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Table 1. Mean of comparison of plant characteristics of promising grain sorghum lines in irrigation and plant density treatments (2015 and 2016)

Lo3T (slales & g ol 4 O S5 gm 3 Shes 4ls s Shee
“flfeétrﬁserfts Plant I—fe;gh)t (cm)  Panicle We}i?;ht)}(kg.ha'l) Biologide)ll’sﬁeld (kg.hal)  Grain yield (kg.ha')
Year (Y) Ju
2015 (Y1) \Ya¥ 100.5b 6800b 26400a 3797b
2016 (Y2) \Y40 107.3a 8900a 27700a 5529
Irrigation (IR) LT
Well watered (IR1: 60mm evaporation) S Oy 117.5a 10370a 33200a 6350a
Mild stress (IR2: 120mm evaporation) e iS5 99.5b 7010b 23900b 4318b
Sever stress (IR3: 180mm evaporation) LS AT 94.6¢ 6150b 23900b 3320c
Sorghum lines 058 s slayY
L1: KGS23 90.8¢c 8950a 28300a 5333a
L2: KGS32 121.0a 6870c 26600b 4011c
L3: KGS36 99.9b 7700b 26200b 4645b
Plant density.m? Gy oS5
D1:21 103.0a 7990a 28300a 4819a
D2: 14 104.4a 7560a 26600ab 4451a
D3:11 104.4a 7970a 26200b 4719a
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Means in each column followed by similar letter(s) are not S|gn|f|cantly d| rent at 5% probablllty Ievel using tukey test
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Table 1. Contmue
% ab g Jsb Sl s N 4 5le s Slas B <13 538 05 als 5 Shee
Plant eight Panicle length Stem diameter Panlcle Welght Forage yleld Biological 1yleld 1000 grain Welght Grain yleld

Treatments lT olales (cm) (cm) (cm) (kg.hat) (kg.hat (kg.ha™) (9) (kg.ha™)
LinexDensity SapSiixmY
L1:KGS23xD1 90.4d 19.5¢ 1.66¢ 9410a 17130cd 25990a-c 22.8¢c 5754a
L2:KGS32xD1 119.9a 29.2a 1.70bc 6820c 23230a 30050a 27.4b 3981c
L3:KGS36xD1 98.7bc 25.2b 2.29a 7730a-c 21160ab 28900ab 29.5ab 4723a-c
L1:KGS23xD2 89.4d 19.8¢c 1.57c 8350a-c 16270d 24620bc 22.8¢c 4856a-c
L2:KGS32xD2 122.7a 30.1a 1.92b 6820c 21040ab 27870a-c 28.4ab 3978c
L3:KGS36xD2 101.2b 24.7b 2.30a 7500bc 19970a-c 27480a-c 28.1ab 4520hc
L1:KGS23xD3 92.6cd 20.1c 1.61c 9090ab 14940d 24030c 23.0c 5389ab
L2:KGS32xD3 120.6a 28.5a 1.81bc 6960c 20090a-c 27060a-c 28.2ab 4075¢
L3:KGS36xD3 99.8b 24.5b 2.40a 7870a-c 19790bc 27650a-c 30.1a 4694a-c
IrrigationxLine ol Y
IR1xL1:KGS23 103.7d 21.6fg 1.53c 11790a 19450b 31230a 24.1d 7113a
IR1xL2:KGS32 133.2a 32.5a 1.75bc 8970bc 24650a 33630a 29.7ab 5586bc
IR1xL3:KGS36 115.8bc 27.3bc 2.37a 10360ab 24390a 34760a 30.8a 6352ab
IR2xL1:KGS23 85.4f 19.5gh 1.62bc 8100cd 14030d 22130bc 23.4de 5053¢
IR2xL2:KGS32 119.2b 28.9b 1.84b 6010e 19490b 25510bc 27.9bc 3405de
IR2xL3:KGS36 94.0e 24.3de 2.37a 6900de 17560bc 24460bc 29.2ab 4498cd
IR3xL1:KGS23 83.3f 18.3h 1.68bc 6970de 14860cd 21270c 21.1e 3832de
IR3xL2:KGS32 110.7cd 26.3cd 1.84b 5620e 20220b 25840b 26.4c 3042e
IR3xL3:KGS36 89.8ef 22.8ef 2.26a 5850e 18970b 24810bc 27.8bc 3087e
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Means in each column followed by similar letter(s) are not significantly different at 5% pl’Ob&bIl%{ level, usmg tukey test
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Table 1. Continue
&9 gl why Job Bl as Wi 0)s 4 le 5 Shes 5P sm 5 Shas Gls 58 05 6l s Sles
Plant height Panicle length Stem diameter Panicle weight Forage yield Biological yield 1000 grain weight Grain yield
Treatments elT glasles (cm) (cm) (cm) (kg.ha®) (kg.ha®) (kg.hat) (9) (kg.ha™)
IrrigationxDensityx Line ST oS 5% Y
IR1xD1xL1:KGS23 104.8d-i 21.5gh l.42d 12160a 21480a-g 33630ab 25.0e-h 7513a
IR1xD1xL2:KGS32 133.6a 32.5a 1.73cd 8590a-h 27190a 35790a 29.0a-e 5578a-e
IR1xD1xL3:KGS36 116.3c-f 27.1cd 2.22ab 10730a-d 25020ab 35750a 33.5a 6597a-c
IR1xD2xL1:KGS23 103.6e-i 21.9gh 1.74cd 11380ab 18130b-i 29490a-f 22.3gh 6547a-c
IR1xD2xL2:KGS32 132.4ab 33.3a 1.71cd 8820a-h 23560a-d 32390a-d 30.0a-d 5593a-e
IR1xD2xL3:KGS36 117.8bc-e 27.9bc 2.30ab 9430a-f 23610a-d 33050a-c 26.9b-g 5725a-d
IR1xD3xL1:KGS23 102.6f- 21.3gh 1.71cd 11830ab 18750b-i 30570a-e 25.0e-h 7281a
IR1xD3xL2:KGS32 133.4a 31.8ab 1.69cd 9510a-e 23190a-e 32710a-d 30.0a-d 5588a-e
IR1xD3xL3:KGS36 113.4c-f 26.8cd 2.26ab 10930a-c 24550a-c 35480a 31.9ab 6733ab
IR2xD1xL1:KGS23 84.5k 19.3ij 1.64cd 9050a-9 14060hi 23090e-g 22.5f-h 5760a-d
IR2xD1xL2:KGS32 120.1a-c 29.8ab 1.77cd 6190e-h 20820a-h 27020a-g 27.4b-f 3419d-f
IR2xD1xL3:KGS36 93.5h-k 25.5¢cd 2.52a 7190c-h 20120a-h 27330a-g 29.3a-e 4675b-f
IR2xD2xL1:KGS23 84.2k 19.0ij 1.50d 7080d-h 16170e-i 23250e-g 25.1d-h 4263b-f
IR2xD2xL.2:KGS32 119.9a-d 27.5bc 1.97bc 6040e-h 20230a-h 26260b-g 28.5b-e 3208ef
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using tukey test
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Table 1. Continue

$ 3 gl ab g Jsb @l bi abgt O3y 4 5le s Slas S5 sm 5, Sas Gls 558 05 6l > Sles
Plant Height Panicle length ~ Stem diameter ~ Panicle weight ~ Forage yield Biological yield 1000 grain weight  Grain yield
Treatments elT glales (cm) (cm) (cm) (kg.ha®) (kg.ha®) (kg.hat) (9) (kg.ha'®)
CultivarsxDensityxIrrigation ST oS 5% Y
IR2xD2xL.3:KGS36 93.2h-k 23.8ef 2.23a-e 7170c-h 17150d-i 24330c-g 27.9b-e 4600b-f
IR2xD3xL1:KGS23 87.5jk 20.0hi 1.70fg 8180b-h 11860i 200309 22.7f-h 5138a-f
IR2xD3xL2:KGS32 117.7b-f 29.3ab 1.75d-g 5810e-h 17420c-i 23240e-g 27.8b-e 3587d-f
IR2xD3xL3:KGS36 95.5g-k 23.8ef 2.48ab 6320e-h 15390f-i 21710e-g 30.3a-c 4218¢-f
IR3xD1xL1:KGS23 81.9k 17.6k 1.72e-g 7040d-h 15860f-i 21230fg 21.0h 3990def
IR3xD1xL2:KGS32 105.9c-h 25.3de 1.67fg 5690f-h 21670a-f 27350a-g 25.9¢c-h 2944f
IR3xD1xL3:KGS36 86.3k 23.1fg 2.25a-d 5270h 18340b-i 23620d-g 25.8¢c-h 2896f
IR3xD2xL1:KGS23 80.4k 18.4jk 1.70fg 6600e-h 14510g-i 21110fg 21.0h 3757d-f
IR3xD2xL2:KGS32 115.6¢-f 29.4ab 2.02a-9 5610gh 19340b-h 24940b-g 26.6¢-9 3132¢f
IR3xD2xL3:KGS36 92.5h-k 22.3gh 2.13a-f 5900e-h 19160b-h 25050b-g 29.4a-e 3235¢f
IR3xD3xL1:KGS23 87.8jk 18.9ij 1.63fg 7270c-h 14220hi 21480e-g 21.2h 3750def
IR3xD3xL2:KGS32 110.6¢-g 24.4¢ef 1.83c-g 5560gh 19670b-h 25220b-g 26.8¢c-g 3049f
IR3xD3xL3:KGS36 90.6ijk 23.1fg 2.38ab 6360e-h 19410b-h 25770b-g 28.3b-e 3129f

x)\xL;)l:@uQJLZM):@dw»lcla.ﬂ)aéﬁ Q}.)wa\xméfﬁhdjfébl:d”u&;}y()}:...,,a):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using tukey test

AR


http://dx.doi.org/10.29252/abj.21.2.96
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.2.1.3
http://agrobreedjournal.ir/article-1-1032-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1398.21.2.1.3 ]

[ DOI: 10.29252/ahj.21.2.96 ]

"1 oA (AFAA LL_;|)'>' Clle &y V'(‘/J K] GJL,‘.TV;;‘ "

JJCLM.\;-\,JJL&,;;\MSVU,\?”@@\
oS 5 a8 53 TS S Cou st s Ol
Ladils 05 ool Eel ails 0s s a0 5 (5,WT
3 Shes ol sk a8 sl 0Lt s s
33 0bls g yls cme S dbgle s Shes 5 &5 ) oo
S 3 Nhes o it (IR (25 054 Hlas
3 Sdes GLSa 53 8 4 LS YYYN ) weT
Db 5 (IR2) obes e Joa VYol 53 65550
YFAAL 5 YFLY. %._;;g(le),_:#,udx,;w
0 dju\e-):ﬁ)lﬁ.aﬁpf}l;
s oS5 slasles 1 ol GhlasT s
30 3 inn S5 5l 3 Shas 5 adsle 5, Ses
o b pn 5 g 3 Sas 5 5ke > Slos o 2t
S3) A Sl A Gy ko) m e e 53 G5 VY (S5
Al s oY Jolie S0 Jads) 3 (L,
oY Jlie 1o g s me ale b g 4 sl 5 Shas
3 I3 me a5 Jpb Blsd 1 baas o,LuT
Y b (e BLa YY/0) b b o i
O30 Jsas) 55 (IRy) 25 O3 Hles 5 KGS32
s i J b dle s LT Y 68w iz
Jelize Sl 5100 g Sls ime 4013 Hla 055 5 Sl
syl 05y s ek dsb bl 5 oS Y
(e Sl YY/Y) ab g J b op iis 350 Hls sae
5(D2) £33 oS5 IR1) 25 O Hlas 4 L 5
(p S YYI0) il 5138 055 2 i 5 55 KGS32 Y
5 (O Jsl 051,35 IR 25 05 Hlad 4 b g5
s a3 KGS23 oY (Y Jsds) 35 KGS36 Y
e 53 835 413 5 Shes o 2t gl (LT plaw
pf,.\;vxw (s 0o Hles) (Ry) Ul oW T
ek 1Y) (IR2) p 53 6)\.3Tcla_.~)>‘,\_:§“>
ol el 53 5 LS s (Jf}-l:fb'w s
23 8 S LS YAYY (s ma o A (IRs) pys
50515 Y el ol 51550 Jada) HtSa
05 S VON wils 5 Slhas b KGS23:2Y (55T

- r;fu-“ 233 50550533 Shes o)
OLSea 5 yo—wls (Rame and Kumari, 1995)
S i 51 oL, L (Hussman et al., 1998)
S 48 Wty 5158 0 8 e sl o 65,
3, es galS el lidles S byl s S

P55
-5 (Abulhashem et al., 1998) ol,LSes gl
5 Uity o e 53 (65 LT pde 457 sl S5
s St 2 L el O arlge 5 b S LSS
Ol jn 2alST el (Bl S S0 4 S35 S
RS sl s S5 ol slad sk 5 54
g 5 1S 53 OME sluss 5 O s aliw sl
Sl 25 O e 3 iy OT O e 355 0
S 3l 1 055 SISl 5 5685 ladils Ay
03 8 (IRs ¢ pdns e oo VAY) Wl 55 les @
T R RSP P RSN =
=) 5 Sl e cstadls ads e s
g gn ) Il 5 Wl s (5 8 3150
23 (S s 5 sty o e 0d SV b oDl
S OAd o S aalS Eol (A5 O sl
059 L st SRl 781 5 &> O o) 95 b 2l 3]
Qlj&w)@&ﬁ%b\)ﬁl):.uui:
ool dzils ,leb! (Mazaheri Laghab et al., 2001)
il 5 LaasdS (65 5,L s a3 S ade e s
o o 3 S s s oyls 5L Laasisslaws
Qs o ol am sl 2l 530 e T gduals
Syls Ecie STLaoT Oy il 33l ames 53 5 Laals
(Narshiva and Shivraj, 1998) 1) 51 5d)b
1> S 03, ey S 5 5 a5 S
Ols §ad 0593 Jsb u:..alfg:,&b slals (;)}w
SalS” il o311 ol 1 Cle Gaiss ol g3 s S
OLHLKan 5 Lo pdglas 518 ad s 53 als slaw
55 (}f)}_w &3y sLajT s (Olufayo et al., 1997)
6ol Wiy Calises ol ps Sis 55 glasds


http://dx.doi.org/10.29252/abj.21.2.96
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.2.1.3
http://agrobreedjournal.ir/article-1-1032-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1398.21.2.1.3 ]

[ DOI: 10.29252/ahj.21.2.96 ]

WA Ol oY 05l (00 5 Sy Ml 010l 215 e 42"

S S 3TOL Lasl s a S 54 5 o jabis
93, YL il s, Shee lyls glacs
L) S 5o G BT Oadn s 2T Ll b
a0 Gy Jomte 5035k oS ST 55 S
YL sl dea S GMP 5STI Lesls Ll
KGS23 ¥ sl o pL,1 oo sdinsilis baosT
)\gAe,,f)g,uquH)o\fw
=Y S MP e ls wlal o (Y Jgds) o 8
db s ls B0 4 Jemie 55 Ol siea KGS23
Y Jou>)
2ol ie (YSI) 5, Shee ool Lol s 5s
G ) Sl adas QLA daly 1 éw (gode
Sl i Loyl i 533 Sl (5l Cans
bwl ;a8 5435 (Eberhart and Russel,1966 )
o bl s s s Shes (YU (g lLL L YST a5l
AL L 5 ek Ole (S 350 o 2Ll
5 KGS23 sla ¥ ule3T ol 55 ayls Iy .sjﬂc..o
O Cws 6 YL a5, 5 YSI Lasls L 5IKGS32
sl o (Y Jods) a5 )1, 5KGS36 s 435
AL L O ) Olyea KGS23 Y (Y1 Lasls
(Y dgd) s plalis i bl 5 s 5 Shae Ol
OLLSKan 5 sl 5 5,8 ulul
&= els oy jwln (Farshadfar et al., 2001)
Sl> 45T Sl sl (A5 4 Jomuie p6 Y
S Ll b 93 5s s s Shee b (VL (Sees
o Nt Sl LT 55 Bl A O
Sl asls, s god s , S5 cla el s
Ja\aowdmoj@)&u‘lqlﬁijar;)}u
53 Jeoss Sl Lo ey (Sar a5 5L
3GMP (MPgla a5 Li s b g o 55 O Lyl 4
u,:&idw‘cb_»):)@hdsﬁSTl
(Fernandez, 1992) ;45U 5 , L b . ds s Hls jae
Jmemie Sl 55 55 Sl m el
a1, ki 5b s GMP 5STI sla el

(U35 O3 5las) (IRe) Jsl (5T elaw 53 HLSs )
Slols (s pn e 5345 YV (OD) Iyl (o515
O Jsd) 35 415 5 Shas o s
22 5 (YP) s Osis Lol 55 ils 5, Slas
o Jons oLt gl e Ll 5 (YS) s Ll i
Y Jsdo 53 anllan 3 08 5 e Loy (Sis
SSI e (gade jldan 4 o Ol odl 4l
e Ja 5 eSS 4 Sl (il 568 S
el b ol i S G5 S5
oS LKGS32 Y 4S 51> OLis SSI esLs
P 4 Sl I 5 (n 7 Jemte (/AD) S sl
SSI el 4l s a5 L (Y Jpd) 5 Sis
o S s 55 08y e Sles S el
el S 50 S ol b as e 5o 25 Ok Loyl 2
S Lok Shas bod) 93 ol ol 005 o0 ot
iy SLuS SSI jliie Cul S Loes 53 53
molin L 5 o5 SSI bl Slsusil ameiss 53 cazsly
o s Bl 51 KGS32 oY (aslaT oyl s sl
S Gose 3 dd atlid Jasze Y Olsiea TOL
AL bl s O 5 85 Ll a5 Y
A s 4 S KGS32 Y pl s 355 415 5 Shes
ol e 0 o S 5 Ll o YU s Slas
el ol bl o, Shas i o3 0390
Gols & Byl ds s Y o 5 este Ol e
o 5 6 2S5 TOL jastl_i
,;&;M.ubdow@ﬁ;ﬂwﬁa
O—.’.‘Oé,ﬁ—fg}il—.’,dc"—“‘d—i\TOL ubus)j_»
3 085 3, 8des 055 Vb slias 4 LI TOL o ls
sl - SKae O g il gl [T O s Lo
Ll 55 5 il ol ole Ll 5 55 a3, 5 ,Shes
Eel a8 dil ol pen (g 2S5 Slas 3L 5 AT
333555 TOL Lastli gade jldie ol &S S

s N L’“ ";&)bJ"

o2l 2L (Moghaddam and Hadizade, 2002) s,


http://dx.doi.org/10.29252/abj.21.2.96
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.2.1.3
http://agrobreedjournal.ir/article-1-1032-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-06-10 ]

[ DOR: 20.1001.1.15625540.1398.21.2.1.3]

[ DOI: 10.29252/aj.21.2.96 |

AN A AT (G nSlis 65 0S5 5 LTS A"

(S1=0.48) L;)L:Jrfj (a5 O9) o8 ol Ll s s :J.ilw ol g lals C}?}}w el gla Y é."& IS e gla el 551 =Y Jsd

Table 2. Estimation of stress tolerance indices for promising grain sorghum lines based on grain yield under well watered (non-stress) and limited irrigation conditions

(S1=0.48)
5oy ok ks Ses Ehlt oSles Je e oS e oS e lele Gade oSl el DSl il el 5 Sl
Sorghum lines Yp (kg.ha-1) Ys (kg.ha-1) TOL MP GMP SSI STI Yl YSI R (%)
L: KGS23 7113 3832 3281.0 5472.9 5221.2 0.96 0.68 1.15 0.54 46
L2: KGS32 5586 3041 2544.3 4313.9 4122.1 0.95 0.42 0.92 0.54 46
L3: KGS36 6351 3086 3265.3 4719.2 4427.8 1.07 0.49 0.93 0.49 51
Mean Sl 6350 3320 3030.2 4835.4 4590.6 1.00 0.53 0.85 0.52 47.7

Lg)LﬁTrf}(uf.;S O3 oS o, Ll 5 5o Lglsﬁl;(a}f)}.w idudual sla Y 4l ;ﬁb;&@éuu&u&ﬁnb@%\y—\' Jgd>=

Table 3. Correlation coefficients between tolerances indices and grain yield of promising grain sorghum lines under well watered (non-stress) and limited irrigation

conditions
SEOsk Ao S ks Sl Jad Gl 08 e 08 e dele G e et Sl el sSle il et s Sl Sl de)s
Yp Ys TOL MP GMP ssl STI YI YSI R (%)
Yp 1
Ys 0.89 1
TOL 0.88 0.56 1
MP 0.99** 0.96%* 0.78 1
GMP 0.97** 0.98** 0.73 .997* 1
ssl 0.08 -0.39 0.55 -0.10 -0.18 1
STI 0.97** 0.98** 0.72 1.00%* 1.00%* -0.18 1
I 0.88 1.00%* 0.55 0.95%* 0.97** -0.40 0.98** 1
YSI 0.01 0.46 -0.48 0.17 0.25 -1.00%* 0.26 0.47 1
R (%) 0.01 -0.46 0.48 -0.17 -0.25 1.00%* -0.26 -0.47 -1.00%* 1
Yot
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Effect of deficit irrigation and within row spacing on morphological traits and
grain yield of grain sorghum (Sorghum bicolor L. Moench) promising lines

Khazaei, Al

ABSTRACT

Khazaei, A. 2019. Effect of deficit irrigation and within row spacing on morphological traits and grain yield of grain

sorghum (Sorghum bicolor L. Moench) promising lines. Iranian Journal of Crop Sciences. 21(2):96-108 (In Persian).

To evaluate the effect of deficit irrigation and within row spacing on grain yield and yield components of
grain sorghum promising lines, an experiment was conducted as split plot-factorial arrangement in randomized
complete block design with three replications in 2015 and 2016 at the research field of Seed and Plant
Improvement Institute, Karaj, Iran. Main plots consisted of three irrigation regimes (irrigation applied after 60,
120 and 180 mm cumulative evaporation from Class A pan) and sub-plots included factorial combination of
three levels of within row spacing [8, 12 and 15 ¢cm (21, 14 and 11 plant.m™, respectively)] and three promising
lines of grain sorghum (KGS23, KGS32, and KGS36). Combined analysis of variance showed that the sorghum
prmising lines differed significantly for grain yield. The highest (5333 kg.ha') and lowest (4011 kg.hal) grain
yield obtained from promising lines KGS23 and KGS32, respectively. The results showed that the response of
the grain sorghum promising lines to the irrigation regimes was different, and KGS23 was significantly superior
in comparison with the other two lines for most of the studied traits. In addition to high grain yield and desirable
morphological traits, KGS23 showed adaptibility to deficit irrigation conditions. KGS36 ranked next to KGS23
for grain yield and tolerance to deficit irrigation. The effect of within row spacing on forage yield and biological
yield was significant. Decreasing the within row spacing increased the forage and biological yields. Considering
the stress tolerance (STI), geometric mean productivity (GMP) and grain yiled, KGS23 promising line which

had higher grain yield in all irrigation regimes was identified as tolerant line with high grain yield.

Key words: Deficit irrigation, Grain sorghum, Stress tolerance indices and Forage yield.
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