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Study of some quantitative traits and responses of hull-less barley

(Hordeum vulgare L.) genotypes under terminal heat stress conditions

(Hordeum vulgare L.)
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Table 1. Total precipitation, average max. and min. temperature and relative humidity and evaporation for

the growing season in 2000-2001

N s Sl s o sk S Sk
Temperature (C) Relative Humidity (%) Evaporation Precipitation
Month Year - - m

Max. i Min. fslu=  Max. Sl Min. sl (mmd™) mm
Oct. 2000 34 16 47 17 8.7 3
Nov. olT 2000 27 12 71 32 4.8 80
Dec. 53T 2000 19 8 89 42 2.3 85
Jan. s> 2001 19 4 92 37 2.5 51
Feb. e 2001 18 4 89 33 2.1 19
Mar. Ll 2001 24 6 82 21 3.2 9
Apr. owosp 2001 30 10 70 17 5 15
May Cigus) 2001 36 17 40 11 9.8 4
Jun. sls = 2001 41 19 29 8 13.6 -
Jul. 5 2001 43 22 35 12 13.8 -
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Table 2. Mean squares of yield and related traits

35T a3 oS oo asle als > Slhee Cals el Al sl Al 6 s @l slies Gls 38 05
SOV, i d.f. Dry matter Grain yield )Harvest index (% Number of spike per Number of grain 1000 grain weight (g)
= (kg ha™) (kg ha™) )(m? per ear
Replication(R) K 2 8275.71™ 360.07 ™ 6.945 ™ 221.67™ 9.15™ 44"
Date of planting(D) 25 Ol 3 99843.117 21835.16™ 34.38™ 200617 1.08 ™ 86.44™
Error(a) a gl 6 1435.42 334.68 7.644 566.11 5.47 1.53
Genotypes(v) N 4 73971.31" 49648.64" 296.97" 67410.83" 405" 179.3™
VD iz 1 12 12378.86 706.59 ™ 9.96" 456.94 ™ 2.57"™ 253
Error(b) bsles 24 5300.34 609.59 3.327 414.027 3.24 1.79
CV. clss,s - 8.11 9.91 9.94 5.61 8.97 4.45

ns, * and ** : Non Significant, significant at the 5 and 1% levels of probability, respectively.
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Table 3. Effect of heat stress on total dry matter of five hull-less barley genotypes

[P Planting dates <38 sl 46 Sl
Genotypes T, T, T T, Mean
FICC0963 10907 a 11097 a 10207 a 9887 a 10524 B
FICC1570 10917 a 10477 ab 9797 ab 9330 b 10130 B
FICC1571 13363 a 12433 a 10283 b 9217 b 11324 A
FICC1725 9363 a 9543 a 8987 a 8803 a 9174 C
FICC2712 10750 a 10163 a 9813 a 9237 a 9991 B
Mean 5L 11060 a 10743 a 9817a 9292 a

il o (Sl 0 305T olul ) 0 c]a.«):)\:;'ugbts-l .xs'lé;,;i&\._a Ognyd 5 sy o ys alie oy >
Means in each row and column followed by similar letter(s) are not significantly differnt at the 5% level (Duncan multiple range test).
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Table 4. Effect of heat stress on number of spike /m2 of five hull-less barley genotypes

s i Planting dates —s15" s = )b oSl
Genotypes T, T, T; T, Mean
FICC0963 425a 432a 387b 390 b 408 D
FICC1570 620 a 623 a 557b 560 b 590 A
FICC1571 610 a 610 a 517b 520 b 564 B
FICC1725 510a 490 a 437b 440 b 469 C
FICC2712 497 a 503 a 450b 430b 470 C
Mean KL 532a 532a 469 b 468 b

il (S5 0 505T el )70 el 53 515 ine Vst 86 Kile 052 3 5 sy 2 s bt Oy
Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test).
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Table 5. Effect of heat stress on number of grain per one spike of five hull-less barley genotypes

e o5 5 Planting dates =515 sls o )b oS
Genotypes T, T, T, Ty Mean
FICC0963 3la 30a 29a 30a 30 A
FICC1570 22a 2la 2la 20 a 21B
FICC1571 20a 20a 20a 20a 20 BC
FICC1725 17b 18 ab 19 ab 21a 19C
FICC2712 13a 14a 14a 14a 14D

ool 2la 2la 2la 2la

Mean

il a0 05037 bl 2) 70 o 53,15 e SV UBo o Sile 0 g2 53 5 s A 3 e U3y
Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test).
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Table 6. Effect of heat stress on 1000 grain weight (g) of five hull-less barley genotypes

[P Planting dates =.sl5" sl )6 oSl
Genotypes T, T, T T, Mean
FICC0963 33a 33a 30b 29b 31B
FICC1570 29a 28 a 25b 25b 27D
FICC1571 32a 30a 27b 27b 29C
FICC1725 30a 28 ab 27 be 25¢ 27D
FICC2712 42a 36b 34c 33 36A
Mean KL 33a 31b 29¢ 28 ¢
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Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test).
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Table 7. Effect of heat stress on grain yield (kg / ha) of five hull-less barley genotypes

b oSss Planting dates c.si5” gls 5,6 oSl
Genotypes Tl T2 T3 T4 Mean
FICC0963 4285a 4136 a 3339b 3361 b 3781 A
FICC1570 3832 a 3690 a 2993 b 2754 b 3317 A
FICC1571 3735a 3552 a 3054 b 2829 b 3292 B
FICC1725 2579 a 2528 a 2278 a 2220 a 2401 C
FICC2712 2644 a 2550 a 2214 ab 2014 b 2355 C
Mean 5L 3415a 3291 a 2776 b 2636 b
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Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test).

Table 8. Effect of heat stress on harvest index ( % ) of five hull-less barley genotypes

[P Planting dates =25 sl 6 oSl
Genotypes Tl T2 T3 T4 Mean
FICC0963 37a 37a 33b 34 ab 36 A
FICC1570 36a 35a 31b 30b 33B
FICCI1571 28a 28a 30a 3la 29 A
FICC1725 28 a 27a 25a 25a 26 D
FICC2712 25 ab 25a 22 ab 22b 24 E
Mean 5L 3la 31ab 28b 28 b

sl o (Sl 0 303T olul ) 0 Tl 5 5ls (gae Dk 26 Sola O st ys 5 Crdy o s wlie oy >
Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test).
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Table 9. Effect of heat stress on tolerance indices of five hull-less barley genotypes

[P Ypi YSi
. MP GMP TOL SSI STI K1STI K2STI

Genotypes kg/ ha kg/ ha

FICC0963 4285 3361 3823 3795 924 0.94 1.23 1.93 1.19
FICC1570 3832 2754 3293 3248 1078 1.23 0.90 1.13 0.58
FICC1571 3735 2829 3282 3250 906 1.05 0.91 1.10 0.75
FICC1725 2579 2220 2400 2393 359 0.61 0.49 0.28 0.21
FICC2712 2644 2014 2329 2307 630 1.03 0.46 0.27 0.16
5Sike Mean 3415 2636 3025 2998 779 0.97 0.80 0.94 0.58

oels 1SS (Jams jastls :TOL ey potin 58k :GPM 5 oKl tMP (25 i 53 ) a3 Sdes 1Y ST cosllas bl )3 cpf o 3 Shes 1 YPI
5y oslas Lyl s 55 4l baw (AT 4 Jesw pesls 5 4 tK2STI s KISTI (st 3 o5 4 Jeow jesls tSTI (25 4 sl
YPi, grain yield of each genotype in optimum condition; YSi, grain yield of each genotype in stress condition; MP, mean productivity: GPM,
geometric mean productivity; TOL, tolerance index; SSI, stress susceptibility index ; STI, stress tolerance index ; K1STI and K2STI:
modified stress tolerance index in optimum and stress conditions respectively.

K2STI 5 KISTI STI (Ys; (Ypi ‘p (Stmad el o o il V0 S

Table 10. Correlation coefficient among some tolerance indices

Ypi K2STI KI1STI STI
K2STI 0.94%*
KI1STI 0.97** 0.98**
STI 0.98** 0.98** 0.99**
YSi 0.96** 0.99** 0.99%* 0.99**
** significant at the 1%level of probability. A R S P T

YPi, grain yield of each genotype in optimum condition; YSi, grain yield of each genotype in stress condition; ST1, stress tolerance index;
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KI1ST1 and K2ST1: modified stress tolerance index in optimum and stress conditions respectively.

YPi LKISTI asli a5 Sl 0T 51 (Sl Ve Jdr
YSi L 55 K2STI Lasle 5 YU jlaw  SKiwcad 511
L] B B SO P P i (R
S e Gl (et 25 5 e 05
3 Sles b sla i g5 Ol gl L anl e
el Bl (o0 5 cmlie 25 45 Jemie 5 YL
L oS o 5ei 5Lebl Ol (oo SRle3T opl 5 Jool il
25l Ay 0y93 by Jass Ll s Sb 4y
sl Ful) SAE s Gl 5 055 p 5T e
el 5555 5 31 53 (el (63 gl 5 Lol gl S
oalS Ol ge SYL les 25 L als sad 5 Ll
ﬂl_{l_igch_wu\)t_iuﬁ,sax_;\n\.x_x:
225l 3 1S g a el s ails Hlie 05
O o el 15 U 45 Sles 2ol ans
e 55 5L R A e e Ll Ll
o= 5 (EYAo kg/ha ) o gllas Loyl 5 55 s FICC0963
& i 3 ,Sdae glyls (¥ kg/ha) i Lol b s
Gk 35 35 e e anl b a5 Loy
Loyl s 53 losas oid o olE TIF 3wy
5 o e o il i 8 Sl el

..\.\Jf@.ﬂ@;(:.ﬁ oL; ol e

References

(TOL=Y+YA) 3)\3‘)@)}-\' ébfﬂqéﬁ.ﬁ
& S Cawlus 25 4 FICCIT25 s g 45 S|
bl 5 )5 ol .}J,-{L;.G grb (TOL=Y04) sls Hylas
wr g bon b o) ple s e 5l a8 55 o llas
«(SSI'=+/1Y) 555 FICC1725 i 55 & Glaza (SSI)
Shls Calies Loyl 3 )5 (g opl Sdu) o b o
I R P O Y O RGOV PP S-S ol
L FICC0963 5 65 540U 2 s au fesd jels
L FICC1571 3 FICC1570 s 565 9 STI = V/YY
J@'\J_Jrjbr_h)})@)m‘wb\d‘ju\ab_y}y}ﬂ
L;,;Lﬁsj_ﬁwgl)l:#‘k{lri)sv_a)g}w
JL g asl i A5 4 e jeslh olie . dlil
——5 5 4o FICC0963 —5 5 | — K,STI 3 K, STI
PRIAE ——5 5 o FICC1571 ;f_;.?‘yj Sl 90/0A
L;\)\sdm_?,la{\)_ijar_a}g}_llmla{b_i):r_a
3YPi¢n_36§;.._:@g.,..1|J_.é .c,_wldj::_ﬁsﬂ...s

,3K2STI 4KISTI 5STI s\ 5 5 YSi

aua_;\

4@&‘))@._:)‘.&0 cé‘@}ﬁ&lﬁbﬂb )j_:lad{b}}))d\-)\osw‘d&p\)d‘:&ﬁujuby“‘V/\(abd

P o1 cL;)'JjLiS Q)U)

el 0L o Al o515 Shas sl il 53 e oAby o odS o bos SU5 oy 1 (WVA) 5 e o
Q‘J.g.'v' cuw)-\.a C,.;.-_; ali.fld‘.ﬁ L;j”u:f a.\g.fﬁb C_,.C«b) v\.«:)‘ GAL.&)K

mao,u_;z‘,%_ﬁu_,ﬂy;oli:_;\gQl,u_:;\.c,\_;fj_‘,;,u,éjpﬁ}gﬁufdw,;‘u.wvw a3l

e T

k;\}.‘b};.JTL{‘UJJJCJBUVJ.{JJSL&)U)J_Z@K@)U;\ .“'VW.JQQS.C}QT.J.&‘.(‘;@NJ
-YY C)l:;&_pc\\‘.k_lq-c).iﬁ)dl_@'d:’m .pﬂjlybb‘ybdqucjj)c«?u"x))—l Ql:..nj‘,a-u}.o-

Yy

o lod ¢ (S i3l 5 g alove b 4 3wy D5k 215 5 e ITVA L BLE 5 B Csia

AYFAYY Olis 0



WAV GF olad psler Al Ol (5155 p sk alos”

bl el esls SHLS o VA Lglamae) 5.0 5 Sl S 5853 cedla |0y (gdame S el (5L
YT Slin 10 Al s 5 g b o5 la 6K B jme 5 Jases slgi 4 o1, LS fasw oS

Anonymous . 1997. Hull-less barley. Utilization Seminar, Proceedings. Red Deer. Alberta Agriculture, 70 p.

Blum, A., B. Sinmena, J. Mayer, G. Golan and L. Shem. 1997. Stem reserve mobilization supports wheat grain
filling under stress. Austeralian Journal of Plant Physiology, 21:771-781.

Ellis, R. P. and E. J. Kirby. 1980. A comparison of spring barley grown in England and in Scotland. Yield and
its components. Journal of Agricultural Science, 95:111-115.

Fernandez, G. C. J. 1992. Effective selection criteria for assessing plant stress tolerance. In: Proceeding of the
International Symposium on Adaptation of Vegetable and other Food Crops in Temperature and Water
Stress. Taiwan, pp. 257-270.

Fischer, R. A. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. 1. Grain yield responses.
Australian Journal of Agriculture Research, 29:897-912.

Hezhong, H. V. and S. Rageram. 1994. Differential responces wheat characters to high temperature. Euphytica,
72:197-203.

Osteron, E. J., S. Ceccarelli, J. M. Peacock and E. J. Van—Osteron. 1993. Yield response of barley to rainfal and
temperature in mediterranean environments. Journal of Agricultural Science, 121:307-313.

Rosielle, A. A. and J. Hambline. 1981. Theoretical aspect of selection for yield in stress and non-stress
environment. Crop Science, 21:943-946.

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

Savin, R., and M. E. Nicolas. 1999. Effect of timing of heat stress and drought on growth and quality of barley
grains. Australian Journal of Agricultural Research, 50:357-364.

Savin, R., P. J. Stone and M. E. Nicolas. 1996. Responses of grain growth and malting quality of barley to short
periods of high temperature in field studies using portable chambers. Australian Journal of Agricultural
Research, 47:465-477.

Savin, R., P. J. Stone, M. E. Nicolas and I. F. Wardlaw. 1997. Grain growth and malting of barley 2. Effects of
temperature regime before heat stress. Australian Journal of Agricultural Research, 48:625-634.

Sisodia, N. S., K. P. Singh and R. R. Sheopuria. 1979. Variability for high temperature tolerance in wheat .
in:Crop Improvement, Stress Tolerance. Vol. 2,ed. Gupta, U. S., pp 163-188. Oxford— IBH Publishing.
New Delhi, India.

Wallwork, M. A. B., S. J. Logue, L. C. MacLeod and C. F. Jenner. 1998. Effect of a period of high temperature
during grain filling on the grain growth characteristics and malting quality of three Australian malting
barleys. Australian Journal of Agricultural Research, 49:1287-1296.

Zemanek, M. 1990. Reaction of spring barley varieties to high temperatures after anthesis. In : Crop

Improvement Stress Tolerance. Vol. 2 , ed. Gupta, U. S., pp.163—188. Oxford— IBH publishing, New Delhi,

yva



Tl 5 oS Slis am anlllas”

India.

A\RA%



WAV GF olad psler Al Ol (5155 p sk alos”

Study of some quantitative traits and responses of hull-less barley
(Hordeum vulgare L.) genotypes under terminal heat stress conditions

S.J ahanbinl, Z. Tahmasebi Sarvestani’ and A. M. Modarress®

ABSTRACT

In order to study the effect of terminal heat stress on some quantitative traits and tolerance of five hull-less
barley genotypes, an experiment was carried out at the Gachsaran, Iran, on a silty clay loam soil, using a split
plot experimental design with three replications. Four sowing dates (Dec. 6 and Dec. 21 in 2000, and Jan. 5 and
Jan. 20 in 2001) were assigned to main plots and five hull-less barley genotypes (FICC0963, FICC1570,
FICC1571, FICC1725 and FICC2712) to subplots. Results indicated that delay in sowing date decreased dry
matter (16%), plant height (19%), grain yield (23%), harvest index (9%), numbar of days to flowering (11%)
and number of days to physiological maturity (16%). Grain yield reduction was due mainly to reduced spike
number per m* (12%), 1000 grain weight (16%) and duration of grain filling (30%). Genotypes showed
different responses to terminal heat stress and the highest grain yield was obtained from FICC0963. Considering
the stress tolerance index (STI), FICC0963 had the highest grain yield under the optimum condition (4285 kg /
ha) as well as under terminal heat stress condition (3361 kg / ha). It also performed to be resistant to terminal
heat stress conditions, according to stress suseptibility index (SSI).

KeyWOl‘dS:Hull-less barley; Terminal heat stress; Stress tolerance index, Stress suseptibility index.
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