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ABSTRACT

Barley, considered as a strategic crop, ﬁ)lays an important role in food security in Iran. An experiment was conducted at
the experimental field of Agricultural Research Institute of Atomic Energy Organization in Karaj in 2015, as a
randomized complete block design with three replications. Treatments included 14 barley cultivars (13 cultivars bred
using classical breeding approaches and one gamma irradiated cultivars). Results showed that there were significant
differences between most of the studied barley cultivars regarding physiological and morphological traits (P < 0.05). The
newer cultivars (those been introduced during the last decade) and Roudasht showed advantages over older cultivars with
regard to leaf area index, radiation use efficiency and crop growth rate. Cultivars Valfajr, Makouee and Bahman had the
highest leaf mass fraction (0.27, 0.27 and 0.25, respectively), mostly as a result of being late-maturity cultivars along with
having high leaf area index and specific leaf area. On the other side, cultivars Behrokh, Roudasht and Makouee had the
highest stem mass fraction (0.70, 0.68 and 0.67, respectively) mainly as a result of their corresponding growth habits (two-
rows, gamma- irradiated and tall- statured, respectively). Also results showed that cultivars which had the highest stem
and leaf mass fractions such as Makouee, Roudasht and Valfajr produced the lowest spike mass fraction and in turn grain
yield. Cultivars Lout, Nosrat, Rayhann 03 and Fajr 30 had the hi%hest spike mass fraction (739.9, 720.4, 701.4 and 563.3
gm™, respectively) which could be attributed to their six-row habit of spike, early-maturity and lower leaf and stem dry
matter at flowering sta%e. Overall, it could be concluded that tall statured late-maturity cultivars along with gamma-
irradiated improved barley cultivar had the highest leaf and stem mass fractions compared to dwarf and early maturity
cultivars. Such advantage, however, translated into lower spike mass fraction and grain yield of the former group.
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Table 1. Soil physical and chemical properties of the experimental site at various depths.

Depth EC pH P K Total N OM Nos™ NH," Bulk Soil Texture %Sand  %Clay  %Silt
(cm)  (meqkg") (mgkg") (mgkg) (%) (%) (ppm) (ppm)  density

0-30 1.43 7.83 17.24 353 0.06 1.13 1494 Nd (glc.I;S : Loam-Sand 61.6 24.1 14.3
30-60 1.22 7.80 15.21 333 0.03 098 19.05 Nd 1.69 Loam-Sand 62.2 222 15.6
60-90 1.39 7.82 13.55 289 0.03 0.83 1441 Nd 1.39 Loam-Sand 62.2 222 15.6

byl Gl 53 92 oy p 3550 Slae) o5, Sla SRy 5l (F Y o
Table 2. Some of the growth attributes of the barley cultivars studied in the present experiment.
Cultivars Year of introduction Yield Height (cm) Growth type Maturity CultivarsYear introduced Yield Height (cm) Growth type Maturity Type

(tha) Type (tha™)
Kavir 1980 4.5-5.5 90 Spring-Winter Early Lout 2013 5-5.5 75 Spring-Winter ~ Middle
Valfajr 1386 5.5-6.5 110 Spring-WinterSemi-early Nosrat 1996 5.5-6 100 Spring-Winter ~ Middle
Makouee 1991 5.5-6.5 105 Winter Late  Yousof 2010 5.5-6.5 90 Spring-Winter ~ Early
Dasht 1994 5-5.5 90 Spring-WinterSemi-early Fajr 30 2009 5.5-6 80 Spring-Winter Semi-early
Rayhan 1994 6-7 90 Spring-Winter Early Nike 2013 6-6.5 85 Spring-Winter Semi-early
Rayhan 03 2014 7-8 80 Spring-Winter Early Behrokh 2014 6-6.5 76 Spring-Winter Semi-early
Bahman 2009 5.5-6.5 80 Winter Late Roudasht 2013 5-5.5 75 Spring-Winter ~ middle
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Table 3. Analysis of variance of the physiological traits of various barley cultivars at flowering stage

Means squares

Source of

variation Degreeof 5y o1 yral  RUE K Chl CGR  LAR  SLA LMF SMF SPMF
(SOV) freedom
Replication 2 87.1™  0.28™ 024" 0.02™ 026™ 1.22™ 1.11™ 570.57™ 0.0001™ 0.0011™ 0.0011™
Treatment 13 1.63"  0.44™ 0.27 0.01° 4465 20.16°  1.68° 9242  0.0021° 0.0032°  0.0047"
Error 26 0.72 0.50 0.12 0.003 80.5 455 452 14771 0.0004  0.0012  0.0009
6% - 60.18  22.78 15.97 13.72 479 10.61  11.46 9.76 9.17 5.60 2321

0,00 (gl mhans jo jlo ime gla Sgzg g o iae DgldS Sgu oS 4 g 1S
™ and ": Non- Significant and significant differences at 5% level of probability, respectively.
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Table 4. Mean comparison of the physiological traits of various barley cultivars at flowering stage

Cultivars GLAI  YLAI (gR;AJfl) K Chl ( (g/cr% i) (Ln?,l;l) (lf‘gLQ_z) LMF SMF SPMF
Behrokh 406> 1.53*  2.15b°  0.5% 49.74% 19,52 1.60%" 126.22" 0.20° 0.70° 0.10%
Bahman 5.86" 256" 2.59" 0.3¢ 50.16% 21.50%° 226" 137.44° 0.27° 0.60* 0.12"
Dasht 497" 1.75° 1.85° 0.4  52.57% 18.48¢ 2,00 110.63° 0.24° 0.64% 0.10%
Roudasht 510 231% 252%™ 0.4 47.70° 23.51%® 1.71°%f 137.43° 0.21% 0.68™ 0.08*
Rayhann 43504 243" 214 04" 5491® 19.77°4 1.9070cde 111.97* 0.21¢ 0.65" 0.13%¢
Rayhann 03 4.58"¢ 1.76*  2.24% 0.4 56.10° 19.57%¢ 1.8¢bedet 118.51%¢ 0.21¢ 0.58¢ 0.21°
Fajr 30 3.31¢ 2.00°  1.89"™ 0.5 49.66* 17.47% 1.830cdet 113.70™ 0.20° 0.62" 0.17*
Kavir 4.00* 147 2.00b° 0.4 49.66% 17.49% 1,70 119.04 0.20° 0.63>¢ 0.16™
Lout 5.40® 230" 2.50™ 0.3 42.32° 22.89% 1.80P<f 107.08° 0.20° 0.62¢ 0.17*
Makouee 467" 251" 1.98™ 04" 47.81¢ 16.80° 2.10% 111.63" 0.25% 0.67% 0.07°
Nosrat 4,82 1.79°  2.90° 0.4° 50.69" 25.18" 1.40° 134.83% 0.20° 0.63¢ 0.17*
Nick 456™4 255 201" 0.4° 51.04%¢ 2129 1.80°%f 135.32% 0.25° 0.59% 0.15*
Valfajr 5.06™ 223" 226™ 04° 47.66° 19.58" 2.11% 129.53%¢ 027" 0.63¢ 0.09%
Yousof 3.44% 234* 233" 04" 5308" 20.35" 1.50° 141.30° 0.22"¢ 0.62"¢ 0.15%*

At 0,00 gl 5o (6 lel Hlo dme Dgli (g gt ,8 48 S e By SO pSCewd o slanSile”
*Means with in each column having at least same letter are not significantly different at 5% level of probability.
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Table 5. Analysis of variance of the morphological traits of various barley cultivars at flowering stage

Means square

Plant height Plant height

Number of ~ Number of non-

.SO}lrce of Degree of (up to end of last (up to end of Length of Spike+ Ngmber ofto-tlal fertile tillers fertile tillers plant”
variation (SOV)  freedom peduncle tillers plant ] )
leaf) awn) plant
Replication 2 65.67" 90.71™ 4.88™ 3.68™ 424™ 1.30™
Treatment 13 678.79° 256.94 97.25" 6.58 ™ 3.84" 5.79™
Error 26 38.80 48.79 32.26 3.52 1.58 3.10
(0% - 8.17 7.24 28.11 21.47 2242 2591

o3 (g ylel o 55 Iy ime Cglds Dazg 5 o sire igldd 1l oSS 4 % g ns
"and": Non- Significant and significant differences at 5% level of probability, respectively.

2 A o )0 5> slapd, Flacsy,) Olis Sl duslis £ Jsax

Table 6. Mean comparisons of the morphological traits of various barley cultivars at flowering stage

Plant height Plant height

. (up to end of last (up to end of Length of Spike+ Number of total ~ Number of fertile Numt?er (.)f non-

Cultivars peduncle . B . 1 fertile tillers

leaf) awn) tillers plant tillers plant 1
plant
(cm) (cm)

Behrokh 70.83% 88.09% 17.25%4 11.76" 4.7 7.68
Bahman 71.49% 86.81% 8.94%¢ 5.41° 3.53%
Dasht 76.61% 93.89™ 17.27% 9.98% 5.21° 4.76™
Roudasht 86.65" 99,78 7.21b¢ 2.62° 2.80°
Rayhann 80.88"¢ 104.02%® 23.14%¢ 6.21° 3.41%® 4.00"
Rayhann 03 78.29% 103.57% 8.14% 4.13% 5,728
Fajr 30 55.23" 75.87 20.65% 9.36™* 4.08" 527"
Kavir 77.73% 102.58™ 8.68™ 3.84" 484
Lout 71.31% 97.96"* 8.96™¢ 5.23° 3.72%
Makouee 90.18% 102.80™ 6.58b° 2.51° 4.07%
Nosrat 74.42% 101.32% 9.5 2.63° 6.90"
Nick 63.29¢ 87.72%¢ 10.13% 3.72% 6.29"
Valfajr 100.24* 111.14* 7.76% 1.96° 5.80%
Yousof 69.15% 93.29" 9.19%¢ 3.25% 5.94%¢

A 30,00 o 50 (g lel o tme glds aay et Ho 0 S e B S pSlawo 5l slanSils”
*Means with in each column having at least same letter are not significantly different at 5% level of probability.
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Table 7. Analysis of variance of dry matter of various organs of barley at flowering stage

Means squares

Source of variation ~ Degree of

(SOV) froedom Green leaf Yellow leaf Stem Spike
Replication 2 1058.04™ 1172.09™ 3077.10™ 12890.41™
Treatment 13 36111.95 12585.07™ 296701.01" 80210.43"
Error 26 8327.28 6671.64 72383.51 8554.19
Ccv - 18.46 23.05 11.53 26.19

2o )00 (6 kel s j0 lo e gl Sgzg g o me Daglds (il cud 3 4 s g 1S
™and": Non- Significant and significant differences at 5% level of probability, respectively.
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Table 8. Mean comparison of the dry matter of various organs of barley cultivars at flowering stage

Cultivars Green lzeaf Yellow 2leaf Stenzl Spikg
(gm™) (gm”) (gm?) (gm?)

Behrokh 411.3% 297.4% 2452 2% 355.3
Bahman 591.4%* 501.3° 2463.5% 520.7"
Dasht 43190 312.7% 1942.5¢ 323.2%
Roudasht 621.9® 396.7% 2944.2° 353.9%
Rayhann 399.9¢ 365.9%° 2340.1°4 472,94
Rayhann 03 452.1b% 299.9% 2049.5¢ 701.4®
Fajr 30 302.4° 310.1% 1947.5¢4 563.7°¢
Kavir 415.6% 234.5° 1984.9¢ 513.9%
Lout 537.5%4 290.9% 2595.4%¢ 720.4%
Makouee 448.6"% 372.1°%¢ 2144.5% 257.1¢
Nosrat 571.8%¢ 319.8" 5847.2% 739.9°
Nick 567.7% 390,77 2285.8% 587.2%°
Valfajr 727.0° 301.5™ 2390.2"4 345.8%
Yousof 458 4% 360.9% 2270.2 554,54

A 30,00 g 50 (glal o cme Caglds gds gt ,o 0 S e By o pSCewd sl sla il
*Mean in each column with the same letter is not significantly different at P<0.05.

S Al e 0 5> sland, il Slas Kirod sloou s A Jsux
Table 9. The correlation coefficients between various growths attributes of barley cultivars at

flowering stage

Trait A B C d e f G h i J k 1 m n o p
Plant height (a)  1.00 0.13 -0.47""-0.20™ -0.36" 0.03™ 0.32" -0.05™0.22™ 0.19™ -0.11™ 0.31" 0.04™ 0.19™ -0.11™ 0.20™
Spike length (b) 1.00 0.08™ 0.32" -0.15™0.23-0.19™-0.19™-0.26™ 0.06™ -0.21™-0.22™ 0.66" -0.01™0.004™ 0.20™

Number of total
tillers plant™ (c)
Number of fertile
tillers plant™ (d)
Number of non-fertile
tillers plant™ ()
Chlorophyll (f)
Green LAI (g)
Yellow LAI (h)
Total LAI (i)
Stem dry matter (j)
Yellow leaf dry

1.00 0.45™ 0.72" -0.01™-0.05™-0.05™-0.07™ 0.16™

-0',203 0.10™ 0.11™-0.05™-0.10™ 0.23™

1.00 -0.28™0.08™ 0.02™ 0.01™ 0.03 0.004™ 0.17™ -0.19™0.17™ 0.22™ -0.20™ 0.17™

1.00 -0.08™-0.07™-0.07™-0.10™ 0.17™ -0.14™ 0.25™-0.01™0.11™ 0.04™ 0.11™

1.00 -0.26™-0.11™-0.26™-0.26™
1.00 0.06™ 0.81"
1.00 0.63° 0.28™ 0.74" 0.14™ -0.11 -0.44™

0.06™ -0.32" 0.05™ 0.13™ -0.12™-0.07™
0.08™ 0.68™ 0.06 -0.60” 0.07™ 0.28™
-0.05 0.26
1.00 0.42" 0.50” 0.61” -0.01 -0.72" 0.03™ 0.38""

1.00 0.27™ 0.55™ 0.16™ -0.31" -0.08™ 0.74™

1.00 0.10™-0.10™-0.45"-0.08™ 0.33™

0/33"

matter (k)
Green leaf dry matter 1.00 0.14™-0.52" 0.13™ 046"
) . . -0. . .
Spike dry matter (m) 1.00 -0.31" -0.04™ 0.47"
Extinction coefficient 1.00 030" -0.63"
(n) . . =U.
Intercepted light (o) 1.00 -0.58"
Radiation use
efficiency (p) 1.00
Do) 5 a0 (g lel e )0l e iglds Sgzg g o sime Cgldl LIS il 5 4 RS
ns, *

o land) 4 Cund (o S5 00 5 (oM,
A o )3 Sy anaths oo (p e ALl 4>
illy alaz 5l ey po Glaed; 4 bgyye ealS
ghe 5 Sp ghe 22 S Cwl S8l 5 et
ot sy Ko o Sl als QYL Sy 859

and ”": Non- Significant and significant differences at 5% and 1% level of probability, respectively.
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