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Table 1. Physico-chemical properties of soil in experimental site for 2005 and 2006 cropping seasons
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Fig. 1- Monthly average temperature for two years of 2005 and 2006 Fig. 2- Monthly average precipitation for two years of 2005 and 2006

YA


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.3.8
http://agrobreedjournal.ir/article-1-43-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-24 ]

[ DOR: 20.1001.1.15625540.1393.16.1.3.8 ]

" Jeab sl (S oo b "

lacals dm 05037 Sl eslial U La 5 Sk 4uns o
Wb 8 plonil des s iy Jlas o 3 S
POTA A  Camles oo la e s

AL dewloes

SI=1-(Ys/Yp)

SSI = (1 — (Ysi /Ypi))/ SI
TOL = Ypi — Ysi

STI = (Ypi xYsi)/(Yp)*
S0 ke yasls  MP = (Ypi+ Ysi)2
S99 4 oo id Sl GMP = (Ypi xYsi)*

S99 4 S a5l Kl HARM= (2%(Ypi x Ysi))/(Ypi + Ysi)

3 Sdes A3 S ol GLSa s 0 8 LS YAS/Y)
I3 mre CONLs 5wy 2 35 90 Slad sad s 4l
Sl yoi 4S5 ) sh e bils A3 S e
SIOPF/A sla Kl b s 5 4 10-YF 5 10—V FF
u,g}d;_:“ﬁdl,ls,t_:iﬁﬁrf,_gfwmv
SO o 2aS” Gyl FIAD S5l L VO Y'Y
..uaﬁw)ja,ﬂsuaﬁ&”wup;)ﬂ&
;,,Jéuursog);d.usu_ﬂ QL&:@‘& o
Ll i g3 55 asls 5, Shee L5 51 (ol g5 an)las
(F Jadsr) Codls 3 oy (SCis HS 5 A5 Og
U135 5 (Bruck er al., 2000) Ol ,Les 5 &S| o
oA e T S S les, S
\)t)_.é}oo_i\ JIs LT o 5b 0 05,0 s 5 Shes
SRS R CRKEC P Pt JERUNIE IR
2o ails s, Shas o abgei X (S 25 ol
R PR N
SV S L VO-YF 510 VFY Syl 5
sls 3 Slae op 2t sl1s S 53 p 8 S YSFF/
Gl e gl ¢ Sk i Ll s Ll cdin g
o s S edaliin (s ) 50 SLadis0d
SSke LAO-AT 5 1O-VFF VOV (glaki gai 5 43 g

Y4

Aol e 53 dgad 20 Slas (D5 slenl
L Laoals oS e il 425 ks 6 S o3lubl o
L Jolize 31 ke anglie 5 SAS L1531 o 3 3l aslin
b 8 oLl MSTAT-C Ll 531 o, 5 e3liz

(Fischer and Maurer, 1978) M)
(Fischer and Maurer, 1978) (¥)
(Rosielle and Hamblin, 1987) )
(Fernandez, 1992) ()
(Rosielle and Hamblin, 1987) )
(Fernandez, 1992) )
(Fernandez, 1992) )

oSl 5 Vs 5 TP G pb glaalay 5

Seis A5 5 6ObT Ll s ek ge 4lSTs Slas
):uu}ajlé&ﬁsﬁwﬁkasinpi}
378 es e S g OB 52 Bl Ll 3
D 5 s 8 3 s able 54l
5 STI HARM (TOL (GMP MP (sLa_aslic i3
SAS 1331 ¢ 5 3l 3l al L 5 a5 4wl SSI
Kot ey 15 Sl e sl iy o
415 s SigmaPlot )\J'_'a\p_s ool wl b 5 o)
SLaos gl 53 Lads gai 51 S5 a (gumaw ST,

435 0w 3D 5C B A

Sis i 4 als Ol esls il yly 4 o

B el ails s s Shas 1 5oy e SU
e (St 5 4S50 0L b S0le i
w5 S 055 s 5, Shas (s At 3 i 2alS
SielesT b 5o s 5y Sas s (Y Jyds)
ORle o e (F Jsik) 3ls 2881 il 5 Shas
1040/0) o8 (s,lT Hlas 1 asls 5 Shes Al 55
s 5 e 50T g a8 5 GG s p A


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.3.8
http://agrobreedjournal.ir/article-1-43-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-24 ]

[ DOR: 20.1001.1.15625540.1393.16.1.3.8 ]

WA Slgr o) ojlad ool dl Nt s ool Al

adgle o YL 6l JLSa 55 p 5 s LS OYAVY
O SO W P T I P - ST PRTCL .S
L 5 an YO-A 9 VO VFY A0IYY slads sl
205 SLS VPFYA VST AVEY/F ola o SSLa
(P Jsds) s 5 5 Laas sed plo 4 S 1S
0501 lras sad Olus 3 a5 sls QLS fags oyl @Lﬁ
St abgle s, Sles gl ) p 35—
G35 p o (Shs S 5 85 Ogd Jl b g3
A ey (S SRS Sl sy
oS el 51 e sl ae Sl >J_<L..c Sl
o e g 55 0 Bl o g 4 ges X S
JETISTR P RIS SR PYPVES S dLﬂJJ‘u:A;‘.J)J‘
ﬁj@)s@chw);a};)aaﬁb:lw)cﬁ
N3 inn A 53 S e 3 4l 1m0
A_Q}AJXJL.'}L;{;.&-&;SX Jlo Jlaze sl 1.5 5
s 3, Ses gl 51 plaS mn gl (S 25 %
A8 313 0L La o ilee amglie s in gyl e
:)_il,«;tglj'_q-\)b@»u,mlfgﬁmé&s-dw
VE/YV alS an oie Sis i . dus S il
S s YZ/VF (e 3 TP\ NW N WP T
s la 059 ghapyd V4 /FY g ad 5 s dils sluw
AN Y Jpz) 38 LelS (LT e & o
&JJQCMJ.UTGLAJ}L.»J.S_ZJJ@HM
(S A Ll 53 S g Oy 8 el
S Lol 8 3 alls 05y Jewily 5 4l zalS
v sl ialS (Bradford, 1994) &L o talS
b g 3 (i S U L e e )
Sy A5 Ol U (S5 d 9 50 sladoaie sl
.(Seghatoleslami ez al., 2005) das Eo o2
bdgu)T ol 93 aS b s adls sl tals
Q\::&élﬁl&:@@éﬁﬁ&u
o nenl€ i ) 6 15 o3l nlS
Sls O 5 Slisles & 53 Il 5 baslS s

S g o e S 315 Ol b ke 4w lie L LBL

$ols HL=Sa 556 S 5 LS FEA/D 5 YAY/+ (FFF/)
A3 L pod b an S 65V 5, Slas
Q)L&Sdugu_nol_.i.}t}_@y o=l (F J i)
S S s bl s s 05 gl ges S35
S 0 s p
(S i 5 (6l m oS e il ls 4
(i 15 51 a0 olas LT [iSan g ki el
23 (S R X sl 5 (S 5 Sl 5o
050 ESia ab gl 5, Sas o o 5> &S rle
3 Shas 457 513 OLES b S0 ke dus lie .53 55 Sl e
S A5 56 Cos (gls gme sk oSis 4 gle
St S s 4 @)bT as les s 25
VAFA/0) eSis ab e oy ,2aS 0lS s odd 5,05
jlﬂfu)afofmT@.\g(,l:.(A,apf,g
352 OLSSs 3 0 8 AS PIVAD) JulST ()T Sl
5 S S OT (St 5 Ll 555 (Y Jgdr)
O i olsa Lgl_a(ai.l_?‘ 23 Sl —> Sals
2L Ll S ol o gl s (0 7 aads
9355 o 033 jaad Laddy ) 4 (6 e (6 5
5.5 i oS bl o 28T lss (slaplil 0
03903, s lal i g el g bas 0l 5
25548l LS 0T Jhowan vy s by ans
Bl b Sd e R b o S
5 SRy ez 1 6,5 Ol slaiagiy
5 NI 5 (Biddinger et al., 1999) ol ,Len
Olals s (Seghatoleslami e al., 2007) ol,LKas
Lyl oo oSt sl ialS I (ST cCalises
CNO-YF 5 V0 VFY Glads gui Ol SCis 25
205 LS YA S ¥OYYY (sla o Sils b i 5
LDV 5 V0-YY (slasai 5 op 2éw glols LU
PSS SUCR IR A AR LY JE SN
e 93 St 4 gle gy L o S (Gl
(ol LT Ll i 5 (Y Jgder) s g Lad e sl
SOFFF/F cla Kl LIO-VFY 5 V0-YF (clad sl


https://dor.isc.ac/dor/20.1001.1.15625540.1393.16.1.3.8
http://agrobreedjournal.ir/article-1-43-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-24 ]

[ DOR: 20.1001.1.15625540.1393.16.1.3.8 ]

" e sl (S e 51"

3RS Oaa slas 95 8 53 e e )3 4d sl
(b s 93 2 5 (VM dsu) L3y (Shs S
3555 V0PN S gai a by e ails S50 05 o s
@fﬂ)sufsl.waj'ﬁ\{&bdeupﬁ
VO-VYY (Lo go3 OT 51 ay 9 VO-AY & ss & b g 10
4 gad 33 oAb gz > aily Slda s VOV Y
4S 54 i Laddsas plu 1 dle 55 58 53 10-7)
Jlw 53 10-FA 5 V0-Ar L ad S 505 OT 31 sy
Ll Lad sad plw & S (6 5YL &l sl 5
o 1) 4 god X Il flize 31 ke sl )
» YL § =5 Sl i a5 53 4y sl (el
55 13,555 5 ey g 350 05} Slpas gad OLoe
i o)l s Sl b el S 4 S

el T

T L [P < B
10-FY 5 (pyo 2o 53 485 1AF/T) 0-AR (slac sai
V-7V 4 ged Sl L g (o e 53 455 YO/A)
w\ulcaﬁ@fﬂjaufsl.wa}ufébb
S it 5113 FOYY/A Wlugs Kk b 4 g
93 2 55 ad gl ol (Y Jgdsr) 390 a5 53 alls
Wl ol o ey 5 (A A5 5 AT Ok Ll
D2 059 op it 3 ol s alyddss jo
Cgoian by, S YN Al 55 Kl b 35 4l
PG S T N Y CETRCEFPPRT-S )
YO NO=YE 5 (o, 5 Y/FY) V0-A+ (slaas yos OT
VO-AR & goi s g il 158 035 o 2w ol (oS
£ gas 3 o i 113 AR 5 0AV/Y (gla Sl L)
S Glols 5 (VY 5 Y9IA o Kl L) VO-FA

Pasps 05l 3 ,Shae sl 55 Shoe 4 gi 5 (St (25 el 31 580ke glin =Y g

Table 2. Mean comparison of yield and yield components of Foxtail millet accessions in drought stress

Ay y> ad s
Ch“ ab gy als als 8 05 é§.‘:.>’4§)lr- 451::;&.9
No. No. grain. 1000 grains Dry forage Grain yield
Treatments b7 sls les panicle.m’ panicle™ weight (g) (kg.ha™") (kg.ha™")
Year Ju
2005 \YAF 78.01b 1166.6b 2.12b 2331.2a 1033.8a
2006 AYAS 82.92a 1438.9a 2.43a 2216.8a 848.4b
Drought stress Sis a5
Normal irrigation Jsers g LT 86.65a 1500.4a 2.40a 3378.5a 1595.5a
Drought stress S 5 74.28b 1105.1b 2.15b 1169.5b 286.7b
Accession « se
15-125 (Kerman) 39.1gf 1176.6d 2.15¢cd 2653.0bc 1234.6ab
15-24 (Yazd) 48.2f 2188.4b 2.58b 3388.5ab 1468.3a
15-89 (Mazandaran) 193.2a 230.6¢e 1.80e 1537.7d 582.5¢
15-131 (Southern Khorasan) 65.8¢ 1630.9¢ 2.18cd 2894.1abc 1102.8ab
15-143 (Southern Khorasan) 82.5d 1063.7d 2.29cd 3522.3a 1544.8a
15-68 (Kerman) 24.4h 2330.6b 3.16a 2408.5¢ 861.6bc
15-132 (Hamadan) 143.6b 154.1e 2.19cd 1294.1d 418.5¢
15-80 (Southern Khorasan) 28.0gh 2069.8b 2.62b 2565.9¢ 889.5bc
15-101 (Mazandaran) 133.8b 128.6¢ 1.90e 1107.3d 518.9¢
15-61 (Southern Khorasan) 25.8h 4532.9a 2.34c 2691.1bc 1181.5ab
15-129 (Southern Khorasan) 75.7de 1000.5d 1.94¢ 2856.6abc 1287.1ab
15-21 (Mazandaran) 120.7¢ 206.6¢ 2.25¢cd 1079.3d 508.6¢
15-127 (Southern Khorasan) 64.9¢ 222.2¢ 2.14d 1562.9d 636.6¢

.U)l.ULSJlA@Ma}LéJ.La);c'.;dlablchwpﬁl;&lu\:xg-o}aijL«lﬂgmafﬁm;b}fél)\:ﬁduﬁpoyﬁ):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's

Multiple Range Test
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Table 3. Means comparison of grain yield and yield components of Foxtail millet in interaction effect of

drought stress x accession treatments

s g 53 4b g s 4l Gl 158 0js St 4 yle gl s Shee
O S ges No. No. grain. 1000 grains Dry forage Grain yield
Millet accession panicle.m™ Panicle’! weight (g) (kg.ha) (kg-ha")
Normal irrigation Jsexs 5,LT
15-125 (Kerman) 43.7g-k 1516e-h 2.31de 4089.1abc 2180.0ab
15-24 (Yazd) 59.7fghi 2850c 2.77bc 5434.5a 2644.0a
15-89 (Mazandaran) 197.2a 205ij 2.05defg 2175.2de 849.8def
15-131 (Southern Khorasan) 73.8def 2033cdefg 2.30de 4044.6abc 1759.5abcd
15-143 (Southern Khorasan) 96.7cd 815hij 2.40d 5381.3ab 2700.4a
15-68 (Kerman) 26.8k 2553cd 3.23a 3803.0bc 1515.3b-¢
15-132 (Hamadan) 143.5b 195ij 2.30de 1690.0¢ 646.0ef
15-80 (Southern Khorasan) 32.3jk 2235cde 2.90ab 3487.9¢cd 1429.5bcde
15-101 (Mazandaran) 134.7b 160j 1.87fgh 1566.1e 812.0def
15-61 (Southern Khorasan) 32.0jk 5296a 2.42¢cd 3965.9abc 2002.0abc
15-129 (Southern Khorasan) 90.5de 1122ghi 2.08d-g 4671.4abc 2250.4ab
15-21 (Mazandaran) 122.5b 267ij 2.38d 1520.4¢ 846.2def
15-127 (Southern Khorasan) 73.2def 260ij 2.25def 2090.8de 1106.9¢-f
Drought stress  Sis i
15-125 (Kerman) 34.5ijk 838hij 2.01defg 1216.9¢ 289.4f
15-24 (Yazd) 36.8hijk 1527efgh 2.41cd 1342.6¢ 292.6f
15-89 (Mazandaran) 189.3a 257ij 1.57h 900.3¢ 315.3f
15-131 (Southern Khorasan) 57.8fghij 1229fgh 2.08defg 1743.6¢ 446.2f
15-143 (Southern Khorasan) 68.3efg 1312fgh 2.19defg 1663.4e 389.1f
15-68 (Kerman) 22.0k 2109cdef 3.10ab 1014.1e 208.0f
15-132 (Hamadan) 143.8b 114j 2.10defg 898.1e 191.1f
15-80 (Southern Khorasan) 23.7k 1905defg 2.34de 1644.0¢ 348.5f
15-101 (Mazandaran) 133.0b 98] 1.94efgh 648.6¢ 226.0f
15-61 (Southern Khorasan) 19.7k 3770b 2.27de 1416.3¢ 361.0f
15-129 (Southern Khorasan) 61.0fgh 879hij 1.81gh 1041.9¢ 323.8f
15-21 (Mazandaran) 119.0bc 147j 2.14defg 638.4¢ 171.0f
15-127 (Southern Khorasan) 56.7fghij 184ij 2.04defg 1035.2¢ 165.6f

.,U)I.Ug,l:@.u;ajw.L;):c;;JL«:.»!CE.»):JQI:L;lq.'.nb.x.?Qijwulﬂ‘MS;iudjfdl)\:J&La&;;l:.ao}:_»,a,:
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Duncan's

Multiple Range Test
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Table 4. Mean grain and dry forage yield and drought indices of Foxtail millet accessions under drought stress and normal irrigation conditions

051 lak yus Ypi (kg.ha™) Ysi (kgha') TOL GMP HARM
Millet Grain Dry Grain Dry Grain Dry Grain Dry Grain Dry Grain Dry Grain Dry Grain Dry
accession yield forage yield forage yield forage yield forage yield forage yield forage yield forage yield forage
15-125 2179.9 4089.1 289.4 12169 1890.5 2872.2 1.06 1.07 0.25 0.44 12347 2653.0 794.30 2230.72 510.99  1875.64
15-24 2644.0 5434.5 292.6 1342.6 2351.4 4091.9 1.08 1.15 0.30 0.64  1468.3 3388.5 879.58 2701.17 52691  2153.24
15-89 849.8 2175.2 315.2 900.3 534.6 1274.8 0.77 0.90 0.11 0.17 582.5 1537.7 517.60 1399.42 459.90  1273.53
15-131 1759.5 4044.6 446.2 1743.6 1313.3 2300.9 0.91 0.87 0.31 0.62 1102.8 2894.1 886.02 2655.61 711.83  2436.77
15-143 2700.4 5381.3 389.1 1663.4 2311.3 3717.9 1.04 1.06 0.41 0.78  1544.7 3522.3 1025.03 2991.84 680.17  2541.24
15-68 1515.3 3802.9 207.9 1014.1 1307.3 2788.8 1.05 1.12 0.12 0.34 861.6 2408.5 561.35 1963.85 365.72  1601.26
15-132 646.0 1690.0 191.1 898.1 454.9 791.8 0.86 0.72 0.05 0.13 418.6 1294.1 351.38 1232.00 29498 117291
15-80 1429.5 3487.9 348.5 16439 1081.0 1843.9 0.92 0.81 0.20 0.50 889.0 2565.9 705.87 2394.58 560.44  2234.66
15-101 812.0 1566.1 2259 648.6 586.1 917.5 0.88 0.90 0.07 0.09 518.9 1107.4 428.35 1007.89 353.54 917.34
15-61 2002.0 3965.9 361.0 14163 1640.9 2549.6 1.00 0.98 0.28 049 11815 2691.1 850.18 2370.03 611.76  2087.25
15-129 2250.4 4671.4 323.8 1041.9 1926.6 3629.5 1.04 1.19 0.29 043  1287.1 2856.6 853.67 2206.15 566.19  1703.77
15-21 846.2 1520.4 171.0 638.7 675.2 882.0 0.97 0.89 0.06 0.09 508.6 1079.4 380.39 985.17 284.51 899.18
15-127 1106.8 2090.8 165.7 1035.2 941.2 1055.6 1.04 0.77 0.07 0.19 636.2 1562.9 428.15 1471.17 288.12  1384.74
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Table 5. Correlation coefficient between tolerance and sensitivity indices and grain yield of Foxtail millet

accessions under drought stress and normal irrigation treatments

Indices Ys Yp TOL SSI STI MP GMP HARM
Ys 1.00
Yp 0.60* 1.00

TOL 0.51 ns 0.99%* 1.00
SSI -0.04 ns 0.72%* 0.78%* 1.00
STI 0.83%* 0.93%* 0.89%* 0.48 ns 1.00
MP 0.67* 0.99%* 0.98%** 0.66* 0.96%* 1.00
GMP 0.84** 0.94** 0.89%* 0.48 ns 0.99%* 0.96** 1.00
HARM  0.98%* 0.75%%* 0.67* 0.17 ns 0.92%* 0.81%* 0.93%* 1.00
ns: Not significant s s 8 WS
* and **: Significant at 5% and 1% probability levels, respectively do)s & 5z il 2 o 53 5ls gme o5 41 %% ¥

05 Gl goi St digle 3 Shas 5 (St a0 Comlm 5 Joows Sla a2t b o Ktewesd ol s —F ol
Jsane LT 5 (Sis 55 a5 )3 algges
Table 6. Correlation coefficient between tolerance and sensitivity indices and dry forage yield of Foxtail

millet accessions under drought stress and normal irrigation treatments
Indices Ys Yp TOL SSI STI MP GMP HARM
Ys 1.00
Yp 0.73%* 1.00
TOL 0.57* 0.98** 1.00
SSI 0.14 ns 0.76** 0.87%* 1.00
STI 0.91** 0.93%* 0.84%** 0.50 ns 1.00
MP 0.82%* 0.99%* 0.93%* 0.66* 0.97 1.00
GMP 0.91%* 0.95%%* 0.86%* 0.52 ns 0.99 0.98%** 1.00
HARM  0.97** 0.86** 0.73%* 0.35ns 0.97 0.93%* 0.98** 1.00

ns: Not significant Sl sxe DS

M}A;&_}@JL&"CJEM)J)\J&M%_;A{Z**)*

* and **: Significantly different at 5% and 1% probability levels, respectively

.
¥ 150

Sz e s Shas 5 (Ga) 6ls 3 Shoe wlul y (Algsps 0351 Gld gos Gobm am ST 5l 503 1 IS
STI el o (Yp) a5 09 5 (Ys) i Lol 5 55 (Cnly)
Fig. 3. 3D plot of Foxtail millet accessions scattering on the basis of grain yield (left) and dry forage yield
(right) on Yp, Ys and STI basis
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Evaluation of terminal drought tolerance in Foxtail millet (Setaria italica)
accessions
Nakhaei, A.l, M. R. Abbasiz, E. Arazmjoo3 and A. Azari NasrAbad*

ABSTRACT

Nakhaei, A, M. R. Abbasi, E. Arazmjoo, M. A. Azari. 2014. Evaluation of terminal drought tolerance in Foxtail millet

(Setaria italica) accessions. Iranian Journal of Crop Sciences. 16(1): 25-38. (In Persian).

To evaluate the tolerance of 13 accessions of foxtail millet to terminal drought stress, two separate
experiments were carried out at Agricultural Research Station of Birjand, Southern Khorasan, Iran, in 2005 and
2006, using randomized complete block design with three replications. In first experiment (stress condition)
irrigation was stopped at the beginning of flowering stage (10% panicle emergence) and in second experiment
(non-stress condition) the irrigation interval was seven days. Agronomic traits including; panicle number.m?,
grain number.panicle™, 1000 grain weight, grain yield and dry forage yield were measured. Results showed that
drought stress reduced all measured traits and grain yield was affected the most. Accessions 15-143, from
Southern Khorasan and, and 15-24, from Yazd, had higher grain yield (1544.8 and 1468.3 kg.ha'l, respectively)
and dry forage yield (3522.3 and 2653 kgha™, respectively). Evaluation of foxtail millet accessions for
tolerance to terminal drought using MP, TOL, SSI, GMP, STI and HARM and their correlation with grain yield
and dry forage yield in stress and non-stress conditions showed that HARM, GMP and STI were suitable indices
for identifying drought tolerant accessions. Three dimensions graph study showed that accessions 15-143 and
15-131, from Southern Khorasan, and 15-24, from Yazd, had higher grain yield and were tolerant to terminal

drought stress.

Key words: Accessions, Drought Stress, Grain Yield and Foxtail millet.
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