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Introduction: The dry climate and water scarcity in most areas of lIran caused to serious restriction in
planting fodder. Therefore, it is very important to find new fodder sources to feed ruminants in order to reduce
the ration costs. One of the new sources of fodder that may have a favorable nutritional value are plants of the
Paulowniaceae family in China, East Asia and some parts of Iran. Several types of Paulownia are known in the
world. These plants are known for their high growth rate and intense photosynthesis, which are specific to Cs4
plants, and with wide leaves with a diameter of about 90 cm. The commercial production of Paulownia wood
generates a large quantity of leaves, which are typically used as natural fertilizers. At the age of about 6 to 8
years, the production leaf of each Paulownia tree reaches about 100 kg. When the leaves have a favorable
nutritional value, they can be used as fodder in feeding ruminants. In Iran, there has been no study on the
nutritional value of Paulownia leaves for use in animal feed. Therefore, the aim of this research was to
investigate the chemical composition of Paulownia leaves and the chemical composition, gas production
parameters, digestion and fermentation characteristics of the silages from the mixture of different levels of
Paulownia leaves (Tebjoo hybrid variety) and fodder corn in vitro.

Materials and Methods: The corn forage and Paulownia leaves (Tebjoo hybrid variety) were prepared. At
first, the chemical composition of corn forage and Paulownia leaf samples was determined based on the
conventional methods. Then, both forages were chopped into 2-4 cm sizes using a hand chopper for silage
preparation. Experimental treatments included silages containing different ratios of fodder corn and Paulownia
leaves (0:100, 75:25, 50:50, 25:75 and 0:100). The materials were compacted in the plastic containers and the
silage period lasted 60 days. Determining the chemical composition of fresh fodders and the nutritional value of
experimental silages including chemical composition, in vitro gas production and fermentation parameters,
digestibility and enzyme activity were carried out based on a completely random design.

Results and Discussion: Results indicated that dry matter (DM), organic matter (OM), crude protein (CP),
neutral detergent fiber (NDF), acid detergent fiber (ADF), ether extract (EE), lignin, non-fibrer carbohydrates
(NFC) and water soluble carbohydrates content of fresh Paulownia leaves were 266, 911, 173, 402, 201, 35.5,
86.4, 404 and 91.2 g/kg DM, respectively. The mentioned chemical composition in Paulownia silage were 273,
902, 164, 393, 191, 38.8, 74.5, 386 and 25.4 g/kg DM, respectively. With increasing the proportion of
Paulownia leaf in silage, DM, CP, lignin, EE, ammonia nitrogen concentration increased linearly (P<0.05).
However, OM, NDF and ADF decreased linearly (P<0.05). By increasing the ratio of Paulownia leaf to corn in
the silage, in vitro gas production (GP) in 24, 36 and 48 h, GP potential (coefficient b) and short-chain volatile
fatty acids concentration decreased linearly (P<0.05), although it linearly increased ammonia nitrogen
concentration and microbial protein synthesis (P<0.05). The carboxymethyl cellulase and filter paper degrading
activities decreased linearly with increasing the inclusion level of Paulownia leaf in silage (P<0.05). However,
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ruminal alpha-amylase and protease activity showed a linear increase (P<0.05).

Conclusion: The present study showed that the Paulownia leaf of Tebjoo hybrid variety has a favorable
nutritional value as a new forage source in animal nutrition. Also, the preparation of silages including different
ratio of Paulownia leaves and corn is recommended for animal feeding in the conditions of significant shortage
of protein resources in the country. Future research is warranted to investigate how Paulownia leaf affect
ruminant performance.

Keywords: Chemical composition, Corn forage, Digestibility, Fermentation parameters, Paulownia leaf,
Silage.
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ssbotr (Sligal (95t ke 5 (gl ojlas S B gy
s NDF (T osle sy b 5 &y (P<e/+0) el igldl s
b LS (ad jgbody Ligh Sy a8 L ADF
siM_w pH s WSC NFC (4ly s [(P<:/-) sy oL
S8, 3 b 5 5 gl S il o o]
2 aS Sl oole lgime &S 3503 Glgie LU (P>4/40)
o35 ehgle 31 e (S 51 slebsle )3 Dl 5 Lighh 5 5l
Mo 2 53 ohord SLS 5 pls Glie (Y 9 ) Jgliz) 22 o]
3 S oole lime yialjhl gr 036 ddgle > T e 5 2eS
&gty Lngl Cogb) 51 (i gy S Ve oDl
S 5w g absle )3 pLS g liee ABL (25l
(V5 V Jshiz) 35 sladole )3 I it (s BB yoboar Lighh
T S glgiedn Lt S e g Jrily Sl oo ol &5
Se plgisdn 0659 48 (b 3 pegada wude ladgle
ol |y @il gylae QNS s il o )3 oiiSdgaone Jals
Sy p0 pb gy cdale gladgle > BOMS py ¢ pimon a2
o3le p)55-LS )3 £, 5 VEY 5 WY i) Lighy oad sl 5 0j6
o3le o> Cutin) L 3y90 Pl (g JBo Iyt (Sis
Ay i jglaiods 4SS Sligel g (ol (St
500 (S5 Slgs e cpl (Norton, 1998) sgs  og,8we sy ,iSlas
Ladl by andss o Lo 3w b Sy 1 onlisinl (slacy jo
L acalia 3 oolof] s 93 y2 pl (g CBIE (53,5 ghows
3 ddsasy Yiam) oyl & il il Sl byl o) adgle
Shigel 1 g Loy See el 3l )3 pls gy 3l ot
{(McDonald et al., 2011) 1ib 0

Ko K4 Pl i 55,50 2l oo S 5 00 Bl asa
S ety 35 3l 423 YA glod 1> & 039 (|tuges lgisa)
els e lad a b jolaiody (28,5 JI\E 0wl 350 el
) Vge o/ land 3l sl e Sy Jolis 25Ty gl il
p)S 10 g o Clo awsSd alypd Lo S (AL ply pH
a0 ¥ gled ) lyiamgw Glgieds) Y ojledd eily Bl Al
clageil den 13 .003,5 40sSl el K Stody 3,5 ko
Sl 5506 Jor oo 2 Lo 40 50931 b STy 55
clam 3l 51 SO edld ) e ol3] 3565 s CaBgio dul
Wb 0 J_QD:J' (Ml”er, 1959) )_lm 0”9) u.ol.wl » uyo)i dy90
Ul ol doly 6 aS (o8 ol wlol g el laclad
o5 )yl ey g3 el po )3 S5 o9 S o M5
b o gl )5 Al ol i STy bl byl yi
Slin By i e Ko Joli isSly b s 5350
245 39 (sl ko 9 5 oo VIB) 5535 2 Lo -1V 5 005
o 03,5 4560l Cel 3 dedy 0S5l 4 )0 YA gled
9 3 e Vo) sl Sl 5,55 093l b STy gl
A (e abogye b9y oll o (B9 9 0ad iBgte (1

(Lowry et al., 1951)

Sobol Julodi g 42 52
) ohouss S 5 4 bge slaodly sl g 4 iz
bl 5l ol iolofl slaiws g 0jb (clighh Sy g sldgle
» (SAS, 2005) <)Ll ibleys lawg g GLM a4, ;I eolaiuwl
o]l b sylel Jas 288 plonl skt SelS b o
Do pj Jde ©ypod
Yij: p+ Ti+ €ij
0l odd i b)s_f) G A €j g Ti M ‘Yij ‘OT 5 s
ol inlojl slbas 5l pll inlejl Hle col 3l o JS pSSbie
5 oSl (elaials win yg05T 5 ookl b ool Cowmsay ola p ko
LA duglie wb b o yd gy (g0 Gxe plaws (o
Slye eSS 5 255 ol lnesly b il 402
L u_u.uLo)T iMoo L;o.i)j Colled g pasd (sladsuinlyd ( gire
» (SAS, 2005) &bl N3dley lwg ¢ MIXED 4, jl soliwl
o]l 2 (sylel Jas 28,8 plonl okt el b o
Dg pj Jae ©ypod
Yijk: H+ Ti+ Runj + €ijk
PNy N 3)95) w).:d._» Cijk 9 Runj T M chjk %'j 5 s
o3l b ool cawddy Slao sla pSiko ol aivlojl (slas 3l
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Table 1- Chemical composition of fresh forage corn and Paulownia leaf (g/kg DM or as statsed)

abgle g5
el Forage type b eSle 3kl glas (g Iy gime Jlozs]
Parameter &yd Ligh S p SEM P-value
Corn  Paulownia leaf
S osle 234° 2662 4.82 <0.01
Dry matter
el 9367 911° 5.27 0.02
Organic matter
P o 81.4° 173 7.27 <0.01
Crude protein
S odgd ) Jgloeel LI a b 6
74 <0.01

Neutral detergent fiber 502 402
& 3ol 04940 4O J9l:>gob Ul a b

7.08 <0.01
Acid detergent fiber 325 201
o5 63.4° 86.42 2.85 <0.01
Lignin
Gl o)las 335 355 1.64 0.41
Ether extract
el f sy, S 319 301 6.65 0.11
Non-fiber carbohydrates
2! Jobs slacl g5 91.2 3.65 0.11

Water soluble carbohydrates

(P<e+0) smd o i Wyl oy 1y Jo ire glds Cady po 40 Syl uf gy
Different letters in each row indicate significant difference between groups (P<0.05).

Huang et al., ) 4,lSan 5 Slgn Loy oai (j5)135 polis
Jaie U ayliie Lol ((Sits o5lo o S5k 13 p,5 YOR) 59 (2022
9 O)lyil bwgi (Sid o3lo p)SolS )3 p)5 FYV) 0 (3)]35
Al-) 5,553 Limgiy ) 04 (Stewart et al., 2018) ol Lan
»pyS ¥ed Ligll S, NDF l; . (Sagheer et al., 2019
3 0 syl ol jl eSS als 518 SKis osle p)SelS
L acnlie )3 s (b (slyme (talS ol 0l 3o
Rezaei et al., ) cowl liize plw mlo b illes ol digle
1> Pslsigan 5 sl 4 & lsie |y ol S 5 (2009
il PH o Ll jdgy00m 5 g jast (e g S ol
Sy 0 w6 e (Rezagi et al., 2009) sl cons §Mw
2 el (Sl o 331 sladgle @3 3] iy Ll o 5 030
S il eolil o 3 di 5wl ansly Laie 5l ol e 5;)
oy JS ecbale 4 anl BaSlesels oy 5 Lig s b
3 Ll Sy s Gl b cmizpon 39a3 4295 bglske Lol
Az bl (e il yiTa (S chald oy

g0 0L s s

035 Sy b (g p lgiee sladllae ) @l (ul b Bl

A S s ool p SOl 53 )8 WY BISSg) Liglh w5
pLE piiay (sl «(6)500 Liagl ,o .(Stewart et al., 2018)
Al-) 35y Sis 03lo p S5 S 53 0,8 W Lglh S_is S
Lighy Sy plb 59y (slgixe < JS 5> .(Sagheer et al., 2019
Gl odds ili5 Siid oolo p)85LS" 40 p,5 TV VI alols jo
See liize guls )3 GBS de4 .(Descals et al., 2013)

bly s iy g cusls loj olS 18, wile  Jolse Jods cunl
9 cstbond GLeags 20)LS (lise g g9 S oo (oLl
9 NDF (slgi>s (Kaiser et al., 2004) aib $Muw apd <o o
)3 5 ka8 (k295 BB jebay Liglh Mo 5 056 S5 > ADF
grie o siots biglh oo Joudlhy rinsolis o 3, (slabsls
L oS NDF lade a5 cowl 00 asuie Ly ccunl (slddgle
ddJ (McDonald et al., 2011) 3 ls ywsSao o)y STy55 8 puno
BN o zs > Sygs Bpae o Lighh Sy b ke il pie

ol a3
3 i ol adlas > Ligle S 5w NDF (glgioee
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Table 2- Chemical composition (g/kg DM or as stated) of silages containing different proportion of forage corn (FC) and Paulownia

leaf (PL)
cio ()3 3 Liglly 5 ) (sl s
Parameter Proportions of corn and Paulownia in the silage (% of Contrast
: DM) >k (glas
o ki lagSike |
only 7525  50:50 2575  (Paulownia SEM ks kS
FC) only PL) Linear Quadratic
100:0 0:100
Drz Vn::tnter 242¢ 2520¢ 260%® 2672 2732 4.30 <0.01 0.65
y
g; b;:'c matter 9272 920%® 915b¢ 907 902¢ 4.97 <0.01 0.97
gani
Eljugf :)):otein 80.5¢ 1024 122° 144b 1642 3.56 <0.01 0.93
S okigd > Jpls U_ S 4872 465> 438° 4159 393¢ 4.24 <0.01 0.78
Neutral detergent fiber
odiygd 55 Joloal LI
Sl 3102 278° 253¢ 2234 191° 3.94 <0.01 0.74
Acid detergent fiber
LOA': 60.1¢ 63.9%¢ 66.30¢ 70.3% 74.52 2.38 <0.01 0.77
ignin
S5l oslac b b b b
Ether extract 33.4 35.1¢ 35.9¢ 37.2¢8 38.82 1.57 0.03 0.91
“”L‘“}l‘” e Slacling, 326 318 319 311 306 7.28 0.10 0.75
Non-fiber carbohydrates
ST Jolors ol ans S
Water soluble 22.9 235 24.4 25.3 25.4 1.19 0.11 0.81
carbohydrates
pH 3.96 3.99 411 4.26 4.29 0.157 0.15 0.89
Sbigel (39t
Ammonia-N (g/kg total 51.3° 54,23 54.8%  57.3% 59.12 1.59 0.02 0.46
N)

(P<o/40) smd so ol b ylass oy 1y Y dime glds Ciydy o jd S ydie pé By >
Different letters in each row indicate significant difference between groups (P<0.05).

WSC cbale yy 68l bolseo i j3 Ligh S aoe

03 oS5 kS 13 2,5 M) 055 Sy pls 1S (clgizes cuil
3 e (St oole p S5 S 55 2.8 W) bighh 3l 5 (S5
Sy 5 S Clile g YU gy &3 5w g o) ddsle
03l p,55LS 55 £,5 WO o WY i pa) (6,50 adlllas > Lipll
Sl 0 (5135 55 (Loigb o 9 Sid Sy > Suts
.(Huang et al., 2022)
syl oslas 5 (S Pl g p (St odle (glye (lHl
by e oM )3 ©)d dy s Ll Sy e RIS L
ool 0391 Ligll Sy 53 5o ke @S 5yt cldale Laay Yl
Yias| Liplh 5yt s Gal331 L Dl (5 (slyiome ialS

ool 155 51 oS g5 o ojL5 dbgle > WSC il gl

Ha s (Sis ole p S olS )3 p)S AV 5 VoY) 255 I3 sime
a5 S0y 3loml (gl dgle 93 b > WSC calé S suo,y o
o3 asude | j el 039 (B (135 gl (> gllas g sk

b 3905 gl |y ol g a8 adgle 3 WSC liue J8las a8 ol
Haigh and Parker, ) sl s odlo p)SekS 13 p,5 Ve dg0s
85 o inn oty WSC 3l 5395 shon | ot (1985
3 o sbgle Jgloue (sln5 15 s ] 6 ) o el
go sois Sl popadar brusl )l See bwgi 5l g wedS
9 3w PH (il Caa SlSY 455 g 0ad B pae SSY sl
oil3-8 (Nkosi and Mekuria, 2010) 5,5 s algs o slnb
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2 S35 LS i 2 gl (P /00) b))l 5 AU
cdale M Jdsas Ylan! dbg o amslisSSl sla o
5 sl 039 (talol (slofMes (65 o NDF ol (59
9 NDF pLs (g iile (LS 5 Gt ogSne ], S
Jd> (VanSoest, 1994) 51> 55 5 55 g b 1K) Logasie
b 3 53 Ligll S s G238 L S g oS’ 1503
25 4y Jodle e o9 1S b Gl

¥ dsda > o pda )l 5 e ladoninl b bgye b
15 slbsle @b 4l Luialh o5y s Ll b sl 005 1)
b ysbodr (29,5 gy i 5 (Sligel ()3g 8 Cale Mo
8 oz bl Clile w a (P<A/-0) b olas il
B 5l PH e cBly JalS flad jsbay o0 olisS
L coms Sois odle (laeSd (6 i)l g pdgilie
2 Lglh Sy s GBI L8 )S5 )15 plojl (slajdle
355 Iy (s rals e les (T eole 504y 365 e
(P=+1-A)

PH olie il Loiglk Sy 208 ADF 9 NDF (glgio Jdsay
35S S sl YIAFIY Cnlio aials p3 inloj] (slsMons
5 &y Cund U5 cou o (Faithfull, 2000) cusls ),8 Ggllas
ol oM o 29yl Hllal i 2 28,55 )15 L S
PH <3l 1l 53 pls B9 e Ol oy Ligh S
o Lol S o s Gl L e (L g5l caglie ol
ol 45 28l Gl Mo (Sligel 5950 cale (gladgle @)
Jres o 85 039 Lighh Sy 6l (0555 (Slyee bl Ve

sl 0ad Sligel 4 s yuess

B0 Gaduhyl 98 9 yedd sladaiul IS aal g3
Ol U el oad ooy L ¥ ol 50 &S (gysbOlen
slagle; 2 55 adg M 5> ladsle &) &y Ligh Sy s
oialS (dad jobody (B ) S5 ag Jewiliy 35 9 YA o V5 VY
YA slagle; 13 iy LS o iz (P<e/-0) 8L
25 (€ pd) S Mg £55 g (g S JS) welo VY- 547

Lish Sy g shadole b Gilisen (slacums (5ol (slajMow (00 15 g b |ytungwr p)S oo YO+ (lilas ynd o) aStslol 55 g (sladoninl 3 Y Jgun
Table 3- In vitro gas production parameters (ml/250 mg substrate or as stated) of silages containing different proportion of forage
corn (FC) and Paulownia leaf (PL)

()3 5 Liglly 9 ) (sl o

;:‘r;:lmeter Proportions of corn and Paulownia in the silage (% 5 bl (ol Contrast
of DM) loySiles
Control 100 C s s
(nly 7525  50:50 2575 (only SEM . ”‘.
FC) PL) Linear Quadratic
wele V7 55 "\‘J’J 31.2 323 326 34.2 345 2.05 0.21 0.95
Gas production at 16 h
el VY5 25 52.3°  481% 4580 434  405° 1.60 <0.01 0.68
Gas production at 24 h
welo 17 55 "\‘J’J 59.82 57.5% 56.3% 52.6% 49.5¢ 1.98 <0.01 0.58
Gas production at 36 h
welo TA 5 "\Jy 64.22 63.1% 61.12 58.12 55.8° 2.70 0.02 0.83
Gas production at 48 h
wele W 2y 649 638 616 60.8 58.8 221 0.09 0.87
Gas production at 72 h
welo A7 55 "\’:J’; 65.1 64.5 62.3 62.2 60.3 2.50 0.16 0.76
Gas production at 96 h
el VY- gadg 5 S
Total gas production 66.7 65.5 63.3 61.1 60.9 2.58 0.18 0.87
(120 h)
(b) 5 w5 Jiliy
Gas production 72.12 68.3% 67.5% 65.82 63.5° 211 0.02 0.87
potential
(€) 55 Wy ¢
Rate of gas production 0.033 0.032 0.031 0.030 0.030 0.002 0.22 0.55
(c; %/h)

(P<e0) s o i ajlass oy 1y Yo gine Cglds Candy yo 45 S jidie i By
Different letters in each row indicate significant difference between groups (P<0.05).
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» Slle € s Ligh Sy a1 Sigdl gt
039y Ligll Sy yiig plb gy clale Loy Ylazs] (Mo
3l 2ol o 055 Sl B )3 syt g (i 5 5
9 ile Adged 93 (T Sl Shy ik @l ol oMiS g
Pl asses ol ) Col (pSan o2 JgSgn ply 5o gl Cunglie
St oS 5 e JoB polds (olyls Ligh Sy asly ansls
P 09 SRS dsg) (35 3 b Cul (Sae oS ol
OBl s (29550 (19 4 Slogel Joa 3ok 5 eSS
o992 3b5 v pols adllas 3 Ll gd 4eSis lo o of clale
Yl Mo 53 Liglh S o G331 L pS (3559 (slee
3 Ble aneSd Slgiyn (WSl i) bawgs (g Sbj 425
JB 650l cwl sas Joid GluSy cie gl ads easd
S5 5 Ll s 4 o nlef] S5l gl
L 5l S adlbas oyl )0 ool Cowddy puddglio b (o5
5 pISU35 Ly (Sis o3lo oS5k 15 Jg5 50 Vo/A) ol Cowday

g (Ozelgam et al., 2012) Ko

g Ylazsl 255 oS oy slosnl g5 ials” o

3% oS sl 039 Liigll S gy iy 355 5 yieS NDF
it 1 Slge g e Ylainl oS Al gl Wi e pel o) oY
Sly=e (Shl> gl S lpj eblodd (950 (190 Mg o
(Sis o0lo p)SelS 13 p)5 ) Joib luS 5 clabas Mo LB
ol 00 00 )l Slllas p> S (Huang et al., 2022) o4
o 4205 3 g 4358 35 ol b y55he LSy S
(Makkar et al., 1995) 85 oo (5,500 (wiig s diate M5
T osle (6 is i sS G 3 i 03le £,y 45 M5 aSiy) o
o Joled elable @) elany Logll Sy 5,8 Liliél b oS
e bl Yl il Dl ey (Fli5 0l i halS
5200 2Vl (5 )5S Vgans &S 390 Ll S 2 5V LSl
S ol St ool sy M)l S 5l i 815l ()b (ol
039 =0 clale ‘uwloﬂ s don u?““’l’9§"| b .ol 03903
ol j2ier gmalsSi sl YF i 3 S Lo Sl
ity by g (e 3 S ke i) o 5l )50 e
clale (wlisl s (Satter and Slytor, 1974) 54 29,500

Lighy S s 5 shabgle )3 Cilisee (glacums (59l laiMow (s3i0 dlge (ARl (pd B)l55 5 post (slaaoninl b —€ Jga
Table 4- Fermentation parameters and in vitro nutrient digestibility of silages containing different proportion of forage corn (FC) and
Paulownia leaf (PL)

()35 5 Ll 5 )3 gl s

Proportions of corn and Paulownia in the silage (% ol Contrast
Cho of DM) 3,5kl
Parameter Control 100 o Sl . L
(only 7525  50:50 25:75 (only SEM k> GBS
FC) PL) Linear Quadratic
2055 0658 58 iy sl
(mmol/g DM) 4.642 4.26% 4.05P 3.83bc 3.58¢ 0.142 <0.01 0.68
Short chain fatty acids
A WO L, yiyleS
() Sei oo s s lsS 584 594 598 608 614 187 024 0.97
Dry matter digestibility
(F) J ol cspisilys 604 589 584 58.2 57.4 1.14 0.08 0.70
Organic matter digestibility
(MJ/kg DM) gz L8 (5551
MJ/kg )Metabolisable energy 8.52 8.30 8.21 8.32 8.31 0.171 0.41 0.56
(DM
pH 6.59 6.66 6.63 6.66 6.70 0.043 0.13 0.87
(M/dl) Slosel a2 11.9° 128 143"  161*  163* 0383 <001 0.5
Ammonia-N
(MQ/g DM) (25,50 02552 146°  165¢  182° 2020 2230 435 <001 0.71

Microbial protein

(P<+/40) s oo (L bylass oy 1y Jb ize Cglis ciydy ja )0 S yliie pud By >
Different letters in each row indicate significant difference between groups (P<0.05).
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Table 5- Rumen activity of hydrolytic enzymes (U/h/ml or as stated) of silages containing different proportion of forage corn (FC)
and Paulownia leaf (PL)

()3 3 gy 5 ) glo s

Parameter Proportions of corn and Paulownia in the silage (% 3kl ol Contrast
of DM) b Siles
Control 100 i s i

only 7525 50550 2575 (only SEM , ol

FC) PL) Linear Quadratic
Yok Lo (uSg)S
Carboxymethyl 16.22 14.8% 14.6% 15.3% 13.8° 0.586 0.03 0.72
cellulase
Sl (b )59 See
Microcrysta”ine 10.92 10_4ab 10_4ab 10_3ab 106b 0.492 0.50 0.39
cellulase
o A8 4o e 28.9 25.9 24.9 24.1 228 1.49 <0.01 0.55
Filter paper degrading
el ] b b b b

31.1 32.8 33.3 37.1¢ 42.18 2.54 0.01 0.61
a-amylase
09 25 9,5ee) Wgn

70.6° 73.92 76.6% 79.4@ 84.12 3.25 0.01 0.84

(celo p3 003 jgyn
Protease

(P<e0) s o i Waylass oy 1y Y dime Cglds Ciyd)y yo )5 S jidie i By
Different letters in each row indicate significant difference between groups (P<0.05).

Ylas! 5Mw > Laiglh Sy o (y2l38] b S lama L5,
(Y Jgi2) sl 0351 b (g0 (Sl ptanges yider onl ) Sy
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2 b odd Mol 08y Ligle Sy o5 2 (L5 ol gl
P gldgle ate So plyiear (gl (ol (35))
035 bgbe b ctalof] (slaiMew 45 (opizmod sl pld 4,35
o g Sl pdy Sl (ladgle ©)3 9 Ligl S il zolaws
alie 25008 Ll 1> 4 0ad s b (g lgime il
2 ol oy BB ol s 5 G0 (g ST
3599988 3 Ll £33 S pj haw (Il 4 a2 bl
Cgp Cap (2 Sk g LB sy s Sy e
ins Sl |y oo o 5 s g5 lSel daiS s sl 4o
0135 pl> ) pogad syt slailejl plsl (uizeen il oo
oy o 5laS & (6)9 08

Sl 5wl

g MawsS 50 Mol las il C8 W p e Co e
Ce oY OUKGL g0 palyd o Jbo colos Jbliay 3900 43

daaSh o 5T caallad

Sidgpin sLam il cdld 4 bype wls d Jpis 3
V¥ oloj 3 oialesl (sl (igmoligSil b S Lo 9,50
ko Jite (S 52)5 b ol 05 IS gmsbigSil sl
SHPUYIN SO PRECREION
Wiz o (P<e/e0) el pials (ad psbas Pl > ladgle
oo s (as (a8l aSd (63l Bg, o Mol Lill el
$lalest w5 e Vgbow ol Sy S el (P<-/-0)
ot Sl peSliaS e (P>+/-0) e85 8 talef]
3 U Gois S Cumen aind oL abine b jsbds Sl
(Raghuvansi et al., 2007) cul (S1)s3 dlgo &350 ¢ peass

ADF 4 NDF (¢lg oo M 3 Lighh S o il 331 L
Al o I ptangm LialS ol a5 bl jgals las jsbody lajMew
b 025425 (aild a3l (S el il L
il Blo JEK ayps el 5 Yske Jito (uS50)S ol
Js el o 55 Liglh (s3> Sa3Mhs S i 215
oS e (g (ewgSas dbally 1 sl jolate cpl sl )%
VanSoest, ) couwl sads 5,55 ad dole puid 5 (5l pesS 4
(F Jgiz) Jl osle (glaraSis (60555065 & bgryo ol (1994
g Mol Ll Lo 5T el il .l guls ol oaisSupls
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