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Table 2. Analysis of variance on the studied agronomical traits in rice (cv, Tarom Hashemi)

- . . Wi a4l alda 290 e 31l
LIRS o i Q.ru. Cadlsy A g L&V rﬂt.v_&._ 5 %rfv s u\ﬂ._.fn Number of Tu.\t R r.v.uv.v
Degree of Source of variation = Harvest Index Panicle Biological Grain vield aln per . :
freedom length yield n gramp Number of panicle
panicle per plant
Sl o Siln
Mean Squares
e
2 441 3.99 228010.94 11868.75 14.65 0.078
block
“x ﬂ.ﬂ\._ wk s w H * ®k
3 ) 329.34 14.70™ 22831703.30 1187252.08 334.55 608.83
Plant density
[ Lo
6 o m;wr“ 7.50 5.60 373309.55 60368.75 39.83 0.040
rror
3 .cta,.q 38.16%* 4.09%s  13651244.97*%* 2360174.30%* 522 34%* 6.27**
Nitrogen
DN otz St
9 T 36.92%* 1.55™5  3050966.26** 166603.93** 81.41%* 0.69%*
Interaction
Il
24 5.93 1.38 287001.61 40646.51 8.21 0.073
Total Error
Sl s ; 3.56 3.32 2.15
e 5.74 423 3.95
CV(%)

A3 ) 30 ezl o 3 51 ne o S8 FE L w
Significant at 1 and 5% probability levels, respectively

AY



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

120.00

© 100.00 £ d

g 80.00 L A

= =

g} 40.00 = 7

20.00 —

G

© = —

= 0.00 =7

8 N1 N2

§ mD1 71.00 77.17
D2 80.60 88.50
=D3 75.20 76.33
. D4 87.40 95.00

IIIIIII%&g

Wﬂl

=/ =7
N3 N4
88.97 85.00
98.00 89.77
88.20 94.00
97.87 85.73

S 53 05555 S S VY =NG 5 A =N oF =N sl Ny g 363 1V=Da 519 =D3 v =Dy =Dy
D=100, D,=25, D5=16 and D4=11 plants/m?. N;-0, N,-40, N3- 80 and N4-120 kg/ha
il polb 035 i Ak 3 Gl Sl 055358 5 6 oS5 blize 1Y S
Fig 2. Interaction of plant density and nitrogen fertilizer levels on number of grain in panicle in
rice (cv, Tarom Hashemi)

ool ls 3 s ralS a4l
ot 3 ) o (ST O
& & By 1) 5 Ses Ol Lilg
Darwinkel) Llw ;. Jold> 4 Wb o 2alS
Cel S 05,585 039 o2l et al., 1977
ab 3 g e 1 5y e oS 350 0
plnil (5l e Lyl 5 5 oile Il a3
Yoshida,) 358 sl &l A 5 5 Jlab e 8
dxad 5 3ldas (09 0 Ol e il 5911 .(1981
e S SN o a5 3L Bl b s s
03 dad g ol o it HUSs 53 055 8
.(Esfahani ez al., 2004) 5 S sl |y i s
s dodr Sl Jel mb el
5 O5a5 28 5 S (SIS Wbl
03 4l 3 Sas bl Jlite 1 imen
Jsder) Al (gme A3 &G Jle| puans
Lol sls 0l o 80ke amlie mbs (Y
oSS A 5 e Sle YoOYs S ol

A

5o bladl 4 ols amty oy 2E s 6
FAIF L Sl S e b 5
205555355 SIS 50k S el s
Lois) aomy sl 31 5 b Sl o 25 Slas
Singh) 555 . ab (o7 A di.:fd Los
(& Jain, 2000; Bindra et al., 2000
(osbols 4 sl w4 e L
:;;MJJ@JL&|CE.~):4§$V5|J5
54 oS5 sl flime S50 5 0555
slas p deoys &K ez e 53 03558
(Y Jsda) Sols (g 5l5 gan [ 306 ad g5 s ails
e S AS A 5 pn e )3 6570 (S5 les
Sl 5 (@ls WA 5 80a L) 5 55 05 23
L) 03555 355 Ok 5 pumie 0o 5 Ve
RS 5 e 55w (WY S
oS5 GRIBILLY ) dsls s 1 )l
RIB g e 03 JS ey sl (LS
w5 Haok ey Slw Sl )3 il



3 Sas 20555535 56556515 )

8000
= 7000 b
S 6000 | f fF 6 cd
< 5000 | = =7
T 4000 =7 —
> 3000 ;// =
c —
‘s 2000 = ", —
S 1000 =// =
0 =/ =7
N1 N2
= D1 5133.00 5433.00
D2 5217.00 6250.00
=D3 5573.00 5687.00
% D4 4780.00 5590.00

df cd cd of

LA

=7 7
N3 N4
5833.00 5433.00
6833.00 5633.00
6520.00 5733.00
5740.00 5240.00

S 53 05 28 pf,l:f VY =Ny 5A=N3 F=N; cali=N; B Ey W=Dy 51#=D3 Y0 =DrcV++ =Dy
D;=100, D,=25, D;=16 and D4=11 plants/m?. N;=0, N>-40, N3- 80 and N4=120 kg/ha
ot b o5y i s 5 Shes 0333255 5 6 (S 15 Bl 1Y IS
Fig 3. Interaction of plant density and nitrogen fertilizer levels on grain yield in rice (cv, Tarom

Hashemi)

555 Ay oo Lk 4 (Zand et al., 2004) LS
43, Shes sl 535 2 A6 b 50555
PHEREIR S 9 Cla.w .,\9-\} BE 4.&':}>- Sy o9
A Sl o) g 5T remen 5 ad s o
5 olS ¢SKas osle il Eel at b
Taghizadeh er) . A ¢S ki 5 Shee Culgs s
e 31 ey b g s (al., 2008
FNF i 3 SNes 550 055 Calies
(ale*;,;a\nﬁwd,:‘f«f,u;ﬁ;
O slas 53 O o s 5 835 5 3 s
L Jeole 05355 S s 0 S A
oLﬁ? (Ji‘ Ls‘}f ijj'lf C.,.:A.b‘ oy Olis ny
J..:u) 092 )y &‘..LG osle Qfl‘ C_A“b)bu &:...w‘
e sl il o s rals el s,
S @l ol SRl laails Os e
JB @ 03 O S5 a0l o
oIl el OB 2 e 65LT 55 o olS

{(Belder et al., 2005) 5 35 o 3 Slos

A

oS AS AT (Sile L S s 03
g sl 1y als s Shes o i S s
ol b s 4 by e 4ils AJQLQ;UJJ‘“{

LOSs s asS Oab g el VoMY i

(¥ JS8) 351 58 3 p S AS WY Sk
AVl (S5 55 Shes el

Wil ol L g G 5 pae mli 4 Oy
ST 63 5 05mS| 5 eDT (pldE ol s
slge il VL (S5 4 2 oS 5, 60 0 S
oS sy 5358 oo 3 e olS L (5 0
el s w8 03 ey S Ceu 25
23,5z 63k A b ol s I,
walg oly; olS 3 Shee 2alS Eel g
B0 Ll Sl ma Mg el
Sl 4 05 o ) bl e 4 S
B I T LIRS P W C P HERE NP
3 S5 A Olee (0S5 Rl BIL 5 Sl
oy S s Slas 5 Al e SR s



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

5 St bl Ll oo 2l &6 5 oS5 eSS 5 g 50
N Y e T S PRTYC VL P
S 2 S I ) o 4
ck_ub\}).s%}&:{.ﬂwgmivfljﬁ
O gl g 5 (Bavar, 2008) b .aib b g
db\)? (Donaldson et al., 2001) o \SKan o
S5 s Sha (S5 3L S s S
Lil s 5l o RIS
Srmgd g w55 0598 cwle 4dis
oS SN s 3,5 o Sose S S
Sl p 1) oo D11 olE s S osle
o S bl Sl 4 e g by lE
3153525 S5 e 55 Ol 58y b5 IS
059 55 35S 2 mas «((Murchie ef al., 2002)
plas Ly RIB s e AT LIS (o
o yas 4 Sis ol Mg 5 S, b

— 18000 a
S5 10000 8 o bc be
2 14000 e e de e Bofof . J
= 12000 : — ||| =
ko) —
T 10000 =7 /) =//
> 8000 =/ i,
T 6000 =/,/ 7/
& 4000 =/ E’//
S 2000 =/ e
o 0 = A _A
N1 N2
®D1 11833.33 16733.33
11D2 11866.67 12808.33
=D3 12206.67 13226.67
/D4 12000.00 13080.00

o=l 4 dadr ml 4 g L
Aoy oSG il o b 0S5 0 5 5 Shoe
SSan 5 50357538 5y oS5 S o
SV Ol (Y Jodar) Al Hls pme bnjlas
LSS 55 03525 5 kS A BN TP aB
e S 3 o S AS VT Sl
Gloles b oS sl ) (SSidsm 3 Shes
eSS Y 5 ¥ 5w e sV L
N3 bT o5 8 o 5o 5 s 0555
Ly Sidm 2 Sles oS 5 258
355 05k 5 pr fo 0 GVt Lokl
53 eSS VAT Sile b 055
a3 e 50U sla ks L aS 5 s S
03 8 G 5305555358 5 pan D3y 5
(F USK8) e85 15 gobT
Ces S5 ele S s Shes
Koocheki &). Cul ol8 slpa ol o3

3 Sas (ST I3l L (Sarmadnia, 2008

v

B de

L

7 =7
N3 N4
17033.33 16766.67
13333.33 12150.00
13280.00 13540.00
13690.00 13306.67

S 53 855, 0,8 A 1Y+ =Ny 5A=N3 8 =N2 calimNi 5o e 53 65 11=Da 519 =D3 vo =Dz v+« =Dy
D;=100, D,=25, D3=16 and Ds=11 plants/m?. N;=0, N»>-40, N3- 80 and N4-120 kg/ha
il ol 035 7 G5 3 e 2 055525355 565 0S5 Jlize S1-F JS
Fig 4. Interaction of plant density and nitrogen fertilizer levels on biological yield in rice (cv,
Tarom Hashemi)



3 Sas 20555535 56556515 )

Slaiime ;b ab s Usb y Jlize S mman
o,fdﬁl): pr;(\’ Jod) Sl
035 S8 do gl B S 15 LT
bieoe (azme Calibee Jolge 50 o Js
3,8 o )\ p oM Blse 5 phads Olje i
(Mohammadi et al., 2010).
ady Sl s ls
el Ol s Ly, oS sl Ol &b
aallas 3550 la sle aen 5 &5 -
Dk o gy rimpes g 0L LB
Sosb 4 o5 p9d wr)d Dose a4y Sl
wdfﬁckwup}uc@v@bfbaf
5Bl iRl ol B b b ales
S 4 &8 b el OT Sl oS
oy 0215 (S35 gy e 5 ey 3 55 I
il aalsl Csls  Oles b Ly ol 508 S
5 e Sl Vox Ve sl b L gla Hles
el Bt 5151 5 05 2 (’;f“:f/\'
b3 (5 b e gl 4 S 5 e

£ 50.00 _d-fc=-fgh
g =y,
£ — o
= 25.00 = .
E —
‘I“ —

0.00 =7

N1

RD1 43.38

D2 43.96

=D3 45.66

7 D4 39.83

Yin et al.,) S5 il adE 51 e a6 53
.(2000; Yang ef al., 2003

Jlie S5 05555 258 iy oSS
Jloiml plaw 3 sl asls  ajled
o (Ydade) s s e doys &5
3 A 3 B Y0 5l 55 Sl el
bV/Yo ‘;r:i"‘:*‘u‘:-{“)-’djﬁfz-‘(;ﬂ:f/"
Sl Sl by Latls o ST 5 Ao
D357 0SS B s mpe e s3 By V0
Ls sdalive o ys YY/FY . SSke L LSa s
sh e e an Ve Ll LS
05,5 & 53,18 53 03555 p S AS Y
033 Vb G opl 3.0 ) s F L1 5
5 YoxYe CulS dol js cils, jesls
035 S SalS s 4 e le YOXYO
b s B ool > Shos 2134 S
e

o=l aes dode ) el
5 0535 355 Wi oS15 S sl ol

a
ab b-d

—
>
>

>

QIIIIKILII“"

N N4
34.24 32.40
51.25 46.36
49.10 42.34
41.93 39.38

SESa 53 059 28 r,f,l; VY =Ny 5 A=N3 F2=N2 alimN g o e 3 65 11=Da 517 =D3 ¥ =D )+ =Dy
D;=100, D,=25, D3=16 and Ds=11 plants/m?. N;=0, N»-40, N3- 80 and N4-120 kg/ha
i ool 035 o Bl et le 0555 358 50 SIS Aol Jlie S0 JSs
Fig 5. Interaction of plant density and nitrogen fertilizer levels on harvest index in rice (cv, Tarom

Hashemi)

19



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

3, b Ode il il ety A5 g
S b & (gt b bl 130
.(Chaturvedi, 2005) s!s

bz 0355 JoST Yo 4 sl 50 5
B oS 5L s e 03 oS AE
235 Sl oS 86 S35 e s 5 )
Sldie 5 odd W5 (6 2eS ¢S osle aeis
siles bl (oS 55 elS s e e
Sl L Sl dem 5 3h e odalin &S
Jpame Ly Sy (L 51 ey slas)
Ay 55 Lz 3l e 4S5l ol il )3l
s 033 AL Coslas &7 (6, 87LS )
CilS Aol ity 3 STus 4 olS Uk,
b SIS A (635 Jlad 5 e (Sle VX0
o AV s sl o 2SS )
s A Ji.’z):buphp:s\:jsgbal:f.\.z,
A

y1=-0.0021x? + 0.1992x - 0.4818

26 Ll 0T Ko g sdsm ol V57 JS8)
S ame Lol 5 48 ol e Ay ol
o)ﬁ@wé%djjﬁagcabﬁwb
L}Abﬁ)‘é@‘déf@jbgjchw
WT s a5 60 p S 5l wnny e
LA Cl 059 25 O jes Gl 4 los a5
Bl ge & a jee dgb 5 05l0l
Sepehri et al.,) )}wundfjcla.wup:-b
2 m2s L (Ali Abbasi et al., 2007) .(2013
D 0 e 03 05558 255 ke ol
oIO35 5035 slaoled pled 5 8L
3550 555 5 o et s o YL Ll 3L
355 op b o Glajles 55 a1 S
)J.Mov\.humv\ﬁ:ﬁob;ﬁé\ijabojjﬁ
e le S Ly, 055 25555 SYL s

é S P 5w S
Sjc)douwjﬂd)}ffwﬁbé\gd‘y

y2 = -0.0018x2 + 0.1744x - 0.5288

0 10 20 30 40

7 R? = 0.8882 R?=0.8701
6 | ¥3=-0.0016x? +0.1531x - 0.4819 y 4=-0.0007x> + 0.0735x - 0.236

s | R?=0.865 R*=0.8693 o D1

E = D2

< 4 D3

g

L,; 3 W D4

42 e, T Poly. (D1)
1 B N Poly. (D3)
0 S - Poly. (D4)

60 70 80 90 100

Days after transplanting

grre 02§ 1V=Da 518 =D3 Yo =Dsc\ - =Dy
D;=100, D,=25, D;=16 and D4=11 plants/m?.
G305 sl 55 oaila pylb o35 o 5 e sl Ol L8 S
Fig 6. The trend of changes for leaf area index in rice (cv, Tarom Hashemi) under planting
density treatment



....:ng&ﬂbjjﬁ:;’;}‘ﬁﬁvs‘f;‘

y1l=-0.0013x? + 0.1316x - 0.4664

y2 =-0.0018x? + 0.1718x - 0.57

7 1 R? = 0.8556 R®=0.8599
g37= -0.0019%x2 + 0.1787x - 0.5318 y4 =-0.0018x* + 0.1703x - 0.4241’ N1
< R2=0.8679 R?=0.8873
2]
: N2
4 4
S
<3 N3
§ 2
1 X N4
O T T T T T T T T 1

30Day§ gfter 1ilqansp‘igntinéo

80 90

S 53 05 28 tjf}l‘f 1Y =Ny 3A=N3 f+=N3 alz=N;
Ni=0, N>-40, N3- 80 and N4=120 kg/ha
03575 355 sla 53 (ool pylb o35 5 0 5 e sl Ol Y S
Fig 7. The trend of changes for leaf area index in rice (¢v, Tarom Hashemi) under nitrogen
fertilizer treatment

y1=-0.0109x? + 0.9835x + 0.8026

R?=0.8652

Crop growth rate
2
(gg/m”.day)

[any
o

407 32 0,007 P8%%sx - 0.3266

y2 =-0.008x? + 0.7662x + 0.2721

R2=0.8775
y 4= -0.0036x2 +0.419x + 0.4102
R?=0.887 *

D1

300 40
Days

50 .
after transplanting

60

70 80

erre 0365 V=Dy 517 =D3 Yo =Dy =D
D;=100, D,=25, D;=16 and Ds=11 plants/m?.
CS Aol sl s adla oyl 035 o oS i) e Sk gy A S
Fig 8. The trend of changes for CGR in rice (cv, Tarom Hashemi) under planting density
treatment

el olS 5L L ilas cnlin litie 4 S
M)&ﬂ)ﬁ@ogﬁ)uﬁﬁ‘}e‘
Glae 55 e ST & Ok Sl s oS
S il 2l 8 o el Ol i |
éfﬁ 318y Ail.wg;lp‘gtj..pé}.» a|/§1l.o.:>1
G s Ml ale j 58 358 el 5
LEL o iy 0593 Sl b e sl &5

qy

2 ol Wiy e gy S sk

(53 4,5) alie Ly, G ) bl oles
GRIPN ) iy Se Sl e35ed G
01,..:55@),5.&\:9;\;&@:-\‘&,,\:
S o il amt 53 5 68y el 131
DU 35 5 AL (o olS 55 St o3le pazs

SETOW) 53 055,25 355 U3 uze &S Aas o0



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

y1=-0.0066x? + 0.6771x - 0.0041

R?=0.8626

N
o
J

R?=0.9233

w
o
1

=
o

Crop growth rate (gr/m2.day)
N
o

y3 =-0.0102x? + 0.8764x + 0.6837

y 2=-0.0069x? + 0.6922x + 0.2792
R?=0.8703
y4 =-0.0083x? + 0.7833x + 0.0439

R*=0.8783
N1

N2

N3
= N4
Poly. (N1)
------------- Poly. (N2)
———- Poly. (N3)
.................... - Poly. (N4)

O\. T T T T
0 10 20 30 40

50
Days after transplanting

60 70 80 90 100

S s O35, r;}l._f 1Ys =Ny sA+=N3 f+ =N calz=N;
Ni=0, N»-40, N3- 80 and N4=120 kg/ha
03575355 53 ool gl o35 i olS by e D i ipym4 IS
Fig 8. The trend of changes for CGR in rice (cv, Tarom Hashemi) under nitrogen fertilizer

treatment

uﬁuliumlfg.ugfﬁcbbﬁ
Tl 4 s S bl S b
i Ol OT Jlis 4 5 db 21531 S
@l SRl bl ple 4 s Jalls
Hasanwandi et al., .(2013) 5 &

el ity s b 4 ey L
(ol polb o3y s Shes 5 As) gla
PR S
oS L) S 5 5 e gla el
o 53 Sas o iman 5 S 32
N3 gt 5 ke S Ll o
(¥ o) L outalis

a¢

sdalie S, ybilea (Ali Abbasi er al., 2007)
Cs o Sl podd L) cbajled adS” 55558 o
o 45 sk Sl s Salls
DHIFL 5 s B Ol Ll ol
555 oo odalin OT 43 Jo5 Lgy ol m
W5 &5 b Y (sla oS5 55 (v JSC8)
alo e 4 Ll el 55 o oty 3 0ok
Bl 5 Ol S 655 WT 5l
S S 3 5 4Bl alS ol s oSs
uiﬁlfg‘fﬁémqa.\_i@j&zs-ésb
oAl e Ol OT JUis 4 5 03,87 Iy
A 055, YL pslae 5o . Cl odeT ol
SIS a4 (055, LLSa s (ijlzs
oS e S e A e
33 el o il eds Wg oS bsle
2l ) S S Al ol Ol

05575 5208 pds slad 5o Lal o g bajlas



....:&jb}}fé’}{}‘cj{rs‘j;‘

y 1=-0.1771x + 14.879 y 2=-0.1535x + 15.282
B 40 R?=0.7011 R?=0.5359
g y 3=-0.166x + 16.039 _
4 RZ=0.5635 y 4= -(3.121x +17.44
£ R?=0.3354
230
% ¢ D1
R D2
e D3
= X D4
o T Linear (D1)
% Linear (D2)
Z e Linear (D4)
100

Days after transplanting
c,»,*.a)ae\:ﬁ\\:]:hj V¢ =D3 Yo =Dy \++ =Dy
D=100, D,=25, Ds=16 and D4=11 plants/m>.
SIS Aol jlag adila pilb 055 i 3 Ll e S ek g5 I
Fig 10. The trend of changes for NAR in rice (cv, Tarom Hashemi) under planting density

treatment

y1=-0.1768x + 19.498 y2 =-0.1374x + 15.839
~ 40 R? = 0.4198 R? = 0.3565
3 y3=-0.3147x +20.729 y4 = -0.1202x + 12.077
4 R*=0.75 R? = 0.6162
B 30 ¢ N1
e N2
S N3
g X N4
p= Linear (N1)
E ------------- Linear (N2)
@ m T T T W e Linear (N3)
g —— Linear (N4)
Z \

100

Days after transplanting

Sa s O35 pfjl:f VY =Nyg 5A=N3 F=Nj wali=N;
N1= 0, Nz: 40, N3= 80 and N4:120 kg/ha
0357355 lad adla ool 03 55 55 Al e S Sl L5 - )Y I
Fig 11. The trend of changes for NAR in rice (cv, Tarom Hashemi) under nitrogen fertilizer
treatment

{0



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

il polb (55 i > Slas 5 b gl el 4l Soon ¥ J g
Table 3. Correlation among the maximum growth indices and yield of rice (cv, Tarom

Hashemi)
35l gjcld.wua:-u aL;uUa_)C&f» U.GJ\’-&.JJ?-CJ—JM
Grain yield LAI CGR NAR
>J§L°.a
Grain yield
denltes 0.63*
LAI
aLf Loy &
it 0.60* 0.89%%
CGR
= ods &
oA e e 0.12 0.002 0.44
NAR

N e L LY R Ol

**Correlation is significant at the 0.01 probability level

a1

NG
,:a,saﬁwat“u._nf;\;ow@u
b e 3 03555 p S AS A 5 e
sl 1y 4l 3 Shae 5 ad s 5 4l sldas
23 e 3 055 5555 p S AS A O e
4133 Slas 035 725 35 5 s puls bty lin
e Y| g 5ls il 8 Ao ;s FY Ol s a1
Ly ol 53 055, 039 o jiws 53 OT
ol 1 el oS oo g Sl s (SRess
bl 53 ol s, Mﬂﬁ*‘fﬁ@‘-‘
IRl Lol Salg yo g edd 05 5 5 S
3 Sdas cupm o 3 B V0 (SIS s ks
G5 Y0 g i e 53 T3 hIH 4l
s 3 p FAS A e 5 e e
4 Do S gl 5 Shes e b 0555
23 il b 03y Gl boles L

25k a5 gy el



....:ﬁk&,{bjjﬁ’;}‘ﬁf.rs‘f;‘

References

Ali Abbasi, H. R., Esfahani, M., Rabiei, B. and Kavousi, M. 2007. Determination
of relationship between growth indices and rice yield (Oryza sativa L. cv.
Khazar.) affected by different levels and split application of nitrogen fertilizer.
Journal of Agriculture Science, 823-36 :. (In Persian).

Ashouri, M., S.M, Sadeghi, E, Amiri. 2010. The effect of irrigation interval and
nitrogen fertilizer on rice. Journal of Biologhy Science, 3 (4)59-66 :. (In
Persian)

Bavar, M. 2008. Effects of planting date density on growth indices and yield
components of hull-less barley. The Thesis of MSc. degree. University of
Agriculture Sciences and Natural Resources of Gorgan, 62p. (In Persian with
English summary)

Belder, P., J. H. J. Spiertz, B. A. M. Bouman, G. Lu and T. P. Tuong. 2005. Nitrogen
economy and water productivity of lowland rice under water-saving irrigation.
Field Crops Research, 93: 169—185.

Bindra, A. D., B. D. Kalia and S. Kumar. 2000. Effect of N-levels and dates of
transplanting on growth, yield and yield attributes of acented rice. Advances
in Agricultural Research in India, 10: 45-48.

Bozorgi HR, Faraji A, Danesh RK, Keshavarz A, Azarpour E, Tarighi F . 2011.
Effect of plant density on yield and yield components of rice. World Applied
Sciences Journal, 12(11):2053-2057.

Bray R.H., and Kurtz L.T. 1945. Determination of total, organic and available
forms of phosphorous in soils. Soil Science, 59: 39-45.

Chaturvedi, 1. 2005. Effect of nitrogen fertilizers on growth , yield and quality
of hybrid rice (Oryza sativa) . Journal of central European Agriculture,
6(4): 611- 618.

Darwinkel, A., Ten-Hag, B.A., and Kuizenga D. 1977. Effect of sowing date and
seed rate on crop development and grain production of winter wheat. Neth.
Journal of Agricultural Science, 25: 83-94.

Donaldson, E., Schillinger, F.W., and Dofing, S.M. 2001. Straw production and

grain yield in relationships winter wheat. Journal crop science, 41: 100-106.

Yy



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

Esfahani, M., Sadrzadeh, S.M., Kavoosi, M., and Dabagh-Mohammadi-Nasab, A.
2004. Study the effect of different levels of nitrogen and potassium fertilizers
on growth, grain yield and yield components of rice (Oryza sativa cv. Khazar)
Journal of Iranian Field Crops Res, 7: 3. 226-240. (In Persian with English
summary)

FAO (Food and Agriculture Organization of the United Nations). 2011. FAOSTAT.

Faraji F., Esfahani M., Kavoosi M., Nahvi M., Rabiei B. 2011. Effect of nitrogen
fertilizer application on grain yield and milling recovery of rice (Oryza sativa
cv. Khazar). Iranian Journal of Crop Sciences, 13 (1): 61-77. (In Persian).

Gholami M. 2013. The compare of agronomical characteristics and yield of rice
cultivars (cv. Koohsar and Tarom Hashemi) in first and second cropping of
rice. M Sc. Thesis of Agronomy. Islamic Azad University of Chaloos, 93p. (In
Persian with English summary).

Hasanwandi, M.S., M, Rafiee and A, Bagheri. 2013. Analysis of growth of saflower
plant using regression modeling. Journal of Agricultural Agriculture, 15(3):
27-37. (In Persian).

Jayawardena, S.N., and S.W. Abeysekera. 2002. Effect of plant spacing on the
yield of hybrid rice. Annals of the Sri Lanka Department of Agriculture, 4:
15-20.

Jollifte, P. A., G. W. Eaton and J. L. Doust. 1982. Sequential analysis of plant
growth. New Phytol, 92: 287-296.

Karkacier, O and Goktolga, G. Z. 2011. A Case Study investigating farmers’ view
regarding soil analysis: estimates using a logit model. Journal of Agricultural
Science and Technology, 13467-476: .

Koocheki, A., and G. Sarmadnia. 2012. Physiology of crop plant. Mashhad
University Press. pp. 400. (In Persian).

Ma, J.F. 2004. Role of Silicon in Enhancing the Resistance of Plants to Biotic and
Abiotic Stresses. Soil Science and Plant Nutrition, 50, 11-18.

Mannan, M. A., M. S. U. Bhuiya, H. M. A. Hossain, and M. I. M. Akhand. 2010.
Optimization of nitrogen rate for aromatic Basmati rice (Oryza sativa L.).

Bangladesh Journal of Agricultural Research, 35(1):157-165.

A



....:ﬁk&,{bjjﬁ’;}‘ﬁf.rs‘f;‘

Manneh B. 2004. Genetic, physiological and modeling approaches towards
tolerance to salinity and low nitrogen supply in rice (Oryza sativa L.). Ph.D.
Thesis of Wageningen University. The Netherlands, 208p.

Manzoor, Z., Ali R.I., Awan T.H., Khalid N., Ahmad M. 2006. Appropriate time
of nitrogen application to fine rice (Oryza sativa L.). Journal of Agricultural
Research, 44: 261-269. (In Persian)

Mohammadi, S.1, D. Habibi, A. Kashani, F. Paknejhad, S. Bakhshipour and
M.R. Ardakani. 2011. Study on Physiological indices and agronomical
characteristics of different rice cultivars and plant spacing in west Mazandaran,
Iran. Journal of Crop and Weed Ecophysiology, 5 (3): Pages 37-52. (In Persian
with English summary).

Mohammadi, S.1, D. Habibi, F. Paknejhad, Mohadesi, A and S. Bakhshipour. 2010.
Effect of plant density on yield and yield components of rice cultivars with
machine transplanting. Journal of Agronomy and Plant Breeding, 6 (4): 49-
59. (In Persian).

Mousavi, S.GH., O.L. Mohamedi., R, Baradaran., M.J.Seghatslami., E, Amiri.
2015. Effect of nitrogen fertilizer on morphological traits, yield and yield
components of three rice cultivars. Iranian Journal of Field Crops Research,
13 (1): 146-152. (In Persian).

Muradpour, S., E, Amiri., M, Golvost Khorshidi and Ranjie. 2011. Effect of
sowing date and density on rice growth and yield (Oryza sativa L.) Fajr
cultivar. Research in Agricultural Sciences, 4 (14): 1-17. (In Persian).

Murchie, E. H., Yang, J., Hubbart, S., Horton, P. & Peng, S. 2002. Are there
associations between grain-filling rate and photosynthesis the flag leaves of
field-grown rice. Journal of Experimental Botany, 53(378): 2217-2224.

Nahvi, N., M. Allahgholipour, M. Ghorbanpour, and H. Mehrgan. 2005. The
effective of planting density and nitrogen fertilizer rate for GRHI rice hybrid.
Pajhohesh and Sazandegi Journal of Iran, 17 (66): 33-38. (In Persian with
English summary).

Sandhu S.S., Mahal S.S., Kaur A. 2015. Physicochemical, cooking quality and

productivity of rice as influenced by planting methods, planting density

and nitrogen management. International Journal of Food, Agriculture and

14



A Sl WYY ol =) o,led =YY o500 «( 2155 (S8 Il Sl SagR 4 pii»

Veterinary Sciences, 5(1): 33-40.

Sepehri, A., S. A. Modarres Sanavi., B. Gharehyazi and Y. Yamini. 2002. Effect
of water deficit and different nitrogen rates on growth and development
stages, yield and yield component of maize (Zea mays L.). Iranian Journal
of Crop Sciences, 4:3. 184-201. (In Persian)

Singh, S. and M. C. Jain. 2000. Growth and response of traditional tall and
improved semi tall rice cultivars to moderate and high nitrogen, phosphorus
and potassium levels. Indian Journal of Agricultural Research, 33: 9-15.

Taghizadeh, M., Esfahani, M., Davatgar, N. and Madani. H. 2008. Effect of
irrigation and different rates of nitrogen on yield and yield components of
rice (var. Tarom Hashemi) in Rasht. Science-Research Quarterly Journal
new finding in agriculture, 2(4): 353-364. (In Persian)

Thiyagarajan, K.and S. Manonmani and R. Pushpam and D. Malarvizhi and P.
Deepa Shankar. 2005. Per se and heterotic performance of private and public
bred rice hybrids. Madras Agriculture Journal, 92 (7-9): 532-535.

Udoh,. A. J. and Umoh, E. 2011. Fertilizer use and measures for increased
sustainable consumption by peasant farmers: food security approach in rural
Nigeria. Journal of SAT Agricultural Research, 9. Pages1-8.

Yang, J., Zhang, J., Wang, Z., Liu L., and Q. Zhu. 2003. Post anthesis water deficits
enhance grain filling in tuo-line hybrid rice. Journal of Crop Science, 43:
2099-2108.

Yin, X., Schapendonk, AD.H.C.M, Kropff, M.J., Van Oijen, M. & Bindraban, P.S.
2000. Generic equation of nitrogen-limited leaf area index and its application
in crop growth models for predicting leaf senescence. Annals of Botany, 85:
579-585.

Yoshida S. 1981. Fundamentals of rice crop science. Manila, Philippines:
International Rice Research Institute, los barios, Laguna, Philippines, 269.

Zand, E., Rahimian, H., Koocheki, A., Kholghani, H., Mosavi, S.K., and Ramzani,
K. 2004. The weeds Ecology and Management Practical. Publishing
University Jihad University of Mashhad, 558 pp. (In Persian)



«Applied Research in Field Crops» Vol 32, No.1 , 2019

The effect of plant density and nitrogen fertilizer levels on yield and yield
components and some physiological indices of rice cv. Hashemi in Roudsar

S. L. Tahaei Roudsari!, Majid Ashouri™

1. post-graduate student, Department of Agriculture, Lahijan branch, Islamic Azad University, Lahijan,
Iran.
2. Assistant Professor, Department of Agriculture, Lahijan branch, Islamic Azad University, Lahijan,

Iran. (Corresponding author)

Received: January 2018 - Accepted: May 2019 - DOI: 10.22092/aj.2018.120278.1242

Extended Abstract
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Introduction: Rice is the main staple food for more than half of the global
population. According to reports, Iran has achieved 20th place in the global ranking
for rice production (FAO, 2011). Rice plant require large amounts of mineral
nutrients including nitrogen for their growth, development and grain production
(Ma, 2004). Managing rice crop’s nitrogen nutrition is difficult because lowland rice
crop culture leads to nitrogen losses through ammonia volatilization, nitrification,
denitrification, leaching, and runoff, which decreases the availability of nitrogen
for rice plants. The density that results a maximum yield depends on temperature,
solar radiation, moisture, soil fertility and other factors. Use of optimum planting
density per unit area ensures plants to grow properly both in the upper ground
and underground parts of the plant through better utilization of solar radiation and
nutrients (Bozorgi et al., 2011). Functional leaves, dry matter production and leaf
area index are the main growth factor which may directly reflect to grain yield.
Growth analysis parameters like CGR are product of LAI. NAR is the net gain in
total dry matter per unit leaf area per unit time.

Materials and Methods:

In order to investigate the effect of plant density and nitrogen fertilizer levels
on yield and yield components of rice cv. Tarom Hashemi, an experiment was

Email address of the corresponding author: Mashouri48@yahoo.com
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performed in Rudsar city (Gishakjan village), Iran in 2016 cropping season.
Experimental treatments were arranged in a split-plot layout based on randomized
complete blocks with three replications. The main factor consisted of four levels of
plant densities including 100 plants/m? (10110 cm), 25 plants/m? (20i20 cm), 16
plants/m? (25i25 ¢cm) and 11 plants/m? (30130 cm) and the sub-factor was assigned
to nitrogen fertilizer (N) at four levels of 0, 40, 80 and 120 kg/ha. The nitrogen
fertilizer from urea source was added to the experimental plots at different stages
of rice growth with 50 % of N fertilizer applied at transplantation time, 25 % at
reproductive phase and 25 % at heading time. The evaluated traits were as follows:
number of panicle per plant, number of grain per panicle, grain yield, biological
yield, panicle length, harvest index, LAI, CGR and NAR. To calculate the growth
indices, the sampling was performed 10 days after transplantation with one-week
interval until harvest stage and two hills from each plot were cut to determine some
attributes such as total dry weight and the leaf area were measured.

Results and Discussion:

The results of variances analysis indicated that fertile tiller number per plant/
m?, grain number in panicle, grain yield, biological yield and harvest index were
significantly affected by plant density, nitrogen fertilizer levels and their interaction.
The highest LAI and CGR were obtained from the plant density of 100 plants/m?
(10110 cm). Higher N levels resulted in higher LAT and CGR as compared to lower
N levels. The greatest grain yield (6833 kg/ha) was observed under plant density of
25 plants/m? (plant distance of 20%20 cm) and N fertilizer application of 80 kg/ha.
The lowest grain yield (4780 kg/ha) was related to plant density of 11 plants/m?
(plant distance of 30%30 cm) and no application of N fertilizer. The results showed
that the application of80 kg/ha N fertilizer increased the grain yield by 43% as
compared to the control plants. In spite of using more seedlings in plant density
of 100 plants/m? (plant distance of 10x10 cm), the grain yield was reduced due to
the competition between plants. According to our results, the best treatment in this
study was plant density of 25 plants/m? and 80 kg /ha N fertilizer, which produced
the highest grain yield. To further verify these results, more research works should
be conducted at several locations and years.

Conclusion:

The highest grain yield and number of grain per panicle were recorded with
23 plants 25/m? and 80 kg/ha N fertilizer. The application of N fertilizer (80 kg/
ha) increased the grain yield by 43 % as compared to no N fertilizer treatment.
This might be due to increased availability of nitrogen for the wheat plant during
developmental and reproductive stages, which resulted in higher leaf area index
and crop growth rate, ultimately leading to higher grain yield.
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