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Abstract: In order to evaluate effect of CCC application on growth, yield and agronomical indices at sowing
dates on barely cultivars, the experiment was conducted as split factorial arrangement based on a randomized
complete block design with three replications on 2009-2010 in Iran. The treatments comprised three sowing
dates including; Nov 7., Nov 26. and Dec 11. As main plots, three cultivars including; Sahra, Productive and
Line M  and two CCC application; 0 and 2.8 Li/ha, as subplots. Results indicated the CCC application had12

decreased plant height and stem length, but had increased ear length and total tiller per plan with 0.67 cm and
0.62 tillers relation to control, respectively. The highest and lowest of grain yield and harvest index were
obtained by Sahar and Line M  with 316.90 g.m , 44.00 % and 244.40 g.m  and 39.86 %, respectively. The12

2 2

interaction A ×B  and N ×B  had the highest and the lowest grain yield and harvest index with 345.80 g.m  and2 1 3 3
2

235.00 g.m , respectively. There was high correlation between grain yield with plant height (0.74**) and2

harvest index (0.81**).
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INTRODUCTION timely application of CCC at a prescribed stage of apical

Although the breeding and production of dwarf  lines by 10-20% through increasing grain number without any
cultivars and resistant lodging the plant has been a high compensatory decrease in grain size [6, 7]. It has been
effort, but despite the wind and rain in northern Iran in the suggested that CCC treated crops may have a higher
grain filling period and nitrogen fertilizer application that optimum density [8]. Growth retardants such as CCC have
always remains essential for the production of cereals, the reverse action i.e. they decrease the elongation
also lodging are observed in barley plant. Lodging was growth [9], slow the rate of apical development [6, 10] and
the most critical problem in the wheat and especially are expected to act by reducing the amount of active
barely crops, but application chlormequat chloride (2- gibberellin available [1]. Application of CCC in a near-
chloroethyl-trimelhyl ammonium chloride, CCC) in optimum density has been shown to increase the number
reducing cereal crops height was successes, thereby of fertile shoots per plant [6,10]. Application of CCC at
reducing or preventing lodging ensured in the late 1960s, third leaf stage {Zadoks growth stage (ZGS) [12] retarded
i.e. in a period when lodging was perhaps the most critical the apical development of the main shoot in barley [10].
problem in the wheat crop [1, 2]. Barley has shown good So, many research showed that in barley CCC increased
potential for dry matter yield of good quality during the grain number and biomass. Furthermore, in studies of [10],
winter in the Gezira Research Farm [3]. For grain both CCC and ethephon treatment, reduced abortion of
production [4], showed that sowing of barley at mid Nov. spikelet primordia in barley. The effect of PGRs on yield
had resulted in the highest yield in Sudan. Application of formation may range from yield enhancement to yield
CCC can increase yield of both wheat and barley, reduction depending on growing conditions [13-15].
independently of any control on lodging [5]. In barley, a Genotypic differences in response to PGRs have also

development has been shown to increase the grain yield
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been reported [16]. These are principally due to (2×4). The six treatments of the experiment were composed
differences in straw length, but also due to genotypic of 3 sowing dates, 2 plant growth regulator levels (treated
differences in yield components and source to sink and untreated) and 3 cultivars of barely. The CCC
interaction. For this reason we used different barely types treatment was applied with a precision sprayer at constant
in this research. The landrace is a long-strawed, lodging pressure of 3 bars at the "lemma primordium stage" of
sensitive cultivars with a relatively low grain to straw ratio apical development (developmental score DS 3.0
(i.e., harvest index), compared with other husked cultivars according to the Waddington scale [19], which occurred
[17]. Furthermore, dwarf lines with the Dw6 gen have 100 days after sowing. To all the miniplots, nitrogen,
increased tillering ability, but not necessarily increased potassium and phosphorus were added uniformly (46, 50
grain yield as tillers are not able to compensate for the and 50 Kg.ha , respectively) at planting time. During the
lower main shoot panicle weight recorded under northern season all the plots were top-dressed with nitrogen at
growing condition [18]. As this dwarfing gene is likely to mid-tillering and stem elongation, each at the rate of 46
express reduced ability to produce gibberellic acid, the kg.N.ha . Nitrogen was added simultaneously with the
response of such lines to antigibberellins, such as CCC seeds at the rate of 300 Kg urea/ha. Seed of cultivars "
and to ethephon may differ from that of the lines lacking Sahra, Productive and Line M  " with 99% germination
Dw6. The objective of the present study was (i) to were hand sown with square spacing giving 400 plants m
evaluate effect application of CCC on barley growth, yield in 48 miniplots of 4×2 m  in sowing dates of treatments in
and yield components at sowing dates and cultivars were 2009. Planting was by drilling the seeds to about 3 cm
studied (ii) to determine the optimum sowing dates (iii) to depth, on the top of the ridges. Regulation of spacing and
compare cultivars of barley. uniformity of sowing depth was achieved. Plant

MATERIALS AND METHODS No herbicide was applied since crop plots were regularly

The investigation was designed to compare the throughout the growing season because rain was
responses of sowing dates to CCC application in three adequate. For the final yield, the crop was cut from
cultivars of barley. The study was carried out for season ground level in an area of 1 × 2 m  at the harvest stage.
(2009-2010) in the Baikolah Research Farm of the Plant height of the final yield was taken as the mean of 5
Agricultural Research Center of Mazandaran (ARCM) at readings of the main shoot. True stem length, effective
Neka, Iran (Latitude 36° 46 N, Longitude 53° 13 E and and total tiller number per plant, ear length and spikelet
altitude 4 m above sea level) (Table 1). The soil is Oxisol number per ear were recorded throughout the growing
with clay, silt and loam content 25, 32 and 58%, season. Within each plot an area of 1 m  was marked and
respectively (Table 2). The study involved barley which left for harvesting at crop maturity (ripe grain) which was
is characterized by vigorous growth, high grain yield, used for yield component analysis. Dry weights were
moderate height, no lodging and short gestation period recorded after the plant material had been oven-dried at
for grain yield. The experiment was in a split factorial 80°C for 72 hours. The samples were oven dried at 80°C
arrangement was based on a randomized complete block for 48 hours and then weighed for the determination of
design with three replications. The treatments comprised dry matter yield. Prior to the drying, a subsample was
three sowing dates including; Nov 7., Nov 26. and Dec 11. taken and separated into grains and stem, leaves and
As main plots, three cultivars including; Sahra, Productive sheath to obtain the harvest index ratio. The data were
and Line M  and two CCC application; 0 and 2.8 Kg/ha, analyzed by analysis of variance and the means compared12

as  subplots.  Each  replicate consisted of 18 plots of 8 m by Duncan's new multiple range test (DNMRT).2

1

1

12
2

2

establishment and survival were excellent in all treatments.

hand weeded twice. Irrigation water was not applied

2

2

Table 1: Weather condition in experiment site in corn growth stages at Neka in 2009-2010

Variable Oct. Nov. Dec. Jan. Feb. March April May June

Minimum tem. 17.2 9.8 6.3 1.8 4.6 6.6 7.8 13.8 18.5
Maximum tem. 23.2 17.8 14.6 10.3 12.7 15.4 16.3 22.3 27.7
Precipitation 94 65 230 42 112 23 108 26 10

Table 2: Selected soil properties for composite samples at experimental site in 2009-2010

Soil texture K (ppm) P (ppm) N (%) OM (%) pH EC (µmohs/cm) Depth (cm)

Loam clay 216 12.6 0.22 1.8 7.4 0.74 0-30
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Table 3: Mean square of sowing dates and CCC on morphological traits of barley cultivars

Sours Of Variance DF Effective tiller per plant Total tiller per plant Ear length Stem length Plant height

Replication 2 1511.68 6.75 3.62 43.63 71.08* * * *

Sowing dates (A) 2 231.12 4.57 1.46 319.46 352.60* * ** **

E (A) 4 148.72 0.99 0.55 17.41 15.77
Cultivars (B) 2 75.12 2.27 4.82 1647.24 1807.93* ** ** ** **

A×B 4 16.21 0.14 0.38 8.19 8.16** **

CCC (C) 1 2.86 5.35 6.13 327.57 253.50** ** ** **

A×C 2 9.41 0.10 0.10 1.80 2.05*

B×C 2 3.85 0.12 0.10 1.91 2.19*

A×B×C 4 9.34 0.01 0.03 1.63 1.34
E 30 24.06 0.03 0.08 22.53 22.18
C.V. (%) - 6.23 2.98 4.67 5.69 5.28

** and * respectively significant in 1% and 5% area. 

Table 4: Mean comparison of sowing dates and CCC on morphological traits of barley cultivars

Effective tiller Total tiller per
Treatments Levels per plant % plant number Ear length cm Stem length cm Plant height Cm

Nov. 7 (A1) 74.55 5.53 5.97 82.44 88.42b ab a b b

Sowing dates Nov. 26 (A2) 80.98 5.70 6.21 87.94 94.04a a a a a

Dec. 11 (A3) 80.51 4.76 5.64 79.67 85.31a b a b b

Sahra (B1) 81.01 5.66 6.45 94.39 100.80a a a a a

Cultivars Productive(B2) 77.21 5.37 5.97 77.44 83.41b b b b b

Line M12 (B3) 77.81 4.96 4.41 78.22 83.53ab c c b b

CCC (Li.ha ) 0 78.91 5.02 5.60 85.82 91.421 a b b a a

2.8 78.45 5.64 6.27 80.89 87.09a a a b b

Values within a column followed by same letter are not significantly different at P  0.05.

RESULTS AND DISCUSSION M  with 4.41 and 4.96 had lowest, respectively (Table 4).

Morphological Traits: There was significant difference in reason intra plant competition. There was significant
plant height and stem length (P=0.01) and total tiller and difference plant height, stem length, ear length and total
effective tiller per plant in sowing dates (P=0.05) (Table 3). tiller per plan in CCC application (P=0.01). The CCC
Plant height and stem length of A  and A  had the highest application had decreased plant height (4.33 cm) and stem2 3

and lowest with 94.04, 87.94 and 85.31, 79.67 cm, length (4.93 cm), but had increased ear length and total
respectively. Thus, the plant height and stem length was tiller per plan with 0.67 cm and 0.62 tillers relation to
decreased with increasing and decreasing sowing dates. control, respectively (Table 4). Sowing dates × cultivars
Total tiller of A  and A  had the highest and lowest with interaction was significant in ear length and total tiller per2 3

5.70 and 4.76 cm, respectively. Thus, the total tiller was plan (P=0.01) (Table 3). Application of CCC on wheat
decreased with increasing and decreasing sowing dates grown under arid conditions increased root growth,
and there was similar to plant height and stem length. resulting in more efficient water extraction from the deeper
There was positive correlation between plant height and layers of soil, thereby higher grain yield [20]. The CCC
stem length (0.98**). The effective tiller of A  and A  had treated plants had greater leaf area and more dry matter2 1

the highest and lowest with 80.98 and 74.55 cm, accumulation at anthesis than the untreated plants [21].
respectively. So, early sowing date was decreased By applying CCC at the beginning of stem elongation and
effective tiller per plant (Table 4). In cultivars, there was the other PGRs at later stages, prior to heading, cereal
significant difference plant height, stem length, ear length straw could be shortened [22]. Although the introduction
and total tiller per plan (P=0.01) and effective tiller per plan of semi-dwarf wheat cultivars had largely solved the
(P=0.05). In all traits, Sahar cultivar had the highest with problem of lodging, evidence was already accumulating
100.80 cm, 94.39 cm, 6.45 cm, 5.66 tillers and 81.01 %, that a timely application of a growth retardant such as
respectively. But plant height, stem length and effective chlormequat (CCC) or ethephon could increase the grain
tiller per plan of Productive with 83.41, 77.44 and 77.21 had yield of both wheat and barley, independently of any
the lowest and ear length and total tiller per plan of Line control of lodging [23].

12

Therefore, increase total tiller result in high plant height to
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Table 5: Mean square of sowing dates and CCC application on agronomical indices of barley cultivars
S.O.V. DF Harvest index Grain yield 1000-grain weight Grain number per ear Spikelet number per ear
Replication 2 3.22 69490.74 9.19 34.24 62.17* * **

Sowing dates (A) 2 104.34 510324.07 82.91 114.35 471.72** ** ** ** **

E (A) 4 2.55 25046.30 1.30 5.96 2.22
Cultivars (B) 2 77.49 2502824.07 18.02 45.13 151.72** ** ** ** **

A×B 4 2.89 65046.30 2.80 4.77 2.11** ** * ** **

CCC (C) 1 19.55 288935.19 8.17 56.02 216.00** ** ** ** **

A×C 2 0.07 879.63 0.06 0.24 1.72
B×C 2 0.01 601.85 0.17 0.02 4.06
A×B×C 4 0.14 2546.30 0.39 0.49 0.44
E 30 0.25 9083.33 1.02 0.28 2.16
C.V. (%) - 1.19 3.46 2.37 1.85 7.97
** and * respectively significant in 1% and 5% area

Table 6: Mean comparison of sowing dates and CCC application on agronomical indices of barley cultivars
Harvest Grain 1000-grain Grain number Spikelet number

Treatments Levels index % yield g.m weight % per ear number per ear number2

Nov. 7 (A1) 42.40 274.40 42.78 28.06 19.56b b b b b

Sowing dates Nov. 26 (A2) 43.92 293.10 44.61 31.11 25.17a a a a a

Dec. 11 (A3) 39.20 259.40 40.33 26.11 14.94c c c b c

Sahra (B1) 44.00 316.90 43.56 30.00 22.94a a a a a

Cultivars Productive(B2) 41.66 265.60 42.61 28.44 19.56b b b b b

Line M12 (B3) 39.86 244.40 41.56 26.83 17.17c c c c c

CCC (Li ha ) 0 41.24 268.30 42.19 27.41 17.891 b b b b b

2.8 42.44 283.00 42.96 29.44 21.89a a a a a

Values within a column followed by same letter are not significantly different at P  0.05

Agronomical Traits: Sowing dates had significant effect increased ears m . In barley, a timely application of CCC
on 1000-grain weight, spikelet number and grain number at a prescribed stage of apical development has been
per ear (P=0.01) (Table 5). The 1000-grain weight, spikelet shown to increase the grain yield by 10-20% through
number and grain number per ear of A  and A  had the increasing grain number without any compensatory2 3

highest and lowest with 44.61 g, 25.17, 31.11 grain and decrease in grain size [6, 7]. 
40.33 g, 14.94, 26.11 grain, respectively (Table 6). There Sowing dates × cultivars interaction was significant
was positive correlation between 1000-grain weight with in 1000-grain weight (P=0.05) and spikelet number and
grain number per ear (0.72**). grain number per ear (P=0.01) (Table 5). The interaction

In cultivars, there was significant difference on 1000- A ×B and A ×B  had the highest and the lowest 1000-
grain weight, spikelet number and grain number per ear grain weight, spikelet number and grain number with 46.00
(P=0.01) (Table 5). Sahar cultivar had the highest with g, 28.33, 33.17 number and 39.50 g, 12.17, 25.50 numbers,
43.56 g, 22.94, 30.00 numbers and Line M  cultivar with respectively (Table 7). Sowing dates × cultivars12

41.56 g, 17.17 and 26.83 numbers had the lowest1000-grain interaction was significant in grain yield and harvest index
weight, spikelet number and grain number per ear, (P=0.01) (Table 5). The interaction A ×B  and A ×B  had
respectively (Table 6). There was significant difference the highest and the lowest grain yield and harvest index
1000-grain weight, spikelet number and grain number per with 345.80 g.m , 46.72 % and 235.00 g.m , 37.22 %
ear in CCC application (P=0.01) (Table 5). The CCC respectively (Table 7).
application had increased 1000-grain weight (42.96, 42.19 The mixtures of CCC and ethephon or ethephon
g) and spikelet number (21.89, 17.89 number) grain number alone, produced significant increases in the number of
per ear (29.44, 27.41 number) relation to control, ears m  in cultivars Joly and Laurier, in both years and
respectively (Table 6). There was positive correlation in Leger only in 1988, Whereas ethephon and ethephon
between grain number per ear with ear length and total containing mixtures reduced the yields of Joly and Leger
tiller per plan (0.71** and 0.74**). Ma and Smith, (1991) in 1988 [7]. The grain weight gain could have been due to
showed that increases in ears m  were accompanied by higher rates of photosynthesis and photo-assimilate2

decreases in 1000-grain weight and /or grains per ear, partitioning to the grains, or longer periods of grain filling
which offset or more than offset potential benefits from or both [23]. 

2

2 1 3 3

2 1 3 3

2 2

2
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Table 7: Interaction between agronomical indices of barley cultivars in sowing dates and CCC application

Harvest Grain 1000-grain Grain number Spikelet number

Interaction index % yield g m weight % per ear Number per ear number2

A B 44.05 315.00 43.00 22.50 30.171 1
b b b b c

A B 41.97 261.70 43.17 19.83 27.831 2
c d b c e

A B 41.17 246.70 42.17 16.33 26.171 3
d e bc de f

A B 46.72 345.80 46.00 28.33 33.172 1
a a a a a

A B 43.85 281.70 44.83 24.17 31.332 2
b c a b b

A B 41.18 251.70 43.00 23.00 28.832 3
d de b b d

A B 41.22 290.00 41.67 18.00 26.673 1
d c c cd f

A B 39.16 253.30 39.83 14.67 26.173 2
e de d e f

A B 37.22 235.00 39.50 12.17 25.503 3
f f d f g

Values within a column followed by same letter are not significantly different at P  0.05

Table 8: Correlation between agronomical indices of barley cultivars in sowing dates and CCC application

Traits 1 2 3 4 5 6 7 8 9

1. Stem length 1

2. Ear length 0.39 1**

3. Plant height 0.98 0.44 1** **

4. Total tiller per plant 0.38 0.60 0.40** 1** **

5. Effective tiller per plant -0.02 -0.39 -0.06 -0.23 1**

6. Grain number per ear 0.49 0.71 0.51 0.74 0.19 1** ** ** **

7. 1000-grain weight 0.41 0.38 0.41 0.39 0.09 0.72 1** ** ** ** **

8. Grain yield 0.73 0.56 0.74 0.46 0.06 0.65 0.63 1** ** ** ** ** **

9. Harvest index 0.63 0.62 0.65 0.72 -0.08 0.86 0.81 0.81 1** ** ** ** ** ** **

** and * respectively significant in 1% and 5% area. 

Grain Yield and Harvest Index: There was significant and harvest index with 283.00 g.m , 42.44 %, respectively
difference in grain yield and harvest index with sowing (Table 6). In Canada, results indicate that under
dates, cultivars and interactions (P=0.01) (Table 5). In continental climatic conditions application of PGRs to
sowing dates, the highest and lowest of grain yield and spring barley at ZGS 30 does not increase grain yield
harvest index were obtained by A  and A  with 293.10 through an increased number of ears m  [10]. Increases2 3

g.m , 43.92 % and 259.40 g.m , 39.20 %, respectively in dry matter accumulation and LAI at anthesis were2 2

(Table 6). In Sudan [4], showed that sowing of barley at associated with increased biomass yield. In fact, the
mid Nov. had resulted in the highest yield. In cultivars, increase in source size (i.e. leaf area of the treated plants)
the highest and lowest of grain yield and harvest index or photosynthesis rate with the CCC treatments might be
were obtained by Sahar and Line M  with 316.90 g.m , an explanation for the yield enhancement achieved by12

2

44.00 % and 244.40 g.m , 39.86 %, respectively (Table 6). CCC applications [1, 6, 20]. It might, therefore, be2

There was positive correlation between grain yield with concluded that CCC could effectively increase resistance
plant height and stem length (0.73** and 0.74**). Due to of wheat to drought stress and change the rate of
the extensive studies have been done on plant height if photosynthesis and photo-assimilate partitioning to the
the result of there was not competition between plants in grain [1, 6]. Further investigation is required for better
absorption light and nutrition or plant had not lodging understanding of the mechanism of beneficial effects of
due to excess storage photosynthesis material to CCC on wheat dryland cultivars under different N rates [6,
retransfer this always leads to increasing grain yield even 20]. Although the introduction of semi-dwarf wheat
in stress conditions. Plant height also had significant cultivars had largely solved the problem of lodging,
positive and high correlate with grain yield. But otherwise evidence was already accumulating that a timely
severely will be reduce grain yield. Ma and Smith, (1991) application of a growth retardant such as chlormequat
found that the results varied between years and among (CCC) or ethephon could increase the grain yield of both
cultivars. Application of CCC had the greatest grain yield wheat and barley, independently of any control of lodging

2

2
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[23]. There was positive correlation between harvest index 5. Bragg,  P.L.,  P.  Rubino,  F.K.G.  Henderson  and
with grain yield and 1000-grain weight and grain number
per ear (0.81**, 0.81 and 0.86**), respectively.

CONCLUSION

According to these results, morphological traits such
as plant height and stem length with CCC consumption
had declined. So this important result in reduction lodging
in barely plant is very important. However, the number of
tillers plant has increased that this factor the number of
ears per square meter had increase. Reduce competition
between plants to absorb light and space and also more
light penetration into the canopy and increased
photosynthesis leads to increased production of dry
matter. Barely plant is sensitive to lodging and in regions
where grain filling period is associated with wind and rain
barely must be viewed lodging. Decreasing plant height
in this study the most important influence was the CCC
application. CCC application 1000-grain weight, number of
grain and the number of spikelets per panicle had
increased. As result grain yield and harvest index had
increased and in sowing dates on 26 Nov. was the best.
Due to grain yield positive and high correlation with all
traits listed in research in each cultivar that CCC
application these attributes increase the grain yield has
been increase. But the important point that high and
positive correlation plant height with grain yield was
despite CCC consumption and reduced plant height, grain
yield was increased. Actually increase the other yield
components such as 1000-grain weight, the number of
grain and the number of spikelet per ear important to
determine the cause and reduce plant height and less
competition is producing more photosynthetic material.
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