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Abstract

This experiment was conducted to evaluate the effect of limited irrigation and sowing density
on two forage sorghum varieties. The experiment was conducted in Research Farm of College of
Agriculture, University of Tehran during 2007 growing season. The experiment was conducted
according to split plot factorial in a randomized complete block design with three replications. The
main factor consisting of irrigation after 70 (control), 100 (medium water stress) and 130 (severe
water stress) mm accumulative evaporation from evaporation pan class A and the sowing density of
15, 20 and 25 plants per square meter and two sorghum varieties (Speedfeed and Pegah) were
allocated as factorial arrangement to the subplots. The results indicated that the highest and lowest
dry matter digestibility (IVDMD) in control conditions (IR70) was related to Pegah with density of
25 plants per square and Speedfeed with density of 15 plants per square meter, respectively. In
drought conditions, Pegah have the higher amount of crude protein (CP). With increasing of
density, the percent of crude protein was reduced in medium water stress and severe water stress
levels. With increasing stress levels of water soluble carbohydrates (WSC) increased in both
cultivars (Speedfeed and Pegah). The acid detergent fiber (ADF) was reduced with increasing plant
density in Speedfeed cultivar in control conditions (IR70) and moderate levels of stress (IR100).
The highest forage yield was produced by Speedfeed variety at the control, medium water stress and
severe water stress treatments with 25 plants per square meter density. The lowest forage yield was
observed at density of 15 plants per square meter in severe water stress and Pegah cultivar.

Key Words: Density, forage quality, forage yield, limited irrigation, sorghum


mailto:yaegoob@yahoo.com

53

v Sl adgle pgS ho 185 93 (S 9 (o5 3See o515 53U

5 o) waase 513 saliial usee SIS &SI L sla
S5 (2000) LLlS gladiils Gulead s (1991 ¢ sl
dgle olie (o5)) Qulndl gl Lol sla [las )
oSillEe aalS 5 i BB Sad sule Gl
OKan 5 e 5 2005 oSan 5 (o)) il
Gl Bk Ol Glawadie g age ol (2006
calie sl (g, Gl 5l da e (8 i
Sl sad Slal clie i€ aSIS s 5 gole]
(1995 (S 5 S 51999 , Y 5 (s SSS)
<53 e o (2002 ol,San 5 alibiy) s b
e (58 Ol Ol calS oSS Galal bogladgle
G52 88900) e 55V 0 (LUSa s .52 64200)
16 lase & aigle Kad sube o Shee (LKA o
sobe aand culilE 5 o S Tayy Glal 3l HUKa o o S
S als s halS oS SLS 641 4, 652 51 S
270 « 259 3l ADF' ;5 jaalS o S 4LS 72 4 76
“sle 253 s o ednledl 5o Sl Giul38l 8 S
UT 5 Sa sule o Slae oslS oSI55 il L ool
O mas il Gl S o 8 SKG 41 o
SAS 23 416 ) ol wisle ond aaa calls byl
8 46 5l 5o ala LS Oliae 5 @il Galial o S
s Sl 35 20 HINDF lsae 5 (aalish a Sl
ds ot Ll oSS 29 4 19 31 ADF
OBl (1991) Ly 5 pups (1999 Gl Kan 5 z552)
29 YL =S SI5 alil b ADF el S a3
olallhs golaly S0 la Gl @i oS
o 30 Lo (1999 lLlKes 5 S, SLi)
aalyd bl pd a3 o Slae (il 38) els oI5 2l 530
ala 5o 59 NDF sl (555 5080 Lol cas O Gu
sole 5oy (s &SI ol pan wdsa ) U
sl L9) ca ol dla e o aaa LB Saa
OB 5 e s g) wils ol e 3 (ke ol
€ wn S paddie oines (Rask ool Lo (2002
Ll S sule GaalS i w3 aS1S Lo il

! Acid Detergent Fiber

doude
S ol (Saa Ol gl suS G s b
@l wag ek Juns e ol @l G Jele
{2008 ;1 lSan 5 3508) wib o Glen lie ol
Saal 8l 5o (gl 55 (sl 0 S 5l (g ki J Ses «S
(2007 1, Kan 5 ola 2001 o)), 5 su)T (o))
el eo,8liS s Ol Gille G slage o)
5 S bl o sk, € 132 WS gl S O
3oL penle (2003 Gigy) ol Gles SaA dan
Ol L9 fala el s ladsle GLAlS sSla (u s
S0 b acwlin 5o GlalS ol o nae 5 a8 4 o
9508 @ el (pl 5 osad da P S el oY soa
2598 5 LT el G JSlS L sl g Slgas G55
(Sorghum bicolor & o, 5o olS Lcasl su jaie
comne 3sa 5o sledsle LS Goiege 3 (S L)
BB o Slee 5 aosm (SaA 4 cwglie osdne
dgle a5 (lon 15 ol ol (aal o o 50 o Jsd
2002 5 551)) s)lose ceulio Loy Sia danh 3lalis o
balys a3 oS opl (2003 uless 5 Jwnd s
o WS e a4 wad gl S L Saa
aSLae 500 5 e Sos ede 5 o3 S s jo aS
Sew diple S GB5L) aLle aads eulas,
adbe ool dple & S hew pSHse
ool S wals G, (1996 lLKen 5 o sins s)
e Slus pad (ol Sl S a gde S (a2
plo gl @ass glasls (el b adly o ) dsle S
2 S GSES e Jele (Rl 0S e (S
@35 (S B Jals 3,80 86 Ggle s
Sl s el ((Sasw; Olise 5 olS gad; ala e
Jolz) (Jame Jolpe 5 SB ghalols (oS
Slidad Gab wisbie (wdon 550 5 Lo b,
YU sl oS3 (2001 ol lKan 5 5 580) 438 S o) gem
09 b SBlS oSS 4 s | Hiad el Gla
e oS gl carea 5 aas e SRl3 eLS

omran 5 i s | geots BB olie ol se gl



1392 e [l 255 5 55l 23 485 aoliog

e g A.Aj)9> ‘U.CI) 54

wiad 5 Jeola ml ks al bos maw ) e
olan 1 Jsan o Gl Jae SIE oliand 558
«° M 261 ‘L.sl:\.“_t.u .laa.u\’?\.n uii\)l.} .C,\.t.u‘ sl éJ‘J
BB oo g8 & ole dilsl oo Baae (oL sl
gob Gl Lo Jas il el culil o) s 4 Glaley]
ad el 5l 18 5 1S3 L ol JolS slas sk
shal LsB Glsie 4 bl ol Jols b Hlas
s 5 a5 Siailis 1830 5100 70 51 Gy soLeT)
Jeole Olgie @ o815 pob (A (IS a0 a3
g0l Lo el slidae o (oK 5 wda) &3,
@L‘J})‘M&ad&)jum1388aud‘dﬁ‘s:u.ﬂu
Bl 3-5 Bae @) (ghS (hgs 45 s (ohdisy oLS
150 [lite 4 agisel olid (8 yeme oS wdi alasl
O i s SE paes] pulad  LlSa s a SIS
GJZAL;ELJSMGJJGJ‘JSCAJMQJ;\%CA:}J[S
o9 pSS 100 Llaie fuiaan ol sals LIS LA
3 Sx 4 dale 5 Spw a S o woayyl HKa
dolas CAA.T.“J_).: uLa:)A.fb ‘a‘éaluﬁjd o9 LgLilJJJ
6ln s iubedl GlES 5o il K JelS ek b
.J&éb)ﬁ)@30ﬁjdbﬁjébd‘dﬁ15JJ‘L’&%
el ba 4 el e 2¢5 slasl 4 cdule 3] & < sa
650 oh doli a5 el 50 dals 4
Llsd o) 0 & il oS5 Hlad b clite ba
oubesl 5 e Sie Hu Bl usse Ll sl B S
JLAs‘J\:\MJJJL)‘J.;‘CJJA‘)L)JﬁyZSJZO A5
Sead 5as OF e Gulad 5o pob Gal Lo GBS
solel Llasi S o5k @ wep A (IS pas S
slas Glsie 40 823 wlac 51 5aa Slaalie 70 51 ey
S s Siabe 100 51 Gur ool (IR70) sals
hagie (S3a a8 Ll Olpe 4 K585 e
cho 5 235 il 130 51 Gus okl 5 (IR100)
ok Lo (IR130) was Sad (a0 olsie 4 Sias

sLS (3515850 2 inen (LS oSI5 0 S pia
5 Jog,) Sad sole cassl (2002 jen 5 S,Y)
O 5 esSomg) sbasd olLuS55 5 (1993 ) Ken
B OT ol aS1 5 Lo Giul3al el IS 50 (2002
i Lo s sols GEAS 1 HlE S S G i
el s )l G 55 Sl wls OIS
i gy ol (See (1Sl ool Jls gl L (2001
cadsb GhalS Gob 5l aaas BB Saa sule il
s Gl SiSlie alS o8l o Sl il
5 ESIKLlS) 2S5 dsle o Slae euilS oK1 3
15 ol (2001 ollan 5 5588) cuasS 5 (1999 Y
Sl o S5 pen Sl (g lol aas o 158 530 o
o2 s ssdne o Slae (il 58l 5 Bl Sk (il
3 Ol oSl bk Wil i ol o cunsy
08 i gly Wb oo LRAS 4 K50 ata culils
ablauS) el Fola 55 sledsle HlALS nle o)se
(2000 &1,(San 5 o solol 5 1997
QABA gl ool cuway (sla a8l 3ub
Gl daal 5oy Jolae w8 (Sl el b gold
BA HRCRS L PP (VPG BV R IPUR Y S L Jpe
OlKea 5 59,2006 ) ,Kan 5 o)lS) was oo L3
S ol (2005 lSan 5 osse s 1999
29 solel Abide psl 4 GESI Lo ead slal
S SR 4 sake a S5 g Sl AR e s sue
Sl o) daa 13 sdue o] cnaS g digle o Slae Llad
8SI5 s olul oS la st B s 383
@l dsle aSosw AS 5 S Olussad 5 oals

D9

Lagdiyy 9 9l
e ye oo 1388 ellh Jlu s Ghagly ol
b olie 5 oS Guny (B85~ 205
OIS oot sl 3D S Hu 8l Gl sl
Job 5 (e @83 56 5 4a,0 35 oLilaa (2 5e)
1316 plas,l b (8 48330 58 5 4a 50 50 olsdljaa



55

v Sl adgle pgS ho 185 93 (S 9 (o5 3See o515 53U

5 sy JolS ST dlase 4 olS B s g k]
s S Jlael T 51 s

Olsie 1) ol oS sl Hlass Jlael 51 8w 453 S
Ol b 4 ialey] sla o S e (Lol o S

b3l Joes S pland 5 (o3 4w s -1 Jsun

_ _ g sl Colda pH
o S B G Y5 S SE S NS L SV R S S I (o) S S
3 2
(mg kg 'soil)
%33 w36 %31 237 s U2% 185 1217 711 14 0/09 s 341 82
W)

O AS clis (5,8 olul gl S al S5 obla
3 S soldiil fpaa gu sad S 3 sl G gl

ol Slwloa
55 Laeols Sk wwlie 5 uilysls i3
aos bu g Laslygas oo alasl SAS 1580 a3 b g3
03 cwdd day Lo wad aw, BExcel il
pladl sud S o)l olis oga sale Ll
L oaalllee a0 ol Sile oF 3 G 5 @85
deo 50 5 mlacs 5o Gl glaiely din G ge 3T 51 ol

S g b
(2a JB K5 sl do s

sole s Gubisls 43S ) Jeola b
GBie ol on S ol olad ada BB Sad
(2 Jsun) ool ssmy Golssae A (sl
Bl (BA S5 G ol GLE ke il
WS o S pinn BB K3 sule wmyu Gl
OIS sud aladl SlEEa3 31 (g ke Lo (1 Jsad)
Sad 135 580wl ol e asa culls oS el sak
1 ille il T onl i b 4 3,8 o 158

28 5 IS s (AS sla el aladl sl

Sloe sl Kin olidas glodlu sliuley] € Hlas
DS el S OBAsSy Ol 9 S JiTe [ 4aS
€ Sy o8 Haobe pha il oKy 5 digle
g S5 (8 s Jla e 5o 9 (8 3389 aaly
ol (555588 sl 00,5058 bt Sl S Gaeds
5 oda el 5 NIR! 658555 Lo S solinl
700 (o sla £se Jsb 5o 3008 Goule aadl LulKasl
Gad 5 (R) oo &aie 55530 5 sad 60l avun
Ol yull€ o giue oKaslel log VR Lulad s
8 K ospe slpdsle slewl S 0 bgse sleals
5 el olaay e sl&aledl oo L3 AS
5 xna) bug sud Sl Ghg, bl » gl
xSe3lsl A clina ws alasl (2003 o,Ken
paa LG Sas sole woejo | sy Ho sud
sLad wm s CP P Lk 8555 wia s IVDMD?

b‘ CSJLC LS"\’L'“ b\)‘\’fd s Hd ‘WSC:4 &JTJJ JJJ.LA

! Near inferared

2 Dry matter digestibility

® Crude protein

* Water soluble carbohydrates



1392 e [l 255 5 55l 23 485 aoliog

w9 A.Aj)5> ‘U.CI) 56

o)lps ol s Jglomn Al iy et J,ts‘s.:.;uuﬁvsu;Jd,gvsa;u(gug,a oRile) eyl 4 —2d 5de
S ke p58 5 g ol S Wigle 5 Shas 5 S sk o 5l 55l J ke

Sl o Kle
Wihe s Shee S ol Jwelns Jdeead el s, MBS ol s O S e
S Hshe ol ol as sl
4426/74™° 0/257 ™ 0/10 ™ 0/13™  0/43 ™ 0/89 ™ 2 S
912035/7" 0/338"™ 10/21° 14/417  6/31™ 10/92° 2 ol
223417 0/265 1/29 0/135 1/52 1/49 4 Jsl gllax
1683930 0/508 ™ o7 427 7457 s 2 oSl
21380/5 0/159"™ 8/65 " 1/48™  0/61™ 3/006 ™ 4 oSLX bl
616107/8 " 1/01"™ 1/39"™ 21/907  1/03 ™ 57/10” 1 o5
1564/5 "< 0/80"™ 1/96™ 5/58" 121 ™ 4/41"™ 2 Xk
260196~ 0/946 "™ 6/29" 1/16™ 0/58"™ 4/92"™ 2 XS5
54560/9 0/432"™ 5/50" 145 ™ 425" 8/62"" 4 03X WS 5% 6l
1205/18 0/296 0/80 0/66 0/71 1/61 30 o5 sllast
s me s NS %1@@);,\;&”:**‘%5@”“\;3”:*
™ Yabe abed 2 abed 4 bede & abed o o a apc abed 4o 3D
a, 60 4
:3 50 A
’:?5 30 A
1 20 A
€ 5.
0 o o 6 oo © oo 6 oo o o o n AL
588 288 EES BEE 2EE HHE

@bl Jols (el e o o A6 o (S wddml P oK) 055 2500 0B e

LR P I P Sl g

S @S5 5 A S i Sals e 51 e fankes (17130) 130 51 g okl 5 (IT100) 200 51 gy 55k (i1 70) 70 51 g

BL) J|> ‘_;uu 6JLAT i) L BT T ‘Sj'..‘.'.n ‘JJ’ ‘ﬁl J5|J> 6‘)‘5 6LA u.:i’l:.n cjﬂ BB L 45‘,.3 (D25) 25 3 (Dzo) 20 ;(D15) 15 J.AL::

A3l o 55 Sl ala



57

v Sl adgle pgS ho 185 93 (S 9 (o5 3See o515 53U

sale oI5 i3l b (IR70) i3 mlaws 31 5uas
(1 JSm) als olas Gaald) o s puaa S8 Sa
Al ana o K22 sule wan s (uly o815 0
Lol p 50 a0 @IS (YL aSI 3 o olS, a3, 51 A
Gl b asa LB Sad sule wud (SaA i

(1 08) 058 (b 1 susnn LusB sy, K oSI3

rL-'» RS9 Sy

OS5 0p o 8 uﬂlLJ‘J wiad ) Jeola i
B 51 aSIS Gae gl ow oS ol ol Wl
(2 Jsan) cals ssmy @by (Sae BN (5 L]
WS Galoil b S s plas oSile wlie s
Joola mli bl (1Al o S5 s ala 85 55 bis o
S aS ala Glis ala (55 53 wum o bl w55 )
@obel S5 3 a8, x cunlS o<1 3 x (KA (a JolEte
Oafiae (2 Jgun) cdly s ol Sae BNEA
ahle Giulhel sel Saa (0 S Wl so S ol
1996 (¥ S 5 Cnsli) vl oo SME L9 300
2004 o,Kan 5 T 2003 LKas 5 Suu
52005 SKas 5 e 2004 sl 5 Syl
(2004 )))lSen 5 Jlino ) (2008 f,1Sen 5 Jonla
3 p s ) dsle aliyl s, o eubell Lo s
000l 098 Ul weps S ale Gl 05U
(il a3l o G s aas Bl e gl s
S ENR 5 inlitie gl 55 (2005) 1 ym 185 5
SEA IS S ey 59 (1991) GlLen 5 ol sl
OiS € Wi, 4adl ol 4 glols 8 osw 55,
k5 Sladl s Sk el a8 oo (Saa
ol st Gl G g dem s Glald) 5 Chaes )
S elSy a3, (Sad (S Gl b e 38aS pl 5o
(2 JSz) s Slassdn YL Alh g 5 was
Saa 15 5 (IR100) b gie (SdA (55 £ shans o
el aSIs a8l b o8 b 4 (IR130) was
Lowad 58,0 adly pualS ala 8855wy

(2005 ‘J%J‘_&JJ‘ 9 2004 u‘JlSAA 9 Jtﬂ%ij)
3 ouieS) slaghleyl ol @l b G8ls o
2B s e V) il s Saa sl aaa culls
M&G&i@aabm\ﬂ@b,bbﬁ_}\@h
‘:\95‘)\9.‘.“&‘_\3)4'15‘).\ CJ.]Q.A.uu_u“SJ‘JuLA.uJ
JJJA) AR EREX) GJ‘J@M ey GJLQ‘_)J@J_)‘
sole W yu Giul B8] el ’;Sb.a u;g\_,sl «< sy C)L.'Zu
s eoian) (1 JSa) wo K 8 K g puna LB Saa
Oloze 5 5 aS15 Gl 8l b wiols 5L (2003 ), Kan
OialS ana LB Sas sule wis o ((Poas G55 580
OB 4 din e ool eliles yala B L S sl
059030 Alide ol 5o asa colils LialS w e
Q‘JlS-AA 9 JJ‘J) J.n.:bb LFM M JAG ";S‘JS K)
paa BB Saa sole € aiials b (2001
s o ;‘AL& Q:‘:‘SJJi s o Lél.nui‘u.um
ol SSA gl sausd Ho Jslae (glasud
Jau&i&édu&a)dwb“‘)‘dqﬁﬁ:)‘&abgm
(2 JJ.A:;) h “Jd\g.‘;\scs‘)‘d@ud)l-s;‘(s‘)u‘)k;
QMA‘S@FJQSJ‘JOLLSC&SSQAW\AA@&
YL s LB SaA sule sy ) wdal a8,
(L JSa) w e Slassa s
ssle dim 0 U"";‘fJ‘J L3 S deels &»t\l
AW golel Ll ) a3,y malS WIS gsle]
aald Hlas o (2 Joan) cudls ssay @l e
S 5L ana LB S sule N ass {(IR70)
subs wmyu YL S gosb ©adly wdal ©
835 0 by e ool 5l o (pl 5o auka BB Sad
MJJQ::_;\AS.J\%&)AJSAJJ‘G‘HZS‘;S‘)SJAQ
(IR?O) chl:uT J‘c’“‘“&f‘ JJ‘AJM&B«SJL.&éJLA
oo e 59 G 15 &SI 5 5 bl (35 € bs e
Sraslis 70 51 Guy ool slass 5u 5 8Ky 435 59 0



1392 e [l 255 5 55l 23 485 aoliog

e g A.Aj)9> ‘U.CI) 58

(2 Jsun) ol sols (Sae goleT Ll 5 s ol
bulyd jo 00 S e saalie 3 K o S linea
pdy oolsar bugle (SaA (A5 sl 5 sald
o35 6L 0T Lo Jolae 038 wim o 51 adanee
OB Gl b (wdasd 5 oK) a8, 9 58 L9 a
09 Jolae slawid plhee Ho pdnlbdl Wy, S (Sla

.inuaé._\.bum uT

P o2 3 ol (Jshe ol g0 Ao s

8,5l aum s Guilisly wiad Ol Jeola @l
G bl ol b oSile dawlie Lis Jsl
€l Glas Yl can 3 sole o gad Gy g 80yl
ol S 5 SIS Saa s e S o
C g b2 Joun) cdl ssay ol S A
el 100 5 70 51 am okl s 50 4 K
Sle SllS oSS Gial38) b suas S8AS ) Al
ald ddgle S Giulndl Gue «S odl ual< ADF

8,5l am s Guibisly wiad ) Jeola mls
Boliie 31 s oS ol ol 3skes an 3 gole sk
L;_,‘Ju_'uu\s_.ém.a‘ GJLQT_)J@.\Jl ‘33‘)\9:,\.&3[5 ’AS‘):
B3 o0 Ka o s b2 Jsus) oab ssag
PR P YR GRS RO AL I T ST [ FRNVE R UV
b 34l e S 2l Gl 3ok gan 3l (sl
WS Jaseail oo YL clblS oSS cad dgle
@JAJLJJ 433425315 (5\.& ‘QS‘JSJJ a\s.:«a:q‘)
(4 JS8) cutlas ssa g (sl iae 3L

8ol weps lisly wias Ol Jeols il
e WA (g5lel Sl 5l a8, 5 aSIS 5 (SBA S
A Ka G b2 Jus) ol ssas ol
sl e WA (IR100) loww g3 (Sl (133 bl yuk

uﬁ)ddﬁé_\;\:}_uﬂ ‘AEJ_)J.CAA.:L‘_\S J}%Jé@gé‘) o9

OBy eolie LA SIS 51 S gad ek (IS 5 S
ol e BWAI S b ccilide sla oI5
(2 ) sl

ol 55 Jghoes gla A3 Aoy

sl 18 ws s Guilsly wias ) Jeola il
09 (SR (IS gl (s oS uls Glas O Ha ks
S5 6ol e BNWEAN (55LeT Ll 5 o K g 8LS
doss (SaA GBS sad Gl b (2 Jaas) asls
Sio s Gk 5 @bl Gial T Ha Jlae slass
GSaA 5 Sl 4 by o Lo Jlae slaus
sasdels 3adad il b oS (3 <) u g (IR130) wo
o9 ol sa slae slauss lale (a3l 5 e (1994)
3 dola mlB ol Slshes KA IS Lyl
Sl Hlzs OF Lo Jolas (sla 038 wim 5o (il ) g das
sobel S 51 a s s ol Lo oSI5 psbin o
ook © {2 Jsua) wudls ssas uls Sae A
b sole Sl alS e & WSI3 RIS L S
(3 Un) =il sl O Lu Jslae slasid was s
Grae ol (1994) asiels lacws s b
Jolae lanid ualie Gaalddl sely oSS 5 (39038
oels S b lad ol o (o GBS Ll 5o
o Bl e GBS balyd wges (3,15 (1994)
ol 13 aa 8 OT Lo Jslas laas clale (23580
ohalS y enliy slagl s WSIS 0 QRIS e e
ol s S 358 sladid Gl da Ho 5 SR 538
Jolae sla w8 wm ju Guilysly 4525 ) ol s
51 S pe Cifide aliyl o oS ol olis T
835 (2 Usaa) ctls wsa ol (Sae A (g L]
o 5o Jolae wi wemju 5 oS € cud Wbl
O O asdasal a8, Gl bl Hlassa s o SYL
Gl olSy 435 4 s (55 i S WIS e blad
(3 J52) 2t

sla W8 ws o Guilysly wiaS ) Jeola @l
A3, X (SaA i JalEe S5 oS uls las O o Jslas



> v S d8le pgS 0 15) 93 (S 5 (o5 3 Sdas (ST U

16 - b ab ab a a
ab a abc abcd @b abc
14 - abcd bed abcdbcd abcd
cde de
12 - e
%
,:1;10-
3 87
a—
= 6 1
=
N—r
4
2
0 -
N O n O N O n O N O n O
4 q 4 Q& 4 & =4 & 4 & =4 &
[a e T a) O Qo Qo o O QA O o Qo o O QA O Qo Qo
* X £ X E3 X £ X * X £ X £ X * X £ X
n-I n-I n-I ml ml ml 0_| CLI 0_| ml ml ml 0_| CLI 0_| ml ml ml
R R R R R R 8 8 8 8 8 8 88 8 88 8
= = = = = = — = - — - — d — -
- - = = = = = = = = = = = = =

70 51 oy ol Jold ()bl il gl 51 ot (S dditmsl P oK) 0555 5 pB,1 pls 85 2 Ao y> Jaw g0 =2 IS0

15 ol culs rSt,,,‘A NS i SaE5 e 5l s sones (17 130) 130 31 o 65T 5 (ir100) 100 31 s 55kt «(iF 70)

g 53 s ime LT BV WL S e OB G il (sl sl 5Kla 0 e 55 455 (D2s) 25 5 (D2o) 20 (Dis)
Al o U5 Jlexs!

16 .
3 1u b a
8
v 12 c
_i 10
> 8
2 6
\v—). 4
= 2
e\-/
0
D.l U')I D_I U') D_I (/)l
2 2 S 8 = 8
= = . o . ju

o ol Jels ‘6,QTMC,EMJ;EM‘(S.\;W| P oK) ¢85 o5 O 53 Jalows sla uid des s haw 20 -3 K2
$ols sl xKle A IS s a5 o 51 i ek (i1130) 130 51 g sl 5 (i1200) 100 31 g s5teT (iF70) 70 5
AN\;J%SJL«..‘»|CE~:)>)|:6N‘5JU|‘J)Lal.ubss S S Bl



1392 e [l 255 5 55l 23 485 aoliog

e g A.Aj)9> ‘U.CI) 60

Oeoids e e 53 B 25) walS oS5 o 5L
Gaaaie Slidas o g a8 ) SlA ddgle o Slac
s Slae (mublS 2S5 (a3 b oS el sk sl L
2002 (),Ken 5 aliby) Glsl aisle Saa sobe
5 1992 (SIsal S 5 1yl 4971 JulS 5 S,
(Saa (i Ghalsal b (1990 (ol ,lKen 5 GBI
5 1ul) whie (mall digle Sl sole o Slac
ol il 3823 ol mlB U oS (2004 ),
6ln 2l plis da 58 € o8 S aa® usd (oo Gal b
585 e Gln S oS Wl aali e oS
b (2010 olSan 5 gouml) oS oo widy i s
O 0% &S Bar; e (pl @ asSHe s Olidas
oo e 53 B 15 525 oSI 5 sud i€ sla &SI 3
L Saa dsle o Slae (p RS 5 Gusidn QS8 @
i daiy w5 I S e oL il il
e ol ol S ala ) pala sl cungans bl i 5o
OlKaa 5 (SLa) wal HIE 51 ol o Slae Hu 0l 53
S o0 b G dlals L2alS L 3ada3 ol Lo (1998
S 58 G320 415 Hl cnl a5 Gl by A,
388 @B S @il Gulil KA Gple o Slae a5
53l sl (1992) Sylal S 5 IS mls L
O gy olaal @ 5al oLS o se e Hu G 15 oSIs
(oo e 53 85 20 4 i oS 5 il Al
o9 elels o (daise Lnlyd S salinl gl
e e o9 B 25 WSI5 5 clie ol Ll

ﬁdyd.b\.aibd‘)s.‘.as&f)l&:u

xS dauis

O g g e pa Ol 018y a8, ((SaA (S il )
SEA GBS el 5o o laosa YL sl
osb 4 (IR130) was <aa 13 5 (IR100) s sie
pla Ol wojs cals WSS GulnEl b S
p besgie (I 5 oaald Lolyd 5o icdly Ghals
ol o5l g0 dm o nalS oSS il 58l b casdang)
Oninad 3 S lawy (2alS (ADF) 3ol e 3 s)le

e S aS5 a3 b b sie 5 adle (Sad
il GEalS Sl e 31 oole (Jsles o)) 500 w0
YL Sl WS sl disle il Gl oue oS
o9 olKy 835 uhe Lo oS Jlae (4 Ka) sl
S sols e EA) (aals) Jiaslis 70 31 aas s lul
a5 Slsle can B ole (ol o)l 500 dum o Llad
100 3 wn ool bl Lo € Ll wudls
3 oo 2l Wiy, S 5l (IR100) s el
(2004 o lKen 5 Jliigsy) olisas mbo (4 J<)
Sole ol e)lsms auos 4S ags el cpl Sl
ssle saslore 000 5 psSosm oo Mol ea
Lisd € cad (SBL S 5 m bibd cal

St e 3 Shas
S ol glas G Loly was 5 Jeola mls

Sl (sl oS 5 635 qsulel &S) sl ol
Jlaial s 5o Sad adgle o Slae 5 Lol Jolas
oS blEe 3 (2 Jgaa) il Ll Sae wa ol
dsle o K0 Saa 5 Slae 5 a8, 5 o815 5 (Saa
s 50(2d sun) wd Ll Sae wim 59 S el 59 (4]
© Sud adanl o35 0d s (aald) gk 5l
sy 4 s |y i GBSl el SIS Gl 3l
93 5325 520 =i oI5 5o T s Slac g ol olis
23 e S 59 555 15 5315 215 Lus® g se st
e 59 G 20 &SI s o Slae Gl 38l 6K a3 05 90
S5 S e sie 5o G 20 WSIS 4 s e
9 S sualiie Wy, (pl 50 baws gile (135 50 (5 US2)
Siaslio 70 4 e iaalio 130 oLl Lo &€ s o
s bags Ghall Cha sdagal 43, 5o SR
© byse digle o Slae (Y0 suel sy ml 4
OB 5 oo sie o B 25 aSI Lo wdaal o3,
A g5 IS s K585 ) 5aS Saile 70 (il
ol D0 asa e B Gulead s Cpl s (B USs) s

o9 wbanl a8 (IS 5 GBS Gew) ols] ok



o v S d8le pgS 0 15) 93 (S 5 (o5 3 Sdas (ST U

30 4 a
a ab

by de cge d q e w de o d bed

Y 5 cde de e of ef e de

"l’ f f

3

&

_;‘20-

™

9 15 A

)

v

?\

%10-

3’& 5

=

=

N

0-

n o n n o n n o mn n o n wn o n n o mn
— N N — N N — N N — N N — N N — N N
[a) [a) [a) [a] a (=) (=) [a] [a] [a} [a) [a) [a] [a] (=) [a} [a] [a]
X X X X X X X X X X X X X X X X X X
8y ey M & ey M| &y M|

Bl (sl il gl 36 Cou (S adil P oK) 0555w pU,1 sk o 5 (6ol Ik 0003 deo s law 20 -4 IS
(15 5 A IS s ks pha 51 e seske (I1130) 130 51 Gy 60l 5 (i100) 100 51 s (55T (i 70) 70 51 sy (550
63\#] A W38 LSJ:-;.A A_§J> LS.; Js‘.\? 6‘)" 6LA s.ﬂiﬂﬁ" c}a P SL] 4.7‘9.3 (D25) 25 3 (Dzo) 20 g(D]_5) 15 JAL:I S

.o\-'m:-vL.a ‘;6%5 JLQ:"‘ ck.d BL) )‘.) ‘;'N

20000 -
a
i 18000 A b
9
g 16000 - c
14000 | d d
\3 12000 A g e f
~ g gh .
‘_1 10000 hi i
J
Y, 8000 - | k
e I I
?;‘ 6000 - m
2 4000 A
2000 -
0.
wn o [Te) n o o [Te) o Te) n o n [Te) o Te) n o n
D N N i N N - N N i N N D N N — N N
a () a [ a () () a a a () a a a () [ a ()
X X X E3 X E3 X X X X E3 X X X X E3 X E3
D_I D_l D_I U)I rJ’I U)I D_I D_I D_I rJ)l U)I rJ’I D_I D_I D_l c/:’l rJ’I U)I
¢ gf¢ dg¢ gd¢ g5¢ g8s

70 51 o olel Jols c(slal il gl 3T ot (S il P oK) 555 5m pU,1 S5 ke 5 Shos b g2a =5 K
Jols <2l o515 A NS Soes s ca,a;uﬁ.sr.;;*_.x,e(irBO) 130 3 s skl 5 (ir100) 100 31 L s T (ir70)
23513 e gl M WU S pte B S Pl (sl sl oKl 50 53 65 (D25) 25 5 (Do) 20 (Dis) 15 ol

sl oo 15 Jlez! pebans



1392 bt [yl 255 5 (55y5LisS” il 4y s asbiog v g oy =y 62

ady oS aiy (oo oS 0 Saa dgle o Slae i) o8 Jolae a8 ws 0 5l wdaal a3, 368 bl o
e Cnl o8 msesie 59 B 25 ASIE L wd wl o> Ure G by Shosis 6L O
il v g bl 2 (53alie100) b g0 (233 50 O Byume o sudi alal

ouldicyl v,y 90 (::Eu

Abreu D, Flores |, Abreu F and Madeira MV, 2004. Nitrogen uptake in relation to water availability
in wheat. Plant and Soil, 154: 89-96.

Amaducci S, Amaducci MT, Enati R and Venture G, 2000. Crop yield and quality parameters of
four annual fiber crops (Hemp, Kenaf, Maize and Sorghum) in the north of Italy. Indian Crops
Production, 11: 179-186.

Andrew N, Miller and Michael J Ottman, 2010. Irrigation frequency effects on growth and ethanol
yield in sweet sorghum. Agronomy Journal., 102:60-70.

Berenguer MJ and Faci JM, 2001. Sorghum (Sorghum bicolor L. Moench) yield compensation
processes under different plant densities and variable water supply. European Journal of
Agronomy, 15: 43-55.

Buxton DR, Mertens DR and Fisher DS, 1996. Forage quality and ruminant utilization. P. 229-226.
In the book: LE Moser DR Buxton and Casler MD (eds) Cool-season forage grasses. American
Society of Agronomy Monograph Series, 34. Madison, Wisconsin.

Carmi A, Aharoni Y, Edelstein M, Umidl N, Hagiladi A, Yosef E, Nikbachat M, Zenou A and
Miron J, 2006. Effect of irrigation and plant density on yield, composition and in vitro
digestibility of a new forage sorghum variety Tal at two maturity stages. Animal Feed Science
and Technology, 131, 120-132.

Carmi A, Umiel N, Hagiladi A, Yosef E, Ben-Ghedalia D and Miron J, 2005. Field performance
and nutritive value of a new forage sorghum variety Pnina recently developed in Isragl. Journal
of Science Food Agriculture, 85: 2567-2573.

Casler MD, 2000. Breeding forage crops for increased nutritional value. Advance Agronomy, 71.
51-107.

Cusicanqui JA and Lauer JG, 1999. Plant density and hybrid influence on corn forage yield and
quality. Agronomy Journal, 91: 911-915.

Defoor PJ, Cole NA, Galyean ML and Jones OR, 2001. Effects of grain sorghum planting density
and processing method on nutrient digestibility and retention by ruminants. Journal of Animal
Science, 79:19-25.

Diouf J, 2003. Agriculture, food security and water. Towards the blue revolution. OECD Observer.
No. 236. Refrence: http//www.oecdobserver. org/news/fullstory. Php/aid/942. Html.



> v S d8le pgS 0 15) 93 (S 5 (o5 3 Sdas (ST U

Farooqg M, Wahid A, Kobayashi N, Fujita D and Basra S, 2008. Plant drought stress. effects,
mechanisms and management. Agronomy for Sustainable Devel opment, 1-28.

Goodchild AV, 1997. Effects of rainfall and temperature on the feeding value of barley straw in
semi-arid mediterranean environment. Journal of Agricultural Science Cambridge, 129: 353-
366.

Gooding MJ, Ellis RH, Shewry P and Schofield J, 2003. Effects of restricted water availability and
increased temperature on the grain filling, drying and quality of winter wheat. Journa of Cerea
Science, 37: 295-309.

Haberle J, Svoboda P and Raimanova I, 2008. The effect of post-anthesis water supply on grain
nitrogen concentration and grain nitrogen yield of winter wheat. Plant Soil and Environment,
54: 304-312.

Jafari AV, Frolich AC and Walsh EK, 2003. A note on estimation of quality in perennial rye grass
by near in frared spectroscopy. Irish Journa of Agriculture and Food Research, 42: 293-299.

Jones OR and Johnson GL, 1991. Row width and plant density effects on Texas High Plains
sorghum. Journal of Production Agriculture, 4. 613-621.

Jorge A, Cusicanqui and Joseph Lauer G, 1999. Plant density and hybrid influence on corn forage
yield and quality. Agronomy Journal, 91:911-915.

Khan H, Link W, Hocking TJ and Stoddard FL, 2007. Evaluation of physiological traits for
improving drought tolerance in faba bean (Vicia faba L.). Plant and Soil, 292: 205-217.

Kipnis T, Krivat G, Drash L, Granoth L and Jonathan R, 1994. Yield and quality of forage sorghum
as affected by water supply. In: proceeding of the 15" General mesti ng of the European Grass
Land Federation Grass Land and society, Wageningen, The Netherlands, June 6-9, pp., 173-
176.

Lafarge TA and Hammer GL, 2002. Shoot assimilate partitioning and leaf arearatio, are stable for a
wide range of sorghum population densities. Field Crops Research, 77: 137-151.

Miron J, Solomon R, Adin G, Nir U, Nikbachat M, Yosef E, Carmi A, Weinberg ZG, Kipnis T,
Zuckerman E and Ben-Ghedalia D, 2006. Effects of harvest stage, re-growth and ensilage on
the yield, composition and in vitro digestibility of new forage sorghum varieties. Journa of
Science Food Agriculture, 86: 140-147.

Miron J, Zuckerman E, Sadeh D, Adin G, Nikbachat M, Y osef E, Ben-GhedaliaD, Carmi A, Kipnis
T and Solomon R, 2005. Yield, composition and in vitro digestibility of new forage sorghum
varieties and their ensilage characteristics. Animal Feed Science and Technology, 120, 17- 32.

Ortega-Ochoa C, 2005. Effect of levels of irrigation on forage standing crop and quality of WW-B.
Dahl (Bothriochloa bladhii) pasture under summer grazing. Ph. D. Thsais.

Osvald J and Osvald M, 1991. Consequences due to water stress for the development and yield of
Maize, Sorghum, Cabbage and Tomato plants. Bioloski vestnik, 39.1-2:129-135.



1392 bt [yl 255 5 (55y5LisS” il 4y s asbiog v g oy =y 64

Ozturk A and Aydin F, 2004. Effect of water stress at various growth stages on some quality
characteristics of winter whesat. Journa of Agronomy and Crop Science, 190: 93-99.

Panda RK, Behera SK and Kashypa PS, 2004. Effective management of irrigation water for maize
under stressed conditions. Agricultural and Food Engineering, 66: 181-203.

Pessarakli MM, Morgan PV and Gilbert J, 2005. Dry-matter yield, protein synthesis, starch, and
fiber content of barley and wheat plants under two irrigation regimes. Journa of Plant
Nutrition, 28: 1227-1241.

Phipps RH and Weller RF 1991. The development of plant components and their effects on the
composition of fresh and ensiled forage maize: |. The accumulation of dry matter, chemical
composition and nutritive value of fresh maize. Journal of Agriculture Science (Cambridge),
92:471-483.

Rathore PS, 2002. Techniques and management of field crop production. Updesh Purohit for
Agrobios (India), Jodhpur, 524p.

Ricciardi L, Polignano GB and Giovanni CD, 2001. Genotypic response of faba bean to water
stress. Euphytica, 118: 39-46.

Rosenthal WD, Gerik TJ and Wade LJ, 1993. Radiation-use efficiency among grain sorghum
cultivars and plant densities. Agronomy Journal, 85: 703-705.

Savin R and Nicolas ME, 1996. Effects of short periods of drought and high temperature on grain
growth and starch accumulation of two malting barley cultivars. Australian Journal of Plant
Physilology, 23: 201-210.

Singh BR and Singh DP, 1995. Agronomic and physiological responses of sorghum, maize and
pearl millet to irrigation. Field Crops Research, 42, 57-67.

Staggenborg SA, Fjell DL, Devlin DL, Gordon WB and March BH, 1999. Grain sorghum response
to row spacings and seeding rates in Kansas. Journa of Production Agriculture, 12: 390-395.

Tyagi RG, Singh D and Hooda IS, 1998. Effect of plant population, irrigation and nitrogen on yield
and its attributes of spring maize. Indian Journal of Agronomy. 43: 267-285.

Ward JD, Redfearn DD, McCormick ME and Cuomo GJ, 2001. Chemical composition, ensiling
characteristics, and apparent digestibility of summer annual forages in a subtropical double-
cropping system with annual ryegrass. Dairy Science Journal, 84: 177-182.

Weichenthal BA, Baltensperger DD and VVoge KP, 2004. Feed values for annual foragesin Western
Nebraska. http://digitalcommons. unl. edu/animal scinbcr/21

Widdicombe WD and Thelen KD, 2002. Row width and plant density effect on corn forage
hybrids. Agronomy Journal, 94: 326-330.

William D, Widdicombe and Kurt Thelen D, 2002. Row width and plant density effect on corn
forage hybrids. Agronomy Journal, 94: 326-330.



» v S d8le pgS 0 15) 93 (S 5 (o5 3 Sdas (ST U

Zerbini E and Thomas D, 2003. Opportunities for improvement of nutritive value in sorghum and
pearl millet residues in south Asia through genetic enhancement. Field Crop Research,
84: 3-15.



