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1. Introduction  

Barley is one of the most important cereals worldwide. Barley is used as whole grain  or processed in 

making noodles, porridge and fortified infant foods and feed. First Iraqi domesticated barley was founded 

In the Jarmo village in about 6750 B.C. (Helbaek,  1953). The main  goal in b reeding process is the crop 

yield , which is valuated through the economic benefit of the producers. The yield is a function of genetic 

potential of the variety and external conditions in which the crop is grown. The first compone nt which 

directly affects the barley yield is the number o f spikes per m
2
 (Sinebo, 2002). The number of grains per 

spike is the second component, and the third component is 1000 grain weight (Evans and Wardlaw, 1976;  

Reid Wiebe, 1979). Increasing the number o f grains per spike means reducing the grain weight per spike 

(Rasmussen and Chanel, 1970). 

Barley is a crop which can grow in d ifferent environmental conditions, it is expected that each variety 

reacts differently according to the environmental conditions (Dimova, et al., 2006; Valcheva, et al., 2010). 

In order to determine the influence of environmental conditions on the genetic potential of each variety, it  

is necessary to evaluate the interaction between the environmental conditions and the genotype. Nowadays, 

there are many studies about the interaction between the grain yield of barley and environmental conditions 

(Penchev, et al., 2002). 

Drought is certainly the most prevalent and damaging abiotic stress of barley growth conditions 

(Alghabari, et al., 2015). Decreasing freshwater resources and low annual rainfall cause ext reme drought 

events , especially at  crop critical growth stages. The severity of drought stress is expected to be increasing 

day by day and it has been estimated that will cause severe losses in global crop production up to 30% by 

2025, compared with the current grain yield of barley (Zhang, 2011). There are many studies that have 

reported a decreased plant growth and grain yield under drought stress conditions (Shao, Hong -Bo, et al., 

2008) This reduction in growth and yield is subjective to be improved through many plant morphological 
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Under drought conditions, barley grain related traits are affected by water stress and reduced grain yield potential. 
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both irrigated and drought conditions. However, genotype 3//1 was least affected by drought for both thousand 
grain weight and grain filling duration indicating higher resistance against water stress for this genotype. 

Regression analysis showed a positive relationship between thousand grain weight and grain filling duration 

under both irrigated (R2=0.85; P=0.03) and unirrigated (R2=0.80; P=0.04) conditions averaging over seasons 

showing the importance of post-anthesis period to increase the single grain weight. The correlation between 
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conditions (R2=0.75; P=0.05) may due to the trade-off between these two traits. 
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and physiological mechanisms. Therefore, the current study was planned to evaluate the effect of drought 

stress and irrigated conditions on barley growth, grain filling duration, and grain related traits. Based on the 

results of current experiments, future research studies will be necessary to identify further key triats to 

develop drought tolerant genotypes of barley in the Garmian region. 

 

2. Materials and Methods 

2.1.  Plant materials and experimental conditions  

This study was carried out at Kalar technical institute for two seasons of 2016 -17 (referred here¯after as 

2017) and 2017-18 (referred here¯after as 2018). Five hybrid  of F2 tow-rowed  barley  (Hordeum vulgare 

L.) were tested , namely Local//Zanbaka (3//18), Local//ARTa/3/Avar (3//14), Local//Roho/Zanbaka (3//5), 

Local//Avar/H/Sout (3//1) and Local//Tadmor/Roho (3//4) (Mahmood, 2010). Each experiment was carried  

out using a randomised block, split–plot design, in which two  irrigation treatments (fully irrigated and 

unirrigated) were randomised on main-plots, and the five hybrids were randomised on sub-plots (1 m x 1 

m) with three replicates. The field experiments located at longitude line 45º 22′ 681″ east ern and latitude 

line 34º 21′ 558″ northern at the elevation level of 178 meters. The climate of the study region was 

semiarid with the soil of Aridisols, Hyperthermic temperature reg ime and Torric moisture regime (Walter 

and Leith, 1960; Aziz, 2006; Kassim, 1989; Al-Taie, 1969). Water was added for the irrigated treatments 

when necessary based on the amount and the distribution of the rainfall precipitated in the region over the 

period of each season as shown in Figure 1. 
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Fig.  1. Total monthly rainfall in Garmian region (Kalar) for both years (2016-17and 2017-18). 

 

2.2.  Crop measurements 

2.2.1. Thousand Grain Weight (TGW; g) 

In both experiments (2017 and 2018), all plants in each plot were hand -harvested at ground level after 

physiological maturity. The harvested materials were then separated into ears and straw. The ears were 

hand-threshed and five hundred grains were counted  and weighed to obtain the 1000 grain weight.  

2.2.2. Grain Filling Duration (GFD; 
o
Cd) 

In both seasons, anthesis date (GS61) and physiological maturity (GS89) were measured based on the 

decimal code of growth stages (GS) described by Zadoks et al. (1974). For GS61 a visual assessment for 

the whole plant in each sub-plot was carried out, and a growth stage was taken when more than 50% of the 

main shoots were at the anthesis date. Physiological maturity was assessed as the date when less than 25% 

of the stem area was remain ing green. Daily temperature (minimum and maximum) was also measured in 

order to calculate thermal t ime (average daily temperature (base temperature 0
o
C)). Grain Filling Duration  
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(GFD; 
o
Cd) was then calculated by accumulating thermal t ime of each day from anthesis to physiological 

maturity for each genotype.  

2.2.3. Grains number per decimetre spike (Grains/ds) 

At physiological maturity, five spikes per each sub-plot were randomly selected; spike length was 

measured and number of grains was also counted for each spike. Grains number for decimetre of spike was 

then calculated for each sub-plot. 

2.3.  Statistical analysis 

For both years and cross-year mean data, GenStat 19th Edit ion (VSN International, 2017) was used for 

statistical analysis of variance (ANOVA) by applying a split -plot design. The GraphPad Pris m 8.0.0 

software package was used for making graphs and linear regressions to calculate the relationships between 

all grains related variables in both years and for the cross -year mean (GraphPad Prism version 8.0.0, 2019). 

 

 

3. Results 

3.1.  Thousand Grain Weight (TGW; g) 

In 2017, drought decreased TGW  from 82.43 to 72.66 g  (P=0.02). Genotypes ranged from 75.00 (3//18) to  

89.63 g (3//4) under irrigated conditions, and 67.50 (3//18) to 77.63 g (3//4) under non irrigated condition 

(P=0.05). The irrigation x genotype interaction was not significant (P=0.95; Table 1).  In  2018, drought 

reduced TGW slightly lower than 2017 from 79.00 to 73.49 g (P=0.04). Genotypes differed in the ranges 

73.89 (3//1) to 85.11 g (3//14) under irrigated conditions, and 70.30 (3//1) to 77.96 (3//14) under non 

irrigated condition (P=0.01). The irrigation x genotype interaction was not significant (P=0.96; Table 1).  

From the cross-year analysis, there was no effect of year on TGW (P=0.49). Drought reduced TGW from 

80.71 to 73.08 g (P=0.001). Genotypes differed in the range 76.55 (3//18) to 86.05 g (3//14) u nder irrigated 

conditions, and 69.91 (3//18) to 76.65 g (3//4) under unirrigated conditions (P=0.001). The irrigation x 

genotype (P=0.89) and year x genotype (P=0.35) interactions were not significant (Table 1).  

 

Table 1. Mean, df and S.E.D. for thousand grain weight (TGW; g) under irrigated and unirrigated 

conditions for 5 genotypes of barley in 2017, 2018 and cross -year mean. 

Genotypes 
2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 75.00 67.50 78.10 72.31 76.55 69.91 

3//14 87.00 74.93 85.11 77.96 86.05 76.44 

3//5 79.88 69.38 75.55 71.22 77.71 70.30 

3//1 80.63 73.88 73.89 70.30 77.26 72.09 

3//4 89.63 77.63 82.35 75.68 85.99 76.65 

Mean 82.43 72.66 79.00 73.49 80.71 73.08 

SED (df) 
      

Year (1) 
  

1.778
ns

 

Irrigation (1) 1.94
*
 1.498

*
 1.227

**
 

Genotype (4) 4.15
*
 2.77

**
 2.497

**
 

Irri. x Gen. (4) 5.60
ns

 3.811
ns

 3.388
ns

 

Year x Gen. (4) 
  

3.624
ns

 

N.B: 
***

denotes P<0.001; 
**

P<0.01 and 
*
P<0.05 significance levels; 

ns
 = not significant. 

 

3.2.  Grain Filling Duration (GFD; 
o
Cd) 

In 2017, there was no significant drought effect  on grain  filling duration  (P=0.55). Genotypes ranged from 

657.0 (3//18) to 747.5 
o
Cd (3//14) under irrigated conditions, and from 650.1 (3//18) to 711.3 

o
Cd (3//4) 

under unirrigated conditions (P=0.002). The irrigation x genotype interaction was not significant (P=0.24;  

Table 2). In 2018, drought advanced the physiological maturity from 720.4 to 641.9 
o
Cd (P=0.01). 

Genotypes differed in the range 702.8 (3//5) to 752.3 
o
Cd (3//18) and 596.9 (3//1) to 674.8 

o
Cd (3//14) 
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under irrigated and unirrigated conditions, respectively (P=0.04; Table 2). Averaging over seasons, 

Drought reduced grain filling duration from 709.2 to 664.9 
o
Cd (P=0.005). Genotypes ranged from 686.0 

(3//1) to 732.0 
o
Cd (3//4) and from 648.9 (3//1) to 687.1 

o
Cd (3//14) under irrigated and drought conditions, 

respectively (P=0.004). There was significant year x genotype interaction (P=0.004), but not irrigation x 

genotype (P=0.96; Table 2).  

Grain filling duration showed a strong positive linear relationship with thousand grain weight amongst 

genotypes in 2017 under both irrigated and unirrigated conditions (R
2
=0.85; P=0.03 and R

2
=0.91; P=0.01, 

respectively; Figure 2a). Under unirrigated, there was a trend for a positive relationship in 2018 between  

thousand grain weight and grain filling duration (R
2
=0.61; P=0.12), but not under irrigated condition 

(R
2
=0.05; P=0.73; Figure 2b). Averaging across years, a positive linear relationship between grain filling  

duration and thousand grain weight amongst genotypes was also found under both irrigated (R
2
=0.85;  

P=0.03) and unirrigated (R
2
=0.80; P=0.04; Figure 2c) conditions. 

 

Table 2. Mean, df and S.E.D. for grain filling duration (GFD; 
o
Cd) under irrigated and unirrigated 

conditions for 5 genotypes of barley in 2017, 2018 and cross -year mean. 

Genotypes 
2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 657.0 650.1 752.3 660.6 704.6 655.4 

3//14 747.5 699.5 710.0 674.8 728.8 687.1 

3//5 686.0 678.1 702.8 631.4 694.4 654.8 

3//1 666.8 701.0 705.3 596.9 686.0 648.9 

3//4 732.3 711.3 731.8 645.6 732.0 678.4 

Mean 697.9 688.0 720.4 641.9 709.2 664.9 

SED (df)             

Year (1) 

  

16.18
ns

 

Irrigation (1) 14.57
ns

 14.53
**

 10.29
**

 

Genotype (4) 17.33
**

 17.64
*
 12.37

**
 

Irri. x Gen. (4) 26.32
ns

 26.63
ns

 18.72
ns

 

Year x Gen. (4)     22.50
**

 

N.B: 
***

denotes P<0.001; 
**

P<0.01 and 
*
P<0.05 significance levels; 

ns
 = not significant. 
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Fig. 2. Linear regressions of thousand grain weight (TGW; g) on grain filling duration (GFD; 
o
Cd) for 5 

genotypes of barley in (a) 2017, (b) 2018 and (c) cross -year mean under irrigated and unirrigated 

conditions.  

 

3.3.  Grains number per decimetre spike (Grains/ds) 

There was no effect of drought on this parameter in both 2017 (P=0.96) and 2018 (P=0.85), and cross -year 

mean (P=0.89). However, in 2017, genotypes significantly differed from 32.81 (3//4) to 34.79 (3//5) under 

irrigated, and from 32.27 (3//14) to 36.05 (3//5) under unirrigated conditions (P=0.05). In 2018, genotypes 

ranged from 31.43 (3//14) to 34.99 (3//1), and from 32.44 (3//4) to 34.20 (3//1) under irrigated and 

unirrigated conditions, respectively (P=0.05). For the cross -year mean, genotype (3//5) scored the highest 

number o f grain under both irrigated and unirrigated conditions (34.79 and 34.74, respectively), while 

genotype (3//14) under irrigated and (3//4) under unirrigated scored the lowest (32.63 and 32.50, 

respectively) (P=0.003). The irrigation x genotype interaction was not significant for both years 2017 and 

2018, and cross-year mean (P=0.65, P=0.35 and P=0.89, respectively; Table 3).  

Regression analysis showed a trend for a negative relationship between thousand grain weight and grain  

number in 2017 under both irrigated and unirrigated conditions (R
2
=0.64; P=0.11 and R

2
=0.70; P=0.08, 

respectively; Figure 3a). In 2018, the relationship was weak under both irrigated and non irrigated 

condition (R
2
=0.20; P=0.44 and R

2
=0.43; P=0.23, respectively; Figure 3b). However, for the cross -year 

mean, a significant negative correlat ion was found between thousand grain weight and grain number under 

unirrigated conditions (R
2
=0.75; P=0.05), but not under irrigated conditions (R

2
=0.43; P=0.23; Figure 3c). 
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Table 3. Mean, df and S.E.D. for number of grains per decimetre spike (Grains/ds) under irrigated and 

unirrigated conditions for 5 genotypes of barley in 2017, 2018 and cross -year mean. 

Genotypes 
2017 2018 2017-18 

Irrigated Unirrigated Irrigated Unirrigated Irrigated Unirrigated 

3//18 34.29 34.77 33.29 34.01 33.79 34.39 

3//14 33.84 32.27 31.43 33.02 32.63 32.64 

3//5 34.79 36.05 34.79 33.42 34.79 34.74 

3//1 34.24 34.02 34.99 34.20 34.62 34.11 

3//4 32.81 32.56 33.31 32.44 33.06 32.50 

Mean 33.99 33.93 33.56 33.42 33.78 33.68 

SED (df)             

Year (1) 

  

0.361
ns

 

Irrigation (1) 1.201
ns

 0.711
ns

 0.698
ns

 

Genotype (4) 0.943
*
 0.813

*
 0.622

**
 

Irri. x Gen. (4) 1.692
ns

 1.250
ns

 1.052
ns

 

Year x Gen. (4)       0.866
ns

 

N.B: 
***

denotes P<0.001; 
**

P<0.01 and 
*
P<0.05 significance levels; 

ns
 = not significant. 
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Fig. 3. Linear regressions of thousand grain weight (TGW; g) on grains number per decimetre spike 

(Grains/ds) for 5 genotypes of barley in (a) 2017, (b) 2018 and (c) cross -year mean under irrigated and 

unirrigated conditions.  
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4. Discussions  

In this study, drought was severer in  2018 than in 2017 as drought occuerd mostly over the period of g rain  

filling duration in 2018 (shown in figure 1). Averaging over years, genotype 3//14 and 3//4 gave the highest 

value of thousand grain weight under both irrigated and unirrigated conditions while 3//1 lost the least 

grain weight under drought because of the ability of th is genotype to be least affected by drought stress and 

have relatively longer grain  filling duration under drought conditions. Under dro ught stress different 

genetic materials of barley have been investigated and showed significant difference between them (Maisa, 

et al, 2013). 

There was a positive relationship between TGW  and GFD due to have longer time to fill the grains and 

consequently produce heavier single grain and then thousand grain weight (Kumari, et al, 2013). There was 

a negative correlat ion between TGW  and grains/ds (i.e. more grains on the spike less weight gain of the 

grains) showing the effect of source-sink due to the trade-off between number of grains and grains weight 

on the spike (Serrago, et al, 2013). Grain growth process, in this study, was appeared mainly affected by 

restricting soil moisture availability through reducing grain filling durations and consequently reduct ion in 

thousand grain weight. 

 

5. Conclusions 

Water deficit d id not appear to affect grain number as this trait is introduced to be genetically controlled. 

The physiological mechanisms between grain related traits appeared to be explained through two different 

directions of relationship. A positive association between thousand grain weight and grain filling duration 

under both irrigated and unirrigated conditions averaging over seasons indicated that elongating post -

anthesis period gave adequate time to increase the single grain weight. However, the co rrelat ion between 

thousand grain weight and grains number was negative for drought conditions may due to the trade -off 

between these two traits. 
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