ADOI) Jlismss anlis
ADOR) Jlimss aulis

Olal 38K 5 Com p e Oliiow ale 4 0
(VY49) FEY-YVO amiv F o)l YO sl

10.22092/1JWPR.2021.351532.1630
98.1000/1735-913.1399.35.362.73.4.1575.1606

S 2153 g Oloww 4 SR D300 B LW S § dipild ST
Oloww Do ojluir (38 9
T ol az gl 5 Sl s
‘U‘J‘.’.‘ ‘Q‘J@' @\’) gl wd S S o\i.ﬁ‘.}\.: (pe duéjju E) .)\‘}A ko ol suaSzils ‘.’\..C\S) S CL.J 9 rj.\.c a_,; ol ‘ULJKA J‘,i...,e —#\
ghofrani@sru.ac.ir: s 5 S oy

Q‘j“ ‘Q@;@.ﬁhc\.mjéjjjur)lﬁ— AK.‘.’J\A (;\ﬁ\S} L Rt ] 0 aSzsls 9 w*@-‘ﬁd}}b& A}J? ‘\JIS.) 6}:}..‘.;‘3— Y

VWA (6318 ad ‘@,)\J AYA4 ol et s 'c")\;'

oS

Olapms & o mes A DMasl s 5 canSa e 2 p SRS WV e s A i 5 55 el adls ) sy ol s
iledis Cale 5l o s ) Slere oo siledis S8 Sl olsx L TFO 4 Y0 5 VO 4 /Y0 éa“,;)a
Sl S ENBL0 syl U gllas basss tes conslie 5 stV ot aloe jadly widls olie
Cooslia 5 ENBL7 sluiliad ol s 555abss cole YF 5 ¥ 51 oy culies Saaly 5 o i ENB19 st | 3ol
5 AW pte Jols i (ol wanedls Sl L sl olss mls s o ,S63lul1S0 11925 5l b 5T
oAl s S B s a5 (Bojab Bl 1 base Jobs St coslie Gizes 5 SesSdsn
BYASVUE CEU A} PRV WP U PO o{ £ I PO TURIDSICIN | PR VIPEA VOO P, | I VD 1P SO0 SUVICSE| W NPT DO
Olar L5 sz 3 BUU rtg e Ol 4 o D) nd (21310 8 e Olaes Cnd (151 L e sSina
Sl O il (2l L aSpmiay s sl a0l 5o sad Jlsl 22 slag s sy o cuslie LialS
G il 31 865 sbay ttls s g sl S5y b sme Sl olanm & om DMl s s i 8l ) aisal
5 aedls 1L e (3] 4 caslie s bt pes calins Sacadly 5 o Gla G013 Cose oo 4 opm 35
sad a8 olie b ity cal o ead anle plem Csm sbaeslanin SGISG o Sis b GnI plam s 31
cutls dllas EN 634-2 5wkl s

.)\;u‘ u\.a ‘kS'L"") §M Aw uﬁ‘? quz.:m [y A)LWJ\*J- ‘_;.\..15 ‘_;Lﬁaj‘_j

e e Mg ol elde 5oy dilike B 5 JSL

FRRV-P)

el a8 5,0s ool @lilial plape s 05,88 Olmio
OV gams cpl A8 0 ol 0,28 Olio Ll |

L S C e I SRS N N R AR
)\ ol r.\.c ‘\.bo.))j\} U”‘ g.f)j )\-\M‘ J"S@ wjtu

Lol Com laoslusin ate) 3 Slalllas o35

Sy LMl 5l Jols sbsleas  Ssoslea
sl ) 5 e °-’j’~§ s olaw 6)}1%*-@
w325 Olio S a4 Wi b, a8 5l oy 5o b
53 e SVl | 03,28 Sloio o,ls gaio 5 0,8


mailto:ghofrani@sru.ac.ir

ey

.(Sandermann, 1970 ;Simatupang et al., 1978
03 s Sl 4 o1l (Y214) o), 5 Ogunjobi
Gt b ot plam 5 oIS 5l aslazad b ple
olas ol G mls s ST ) 50 ) O b
N ol a4 oIS LMl s o i plase 45 5ls
5ol Oz o sz B b i is Carse T
ool Clr gt S S Ol Gls e
Y ol 4 oIS M| e s culies  Suasly
G 3 oz SaaSly 5 Ol Cla g 5 )
oz A eaalie YN ple 4 oIS Lolus|
b SOl olsx a8 il slals plas SO la
PRI {1} PEVERTCE SR Y A (P PN @.\}5 5
¥ pla 4 ol S boas) s 5SS Jsae
Comad 2 MJ}M 5 AVl g o ieS
o\&aa 5 Castro s5s VY gl 4 o IS L)
Q\JSCLM)J Csx O3 e3lal S ey a4 (Y2NA)
- e T UY/YF) Lo sne (e e Y/YF L V/Y) S sS
Sbeas 5 (e 4/0Y b ) cois O3 5 (i
ATPI SEANA AYZA NS CLW aw 5 Sl 4 g LD
S cals ol 5 a8 bl Sl s amsls , V0
G S s b b oeas anle glaes,sl s o
R ;W ) MJ)M PR TISwCIn | PRV
Olom S 31 Sg,sbay s sanlae ¢ 5V
YRR VR PR CEUUI 5 PRV K JEW
) Cla.w il b S sS oy s saalie g S
Syl »oedle s S Gl g rie ol (YL
Sy c;bigg&défé@wgﬁ%:ﬁ\,;&;
s 4 (Y1) o, 5 Golbabaei ..sls ol
et e les o WBL O3 5 plen Sl eslid
53 50 XS IS 5 YO 4 VO 5 Y 4 A N0 4 0A
s AL Cugl CuieelS Cale 5o Aoy 0 5 Y CLM
ol ol Olidss s sl G BU - plen
S )3 MJ)M PRRCciy [ PEVINEXSPLE R
poell YF oY cubhs Saasly op min 5 Ve 44

Foslat YO s il B2 5 s pole Sligios aslilas

Losbolas 5l a8 gl o basloss
w3 S S i At Ll S 5, oY las!
5 g aleio glesle o saa slescsle 5o ol b
Ramirez- x5, 0 )84 5L 8 sl)las aole olael
o> (Coretti et al., 1998; Ajayi & Badejo, 2005)
Ui a,ls plasan 1y I JT e shse Sl3lael ooylae
035k i1 ool e Sl ol easl Mg S Lol
Sl Jpame VG oy p 2 5 Ol LS o0
ol Bl ekea 5,00050 (Menezzi et al., 2007)
wwle pleamsobks (a5 JI b 5 850
WA o] Ol NS e S S
- 84 L@j CEle jo 0,8 IR S\ ‘Wﬁﬂ
slee o8 wlsl L (Silva et al, 2005) s,
Slose oommelibag 281y Olape s 4 5 sk 55
Gl s Al Rl B ol @S ol 5 el
oley Ltals i Ol M e pemllas
,ole .(Rangavar et al., 2016) s,s 0 ol oS
Ay e szed A Al Gz s IS 5 o3lwl s s
Cor Fhasle Gly b s asly OeedSD) s
51 S (Frybort et al., 2008) w5, 0 L84 ola
sl sl eslens & o) A4S Y
s b o rmacans Bl ccwl 058 cuanl
aengl 2l ST e sdle elresgl b i W
Loe s ol pasle L Sl e iy Slalo
oASes (Wolfe & Gjinolli, 1999) S .« ¢S5l
wdd chlas o OV pame o 5l 2 P CICCN
g2 el el el Gl Jsaiads 5o s
Bh oy cwl o8 2550 S JSe &) pon OV pame

San sl Sps 51 S st Iy Sl sl

0 ol b eslad (Slyls b ) esbes esladd (&,
Zhou & .,\...a\.:k;a u\.m...u o 8 b Sl el
wimes 8 Jed 5 o S slse (Kamdem, 2002)

S S 5 sl Sz Jols Sluls Sl
;Badejo, 1988) wla, W4 adyl sl leea



gz LUB] Cod 5 atsls il

aneadls B gl a3l LA sl las ob1 o,
Ol 4o 4 Caslie 5 Ol Gl s Ll buass
asly oass awsls 31 (Y- -0) Badejo 5 Ajayi .csl
5 jju-@’ iz 458 5s a5 5 eslaad b ol

s 3 S s 3o Stz 5 pied ol55
el aw 53NV Y Cam o plew COl Bl cs
TN 5 aSae n p SAS AT 5 N e
Calbd 5 e oo 00 Job b plaasl 5 L 5 0 SIS
S Jae oS s 5Lt gl s asle e Lo /0
SStged apedls bl S Gy biasss
wor LA 5o basy SisnS i b ol cote
Ll osls olss oolsine sl il sbaazels
Gl sae ol kit glaazdls o Jals S
S 5 eslaad L (YY) oS 5 Golbabaei ezl
wor sbas s s 4 sy Sl paf WS
SUl sbanly 558 sp b ol olss 5 4 Ola
sro 3 ead ag glam ani & il o] ) cySs
a5 Sl res 4 Caslie o rig als Glsea
(Y- \)) oL 5 Marzuki sl sles |, Sy
e Ol Doz 02w SO s S ol
ALY ANV N e 4 e Cand Ll Lo aY
5 OWae il 5l S5 slan 4 LY/0 N 5Y/Y0
alllae plam 2l S samiolks plyea O won
e Y Il L G 3 s e &Y sl s S
2 e /0 5\ 5l S5 b SN (ol 5 e
v Ol ol cbasl b e S K
RSP R VAT IR CNPURETRSICIN SR CEA A PRV
V0 N Sl 4 Cor Cud o dnrn g ang
S (Y\0) o, 5 Hassanpoor Tichi .as aba=Me
Sl (ol Olosas G, CusaY st
Slao,s b gl s OU leas (Si5s
A Y A 4Vl 4 ke 58 0ol LD
Lol oles bl ladss el s S s LV a Y

L;M (olid Caglie (Y Bb ol 2l B

ey

oLea 5 Rangavar .u: saalie YO 4 VO Cous
Olar Oomelilind » plase £ 5 At o2 4 (YN F)
Sl Sl sas wsle e Cur s ol
O D YO NO o) oo LVasl s U ols Klsl
AR 5 psio Camed A A Cawd Ve e 5 VOIYO
G2 e s sl a5 sl ol Ul s
A3 plae LS 0l Gl s amblan S,
S e o b oanlie 5 oh Sl sl
5 eslizal otls ploge S obs Ll Bl it
Camed Ay e o) e Ll pls ksl asl
Ed ol ORI (SSlSe ol 2l e o
5 Ashori s 8 bass culbes Saasly 5 ol
L olere 5 o clnasl s 5l aslizal L (Y41 Y) oL\Kes
LIPS S P CIF I 2U SRS PE P NG
Cor Sp el p o Vs Y phae 5 s XS
ol Sl 5 (S olss adlhe 4 5wl fle
5 siad Canslin 45 il o] 5l S il ansls
oy Yoo b s e RIBNL ae 4 el
e sr a3 G Ll Ll sl B
Glosm ol Gl s a3 8 bew,lhs bl
oL, 5 Enayati .culs Job Saes s
Sheas anle gl Com LSS b S5, (YY)
FY 550 FO VY YA flere 4 0,8 cans L oIS
T 99 03 mie 1S 5 el IS a5l esle 5 OA
WS ol ol Ul s XS s | hoss 0 5 ¥
Sl el plase 4 o)l S Cilises o o oyl
LoaSisba s S Sol (SGlsG 5 (Ssb polss o
wsissl GBSl Lkl s oIS asss Lull
FY G o s Gl st 5sbay culss Susadl,
2ol e g0 5 i 4y S onl slade aoss
2o Ll L e IS o YA ool Sk
S Gl il e LSl (sl canslie oyl Sl
S eslizad L (Y-VA) 5l &es 5 Singh il )3l
el OU =gl 028 asio JS56 oY



Y7o

~szes A4 s bolie O L gl 9 L0 Llade 4
slowas LY g atiy ol A S wlsl b
4 Y0 5 VO 4 IV e 4 wemed LD
bl amors b s ozes 3l eolizal L 50
s A chw 9 oo Lojleas anl andls as
ol st slan ot Bl e o ShS VY -
lge at aiiuy e n Bl Fox¥e slal 4 JG s
Cele YF Soe a0V 55 slae 8 5l eolinal b Jools
g Aol 2 e SAS Y Sl b ey coo
o e e V0 baass Ll culis 5 e85 8
28 5 218 JeaSs skt cadsl oS 5l e s
09 300 YA Sse 4 basw Gl pad Kias S
0315 D TR+ s asb, 5 YoEY C los | LS
b basss b, ledsban sk @l e
sls 5 FOED s cusb, 03 5, YA O
Bagas arels oo obtea 28 S )5 Y.EY °C
L Jlses @il bosnaSas sbaise o 5 ¢ >
Il e dee /0N CEs b S 5 0 S /0N s
A el 5 abaly Gilee anedls dwy 5 S
D=M/V

S o2 T M leaSe e 0 £5LS) wnils 0 D
(e 0] ks poi Stz o 1 Vil S 5hS) iy

sl bzl

salize) 35 50 Hloww Olasin =\ Jous

AR P™ st oS5 g

§eopyY (Ca02) (dS 45

VY=Y (S102) oo 20Sis5
-N-¥ (MQO) v ot 2
Y-A (AL203) e T 308
. |D-§ (Fe203) uﬂ BWRY
V=Y (S04) &\l 5

Foslat YO s il B2 5 s pole Sligios aslilas

Y5 | VNSOV GOt | At 0] | RPCI00] FP I ER B
Ly b amlie o by ol Ol w5k
oz e b ey ) el el 5L
Cymes o e DNl gl 5 bazadls L5U
it ol Jola (Sl ols e 4 o
Cdx bela S ol 5 Jals Saiee cslis
sboslans 5l 4 cuslie 5 culs Saasly Ol
@il 5,50 gaio Cgmed A Al rLgu’\ ol 4>
oo Cames i g E s Wi o 5l S5
4y oy o plho (LA K  oluls 5l (S
‘Q\.o..,u L oawse 5o Sl AR 9 (g (e 2 J,Ja
oolazal Jiia S ol 9o A sbay p el Co e
res Bl 5 55,1 i BLd 51 b ges > sl 5

a2l gl Sl laos

e 59 g Slge
Cozer s Jeld Gragn cpl 5 ealanad 55 olse
T/ calns | Jld G dmio 05,8 3l o
sbosy 5l bslse bosme s on g /A
5 Olaad 5 50 2 s & S) 5SSl v,\i,.
ol s wp Sl Jols g 00 3) L sbo s
Mjlodis il s ool sy slae 5y (ogme

2 S 5 Sl plam Ayl el ¥ g lam
.gﬁQLAJTJJAQSJiJWm“\s
sl 3l wsm 53 ssmse sbas &S Ll
cale 5108wl wosle Jesa cales ol
(Ajayi & Badejo, 2005) 52 oS oledsle oy 5elS
ol oo cell YF Cue 4 Lo & sk ol &
S03 e A 033 sdpcand Yo Clles U i
s A ¥ O 4 VY Cusb a4 gdees sl o s
i eols S Y T gy 5 JFOED s Cush,
Skl el sk o i S samolns

Woelihas Co s 1515 Sl 1S 5 G



gz LUB] Cod 5 atsls il

s 053l b bl il s pll 730 slase!
A auwlie (HSD) 7 i s gme |

U‘p‘)" 6;0).);\ 4 L)Jf c\.u w\a)\} J.J."u
s a3y plis ¥ Jods 5o aa e U,SJJJ P é@&

o]

12

b bass  ies Cwslie s aneeseYldse
EN slubkal gb Jsls Saes EN310 5 lskl
Aol Y LY cubs Saasly 5 of o 319
1SOs,lwlil b 5 4 cwslie 5 EN 317 5,1l
A g Se5l01 11925
Loy ool 5 sl casa mls ool Jlow
Jaw gse3l ) eolinal 5 s bys Luilsls IUT )
Ch‘ LWV 3 e Ll 3l 5 5o Y(GLM) sl s b

S 5 Sl ol s e Jolss Jlite 5 JEe 1 (P aue) Guilils Judow =Y S

oy Saasls

Saasly e ERE

Lials _ Stz Jss Jse
-dlas Sl Caolies Yy ol Yol O s @\.;A
t Sl dixgyf P
3Y) cele ¥Y R ¢ celo cele
JALY O EYY o NE <[+ F) ofeee - IVOY -[5YY < [FOA el
[YA  ofeeY / [+-Y / I¥ND oo [+¥ LMes| s
x LMas| s
LYV S AR NI < IYAY NET - JaYY < JAAY R4
azesly

PSS AN aels 5 VO 4 YO pla 4 sz >
il Sladisai 5o By anls op S 5 S e
5 P04 Y0 plaw 4 Cpzes s blasl cos | ons

s enlis o o SAS A+ aails

Lféb w\a ngge)’\.,\i\ 4 Lﬁf jé\.a.a u’i‘\""

sads ooy las ¥ Jsos o e O lroslens
Slie cp o (ipgn cpl 3 fols slaasl sb ol
Doesl e b sz anle s o Aly andls

s atdls 5 ol a4 oszes B DU Cuis 5 el andls S1-Y S0

FO 4 Y0 bl s VO 4 Y0 b s

A-Y AF

Ae- ol il

AR WYY

e (e sia 5 0 5 51S)

1- General Linear Model
2 - Honestly Significant Difference test



ey

YPOP/A ol & dmeezaNI e cp S 5 (p it
Sadise o i ia JSLLEL YA, S
4 V0 plar 4 cozes s Bl o b sas asle
Cladise 5 oo 5 0SS VY-
4 Y0 plew 4 e s DMl cos b oas asle
azelie oSl e 0SS Ace ails b £0

0 JSa)

asls 4 VO

Foslat YO M ol ) B2 5 s pole Sliios aalilas

A8 ol oL 780 slazsl gl b (uilly Joos gl
RO PN B QRO [ PRV R R
Jiess Sl sai Lasie ¥ Jsas 5o &S sbola
-3 VR EYS SO T P VAP I | 1§ P VIR o 1
PCRICIR (1§ P VTN VOOV VRPN S0 D LS o
Comd Ll U aSyoba ols olas s e GMesl
O P OV A - VY- POIpEINCN N PRV

m 800 ™ 1100

Deee -
£

3 feer o

3

5 Yoo -

3 Feer

jx YO -

;? Yeoo -

3’ Voo -

D Ve -
Do -

25.75

35.65

e ¥l 500 1 Olar & 5203 3 DS s 5 axdls 1Y IS

N800 = 1100

V¥/e

A3

Jyke

1%/fe

iR

ARTE

A

(ISl )

Vafo |

Ve

YAV
Sz J 300 g1 plom & 5203 3 BIB) Cond 5 atemadls 1 =Y IS

rajFe



gz LUB] Cod 5 atsls il

Sxez 05l 3l ol mls bl Jdos
o s ) 5 ity e 514 ol las sl
2 10 bl mhe b gl 4 Cszes & LM
sl plas om0l by Jab S
SEN Gl & S u'f'\*““"' i (Y Jpa)
Lhsl s b osas asle cbass s JKLLK
2SSV e adls 5 V0 4 Y0 plam & gmes >
OV ol a s (Saen S s S
sl s b saz annle gbass s JLSULK
2 P AAS A andls 5 PO 4 YO plam 4 Oszes
F Joan) s ssalie oSl e

Y7A

Al u"‘\ﬁ\ j\ 5 MJ},\» sl ol c\:;
x(.}uw\ [ ua:.v.....o Y J).;\:.- DLl AS)JLC)M .vé\a wu‘)é‘
2 ol 4 Camer s Ml s Jaes
sl 740 szl c_l:.... BRRCY PN MJ},\A
Olopw G (3l b Sossbay ol plas Sls sae
FRUTCEINNC | RPN OU SURE TN PO CERI 1) PRV
5 J\SMLKA VYA ol 4 MJ,.AA oS
Losaz asle s 5o e ja J\SMLKA ARVAYS
aeils 5 PO 4 YO flaw 4 wgmos > b el
Looas wsle ks 5 caa e, pSS W
2 eSS A Al b VO 4 YO bl e
(Y Jiu)u\ma.\.b\.w.a uﬁ&éﬂ

G S oo & Csz3 s BB G 5 atenndls S1-F Jsux

O 4 Y0 bl s VO 4 Y0 bl s

NG </BAA

<[OYA <[FeA

e (e o 5 0 5 51S)

——cclo ¥ ol L

el YF Of i

YA
)% (e
V¥
4
X %
3 d
E e
¥ \/
Y

25/75- 800

25/75-1100

35/65-800 35/65-1100

Colu YF 5 Y OF Qla L oler & o3 5 DI Cond 5 aeadls 1Y IS8



Y54

Sl Jew cwlis g,-fv\.riSU Orﬂ s=oR D
Sy ity Jimn 51720 slazel g ol ol gl
Sy 2 plere 4 Oz Bl cos S
cr i (Y Joas) 2 Hls e La s cell ¥ s
5 IVYO ol 4 cell YF 5 ¥ cubns Saasl,
—oo bl e b eas an e glawsa 5o ZY/NA
2 eSS A adls 5 0 4 YO plam 4 s
YF 5 ¥ cubhs Saasly o S s sanlie caSe e
Looaz asle cbadss o Y 5 7+/Ar ol a4 cela
aedls 5 VO 4 YO plasw 4 wogmod » bl cos
P US8) o soalie S ey 0 S,LS VY-

TR JORESER SW-L P

Foslat YO s il B2 5 s pole Sligios aslilas

S0 sbaael o U sls Lt el Suilsly oo
o wsmea S DIl s Jie S wndls Jie
s3 gme base cele YF 5 Y O G plae
o o ols L ¥ S s &S boles (Y Jya)
PIVARYA G U FAPVCIS T SN SN RIS Vo
—o3  Les | s b s an e slaai i o NP/ Y
A SRS A andls 5 PO 4 YO e & o
TRGEINE L P8 RULRUS SRR SEE PRI oy
G Lonz ad e glawigad 5o A/ 5 ZY/AN ol 5ee
Voo a5 VO 4 YO slae 4 Oogmon & Lsd
.AATQwQ‘\-}ga’&AﬁAJfr;)&»‘S

Cerb TF Cooldid | fu, 500

Yie

B

I

A

[y d ) eclsns | Fuo o]y

«f&

V- w

25/75- 800

25/75-1100

35/65-800 35/65-1100

e eS| e - IR PO JUC I RN PR
Gosadas oLy plam Gl Rl B L ASg s 28l
0 JKe) caly

Jis ) el sas Gaeia ¥ Sy 53 45 boles

rhe 03 pr Gl s osalas loy  bdses wnedls
o Jits 15 5l lis Sl sme OMaa) 740 slazel
o2l 5 osdas oboy L ple 4 Cazes > Bl
olad [l pme SNl 740 sl CLM 23 basa o



gz LUB] Cod 5 atsls il

B B00 F1100

ATAl

Af

[z yal pyoe  ginls
=
e
=

Yava Yolrs

Yv.

HE00 T1100

Han

Aas ab

Was — ab

Bas — —
Fes — —
Tas — —

fi_,:.rul'ul T alad Olﬂ}

Tos — _

Yava Y&jrs

P Sl (29 Go9akad Ol (A Slow 4 @ sz03 3 LIS Cod 5 aredls J1-0 Ko

lacoalis 51 Jols sl il o Sou
(Semple & 55 walex o, YL SGLSG
(Y--4) Olorunnisola ol \g! b .Evans, 2004)
JAS 6l e Jobe Olom gﬁ Oy o slab
NGV RUNE SV LRV PO
aoslens an il Gl b ags ool
sFuwape slaasl b .col il Vs
53 ol — Ol 4 ateza Y she (Yo 2V) ol\Sas
S am o 15 sl Sl 3l VG s b slasles
Slare a5 S Sl ol of b b sl e jad
- CeSE 2 JUESCRU Folsa 5 el i o
o Ol 3L i Gl S Jols s b s
—asl el ) et e aojladie 55 slam
ol Bl s (YA oLKea 5 Castro sla
~al 5 el e o Gl L Atz I e
SN VT INPSIICHNN| | PRV FRAH IRPIN
st e 2l ol ol s ol Jele plare
o o le Bl 4 (So olam 05 SU

-0 1S 2 5o b sr &S dea) ol Julss
Ol bt 5 (S b Shs 5 P slse 5
S dse Ol B8Ol s Je sl
S PE RN (1 W X SV G e S
23,25 Oloio ol 1S ol s e sl (O
Ll GSer 5 Jelss cnl aen S8 S ol s
Slomivo ol ) 555 3550 0 45 353 0 G se SRS
(Jorge et al., 2004) > 5 g (ylop g 03 2
o3l ansls (oo s 1l 3L iy s ) o
areils b baigas 5o 5 il )3l b ged sad oS
Cuoglie vl sanlin (o niy 8ly andly YL el
PR N - b, bosleas SGK
RS N PR C S PRE PP
S5 5 dols cbolesis Jlasl cuiS s Ll
Ll ) sadS 28 Goaoae b Gsle 5 olam
o> sbosluas ;> (Frybortetal, 2008) .S ..

5 it Olese 5 L O3 e W e 4 lene



YV

Ol S Gos00 5 sdd iad Caplde 8l Con
o o2l (S ol s eliad 0L s 4 plane
classleai ads s O eslina) (Lee, 1984) 1\
oot SwlSe 2l sse o Olae —OUl
s el e b ol s o8 05 8 e s caslie
(Nasiriet asles § 85 sul,l8 Sz sls) 5 U
bL cale ol EN634-2 5 skl i, .al., 2011)
s JLL 4 B8 ol oo s
FINS Mjﬁm ‘CL“ a4 amg b cwd sas s S
0o 02 S5 Lolie 5l el s s as e laass
s YL sl

sy opl 5o e asle ks Jal S
anasls Gaal el Bl ol Cas il 3L
sy cpl 5 el w9 e sy o SRlBl Ca s
s et il Jlasl 5 o o ol il 58l e
ot SR S e S g ole i (Soub s
(Fuwape & scaslss plxl g e i ps Nsd
ez ol Carge ansls 1)) Oyagade, 1993)
e YU als Dl 5 ens S5 es nl ) s bae jis
Ol o (YY) oL 5 Ashori sasl, 3b .5,
cx ey Al Gl plae o sle Slade i on
ppbe S Saiaa (S Sl coglis als
Slam il 5V 63 05 dmio 53 opr s Az 4zl
sy nl 5 ead JSas s O3 ke Sl
@l a1 e sl s oo on Spte b Wl
Al G2 e le b s Gl csr B Gl 2l
Cor 4 Ol i S s (VAAY) Lee s 31
Az el i eols S nig pla be s Cor sl oS
EN 634-2 5 il ol 5 558 oo e chond Jlasl 4
Gl St Bl ol 0o Sl csle Gl
Sder polie &S cul s B JKLLKL <70
A olie b i ol o eas anle cbaaisl Jabs
sty calbas s luslend s sas

Ao s sl Ols (s ol s &b

Foslat YO s il B2 5 s pole Sligios aslilas

U i .(Pabloetal., 1994) sl 200815y e
W ol 1wl gl & s DMl e )
(Moslemi & Pfister cul jilo o 4 Cous
e GBS 53 pn 3 ol 281987)
(Olorunnisola et al., 2009) ¢l Reix 23l
iz b olge 5 by 6t Jode e b | 55
03 o Ol it Slesw o Al (g S Jgde i
(Fuwape & s o anccaNdode (il 3l 4 =i
Ol Cows 3l 31,5 Oyagade, 1993)
4 &S e b obul s 4 aexlVId 0
spia N1 50 J5las EN 634-2 5,lsileel 5.5 (2011)
ap w5 S 5 s S Tees ol e S
olie Blas i ) 5o ead anile Glaasis el

Marzuki et al., wb o (il 3l ss g 0303 Cannd plarw

CESY I RSSO PV
S Gl LGl S ol s b
Locsl onlil base SenSdsne oomes >
Mo 4 SesenSdome w55 Gar doss
S 2l a5 Sl 5 ol (Sabsess 5 WS )
2 J s ol il Rl gl G
wguéw,au\dppg\wq&‘ﬁ
sl L aSesmsa (Pablo et al., 1994) s,ls gl
Srite s 5o o4, YL Sojas anh
wlem o 5 MJ}-M ol Bl s ean LS
ol YL ol5e .(Ajayi & Badejo, 2005) c.xls
I Mjﬁ,\a 5 oeAd AT (635 camw Canl Shs
(Moslemi & Harmel, 1988; Marzuki et sas _zalS
25 ehlies ol s Olne & olizes al, 2011)
ool ISt o b b oS a2l e L ol a5 4l alS
“ o wor Sd Canb 5l absny cnl 5 asl )3l
4 o bl ol o ((AIRImetal, 1999) a:l
5 Rl pRIB OUl 4 cens KS S5 L gl

1 - Ductility



gz LUB] Cod 5 atsls il

oo s ST & el ol 8w malae ey
5 YU Shlgbl ol spte oo s 65 K
2 Al ol shua 4 sy (Y0VF) LSk
5 oad 1 4 Caslie 3y o se e5m OLS ok
x5l ‘u*'j LV BTN | WRTRSRE S S f\i’:‘“
Crad 358 ge s D3 Gl ) C'\-a s ol
it s A olape DNl s &S s S ol Ul
L) e g lin 5o salad ol 2l 3 o e
sbasl b obl mls & s S Cor 4 olam

el il Gy ool 5l ol

S At
1 e sl 5l S e Slwe cale
o Ul esladd aal o e Slalo 5l eslandd
e (S )\ «QLa,yu -y Lg\.ha)\.w.,\».e- ool BY
Jio d}u}\}bw\.«: J}..a.‘,u S5 &&S} Aewdls u'z..a\s
s boanlie o pla aue op VL 4 g L
Ut s ol oo ools aalss L2alS 1 ady) slse 4z a
2 ol & gmio Oz A Lhsl s 5 anasls
olam oz sbllas S5 s SO ol
Lhebj.m M\é 6/,§b)\.;\;‘ )\ J..é\.‘:- c\.u A SOR
ofm', o eded olen andls sl Bl Lol ol
& olase s Gl 31 3150 sl Ll 8l e g Jals
9 u“"‘ﬁ‘ \J:Maj.u W\J\J).\A (g0 A
A Ogmed B Cod u,..;\Js‘ uﬂ\: U""B’\S 5&..::...«5/ « /Jj.}w
Lo Jabs fm Coplie S 4 e e
Sl asly )l b s sl O candls Lzl 53
R L S N T 2 v
il s aneadls Bl Lo calies Saesly 5 ol
2l ape Lase Lu1 4 cuslie @l Cus
oo ead anle Gl G slaeslesis S sba
‘)\.) \) @L)J\ .))\JJLL..:\ BER SRR k_)\-ﬂ))p\ﬁ (owR 9
Aler Glae o Jolae las 58 s "U‘f"d“ 5 035

Yvy

3 N IR I ORI Ve R VOU IO S W
ol sdie Based Gl RPN 4 e Lses
Lol bdsfoe S5k bz Jds 4 sna
SE PL= SRS PYE 50 JoeSoonr slaey S
Slarm s obd Spin w5 O bS5
R P e E Ay PV BT E 1 5 W PP QTJ.,U')’\:- !
NSl S Sl cds a 3k o o
s Ogunjobi s .(Ashori et al., 2012) .S
s i Gl &S ob gl (Vo)1) LK
o 3 odd Oz 0 dxse JB laeas i
(Y+-+) oL, Kan 5 Savastano .ss 5 . xS o Cis
G b Rl e ol &S plaes s S 0l
sonlice g_;T g_).,\_e- U“"“JS‘ 9 aeasls B J.i.q......e-
L (\a4Y) Oyagade , Fuwape ol,\gbl Ly s5e o
o Sk osr O3 ol gy e a8
sa L ity o) Qe gl L 5 anly alS @l
Lol Ll cebs e, byl Jlasl
S bass Culss J.M.«S‘} Olas ol 20l 58
a5 ad pe ool Cund Sde ol a4 sy ) s L
s SolAR Comr LIk pss s Olar e Sl
<5 (Marzuki et al., 2011) uS . bl 1, GU
njfda ebjj\Jé E'L“u\ u,..a\S =90 9 ea; 3 9dome
EN skl ,l, (Fuwape & Oyagade, 1993)
Cor PU cele Y cubs Soasly Slis 634-2
calins SanaSly s .l sid 43 1N/ (plepe
u\j‘-‘ YRR E u-'\ PrEEE 64,.5::)‘,\.‘\ cele YY¥
el callae sylulen] olie Ul ol a0 ZY/04
S cals ol 5l el sl 4 Cuslie g ol
5 ol Bl osadan ol VL anails b s sluiis 5o
FUN Ve U PCSICH (PN SIS S
PSRRIV RRI SOV | RV FY SN SR W S X S P B
o oz anle slaosluais 5 ol pedle 358

P Rl Aoy s S osales ol SU ray



Yvy

wood-fiber cement composite. Iranian Journal of
Wood and Paper Science Research. 34 (2): 302-311.

-Hassanpoor Tichi, A., Bazyar, B., Khademieslam, H.,
Rangavar, H., and Talaeipour, M. 2015._Effect of
nano- wollastonite on microscopic, mechanical and
physical  properties of cement-wood fibers
composite. Iranian Journal of Wood and Paper
Science Research. 30 (4):567-577.

-Jorge, F.C., Pereira, C., and Ferreira, J. M. F. 2004.
Wood-cement composites: a review. Holz Roh
Werkst. 62:370-377.

-Lee, AWC. 1984. Effect of cement/wood ratio on
bending properties of cement-bonded southern pine
excelsior board. Wood and fiber science. 17: 361-
364.

-Marzuki, A.R, Rahim, S., Hamidah, M., and Ahmad
Ruslan R. 2011. Effects of wood:cement ratio on
mechanical and physical properties of three-layered
cement-bonded particleboards from Leucaena
lecocephala. Journal of Tropical Forest Science. 23
(1): 67-72.

-Menezzi, C.H.S.D., Castro,V.G.D., and Mario Rabelo
de Souza, M.R.D. 2007. Production and properties
of a medium density wood-cement boards produced
with oriented strands and silica fume. Maderas.
Ciencia y tecnologia. 9(2): 105-115.

-Moslemi, A.A, and Pfister, S.C. 1987. The influence of
cement/wood ratio and cement type on bending
strength and dimensional stability of wood-cement
composite panels. Wood and Fiber Science. 19 (2):
165-175.

-Moslemi, A.A, and Harmel, M.P. 1988. Fiber and
particleboard bonded with inorganic binders. Forest
products research society, Madison.

-Nasiri, H., Varshoee, A., and Kargarfard, A. 2011.
Investigation on the properties of cement-bagasse
fiber composite as a structural material. Iranian
Journal of Wood and Paper Science Research. 26
(2): 291-299.

-Ogunjobi, K.M., Ajibade, M.A, Gakenou, O.F., and
Gbande, S. 2019. Physical and mechanical
properties of cement-bonded particle board produced
from Anogeissus leiocarpus (DC.) Guill and Perr
wood species.__African Journal of Agriculture
Technology and Environment. 8(1): 192-199.

-Olorunnisola, A.O. 2009. Effect of husk particle size
and calcium chloride on strength and sorption
properties of coconut husk-cement composites.
Industrial Crops and Products. 29 (2-3): 495-501.

-Pablo, A., Geimer, R. L., and Wood, J. E. 1994,
Accelerated pressing of low-density cement-bonded
board, 4th International Inorganic-bonded Wood and
Fiber Composite Materials, Spokane, WA, USA.

Foslat YO s il B2 5 s pole Sligios aslilas

g Pl Glsles 5 pb s e i (EadS
Jff )\JS solaza|
solaiwl 090 2ol

-Ajayi, B., and Badejo S.0.0. 2005. Efects of board
density on bending strength and internal board of
cement- bonded flake- boards. Journal of Tropical
Forest Science.17 (2): 228-234.

-Al Rim, K., Ledhem, A., Douzane, O., Dheilly, R. M.,
and Queneudec, M. 1999. Influence of the
proportion of wood on the thermal and mechanical
performances of clay-cement-wood composites.
Cement and Concrete Composites. 21: 269-276.

-Ashori, A., Tabarsa, T., Sepahvand, S. 2012. Cement-
bonded composite boards made from poplar strands.
Construction & Building Materials. 26: 131-134.

-Badejo, S.0.0. 1988. Effect of flake geometry on
properties of cement-bonded particleboard from
mixed tropical hardwoods. Wood Science and
Technology. 22:357-370.

-Castro, V., Parchen, C., and Iwakiri, S. 2018. Particle
sizes and wood/cement ratio effect on the production
of vibro-compacted composites. Floresta e
Ambiente. 25 (4): €20150213.

-Enayati, A.A., Nazerani Hooshmand, H., Doosthoseini,
K., Jahan Latibari,A. and Rahimi, S. 2012.
Evaluation of the properties of wood sawdust-
cement perforated blocks. Iranian Journal of Wood
and Paper Science Research. 27 (2): 294-305.

-European Committee for Standardization — CEN. EN
634-2: Cement-bonded particleboards:
specifications: part 2: requirements for OPC bonded
particleboards for use in dry, humid and external
conditions. Brussels: CEN; 2007.

-Frybort, S., Mauritz, R., Teischinger, A., and Mulle, U.
2008. Cement bonded composites — a mechanical
review. Bioresources.3 (2): 602-626.

-Fuwape, J.A., and Oyagade, A.O. 1993. Bending
strength and dimensional stability of tropical wood-
cement particleboards. Bioresourece technology. 44:
77-79.

-Fuwape, J.A., Fabiyi, J.S., and Osuntuyi, E.O. 2007.
Technical assessment of three layered cement-
bonded boards produced from wastepaper and
sawdust. Waste management. 27: 1611-1616.

-Golbabaei, F., Hosseinkhani, H., Hajihassani, R. and
Rashnv, A. 2013.Investigation on properties of
wood-cement panels based on Agricultural residues.
Iranian Journal of Wood and Paper Science
Research. 28 (3): 583-596.

-Golbabaei, F., Salehi, K., and Hajihassani, R. 2019.
Use of bagasse in the manufacture of reinforced



gz LUB] Cod 5 atsls il

Portland, Scientia forestalis. 68: 59-67.

-Simatupang, M.H., Schwarz, G.H., and Broker, F.W.
1978. Small scale plants for the manufacture of
mineral- bonded wood composites. Special paper.
8th world forestry congress, FID-Il/ 21-3, Jakarta,
Indonesia.

-Singh, A., Singh, J., and Ajay, s. 2018. Properties of
fiber cement boards for building partitions.
International Journal of Applied Engineering
Research. 13 (10): 8486-8489.

-Wolfe, RW., and Gjinolli, A. 1999. Durability and
strength of cement- bonded wood particle
composites made from construction waste. Forest
Products Journal. 49 (2): 24-31.

-Yu, Y., Hou, J., Dong, Z., Wang, C., Lu, F., and Song,
P. 2016. Evaluating the flammability performance of
Portland  cement-bonded  particleboards  with
different cement-wood ratios using a cone
calorimeter. Journal of Fire Sciences. 34 (3): 199—
211.

-Zhou, Y., and Kamdem, P. 2002. Effect of
cement/wood ratio on the properties of cement-
bonded particleboard using CCA-treated wood
removed from service. Forest Products Journal. 52
(3):77-81.

Yvy

-Ramirez-Coretti, A., Eckelman, C.A, and Wolfe, R.W.
1998. Inorganicbhonded composite wood panel
systems for low-cost housing: a Central American
perspective. Forest Product Journal. 48 (4):62—68.

-Rangavar, H., Kargarfard, A., and Hoseiny Fard, M.S.
2016. Investigation on Effect of cement Types on
the cement hydration and properties of wood-cement
composites manufactured using sunflower stalk
(Helianthus Annuus). Iranian Journal of Wood and
Paper Science Research. 31 (2): 336-348.

-Sandermann, W. 1970. Technical processes for the
production of wood-wool cement boards and their
adaptation to the utilisation of agricultural residues.
UNIDO ID/WG.83/4.

-Savastano, H., Warden, P.G., and Coutts, R.S.P. 2000.
Brazilian waste fibers as reinforcement for cement
composites. Cement and conceret composites. 22
(5): 379-384.

-Semple, K. E., and Evans, P.D. 2004. Wood-cement
composites-suitability of western Australian mallee
eucalypt, blue gum and melaleucase. Rural
industries research and development corporation,
Australia, 71 p.

-Silva, G.C., Latorraca, J. V. F. Teixeira, D. E. and
Junior, G. B. 2005. Wood and bark composite
production of Euca-lyptus urophylla and cement



375 Iranian Journal of Wood and Paper Science Research Vol. 35 No. (4)

Effect of Board density and industrial wood particles to cement ratio on mechanical
and physical properties of wood cement composite boards

M. Ghofrani 1* and A. Fazeli 2

1*- Corresponding author, Professor, Department of Wood and Paper Sciences and Technology, Faculty of Materials
Engineering and New Technologies, Shahid Rajaee Teacher Training University, Tehran, Iran, Emai: ghofrani@sru.ac.ir

2-Ph.D. Student, Department of Wood Technology and Engineering, Faculty of Wood and Paper Engineering, Gorgan
University of Agricultural Sciences and Natural Resources, Gorgan, Iran

Received: Aug, 2020 Accepted: Jan., 2021

Abstract

This study was carried out to investigate the effect of two board density levels of 800 kg/m3
and 1100 kg/m?® and two levels of industrial wood to cement ratios of 25:75 and 35:65 on
mechanical and physical properties of wood cement composites. Boards were produced and
then the density of boards were calculated. The experimental boards were subjected to modulus
of elasticity and modulus of rupture tests in accordance with EN 310. Internal bonding was
evaluated according to EN 319. Water absorption and thickness swelling were evaluated after 2
and 24 hours immersion in water according to EN 317. Fire resistance was evaluated according
to 1ISO 11925. Results indicated that bending properties of the boards, including modulus of
elasticity and modulus of rupture, and internal bonding increased at higher density. That was
attributed to the high compression and improved binding between fiber and cement matrix.
Modulus of elasticity increased significantly as cement content was raised. Modulus of rupture
values were inversely related to cement content. Increasing wood to cement ratio led to low
internal bonding because-the low amount of cement can be insufficient to cover the wood
particles for effective bonding to resist the tensile forces applied during internal bonding test. As
the board density increased, dimensional stability increased. Variations in the wood to cement
ratio have been reported to significantly affect the dimensional stability of specimens. Water
absorption and thickness swelling increased with the increase in wood to cement ratio. Fire
resistance of specimens improved when the board density and cement content increased. All of
the mechanical properties of boards produced in this study satisfied the EN 634-2 requirements.

Keywords: Wood cement composites, bending properties, internal bonding, dimensional
stability.
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