pe

De oyl o ey dlye b lozen) il St dls yo
505}l (554550 (Mediavilla et al., 1998) (Ladily ss )
ads e 93 ym 13 59 slobl ,d laaily S, .cd )3 pbul S



WAY e O oyledds I8 ale ol ! o815 Slesirgy apis V¥

WU s ily als po Bl s (¥ Jods) widls as o
Yoo WINY ooy sy S )3 p)Soks Ver 5 00 gl
395 LS )3 o5 Ve 9 Ve gl (F Joua) bl (bl ao )y
00l i asG Ly (gyly dme M Ciio (ol Slas 1 el
ol aald b awslds )5 (o)l xe MBS o 95 pl &5 Jbs yo
Lodld 48,5 0 ngn o S alials dBlu (¥ Jaue) Lol
ladgbo 5l (S adls S g ((mdng) <) gl poals
13 .(Saadati et al., 2015) 5,5 wS5,65 g ooyl il iSS
(Lo sk 5, Sl Lo o 4Bl b al8 oS 35,00 Jlats)
Ly Oizram a3l 93 5o G2al3-81 b g sigl pgunelS L g ooyl
5 S—i (g 8l AT Cd S aonS g oo (A Jgaz) (+/YY)
Cusl 0393 0l yois aBlis )3 dlgs iy oot g Cilio b olS iy A,
5 bl onds wlials jo aBlu yad (158l Caw Jole oyl g
»ly I slesgs 5,,LS 55 (Yazdani et al., 2015) Ko
9l oS (dagy S S (g 9 4Bl slad g eli)] 58l

Ll j35e (Majorana hortensis L.) bgo; e

Bl SdA 058

OF9re 355 8L o8 s il S g ) A ye
Oiar 9 o> sagS S il Al ye 3 (Y Joua) )5 1,8
9 =13 355 Jolite )51 (priman g jud 395 o> G aw
5392 )l e dBlow SIS (359 oD g gaw 53 ()59
OL yand 358 (ol Bl iute Gl Bl S (g (7 Joo2)
38 pace Ly douliie )3 jaud jlSa )3 p)S5hS Ar lje 9 0>
Jods) s ioljal 1y adle Sis (59 o> FIFY Cunilys yaud
Matricaria chamomilla) &gl (o9l olS (59, (aislojl )3 (¥
ol 0jy Cilys yand LS )3 p)Se LS B0 5p)LS 5 (L
SlacBl St g ()fpis Ol 50 jhad (pimen wad 38l
Sl fho Jomamo (ialS )3l 2ga8 g Aty ik alS
Oig 4 S iy o (dugy Jolye y> . (Zeinali et al., 2014)
039 sagy A po 3 Lol gy dBlus a5 £lis) 5l Slie 4Bl Sis
als o 39 (/) 4Ty elas )| b (55568 (Stuned dBlu Sis
3 A Jshis) ot (+191) &l B L s fissb (Stumad 2
Job Gali8l sk 1ol (siug) als ye 53 4 s 0 o 4 (4
Ulany 3oyl ol 5D 63405 dBlu Sid odle ]38l j3 L aww Bl
als g 3 g bl ALl o5 5l gyt odlaiwl iy jl dls o cpl yd
Ol b sl olS Collas glis,l a8 (gis 4y sy 3l s (il
3 ey 18y e pSoxine 48l Sl > 15t Bl b sy
Ples pludl g3 ol iy yide Jooo

Sl plis

sladgS Sl ol aloye 53 9 ()59 5 395 Sl (odg) dlye 5
2T oY Jslaz) 351 bsine sl a8l i) o (ol 5 ()39
sobe Bl )] ()59 5 aw (AIBIL (Lol 5 (ougy Sy
PSsS Ver 500 gohw a8 g)gboan wl SRl gy ixe
als e 13 0o Yo /YA 5 VO/YD Liul5dl caw ol 5dy (590
L awolio o oS iolj adsyo )0 o> YV/FD o VY 5 dug,
oialS cledn oiugd oy mb 9 YL gobaw (i g )
8l Gl sl LS 3 5yt By pis Lald 55 a3,
AU b 3l et posaiay ( SIS I Slse 4y (gt
sl a5 Gl LaJsbo (5 o3 5 e
Diepen Brock, ) <S5, > (Pouryousef et al., 2010)
Sl slaJsbo Jobo G153 53 1 o5yt Bpae I3 (2000
L SLals sbal 3 g 1) gt 5| Cungyome g diuils S0 olS
Onle 2y Shos A i aon 13 53)) (oS 5 gL b gl
L) 85 s, s5b

o 358 LS 0y T ¥ g Ve Ve 0 p) 5 ol dlsye jo
S VA/AD o YAYA /05 ol 38l o ool sy Aituilys
9V zolw dS og Jb ol bigd sald 4 Cuws adle gl
L Ka S L 1y (ol i GS] el 368 US55 57 T
rolie el iy £l ) oS s Jolse 51 (S (F Jgie) w0l
olie 2oy el b I slaags el olS 5L 3,90 (2l
gy £ a3l sl 5 ool plasl gy |y Jos ol (plié
el s pd b pae 4 4> L .(Tahami et al., 2010) Wy o
staly dloye 3 (o 6oyl g i) e )3 (ol 258 31 s,
ot 53 05 gy o> 355l o3l 352 b o o 5 &
5ol 2S5 il cge plej bl 4 5l ilej]
Singh and ) o) Son 5 oo el 039 o> sLndsS
2 Phe Jalge 51 SOy olie sl e 35S (Chauhan, 1994
pie byl s 5 5 awsh (Hordeum vulgare) g elasy) s
5 3l lidl 5l ol 1y aey £y Lildl ¢ lié dlge g8
53905 ol oo Siee Jgb

a8l yad
I3 @355 o los L5 o (atug, als po 5 bl o
5 Ofris sLmdgS ily dls pe 1 a8 b 3 (Y Jgi) 8,55
T 5 So zakhw 10 o (g gme Sl a8l a8 b



EIR TS

L S (igym

2.

Ay G

wdilaall 29500 olS (¢

A

"KjoAnoadsar “S[oAd] 046 pUB 04| JB JUBDLIUSIS 4, PUB 4 QUBDLIUSIS -UON] :SU

Uz 779 6<6c [ o0 8 6 g S 6 e e o e B € B2 cfer

] ] ] ] ] ] ] (©) AD
€l T8l 11 LL] S6l L0E 1'eT - i 5|
. . . X R . . n_ .:U.Em—
9°¢€l S1000°0 S00°0 LLF 990 69°0 0799 0 P 50
w€9°6 6100070 L0070 5 661 w601 w9T0 s« EL°01 9 OxdxV
wSE0I « 8100070 « 10070 w STT w€9'l wEE0 V86 T Oxd
w6591 « 9100070 60070 w95°6 w070 w970 « 99 3 IxV
w619 « €000°0 20070 wSS'T w90 wSP0 w96 LE 9 ax V
(D) 10z}
w0ES « 20000 «910°0 wlTI1 w90 w€T0 «wSSLO1 1 snioydsoyq
e
(1) 102111133 uaBoniN
w bSOl LLODO'D «010°0 P10 L,65°S w1 L6SEIS 14 60
. . . . . . . e ._C.:m_
zrs 1000070 £00°0 59°¢ 590 L9°0 SCLL 9 9 o
(v) aunuew [ewiuy
wl9SE « S0000°0 ..860°0 €SS wll0 w901 w €EL°08 € P
IR « L0000°0 « 10070 wSI8L €870 w6E'1 5 60°6L 4 51 uoneordoy
onea N/ [0S u3don)u 10§  UOQJEd [I0§  JYTIaM AUp JEd|  JYSIdM AIp Jooy§  IIJIWEIP Jooys§ Y313y jooys§ ¥p UOIBLIBA JO 32.IN0S
e SRR HEHO qe 0 qe e H0eede HO e mer o1’ mev fmdmer v (e MR o

s ol aaenbs ueay

duray Jo a5e)s 2A1EB)ITA Ul SJIB.I) PAINSEIUI I} 10] IJUBLIBA JO SISA[BUY -7 B
b A~ ol 6T omen v fo K oo of ol e C6RT mreer



\¥Y

93 4 i

£y

})

oln! =y

(PR NVESH

WAY Sl o)

“K[oAn0adsal ‘S|aAd] 04C PUE 94 18 JUBOLIUSIS 4, PUB , “TULIGIUSIS -UON : SU
, el e e ow el o€ e B € 72 cCer

sz ard E<be oK S...‘ﬂ.n_? -m

. . . . . . . . . (%) AD
el Pl S0l I'61 Cl Cl 1'CC 8¢l 91 L8l - o |
. . . . . ) . . . : q 104
6Tl 90000°0 6£00°0 [0+C '8E618L PSOP88¢E 8F'LEE 80°¢ ¥T'0 66'88C or P =
98T 800000 & LEOOO wSCT8 «u 7'858L09 wllTSI9LI su LY°LYT s €071 suS1°0 w ECSIT 9 I xdxV
u 89°0 wu 100070 wu ¢€00°0 wl €l su 8°€8956 wcO171TI91 w9T9L s lE0 su $0°0 s 0€°6C¢ [ Jxd
su 6071 su 700000 & S100°0 su ¥8°0C suO158TS 1 s EEVFELED su06'819 w9171 su 070 wl801C € R
s €9°1 wu £0000°0 & 1€00°0 su C8 €T . 9BE098LT .. C80°0FTI0E su 18°9CS e su 7070 su 0S°8LT 9 axV
(D) zImIag
wl 0 wZ0000  w8L00D 10 LOIETEOIPT | 1€8°SLTT98 1H'E6YT JIL'Sh w80 wOL'18 [ snioydsoyq
il
(&) 1oz111)
5 C00°| 20000 99000 8e8 LSOL60ILLY | IOEE0PERST |, bT06VTI L.Se8Ty L L LS9L8Y z uagonmN
el
) ) . ) ) ) ) . ) . © Jo1Iq
99°I 0000 L2T00°0 6911 P rovsoL 100°E8E9E L6'LET ol 6170 su8CTLLL 9 P e
\%}
L9690 L1000 pSE00 S0°S8 .. S'TS96869T |, 8E€'0TSR06 L961019 ,.0£'98 0L LT96811 3 adnuew ety
Seqe
uonesnday
w80 u $000°0 9000 su88°EE su ['816L06 su C06'06LL suCE19¢ u08°8 su £E°0 w9V LTS [ o
uadonu uoqied Xapur PIRIA ySam ySam IUEIED] .
onex N/ (10§ 110§ j10s JSOAIRY] [earsoqors oI PG A1p Jeor| A1p 100§ JId)oweIp 100US ¥p UONBLIBA
HEED q o ] ot e : . j004§ i 10 321n0g
as as Heje ! Toste e e gy mgv : D et
ey S 7o . ; e mev v MR o
R e M Tors‘e iR R ARLE (‘m3

R Y ol mm daenbs ueapy

duray jo a5e)s aanonpoadax ur s)red) paInsedun ay) 10§ UELIEA JO SISA[EUY -€ Qe
<obP 4 ot AT eme i fo ¥ eva of ol (R emeryee



oy

weilaald (09,10 obS gy wly 9 ST (359 yiud 41 (05 Lo Ol i

Wlaals (odalj g (wgy ol 3 08 (6550511 Slho g Hhud g9 (359500 (01D (SB9S 03Lw O T (ke Ao —€ Jgaa
Table 4- Mean comparisons of simple effects of animal manure, nitrogen and phosphorus on measured traits in vegetative
and reproductive stages of hemp

aBlw gl aBlw yhd aBlw SWis 59 S g SUS 39
Shoot height Shoot diameter Shoot dry weight Leaf dry weight
cm) cm) (@ plant?) @ plant™)
1 2 1 2 1 2 1 2
b ags 0 32.61a 81.92b 1.44a 2.76b 3.91a 22.83b 11.66a 63.27b
Animal
manure 10 34.50a 85.66b 1.86a 2.97ab 3.91a 25.24ab 12.11a 72.16b
(ton ha®)
20 36.38a 96.90a 1.87a 3.17a 4.07a 26.90a 12.70a  96.05a
30 37.38a 98.27a 2a 3.17a 4.28a 27.82a 12.81a  101.45a
Oy 35 0 30.54b 75.48¢ 1552  2.63c 4.35a 20.91c 1057b  57.80c
Nitrogen
fertiliz_?)r 50 35.33a 92.84b 1.80a 3.01b 3.71b 27.28b 12.64a  90.00b
(kg ha
100 39.79 103.75a 2.02a 3.42a 4.09b 28.91a 13.72a  101.87a
JELIY 0 36.44a 91.75a 1.73a 2.96a 4.06a 24.90b 1191a  77.35b
Phosphorus
fertiliz_?)r 80 34.00a 89.62a 1.85a 3.08a 4.25a 26.50a 12.70a  89.12a
(kg ha
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The columns that share at least one letter have no significant differences according to LSD test at 5 percent of probability. 1 and 2
are vegetative and reproductive stages of hemp respectively.
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Table 5- Mean comparisons for interaction effects of animal manure and nitrogen levels on
measured traits in hemp

01> 355 039 ABlw SWS (339 Sgdam 3,5es il 3,Sdos
Animal Nitrogen Shoot dry Biological yield Seed yield
manure (ton ha®)  fertilizer (kg ha™) weight (kg ha't) kg ha'h
@ plant™)

0 0 1697 g 428653 g 128437¢

50 22.45 ef 5988.52 f 1491.46 de

100 27.09 bc 7309.11 de 1931.99 ¢

10 0 20.7 f 4542.14 g 1397.58 de
50 26.48 cd 6550.06 ef 1818.34 ¢

100 29.56 ab 7994.35 cd 1859.12 ¢

20 0 21.93 ef 5678.46 f 1491.51 de
50 27.48bc 8898.99 bc 2201.74 b

100 30.13 a 10099.33 a 2539.65 a

30 0 24.06 de 6327.90 ef 1517.13d
50 30.73 a 9697.22 ab 2204.87 b

100 28.69 abc 8935.57 bc 1845.80 ¢
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The columns that share at least one letter have no significant differences according to LSD test at 5
percent of probability.
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Table 6- Mean comparisons of simple effects of animal manure, nitrogen and phosphorus on measured traits in
reproductive stage of hemp

< .. pawass s .. > 8es Cild y yad L
T e UET S sese e
allocation Shoot allocation  Biological ~ Seed yield index
allocation yield (kg ha't) (%)
%) %) )
%) (kg ha'®)
ol 358 0 52.34b 20.08a 27.58a 5861.4c 1555.94¢ 27.58a
A”'(:’;"’: rr]';‘?‘f;“re 10 53.31b 20.08a 26.60a 6562.2b  1691.68bc 26.60a
20  57.24ab 17.06b 25.70a 82256a  1855.93b 25.70a
30 60.38a 17.06b 22.56b 83202a  2077.63a 22.56b
5oy 255 0 52.05b 20.25a 27.69% 5358.8¢ 1422.65¢ 27.69%
N'“O(?(Z”hf:_rlt)'"zer 50 56.67a 18.25b 25.07ab 7783.7b 1919.10b 25.07ab
100  58.73a 17.19b 24.07b 8584.6a  2044.14a 24.07b
i 355 0 54.79a 19.28a 25.92a 6798.8b  1685.86b 25.92a
Phosphorus 80 56.84a 17.85a 25.30a 7685.9a 1904.73a 25.30a

fertilizer (kg ha™)
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The columns that share at least one letter have no significant differences according to LSD test at 5 percent of
probability.
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Table 7- Mean comparisons of simple effects of animal manure, nitrogen and phosphorus on measured traits
of soil in vegetative and reproductive stages of hemp

SE ol SE 059 S 0,5 & o1 o

Soil carbon Soil nitrogen Oy R OlP =

%) %) Soil C/N ratio

1 2 1 2 1 2
I 0 054c  0.55¢ 0.06la  0.057b 8.32a 9.34a
A”'(rt‘;?]' :;i’;“re 10 061b  057bc 0067a  0.07a 9.40a 8.23b
20 068a  0.59 0.068a  0.075a 10.24a 7.97b
30 070a  0.65a 0069a  0.077a 11.65 8.57ab
3o 255 0 06la  057a 0.063b  0.067b 10.72a 8.75a
N'tro(glf;r‘:g_rf)"'zer 50 064a  0.61a 0.066b  0.071a 9.93a 8.48a
100 065a 0.5 00742  0.073a 9.06a 8.35a
Jid 35 0 062a 058 0.065a  0.069a 10.17a 8.57a
Phos"?ﬁé“ﬁ;‘i)”"'zer 80 0.65a 0.60a 00692  0.072a 9.63a 8.49a
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The columns that share at least one letter have no significant differences according to LSD test at 5 percent

of probability. 1 and 2 are vegetative and reproductive stages of hemp respectively.
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Table 8- Correlation coefficient between measured traits in reproductive stage of hemp

I, FETWIR: S gj9 SS9 e S o
a3l gl - L - S S S Gjop NS Comd
Shoot Shoot » o Soil S 59 0
height diamete  Shootdry  Leafdry Soil nitrogen s I"é’/’N“‘
o) r weight weight  carbon(5) ©6) rg':i 0 ()
&) 3 (4)
1) 1
¥) 0.374” 1
3) 0.318™ 0.214" 1
(4) 0.307” 0.042"™ 0.305™ 1
(5) 0.302" 0.186™ 0.301" 0.239" 1
(6) 0.254" 0.163™ 0.183™ 0.107™ 0.133"™ 1
) -0.015"™ 0.108"™ 0.019"™ 0.054"™ 0.421” -0.687" 1

oy gy 5 S e 40 )b e MBS dgng Cud Sy # g% > e OS] D55 pac 1 NS

ns : Non- significant, * and ** significant
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at 1% and 5% levels, respectively.
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Table 9- Correlation coefficient between measured traits in reproductive stage of hemp

039 039 )
e, s s Ojere O G Sl oL
Al Alw 53 ablw Sy Sk s SB 0395 & @l Sl ORI
Shoot ~ Shoot Shoot Leaf  Soil carbon Soil Se Seed o Oi; f:él Harvest
height ~ diameter(2) dry dry (5) nitrogen  Seil C/N yield ieldg(9) index
(1) weight  weight (6) ratio (7) C)) y (10)
®) 4)
@) 1
) 0.553" 1
(3) 0.597" 0.610" 1
4) 0.512" 0.420™ 0.627" 1
(5) 0.259" 0.192™ 0.350"  0.369” 1
(6) 0.227™ 0.298" 0.419"  0.4477 0.457" 1
) -0017™  -0.159™ oa74m 0192 0.305™ -0.689™ 1
(8) 0.456™ 0.503™ 0.750"  0.682" 0.293" 0419  -0.213™ 1
) 0.553™ 0.495™ 0.749” 0.976"™ 0.383" 0.476”  -0211™  0.815” 1
(10) 0.359” 0.186™ -0.326™ 0.705™ -0.210™ -0.265" 0.122™  0.073®  -0.59" 1
oy iy 9 Sy e 50 )b pxe MBS Dgng i iy * 5* b Gxe BB dgng pis 1 NS
ns: Non- significant, * and ** significant at 1% and 5% levels, respectively.
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Introduction

Hemp is used in the food, drug, and natural fibers. Assessment of various systems of plant nutrition is one of
the ways to improve field management and production of medicinal plants. Nitrogen is considered a necessary
element in plant nutrition. Nitrogen uptake as ammonium compounds form, serves as starting material for amino
acid biosynthesis and additional N-containing compound such as pyrimidine, purine bases, chlorophyll, proteins,
nucleic acid, vitamins and other organic compounds, therefore, the higher plants require larger amount of
nitrogen. Phosphorus is the second most important nutrient in plants. Studies show that application of animal
manure provides different nutrients for plants. Application of animal manure in soil at the optimal level for plant
growth provides a opportunities for soil fertility, conservation, sustainability, and protection against degradation
but they need time to release their nutrient. Various studies showed that the combined usage the animal manure
and chemical fertilizers (like N and P) has positive effects on soil, growth and yield of plant with the aim of
protecting the environment. Organic and inorganic fertilizers are effective on soil C/N ratio. Soil C/N ratio is
important factor for plant and soil. It is important to study the different stages of plant growth responses to
organic and chemical fertilizers for plants production. Therefore, the present study was undertaken to evaluate
the effect of organic amendments enriched with chemical fertilizers of nitrogen and phosphorus and studying
changes of soil C/N ratio in vegetative and reproductive stages 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 Brrjand during the growing season 2013-2014. Experimental factors were
animal manure (0, 10, 20 and 30 ton ha™ well- rotted farmyard manure) as the main plot, and factorial ag)plrcatron
of three levels of N (0, 50 and 100 kg N ha™ as Urea) with two levels of P (0 and 80 kg P,Os ha™ as triple
superphosphate) as sub-plot. Hemps were planted on rows 60 cm apart, with 30 cm distance between plants
within a row, at the depth of 3-4 ¢cm. In during experiment didn’t use any poison and pesticide. Measurements
were performed in both vegetative (11th leaf pair) and reproductive (50% of seeds hard) stages. Measured traits
included leaf, shoot weight, shoot height and diameter per square meter in sub-plot for female plants of hemp in
vegetative and reproductive stages. Seed weight measured in reproductive stage too. Nitrogen of soil was
determined by Kjeldahl method and soil carbon was measured by Walleky & Black method. Finally, all
variables were analyzed by SAS software ver 9.1. The means were compared using LSD test at the 0.05
probability level.

Results and Discussion

The results showed that the measured traits were not affected by animal manure in the vegetative stage, but
nitrogen fertilizer had significant effect on growth traits in this grovvth stage. Using manure and nitrogen
fertilizers increased height and shoot diameter, leaf and shoot dry weight in reproductive stage. Brologrcal and
seed yield increased with increasing of nitrogen levels in different treatments of 0, 10 and 20 ton ha™ animal
manure. Combined usage of 30 ton ha™* animal manure and 100 kg N ha™ decreased biological and seed yrelds
Combined usage of 30 ton ha™ animal manure and 50 kg N ha™ and 20 ton ha™ animal manure and 100 kg N ha™*
increased biological and seed yields. Harvest index decreased with increasing rate of anrmal manure and
nitrogen fertrlrzers So harvest index decreased 18.20 and 13.07 % in treatments of 30 ton ha™ animal manure
and 100 kg N ha™ respectively, due to increasing the growth of hemp. Leaf allocation increased with increasing

1- PhD student, Department of Agronomy and Plant Breeding, University of Birjand, Iran

2- Associate Professor, Department of Agronomy and Plant Breeding, University of Birjand, Iran
3- Assistant Professor, Department of Agronomy and Plant Breeding, University of Birjand, Iran
(*- Corresponding Author Email: Samaneh_Laleh@birjand.ac.ir)



WAY e O oyleds I8 alo ol o8 y) Slesierg s apis VOY

animal manure and nitrogen fertilizer levels. Phosphorus increased seed yield (13%), shoot dry weight (42.6%)
and leaf dry weight (15.21%) in the reproductive stage. Soil C/N ratio decreased with increasing growth of
hemp. In reproductive stage, using animal manure decreased C/N ratio due to release of nitrogen to the soil.

Conclusions

Combined usage of manure and chemical fertilizer were more effective than manure alone. Animal manure
and nitrogen fertilizer were effective on soil C/N ratio. Results indicated that combined use of animal manure
and chemical fertilizers must be done carefully and use of appropriate amounts of animal manure and chemical
fertilizer can be effective in reducing the use of chemical fertilizers.

Keywords: Cow manure, Triple superphosphate, Urea
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Figure 1- Relations between observed (filled circles) and predicted sub-optimal thermal time, observed (filled circles) and
predicted base temperature, and observed (open circles) predicted supra-optimal thermal time and observed (open circles)

and predicted maximum temperature for different germination fractions of cv. Sarigol based on the thermal-germination
models 1-4.
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Figure 2- Relations between observed (filled circles) and predicted sub-optimal thermal time, observed (filled circles) and
predicted base temperature, and observed (open circles) predicted supra-optimal thermal time and observed (open circles)
and predicted maximum temperature for different germination fractions of cv. Dalgan based on the thermal-germination
models 1-4.
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predicted base temperature, and observed (open circles) predicted supra-optimal thermal time and observed (open circles)
and predicted maximum temperature for different germination fractions of cv. RGS003 based on the thermal-germination
models 1-4.
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and 90% germination in Sarigol (A), Dalgan (B) and RGS003 (C) cultivars
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Introduction

In seed plants, seed germination is one of the important life history events, because it determines the time
when a new life cycle is initiated. Temperature (T) is one of the most important environmental determinants of
capacity and rate of germination. Base, optimum and ceiling T (cardinal temperatures) characterize the limit of
this environmental factor over which the germination of a particular species can occur. The thermal-time
approach has been successful in describing germination time courses in response to T, and most models
predicting crop phenological development use a thermal-time scale to normalize for T variation over time. A
clear understanding of the seed germination patterns is helpful in screening for tolerance of crops and cultivars to
either low or high temperatures and in identifying geographical areas where a species or genotype can germinate
and establish successfully by using the critical lower and upper temperatures for germination. Information on
cardinal temperatures is lacking for germination of spring oilseed rape (Brassica napus L.), as one of the world’s
major oilseed crops. The aim of the present work was to evaluate the relative accuracy of different thermal-time
approaches for the description of germination in three cultivars of spring oilseed rape.

Materials and Methods

Germination responses of three spring oilseed rape cultivars were investigated at different constant
temperatures. The seeds were incubated in the dark using germinators with controlled environments at eleven
constant T regimes of 8, 12, 16, 20, 24, 28, 32, 33, 34, 35 and 36 °C with a range of +0.2 °C over a 21-day
period. These T regimes cover both the sub- and supra-optimal T ranges. The trial was replicated three times
with 4 Petri-dishes in each replication, for a total of 12 Petri-dishes for each cultivar at each T regime. The
germinated seeds (criterion, radicle protrusion of > 2 mm) were counted and removed at frequent time intervals
(every 4-8 h). Germination counts at each replicate of each T regime were pooled by cultivar across trials for
data analysis. Cumulative germination percentage was calculated for every cultivar and T regime for every
count-hour. The time taken for cumulative germination to reach subpopulation percentiles of 10, 50 and 90% of
maximum in each T regime were calculated by interpolation from the progress of germination (%) versus time
curve. Experimentally obtained cumulative-germination curves were used to perform a non-linear regression
procedure to assess the relative accuracy of different thermal-germination models in predicting germination
response under constant incubation temperatures. Assessment of goodness-of-fit was performed by the Akaike
information criterion (AIC).

Results and Discussion

The most accurate approach for simulating the thermal-germination response of all three spring oilseed rape
cultivars achieved by assuming a normal distribution of both thermal-time required to complete the germination
of each given seed fraction in sub-optimal T range (6r«) and maximum germination temperatures (Tm), While
base T (Ty,) or supra-optimal thermal-time (6r,,) were considered constant for the entire population. According to
this model, the base T for different cultivars ranged from 5.66 (cv. Sarigol) to 7.13 °C (cv. Dalgan). Estimated
Orm varied between 31.62 to 34.55 °C h for different spring oilseed rape cultivars. A g of 369.27 °C h and a
Tmoy of 34.32 °C were identified for seed population of cv. Sarigol. The &g Was estimated to be 378.76 °C h
for cv. Dalgan and 357.89 °C h for cv. RGS003. The Ty for germination of cv. Dalgan and cv. RGS003 was
estimated to be 33.98 and 34.42 °C, respectively. In all three cultivars, calculated values for optimum T (T,) were
not constant across subpopulations. The T was estimated to be 31.85 °C for cv. Sarigol, 31.78 °C for cv.
Dalgan and 32.06 °C for cv. RGS003. Thermal-time analysis, although an empirical method, is considered by
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many researchers to have physiologically and ecologically relevant parameters and, in its standard form,
provides several useful indices of seed germination behavior in response to T. Despite its popularity, the
generality of its assumptions has not been examined systematically. If these assumptions do not hold, at least
approximately, in a particular situation, misleading interpretations can easily arise.

Conclusions
The thermal thresholds for seed germination identified in this study explain the differences in seed

germination detected among populations of different spring oilseed rape cultivars. The thermal-time model
described here gave an acceptable explanation of the observed seed germination patterns.

Keywords: Akaike information criterion, Cardinal temperatures, Cumulative distribution function, Normal
distribution, Thermal units
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Table 1- Soil physical and chemical properties of experimental location

pLs S9, ol o o Gl ey el shed (ol Aba] cole SB bl
B Zn Fe Cu  Sand Silt  Clay K P o.C pH S S Soil
mg) mg) mg) (Mg (%) () (%) (mg (M (%) Fc texture
(o' kgt (gt KD kg kD (ds m?)
0.71 0.63 2.80 0.90 11 42 47 140 18.6 0.92 7.64 5.8 ‘fl“” =
Silty clay
(YYAE-90) 30000y oyl e 55 (sitlo; 5,90 (b 55 owlinilgn o] jlol —F Jgu
Table 2- Weather station statistics during the experimental period in the Ramhormoz city (2015-16)
lgd slod (1l
Mean of air temperature (°C)
oo Al Sl s g ol
Month Maximum Minimum RH (%) Prec(lrglr;a)tlon
b November 315 17.2 42 20.7
31 December 25.3 111 59 86.4
> January 18.1 8.8 67 67.7
oyt February 19 9.1 62 49.7
L0l March 24.7 12.2 52 404
ondy9,8 Aprill 325 16.7 43 29.4
Cuignd, May 38.1 23.2 43 29.6
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Figure 1- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on leaf chlorophyll index (SPAD) of bread wheat (Aflak cultivar)
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Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed inoculation with
phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit h™"), C3: foliar application by
Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h"%)+ Boron (3 lith™).

Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Table 3- Analysis of variance physiological and agronomic traits of bread wheat (Aflak cultivar) affected by of different

treatments
S . AL Slas
ol Ol "AT . ~
a ), > vy o
o T T Y AT >5Skes 3 5dos ol
e r & 5 Jobw slis ol . SG5elgm Sl
O]yt 23! ” .’ Cell PIRT: b Biological H
YR, df Leaf Leaf e Tt Grainyield loloaica larvest
chloroph proline stability (1) yield index
yll index content index FV/Em
(Replication) ,I S5 2 0.0447"  0.0019"* 0.104" 0.000003"* 166.71" 6432.41" 0.078"
A (et @) 1 543.784*"  148.657** 1695276  0.00335*"  27503421.81" 8624011231  186.71"
(Planting date)
Error a uill las 2 0.278 0.015 0.442 0.000006 5552.94 43262.32 0.836
B (s 25 1 113.098°  27.195" 343684 0.0051* 2452134.72" 3124211623  26.31"
(bio-fertilizer)
Cbdylne) 3 29336  10.863"  97.601  000036™  2341657.21°° 381425154  38.21"
(Foliar application)
AxB 1 19.840"  0.637" 0.136"* 0.00002" 123028.58"" 851132.006 2.01"
BxC 3 18.722**  10.285™ 68.205"" 0.00052*  2573523.96 9276412.22" 9.23"
AxC 3 7.613" 0.413* 8.569" 0.00001° 692.64" 111356.47"¢ 157"
AxBxC 3 6.931% 0.600* 9.505* 0.000014* 24652.34" 531897.08 361"
Error b o lbs 28 0.965 0.066 1.62 0.00007 8614.23 52321.6 0.86
CV el ey 18 1.9 18 0.2 5.8 78 25

(%)

Lo yd K g Aoy gy Jlein ] o )3 (39 I3 ixe g 5 gixe b a4y K 4 * NS

ns, * and **: Non significant and significant at P<0.05 and P<0.01, respectively
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Figure 2- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on leaf proline content of bread wheat (Aflak cultivar)
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L5, LSD 505l b doyd gy Jlois] gdaws j3 (65 dime coglis S yuitio g > syl (o pSlie gy 4
Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed inoculation with
phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit h™), C3: foliar application by
Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h"%)+ Boron (3 lith™).
Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Figure 3- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on cell membrane stability index of bread wheat (Aflak cultivar)
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Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed inoculation with
phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit k'), C3: foliar application by
Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h'%)+ Boron (3 lith™).

Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Figure 4- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on maximum quantum efficiency of PSII (Fv/Fm) of bread wheat (Aflak cultivar)
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Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed inoculation with
phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit k'), C3: foliar application by
Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h'™%)+ Boron (3 lit h™).

Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Figure 5- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on grain yield of bread wheat (Aflak cultivar)
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Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed
inoculation with phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit h™), C3: foliar
application by Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h"™%)+ Boron (3 lit h™%).
Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.

2 2SS MEIY (Sl s (10L3) Ol L (il Jslowo x lind
%));5 Moshatati et al. (2012) (5 JS_i) sool cowday 1S
e Cage 3l p3 3l 5l b olal glo)S i a8 Wl
A pAS ol 3 Sl 3, Slas nlS 5 503 5 3y Jolyo
A ) 395 5l oolial sl Slgsen islejl ol gl b &S
2 s S i oo 53,5 S8 S i Pl
R Ay G yod Ay olS i o yiwd g 2l inl 38l ST
Trolore) 1,55 ol glgn (slaplul i 03y of Jlid & 5 4y,
2 pdS Soiglan iuliel eaiSan g Llg e a5 (et al., 2003
A8l Ui oSS o (a5l g i 355 3 o
3yl aS asls L g3 iulesl 3 Ali et al,, 2009 iz e
paS oLS ) Sfglgm 3y Shes (Bl Carge yor g 59y polic

sl clas Lialojl ol b b gl aess ol o5 s )5

S2591 53 9 Slas
Zolo blae I3l e as oly lis Waosld il lg 4y jo0 gl
Jlie 5 (ol Sl alS 00 5 g9y polie (LBl Jslxe x cblS
9 Sliwd oaiiS Jo slagSLy (g9l (g j 355 S )b
05) QL PS5 Sjgdom 3Mes i y5 9 ) polis (3L sl
Sl Sile dumslio (¥ Jgder) Sgs o sine Y pdams )3 (S
SLa Sl ol (suj 295 % CudlS )b ilisee gglaw Jilite
3y Sdas 1 yor 9 9y olie (il x Claud oS >
0=l e Ui & 0l (L (S 63)) ()b paiS’ Sojglse
Lo Jlo i X elogbl ¥+ caslio cslS g b lite gl 4 o
b dgme x Slinud oS Jo Lo SL ol (i 355
Ol S 9 S )3 o SlS VAAYFNY (:S0ks b (g9, pate
V0 i el oyl Jolite olpl  ials as )y F/SY L
od S J> lais S (sl (g 295 b Jlo i pas X olosd



WAY e O oyleds 08 wlo oyl oo ly) lesiergpy apis VVY

20000 +
% 18000 - a
a = 16000 - b
5 = e d
s 14000 4 ¢ f
ay .
3: E 10000 - OAl
o é 8000 - mAD
P - |
o % 6000
\2 A 4000 -
> 2000 -

0
BI1CT BIC2 BIC3 BIC4 B2C1 B22 B2C3 B24

PN Syj9dom 2 5Mes 5 y91 9 (59 polis (Mildglore X Sl 88 o (GBS S (ol g j 395 X CundlS )b Jlitie T - JSd
(st rv:’)) Qv
Figure 6- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on biological yield of bread wheat (Aflak cultivar)
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Al: optimum planting date (21 November), A2: late planting date (5 January), B1: seed non-inoculated, B2: seed
inoculation with phosphate bio-fertilizer, C1: foliar application by water (control), C2: foliar application by Zinc (3 lit h™), C3: foliar
application by Boron (3 lit h™) and C4: foliar application by Zinc (3 lit h'™)+ Boron (3 lit h™).
Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Figure 7- Interaction of planting date x bio-fertilizer containing phosphate solubilizing bacteria x elements foliar application
of zinc and boron on harvest index of bread wheat (Aflak cultivar)
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Means in each column followed by similar letters are not significantly different at 0.05 probability level by LSD test.
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Introduction

Wheat, being a major source of human food, occupies a significant portion of cultivated area of globe mostly
located in altitude from a few meters to more than 3,000 m above sea level. High temperature resulting from
delay in planting date is one major environmental factor limiting growth and productivity of wheat. Plants need
phosphorus in relatively large quantities, and its role cannot be played by any other elements. Phosphate bio-
fertilizers bacteria such as Bacillus and Pseudomonas increased soil soluble phosphorus by secreting organic
acids and phosphatase enzyme. In most of the Iranian soils pH is high and they are also calcareous. In this type
of soils, solvability of micronutrients is less and it decreases absorption of micronutrients by plant, finally
requirement of plants increases to this elements. This experiment was conducted to study the effects of planting
date, Bio-fertilizer containing phosphate solubilizing bacteria and elements foliar application of zinc and boron
on physiological and agronomic traits of bread wheat (Aflakcultivar).

Materials and Methods

To study the effects of planting date, bio-fertilizer containing phosphate solubilizing bacteria and elements
foliar application of zinc and boron on physiological and agronomic traits of bread wheat (Aflakcultivar), an
experiment was conducted at split factorial design based on randomized complete blocks with 16 treatments and
three replications in Ramhormoz city in farming Year 2015-16. The experimental factors were included planting
date in two levels (21 November and 5 January) as the main factor and use of bio-fertilizer in two levels of seed
non-inoculated and seed inoculation with phosphate solubilizing bacteriaand elements foliar application of zinc
and boron in four levels by water (control), zinc (3 L ha™), boron (3 L ha™) and zinc (3 L ha™) + boron (3 L ha)
to form of factorial as sub factor. Solutions for foliar application were prepared by using Zinc- chelate (7.5%)
and Boron (5%). In this experiment, traits measured were involved leaf chlorophyll index (SPAD), leaf proline
content, cell membrane stability index, maximum quantum efficiency of PSII (Fv/Fm), grain yield, biological
yield and harvest index. To determine leaf chlorophyll index (SPAD), digital chlorophyll meter (SPAD-502) was
used. To determine leaf proline content Bates et al., (1973) method was used. To determine cell membrane
stability index (CMSI) Luttset al., (1996) method was used and according to equation 1. The Fv/Fm was
measured with a portable Photosynthetic Efficiency Analyser PEA (Walz, Germany) and according to equation
2.

1: CMSI=(1-(EC4/ EC,))x100

2: Fv/Fm= (Fm-FQ0)/Fm

Where in this equation EC, is primary electrical conductivity, EC, is secondary electrical conductivity, Fm is
the maximum fluorescence, FO is the minimum fluorescence, and Fv is the variable fluorescence (Fm-FO0). Grain
yield was estimated after physiological maturity and through total spikes harvested from the level of 1 m? per
plot and after removing 0.5 m from the beginning and end respective planting rows. To measure the biological
yield at maturity, after removing 0.5 m from the beginning and end respective planting rows from the level of 1
m2 per plot all the plants were harvested and weighted for each plot separately. Harvest index was determined
by the equation grain yield/biological yield x 100. Analysis of variance was performed by using general linear
model (GLM) procedure of statistical analysis system (SAS version: 9.1). Traits means were compared by LSD
test at 5% probability level.

Results and Discussion
The results showed that with delay in planting due to terminal heat stress all traits such as leaf chlorophyll
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index (SPAD), cell membrane stability index, Fv/Fm, grain yield, biological yield and harvest index except leaf
proline content decreased significantly. Seed inoculation with bio-fertilizer containing phosphate solubilizing
bacteria improved significantly all physiological and agronimic traits of bread wheat (Aflakcultivar) except
harvest index in both the optimum planting dates and delayed. Between the different levels elements foliar
application of zinc and boron, combined application of zinc+boron was more effective on physiological and
agronomic traits of bread wheat (Aflakcultivar), and could reduce the harmful effects caused by the delay in
planting. The interaction of seed inoculation with bio-fertilizer containing phosphate solubilizing bacteria and
elements foliar application of zinc and boron except harvest index improved significantly harmful effects caused
by the delay in planting on traits leaf chlorophyll index (SPAD), leaf proline content, cell membrane stability
index, Fv/Fm, grain yield and biological yield to values 3.37%, 12.29%, 6.48%, 3.02%, 17.25% and 24.04%,
respectively. Between interaction of bio-fertilizer containing phosphate solubilizing bacteria and elements foliar
application of zinc and boron, the use of zinc nutrient than application of combining it with boron was more
effective in reducing the harmful effects resulting from delay in planting.

Conclusions
In general it can be concluded that the optimum planting date (21 November), seed inoculation with bio-
fertilizer containing phosphate solubilizing bacteria and elements foliar application of zinc and boron especially
zinc, is three strategies appropriate management to improve physiological and agronomic traits of bread wheat
(Aflakcultivar)in the Ramhormoz city.

Keywords: Cereals, Chlorophyll, Heat stress, Micronutrients
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Table 1- A synopsis of physic-chemical properties of soil
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Figure 1- The effect of ecotype and planting density on CGR of Henna plant
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Table 2- Variance analysis of Henna growth indexes
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Figure 2- The effect of ecotype on RGR of Henna plant
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Figure 7- The effect of ecotype and planting density on stomatal conductance of Henna plant
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Introduction

One of the most important factors to obtain the maximum performance or yield in every climatic condition
and for each plant varieties is determining the optimum plant density. Henna (Lowsonia inermis L.) is a
perennial plant with high value in terms of having medicinal properties and industrial applications. The dye
which is derived from green leaves of henna is used for decorating the body with intricate designs and the
principle coloring matter is lawsone, 2-hydroxy-1, 4-naphthoqunone. The main purpose of this study was to
evaluate the agro-physiological reaction of different henna ecotypes to different planting densities in Kerman
weather conditions.

Materials and Methods

The study was carried out as a factorial experiment based on complete randomized block design with three
replications in Shahrd Bahonar University in 2015. The experiment consisted of four plant densities (25, 33, 50
and 100 plants m?) and three ecotypes (Shahdad, Roodbar and Bam). Due to its small seeds and germination
problems the planting method used was transplanting. In this study, growth indices such as leaf area index (LAI),
crop growth rate (CGR), relative growth rate (RGR), leaf area ratio (LAR), specific leaf area (SLA), specific leaf
weight (SLW), leaf area duration (LAD) and biomass duration (BMD) were calculated. The net photosynthesis,
stomatal conductance and transpiration rate were measured in the middle of growing period by photosynthesis
meter (CI1-340 model, CID Bio- Science companies, USA). At the end, the results were analyzed using the SAS
v. 9.1 and MSTATC software’s and diagrams were drawn by Excel software.

Results and Discussion

The results showed that the studied ecotypes were significantly different in terms of CGR, RGR and stomatal
conductance. The highest average of CGR belonged to Shahdad ecotype while there was no significant
difference between Roodbar and Bam ecotypes in this case. Shahdad ecotype with the RGR of 0.018 g.g.day had
the highest average of this trait. This difference could be due to physiological, morphological and chemical
factors as well as allocating pattern of photosyntates, all affects the relative growth rate. The maximum value of
stomatal conductance was recorded for Shahdad ecotype (234.6 mmol m? s?), that was not significantly
different with Bam ecotypes (229.6 mmol m™? s™). There are some reports showing that the number of stomata
per unit of leaf area may be changed with plant species and varieties. The differences in studied densities were
statlstlcally significant for the measured traits. Results showed that the maximum of CGR was recorded for 100
plants m™ density. Increase in CGR at the higher densities could be due to the increased number of plants per
unit area producing a higher leaf area index. In this research LAI increased with increasing in planting density
and the highest average of this trait was obtained from 100 plants m?2 LAD and BMD were affected
significantly by planting density (P<0.01). The results of mean comparlsons showed that average of LAD and
BMD decreased with increasing in plant density from 50 to 100 plants m™. The same result was obtalned for net
photosynthesis, transpiration rate and stomatal conductance. Low net photosynthesrs in 100 plants m’ 2 density
could be due to high competition between plants for light and food absorption, increase in shading and
consequently increasing in respiration. The results showed that total dry yield and leaf dry yield were
significantly affected by planti ng densities. The highest and lowest values of mentioned traits belonged to
densities of 100 and 25 plants m™ respectively.

Conclusions

Generally between ecotypes evaluated in terms of performance there was no difference in Kerman weather
conditions. Also the highest yield was belonged to100 plants m® Z density. It should be noted that henna is a
perennial plant and this planting density for the first year is economically justified but for more than one year old
plants, according to changes in body size of the plant, research on the appropriate density seems to be necessary.

Keywords: CGR, Ecotype, Row spacing, Stomatal conductance, Yield
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Table 1- Combined analysis of variance for grain yield and some of the rice morphological traits under non-stress and
drought stress conditions
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Table 2- Drought stress tolerance indices and grain yield in the studied rice varieties

3 ,Slos
et il > ails > sl - . - Lo . . -
iy vy s ":“ . ol pmlE ek e sl e abld ol oeSilen
Genot Genot Jboys ‘f; e o Mo (5590542 Joodi Mgl CulilB A 2 ,Sos Solab d,Sles Syige,l
ype ype DA o MP ToL GMP STI Yi Ysi HM
code name Yp (kg ha) SSI
(kg ha’
1
)
TM6-
1 \fé(_];_ 4915 2788 0.73 3851.50 2126.33 3701.85 0.68 1.53 0.57 3558.02
5-1
TMs-
2 \fé(_)é_ 4587 2163 0.89 3375.00 2424.00 3149.87 0.49 1.19 0.47 2939.76
41
T™6-
3 250- 4784 2178 0.92 3481.17 2605.67 3228.18 0.52 1.20 0.46 2993.58
10-7-1
TM6-
4 B-2-1- 4956 2194 0.94 3574.83 2761.67 3297.38 0.54 1.21 0.44 3041.47
E
5 g[v;i 4761 1966 0.99 3363.50 2795.67 3059.28 0.47 1.08 0.41 2782.58
6 g-l\lllgﬁ—-z 4248 1971 0.90 3109.50 2277.00 2893.58 0.42 1.08 0.46 2692.65
HM5-
7 250-E- 4633 2375 0.82 3504.00 2258.00 3317.13 0.55 131 0.51 3140.23
1-1
HM5-
8 250-E- 4428 1697 1.04 3062.50 2731.67 2741.06 0.37 0.93 0.38 2453.36
3-2
HM5-
9 250-7- 4645 1684 1.07 3164.67 2960.67 2797.09 0.39 0.93 0.36 2472.21
1
HM5-
10 250-7- 4667 1638 1.09 3152.17 3029.00 2764.50 0.38 0.90 0.35 242451
6
HM5-
11 300-E- 4078 1878 0.91 2978.00 2200.67 2767.26 0.38 1.03 0.46 2571.44
1
HM5-
12 300-3- 4572 1723 1.05 3147.50 2849.67 2806.53 0.39 0.95 0.38 2502.50
1
HM5-
13 300-5- 4473 2024 0.92 3248.67 2449.33 3008.99 0.45 111 0.45 2787.00
1
KM5-
14 200-4- 4378 726 1.40 2552.17 3651.67 1783.22 0.16 0.40 0.17 1245.96
2-E
Khaza
15 r 4022 643 141 2332.17 3379.00 1607.67 0.13 0.35 0.16 1108.24
16 Hrasihe 4157 1621 1.03 2889.00 2536.67 2595.70 0.34 0.89 0.39 2332.17
17 Tarom 3597 1859 0.81 2728.00 1737.33 2586.00 0.33 1.02 0.52 2451.39
18 Glléine 4779 1576 1.13 3177.33 3203.33 2744.10 0.37 0.87 0.33 2369.95
Max 4955.67 2788.33 1.41 3851.50 3651.67 3701.85 0.68 1.53 0.57 3558.02
Min 3596.67 642.67 0.73 2332.17 1737.33 1607.67 0.13 0.35 0.16 1108.24
Mean 4482 1817
Sl 0.59

YP, grain yield under non-stress condition; Y'S, grain yield under stress condition; SSI, stress susceptibility index;
TOL, tolerance index; MP, mean productivity; GMP, geometric mean productivity; STI, stress tolerance index;
HM, harmonic mean; Y1, yield Index; YSI, yield stability index.
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Figure 1- Three dimensional dispersion of the studied varieties based on YP (rice grain yield under non-stress condition), YS
(rice grain yield under stress condition) and HarM (harmonic mean)
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Table 3- Correlation coefficients among tolerance and susceptibility indices in the 18 rice genotypes
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Yp 1 443 -.148 783" 261 606" 633" 443 148 513"
Ys 1 -.950™ 905" 750" 978" 972" 1.000" 950 993"
SSI 1 -729™ 913" -874™ -.850™ -.950™ -1.000™ -922™
MP 1 -.396 967" 976" .905™ 7297 933"
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Table 4- Principal component analysis using tolerance and susceptibility indices
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2 1.69 17 0.68  -0.02 0.26 0.31 0.52 0.13 0.15 -0.02  -0.26 0.04
3 0.017 0.2 006 021 0.26 0.12 -0.27 -0.39 0.60 0.21 -0.26 -0.41
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Introduction

Drought is a major problem that limits the adoption of high-yielding rice varieties in drought-prone rainfed
rice environments. To improve crop productivity, it is necessary to understand the mechanism of plant responses
to drought conditions with the ultimate goal of improving crop performance in the vast areas of the world where
rainfall is limiting or unreliable. Safaei Chaeikar et al. (2008) reported that MP, GMP, HM and STI indices,
which showed the highest correlation with grain yield under both optimal and stress conditions, can be used as
the best indices to introduce drought-tolerant genotypes in rice breeding programs. They also were introduced
Nemat, Sepidrood, IR64, IR50 and Bejar genotypes as tolerant varieties. The present study was conducted to
determine how drought affects grain yield in rice mutant lines and also to test this hypothesis in order to identify
the most suitable indices/genotypes.

Materials and Methods

A field trial was conducted at Iranian Rice Research Centers in North of Iran, Rasht (latitude 3728,
longitude 49°28'E and altitude 7m below the sea level), during the 2014-2015 growing season. The seeds were
sown in a nursery on the 10 May and 25 day old seedlings were transplanted to the field. Two separately
experiment was carried out under reproductive stage drought stress and controlled conditions based on
randomized complete block design with three replications, in four-row plots of three m length. Transplanting
was done using 1 seedling per hill; at hill spacing of 25 cm x 25 cm. 18 rice genotypes were consisted 14 M5
mutant lines and their four parental cultivars.

Results and Discussion

Analysis of variance indicated significant effects of drought stress, genotype and interaction effects of two
factors on grain yield, plant height, flag leaf area, tiller number and grain fertility percentage. Drought stress at
reproductive stage caused reduction in grain yield (59.47%), grain fertility percentage (19.08%), plant height
(9.35%), flag leaf area (8.59%) and panicle length (1.61%). Different drought indices probably measure similar
aspect of drought tolerance/resistance. Significant yield reduction was observed under drought stress in majority
of the rice genotypes studied. Drought tolerance indices were varied significantly indicating genotypic
variability. Selection based on these stress tolerance indices will results in identification of drought tolerant
genotypes for rainfed ecosystems. The stress tolerance index (STI), mean productivity (MP), geometric mean
productivity (GMP) and harmonic mean (HM) were superior in genotype indicating that they can be used as
alternative for each other to select drought tolerant genotypes with high yield performance in both stress and
non-stress conditions. To determine the most desirable drought tolerance criteria, the correlation coefficients
between Yp, Ys and other quantitative indices of drought tolerance were calculated. The results indicated that
there were positive and significant correlations among Yp and MP, GMP, STI and HM. There were also
significant and positive correlation between Ys and YI,HM,GMP,YSI,STlandMP. In this experiment, the
principal component analysis was performed on eight indices and grain yield under stress and non-stress in 18
rice genotypes. Results showed that the first two components explained 82.8% and 17% of total variation,
respectively. The relationship between principal components and studied indices showed that the higher values
of first and the lower values of second components were related to drought tolerance and sensitivity to stress,
respectively. Selection based on a combination of indices may provide a more useful criterion for improving rice
drought-tolerant lines; therefore, studies of correlation coefficients are useful in finding out the degree of overall
linear association between any two attributes. According to these drought stress indices, G1, G2, G3, G4 and G5
(M5 mutant lines of local lanrace, Tarom) and (M5 mutant line of Hashemi) were as drought tolerant and G14
(mutant lines of Khazar), G15 (Hashemi), G16 (Khazar) and G17 (Tarom) were sensitive to drought stress.
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Conclusions

Results of present study showed that MP, GMP, Y1 and STI are best indices for selecting and specifying of
rice tolerant genotypes in arid areas. The use of mutation caused drought resistant on the progenies and the above
lines can be used in a project of introduction of drought tolerant rice varieties.
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Introduction

Zinc (Zn) and iron (Fe) are essential mineral nutrients for plant and human growth, and dietary Zn and Fe
deficiencies are a worldwide nutritional problem. The Recommended Dietary Allowance (RDA) of Zn and Fe
are 15 mg and 10 mg per day for human, respectively. However, micronutrient deficiencies affect more than half
of the world’s population, especially women and preschool children. Iron is one of the most important
micronutrients, and approximately two billion people suffer from iron deficiency worldwide. Zinc deficiency is
also considered to be quite common and affects newborn, children, pregnant women and elderly. Micronutrient
malnutrition in human in developing countries is derived from deficiencies of these elements in staple food. It is
believed that increasing the micronutrient concentrations in these crops could increase the dietary intake of these
elements in these regions significantly. More than 80% of arable soils in Iran are zinc-deficient with an average
yield depression of around 50%. It is, therefore, highly important to develop cost-effective and quick solutions to
the Zn and Fe deficiency problem.

Materials and Methods

In order to evaluate the effect of foliar application of zinc and iron different forms on yield components,
phonological and morphological traits and grain yield of some wheat cultivars in two locations with different
physico-chemical soil properties, two experiments in factorial arranged in randomized complete block design
with three replications conducted during 2015-16 cropping season. Experimental treatments were included:
wheat cultivars Roshan, Roshan Back cross (old cultivars), Bam and Ofogh (new cultivars), zinc application in
three levels of foliar application of water (control), zinc sulfate and chelated zinc and iron application in three
levels of foliar application of water (control), iron sulfate and chelated iron (equivalent to 2.5 kg ha™). The first
experiment was conducted at the Research Farm of Birjand University located in Amirabad region which the soil
texture was sandy clay loam, with 8.1 pH, 0.15% organic matter, 30 ppm available P and 184 ppm available K.
The second experiment was conducted at the South Khorasan Agricultural and Natural Resources Research and
Education Center located in Mohammadieh region which the soil texture was loam, with 7.6 pH, 0.54% organic
matter, 30 ppm available P and 140 ppm available K. At the end of growth stage wheat traits included days to
heading, days to physiological maturity, grain filing period, plant height, spike length, peduncle length, number
of grain per spike, 1000 grains weight, grain yield, biomass and harvest index were measured. Data analyses
were performed using two-way analysis of variance (ANOVA) with SAS 9.1. Means of treatments were
compared between locations, cultivars and foliar application of zinc and iron according to protected Least
Significance Differences (LSD) test at the 5% level.

Results and Discussion

Results showed that location had a significant effect on all traits except for number of grains per spike. Grain
yield and yield components were higher in soil of Mohammadieh against Amirabad. Investigated cultivars also
were significantly different in all traits but days to heading and biomass. The higher number of grain per spike,
grain yield and harvest index and relatively lower 1000 grains weight were related to new wheat cultivars. New
cultivars also possessed less height and peduncle length and more grain filling period and spike length. Zinc
foliar application significantly increased plant height, spike length, number of grain per spike, 1000 grains
weight, grain yield and biomass but no significant effects were observed on days to heading and maturity, grain
filing period, peduncle length and harvest index. Zinc sulfate treatment increased grain yield and biomass by 9.6
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and 8.2 percent and chelated zinc increased these traits by 6.7 and 4.1 percent compared to control treatment,
respectively. Iron foliar application significantly increased plant height and grain yield with no significant effects

on other measured traits.

Conclusions
Foliar application of zinc and iron can improve growth traits and grain yield; and foliar application of zinc
and iron sulfate had better result contrasting these nutrients chelated forms especially in Amirabad region with
higher pH and EC. Finally according to the results of this study, cultivating new cultivars of Bam and Ofogh and
foliar application of zinc and iron sulfate in similar climate, especially in saline condition, are suggested for
wheat production.

Keywords: Grain yield components, Micronutrients, Salinity, Yield
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Table 1- Some physical and chemical properties of the soil of experiment field in depth of 0-30 cm
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Table 2- Analysis of variance (Mean squares) of yield and yield components of wheat and soil C/N as affected by different
tillage methods and cover crop types
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ns, * and ** represent non-significant and significant differences at 1 and 5% probability levels, respectively
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Figure 1- Effect of tillage type on grain yield, biological yield, and number and weight of spike in wheat; means with the same
letter are not significantly different based on an LSD at P = 0.05.
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Table 3- Means comparison for the yield and yield components of wheat and soil C/N as affected by different cover crop types
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Introduction

Conservation agriculture is an appropriate strategy for maintaining and improving agricultural resources
which increases crop production and stability and also provides environmental protection. This attitude
contributes to the conservation of natural resources (soil, water, and air) and is one of the most effective ways to
overcome the drought crisis, water management and compensation of soil organic matter in arid and semi-arid
regions. The practice of zero-tillage decreases the mineralization of organic matter and contributes to the
sequestration of organic carbon in the soil. Higher amounts of organic matter in the soil improve soil structure
and root growth, water infiltration and retention, and cation exchange capacity. In addition, zero-tillage reduces
soil compaction and crop production costs. Cover crops are cultivated to protect the soil from erosion and
elements loss by leaching or runoff and also improve the soil moisture and temperature.

Given that South Khorasan farmers still use traditional methods of cultivation of wheat, and cover crops have
no place in their farming systems, the aim of this study was to investigate the effect of cover crops types and
tillage systems on yield and yield components of wheat in Birjand region.

Materials and Methods

A split plot field experiment was conducted based on randomized complete block design with three
replications at the Research Farm of the University of Birjand over the growing season of 2014-2015. The main
factor was the type of tillage (no-till, reduced tillage and conventional tillage) and cover crop type (chickling pea
(Lathyrus sativus), rocket salad (Eruca sativa), triticale (X Triticosecale witmack), barley (Hordeum vulgaris)
and control (no cover crop)) was considered as sub plots. Cover crops were planted on July 2014. Before
planting wheat, cover crops were dried through spraying paraquat herbicide using a backpack sprayer at a rate of
3 L ha™. Then the three tillage treatments were applied, seedbed preparation was carried out and wheat Anfarm-

4 (Bam) was planted. At the end of the growing season, yield and yield components of wheat were measured.

Results and Discussion

The results indicated that the maximum grain yield, biological yield, and spike.m™ of wheat were observed
with the no-till and reduced tillage treatments. The wheat spike weight significantly increased in the treatment of
no-tillage compared with conventional tillage treatment. It seems that increased crop yield under no-till and
reduced till systems might be owing to the enhancement of the soil nutrient status, reduced weed populations,
improved physical health of the soil improved soil water status and increased efficiency of nutrient usage in
these systems comparing with the conventional tillage systems.

The main effect of cover crop type showed that incorporating chickling pea and rocket salad resulted in the
greatest grain yield, thousand-kernal weight, spike weight, and biological yield of wheat compared to the control
(no cover crop) and also chickling pea, rocket salad and barley caused the greatest grain. Spike-1 of wheat
compared to the control (no cover crop). Although the use of total cover crops improved yield and yield
components in wheat. Chickling pea superiority in many traits was evident in comparison with other cover crops.
This superiority could be due to the fact that this plant belongs to the legume family and legumes release higher
amounts of nitrogen during decomposition compared to grass species. Grasses produce large amounts of carbon
and are slowly decomposed. Although rocket salad does not belong to the legume family, due to having deep
roots, it is able to absorb nutrients from the deep soil layers and provide the main plant with these nutrients after
its decay.

1- PhD Student of Agronomy, Faculty of Agriculture, University of Birjand
2- Associate Professor, Department of Agronomy, Faculty of Agriculture, University of Birjand
(*- Corresponding Author Email: sveslami@birjand.ac.ir)



WAY Hleg o) 0,leds 08wl oyl pl (€15 Gleciupafy s pis  YYA

Conclusions
The results of this study revealed that employment of conservation tillage systems remarkably affected the
yield and yield components of wheat, and the greatest positive influence on crop yield and yield components
were observed where chickling pea and rocket salad were sown before wheat cultivation. Thus, cover crops and
conservation tillage systems can be used as a promising solution for the development of sustainable agriculture
and protecting the health of ecosystems.

Keywords: Conservation agriculture, Minimum tillage, No tillage, Sustainable agriculture
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Table 1- Analyses of variance of yield and yield components of cumin affected by foliar application of chelate iron and
irrigation period
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(b g pas o SO iy Jlein] maw jd (o) pxe }Sly iy ns 9 =
*, ™ and ™, significant at P <0.01 and P <0.05 and non-significant respectively.
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Table 2- Effects of foliar application and irrigation period on yield and yield components of cumin

ko agr g5 o dlaxs S D &> dlass Q1> 4152 39 SG59lgm 3 ,Slos 41> 3 Slos
Treatments Height Number of Number of grain 1000-Grain Biological yield Grain yield
(cm) umbels per umbel weight (g) (kg ha) (kg ha!)
Sl )9
Irrigation period
(days)
5 28.4 15.6 106.1 3.43 3352.8 879.7
10 223 14.3 86.2 2.98 2881.8 759
15 216 114 74 2.3 2317.3 673.5
LSD (0.05) 1.33 0.61 5.69 0.106 107 11.53
EIEES
Foliar application
Fe0 213 115 75.7 2.48 2512.3 733.4
Fel 23.1 13.2 93.6 2.81 2748.5 750.6
Fe2 24.4 14.3 90.8 2.94 2897.7 774
Fe3 24.7 145 90.7 3.04 2952.7 783.8
Fed 27 15.3 92.8 3.24 31418 811.8
LSD (0.05) 1.72 0.79 7.35 0.137 138.2 14.89

onl SS9l il )3 4,5 ¥ Fed ol oS ) )5 p)5 ¥ 3 (al &M gl a3 5,5 Y FE2 (ol oM ju) 3 )5 ¥ iFel (T b il Jsboe) tnls :FE0
Fe0: control, Fel: 2 g L™ chelate iron, Fe2: 2 g L™ nano chelate iron, Fe3: 4 g L™ chelate iron and Fe4: 4 g L™ nano chelate iron
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Figure 1- Interaction effects of irrigation period and foliar application of chelate iron on 1000-grain weight of cumin
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Fe0: control, Fel: 2 g L™* chelate iron, Fe2: 2 g L™ nano chelate iron, Fe3: 4 g L™ chelate iron and Fe4: 4 g L™ nano chelate iron
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Means with similar letters are not significantly different at the 5 % probability level (LSD test).
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Figure 2- Interaction effects of irrigation period and foliar application of chelate iron on biological yield of cumin
onl SS9l i ) p)5 ¥ Fed ol oS ) )5 p)5 ¥ Fe3 (al &M gl a3 p,5 Y FE2 (ol &M i) )3 )5 ¥ iFel (T b ik Jsboe) als :FE0
Fe0: control, Fel: 2 g L™* chelate iron, Fe2: 2 g L™ nano chelate iron, Fe3: 4 g L™ chelate iron and Fe4: 4 g L™ nano chelate iron
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Means with similar letters are not significantly different at the 5 % probability level (LSD test).
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Figure 3- Interaction effects of irrigation period and foliar application of chelate iron on grain yield of cumin
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Fe0: control, Fel: 2 g L™ chelate iron, Fe2: 2 g L™ nano chelate iron, Fe3: 4 g L™ chelate iron and Fe4: 4 g L™ nano chelate iron
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Means with similar letters are not significantly different at the 5 % probability level (LSD test).
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Introduction

Cumin is a member of Apiaceae family and annual plant which is widely cultivated in arid and semi-arid
zone. Iran is one of the main producers of this plant. Water deficit is the major limiting factor in crops
production. Proper nutrition management under stress conditions could partly help the plant to tolerate different
stresses. Various studies were carried out to understand the effect of nanoparticles on the growth of plants. For
example, Hong et al. (2005) and Yang et al. (2006) reported that a proper concentration of nano-TiO, was found
to improve the growth of spinach by promoting photosynthesis and nitrogen metabolism. Iran a country with arid
and semi-arid climate, always face water deficiency. Thus the aim of this research was investigate the effect of
foliar application of chelate iron in common and nanoparticles forms on yield and yield components of cumin
(Cuminum cyminum L.) under drought stress conditions.

Materials and Methods

A field experiment was conducted as a split plot in complete randomized block design with three replications
in Esfahan city, during the growing season of 2015-2016. Treatments were included three irrigation intervals (5,
10 and 15 days) as main plots and Fe foliar application in four levels (control, 2 g L™ iron chelate, 2 g L™ Nano-
iron chelate, 4 g L™ iron chelate, 4 g L™ nano-iron chelate). Foliar application of Fe chelate on leaves was done
two times at before and after flowering stage. The plots were 16 m? with 4 sowing rows, 4 m long. Seeds were
placed at 2 to 4 cm depth in each row. All data collected were subjected of analysis of variance (ANOVA) using
MSTATC software. Significant differences between means refer to the probability level of 0.05 by LSD test.

Results and Discussion

The results indicated that drought stress decreased the investigated traits significantly but the effect of
irrigation by 15 days interval was more than 10 days. Plots which irrigated by 15 days interval showed minimum
height, number of umbels, number of grain per umbel, 1000-grain weight, biological and grain yield. Abd El-
Kader et al, (2010) reported that decrease in fruit and seed yield of okra occurred by increasing the irrigation
interval. Also the results suggested that spraying application of Fe chelate in common and Nano forms increased
the yield and yield components on cumin in comparison to control. The maximum and minimum height by 27
and 21.3 cm was observed in 4 g.L™! Nano-iron chelate and control (no spraying) treatments respectively. The
mean comparison of interaction effects showed that the minimum 1000-grain weight (1.5 @), grain
(610.7 kg ha™) and biological yield (1767 kg ha™) was obtained in control x irrigation by 15 days interval. The
maximum effects of iron chelate on increasing of traits was found by foliar application of 4 grams per liter Nano
iron chelate. Liu et al, (2005) reported that Nano-Fe,O; promoted the growth and photosynthesis of peanut.
Sheykhbaglou et al, (2010) showed that application of Nano-iron oxide particles increased soybean yield.
Reduction of particle size results in increased number of particles per unit of weight and specific surface area of
a fertilizer that should increase contact of fertilizer with plant leading to increase in nutrient uptake. Nano-
particles have high reactivity because of more specific surface area, more density of reactive areas, or increased
reactivity of these areas on the particle surfaces. Below 100 nm Nano-particles could make plants use fertilizer
more efficiently, reduced pollution and more environmentally friendly, dissolve in water more effectively thus
increase their activities.
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(*- Corresponding Author Email: abasnasiril10@yahoo.com)
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Conclusions
Overall, the results showed that water deficit decreased the yield and yield components of cumin but foliar
application of Fe chelate in Nano and common forms increased investigated traits. The results indicated that no
significant difference was observed in most of the traits between the foliar application of 2 g.L™ Nano iron
chelate and 4 g.L™ iron chelate. Based on our results can be concluded that foliar application Fe chelate specially
Nano-form can reduced stress effects on plant and finally caused increase yield and yield components.

Keywords: Biologic yield, Irrigation period, Medicinal plant, Nano-particles
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Figure 1- Conceptual representation of the (A) conventional and (B) raised bed planting methods

Ot 39y 00 3503 o 9 S 0loj 10 ol Sl e S spsb 4 1 BLS SL 4 o 93 (b (091 395 £ ) (Bpae (o



WAY e O oyleds I8 wlo oyl oo ly) lesiergp apii YYF

S5l g g wls g Slas

72 0593 395 Bpan Gl g Bl (g e 5 o3l il
(Y Jodn) 25 (DS0/+0) o mime paiS Siglaw g aily 5 Slas
e sl e b 3 Sles (n50mb 9 YL &Sy5bas
O3 9 @l) ey 9 WS ) 09l pS5LS Yo g aye aldy b,
Feo g¥eor Yoo oo dy yho ) gl Gyaao e Lialsdl b s
et iy & ye Ay (yhg) D Al 3 Slee S )3 0yl £ 5kS
Do YL gy ccdls hgy dn Cumd Ao pd A g Ve & NS N
Mde cn VL g @iye didy (o) slp Siglom 3)Ses (p iy
Sl Olie S 9 3 Jols (LS )3 £S5 olS WWYVD L) o)
2SS VYM) (G595 Brae (ygn) 30l 9 ol cdls” o)
GV er Yoo Nev a4 yin 5oyl e yialisl el Cunday (LS
9y L dualie )3 @i pe iy CuBlS g 3 1) Sujglgm 3,Ses
(o5 =Y JS3) s JUs & )

59w 365 By an yliue 4o paS ash oy Slae STy
09l Byno il 33l L aS gyeb ay bl oo 90 4y b &G jgody
il s @90 4l 3, Slas S 13 2SS Yo g
39l Byman ol 3 oles 1 g 13,5 ol Ly g g L
w5l Byuao il b .cdl yials e ;5 p,SelS Yoo 51 5YL
Capss > IS 5 gy Ay o5 > 4 Ylazs] ails 3,Slas
Ol 38l cads ol 4l ialS ol 4 dugy slaplil i,
Ay <ol gy 5 gl By il 18l cos ails 5 Slee
ol ol Q> o (g A=Y JS5) 092 s ) Sy @y
2 & e didy by »> (Majeed et al., 2015) j, » slacale
Ao gl () b anlie

S (sngy el Mg S5 55k I (gt S pan
w5 b 59y )5 (primen g g jiiw o5 aw plgd
g bl gty o 4y 903 )5 sl o 1 Srtagd oS
(Wolton, 2005) cewl osis 5Slas ]38l cel ftiwesd ce puo
YU jls (Sad 3959 D50 55 (West, 2006) cuvs labss
P el S snly 53 gy bl g sigd Co g
Gao Sl Lol JJ> (Nunez and Kamprath, 1969) <l .S 4
9 gy glophl ad) S8 4]y 5 Slee Gl 5 (595
Oy et dlaly e dame ol 0ol Cud Sy pdaw 0394
il olaw 31 ) b 50 (Koocheki et al., 2015) 1Ko

Al lebl @) g ady (ol); 45 93 5,Slas g AS; p 3950

U sl olej il oyl i Bpas (6)lol b plojon cuilS” |
i9) 93 2 Sln QLS Cppod 9wy 5 552 By 4 S
el Lo 131 LUS] ) 6585l coga 1t ool 28
Ul Mols o bay Lacs S (o)lol 5 dty JolS jobocy oS
Job 3 (s ey bl gy sladdle J iS00S plox]
8)5 plol g ps Ly g A3 Juad

Slaase (38 3)5 5l e g JolS (S dls e )3 Cuil
905 o] ) i 1235 plox] (el 3l s §) ey piS
OBsyae OJ9x Ol 9 el SB gyl Yo b e Bas
oS3 5l oslizsl L AOAC Official Method 968.06 (4.2.04)
.(Horwitz and Latimer, 2005) . (¢ ,Sojlul Jlalxs

3Shas Caas bl 5 (NUPE) 55y wios (ol,LS
Jade S (US55 0ad e (g5 p)SokS) olS 5> (g
() adsles) 4 alre (LS 53 2 )55-L8) SLS 53 (59,4
.(Hatermink et al., 2000)

NUpE=plant N content/available N (")

35 Shae (s i ol (NUEE) 35 o )lS
OFar 3Shes (B8 53 &y (39t p)SokS) &l 3 ()79
Cassman ) ai awlbre (uSa 0 SB 59,05 p,5skS) SB 5
(etal., 2003

) asleo 31 (NUE) 595 <8 yme ()5 dpuslone can
(Hatermink et al., 2000) .| ,\LSen § Sisoyila lawgi oad
(¥ dolee) ws oolal

NUE=— s v)

N initial +N fertilizer

39— Ninitiar (kg-na) asls 5 ) Shee Y cadsles ) 5
5 (KL 53 (159, £S5 5hS) a8y Juad sl 1> SB- 53 39290
2 393 5 5kS) 0y9l 395 o)k Sl (Bpas ()39y Nrertitzer
sl ([kSo

SAS 9.1 huwy iy b Kb pw) g bosld Juloo g 430
s ypmejl 51 ool b o uSilee dulio 05 plowl EXCEl
5 ploxl doy gy Jles! o 53 (LSD) Ty ine 5N

e 5 <l ey ST 06le dualile 5 uilyly 4jod @l
hLS o a3l 5 0lS 5 dils 59505 (ggime ) Slas 5 00
ool o ol HLS Y o ¥ sla Joda 10 cud S 5950

1- Nitrogen uptake efficiency
2- Nitrogen utilization efficiency
3- Least significant difference



LETITR

P
Ay, S

S 3, 5os 9 0398 2 oLty 2 0is s g 65 50

YYv

b

P”@ML@(‘WPS‘A}B&}G‘Q&:& s/)’L))9)"'“"

=

AU ey el ol s gl 8l il olS 93 y0 0393

205 Couas 365 L8 o

‘K[aanoadsar s[aad] Aiiqeqoad o[ pue ¢ 18 JUBdIIUSIS I 4, PUE 4

# 6 g el ool ol oo o7 22 € B el

(%) AD
012 89 ¥'ZT 9'8 L't 81 S'p ot wﬁ_q ()
. . . . . . . JOLID ﬂzm
08’12 €TELT £00°0 €00°0 L0070 €6°1186€ 91869 9] 0
«StSPl #+10°0S1 #x11°0 wx 17070 #+90°0 w468 LIF1TE +PE 168LTS ¥ d=xN
(ND 1249
##T6'9LE ##98'TS1 #0070 ++850°0 #+L0°0 w#S6'LOLOLILT  +xPT 18V0888 ¥ azlnaaf ealn
e s (f0e ()
J0012 :_mz
Sty 8€°0¢ $00°0 6000 L0070 65°06E1 96'98€1 | 4 P
(d)
« 1916t #498°68 ##11°0 #+20°0 w00 wxPLLE60909 s ETITLINET 1 poylow Bunueld
€ g (g)
uoneaijday
Sug| 70T sup(¢ SugQ'( T00°0 SUEO™0 +F0TIFIEE +19°0T89¥T z o
LeITETRITIE] LeITETETTIE]
A5ud121y32 Isn uonezin N aeydn N MEDS JO ure.3 jo PIaLe PIRIA urean)
. N GO SLECO JUIU0D UITOAJIN JUUOI WIB0IIIN [ea130[o1g ¥p
SF ool U0 N T T 600 g0 KO sopsledbftn T e A0S
A e A1 v o A o

saaenbs Jo ueay

AT o

JEA AL JO SIIIPUI ADUIDIJJI UISOI)U PUE SJUIJUOD UITO.IU ‘P[IIA U0 SIJBX JIZI[I)IAJ ©a1[) pue sporpami supued jo $)23)J2 aY) J10J IDULLIEA JO SISA[EUY -7 I[qE L

b - ot 6T e | (60D qemm € ongb2 b (60 ¥ mopsfer oneb T FE6(0 € e f |77 6D of oo



YYA

S g5y 4 i

})

oln! =y

(PR NVESH

WAY Sl o)

1591 4§71 uo paseq (0 0=d) warapyip uesiudis Jou a1e 13)32] JB[IWIS 3UO ISBI] 1B YIM SUBJ 4
# of @l D Ao |9 <vig” B <o v o e TS F e A0 gy o e o0 B2 el onfor

2qB96°3/ PrI0 BILO Paq08°| 00t
2qT0EL 2990 2qeL9°0 qezo’ | 00¢ [eUOIIUSAUOD)
B0t T8 PaLIO PaqeZ9°0 pTLl 002 (2
2qBZ0 6L Pag10 opageso apTL | 001 f
209 1L BHH 0 JOF0 apTL'1 0
2qBTEL PaIZ0 5qe89°0 2qBQ6'| 00t
2087 1L qE9E0 qeQL0 B66' | 00€ Supuerd
2qe8SLL 29870 Paq19°0 Paq6L’l 002 paq pastey
oqer' gL BCH0 PLS0 apsL'l 001 e o2
qe99°08 ECH() 3050 #3959 | 0
(1ros ur N 8y (1ros ur N 3y (%) mens (%) ureas (,.ey ) omow Sunue
aad wreas wr N 3y) Aouandype uwonezin N Jad yuerd w N Fy) Lduaroryys ayeydn N JO JuNUod wS0NIN JO JuNUod w01\ ajex vAI() P .“a Hutld
91 g £6e0 S fpen 660 F60 9o A0 o Rt 07 A

JE3 M JO SDIPUT ADUIIDIJJD UITOI)IU PUE S)UIIUOI UITOI)IU U0 S JIZI[1)IAJ €aI) pue spoipami sunuefd jo 123jj2 uondesdjul 10j uosriedwiod uedy -¢ I[qe L
Sré{1 oy g0 | ) 650 g § b2 i 660 K k) SKEC0 € e (R0 SO of e



YYD oS o, Shas 9 0595w 2Hl sl » 39y 9 @ po ditdy S g 51

8000 - O Raised bed planting B Conventional planting  a (A
bc bc
de cd
e

% 6000 - ¢

A f

“w E4000 1

< S

N g

g o

2 ©2000 +

0 T T T
0 100 200 300 400
(3 55 0,5 9s) 291 355 g
Urea level (kg.ha™)
20000 - O Raised bed planting B Conventional planting (B
bc

3, R a b cd
2 " 15000 de ¢

%S e
29 f
93 o 9
o © 10000 A 9
3 S
2 8

n [=2]

~ O
g S 5000 -
1 5

O T T T 1
0 100 200 300 400

(HUS2 ;5 2,5 5k5) 2,91 355 banw

Urea level (kg.ha™)

P 2,8os 52 8590 395 Zolaw 9 Sl (g, e 1 (S0le Ao —Y JSu
Figure 2- Mean comparison for the interaction effects of planting method and Urea fertilizer levels on wheat yield
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Introduction

Nitrogen use efficiency (NUE) for wheat is only about 30%, but with best management practices it can be
improved to higher levels. Optimal nitrogen (N) management is essential for maximum NUE, crop yield and
minimum environmental impacts. Applying less N may result in lower grain yields and reduced grain quality.
However, higher N application can result in reducing NUE and increasing fertilizer losses. Efficient use of
applied N fertilizer improves crop yield and decreases the production cost. N application and recovery
efficiencies depend on soil criterias; method and rate of fertilizer application; and planting methods. Improving
NUE is one ecological approach for producing higher grain yield. In recent years, some researchers found that
suitable management and adoption of appropriate practices could improve agricultural nitrogen use efficiency
and crops production would be more efficient. Raised bed planting has shown to improve water distribution and
efficiency, fertilizer use efficiency, reduced crop lodging and decreased seed rate without sacrificing yield.
Planting methods could also affect the vertical distribution of leaf area index and radiation use efficiency of
wheat.

The objectives of this study were to determine the effects of raised bed planting and Urea fertilizer levels on
the nitrogen efficiency indices and yield of wheat.

Materials and Methods

This experiment was conducted as split plot based on a randomized complete block design with three
replications at the Agricultural Research Field, Ferdowsi University of Mashhad during the growing season of
2015-2016. The main and sub factors were allocated to planting methods (raised bed and conventional methods)
and Urea rates such as 0, 100, 200, 300 and 400 kg Urea ha™, respectively. Investigated traits were grain yield,
biological yield, nitrogen content of grain, nitrogen content of straw, and efficiency indices of nitrogen (nitrogen
uptake efficiency, nitrogen utilization efficiency and NUE). The treatments were run as an analysis of variance
(ANOVA) to determine if significant differences existed among treatments means. Multiple comparison tests
were conducted for significant effects using the LSD test.

Results and Discussion

Results showed that the simple and interaction effects of planting methods and Urea rates were significant
(p<0.05) on grain yield, biological yield, grain nitrogen content, straw nitrogen content, nitrogen uptake
efficiency, nitrogen utilization efficiency and NUE of wheat. The maximum and minimum grain yield were
observed with raised bed planting and 300 kg Urea ha™ (7545 kg ha™) and conventional planting and control
(3865 kg ha™), respectively. The maximum and the minimum amounts of nitrogen uptake efficiency were
belonged to raised bed planting and control (0.45 kg N in plant per kg N in soil) conventional planting and 400
kg Urea ha™ (0.14 kg N in plant per kg N in soil), respectively. The highest and lowest NUE were related to
raised bed planting and control (36.65 kg N in grain per kg N in plant) conventional planting and 400 kg Urea
ha™ (10.63 kg N in grain per kg N in plant), respectively. Increasing in Urea rate from 0 to 400 kg ha™ fertilizer
decreased nitrogen use efficiency up to 62 percent.

Conclusions

Results showed a higher grain yield and biological yield from planting on raised bed compared with the
conventional planting, owing to higher nitrogen uptake and nitrogen use efficiency. Biological yield was
significantly influenced and higher trend was found with higher dose of nitrogen. There was a trend to improve
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grain yield with the increase of Urea levels. Grain yield increased in raised bed planting method compared with
conventional planting mostly due to more fertile topsoil on the raised beds. Enhancing nitrogen fertilizer led to
improve in grain yield and a decrease in NUE.
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