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Conclusions

Hybrid barley exhibited higher agronomic performance than
conventional one at the dough grain stage, probably due to
the heterosis and lower sowing density that may improve
the use of natural resources. Nitrogen management is the
key factor determining the agronomic performance in barley
genotypes. Therefore, the use of hybrids and management
of nitrogen application doses are important factors to
consider for a sustainable production of barley also for
energetic purpose.
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Materials and Methods

The field trial (Figs. 1a and 1b) was carried out at Sant’Agata
Bolognese (44°38'17.9"N, 11°08'44.1"E, 21 m a.s.l., silty-clay
soil, N 1.22‰, P2O5 22.0 ppm, K2O 434.7 ppm.), Italy, during
the cropping season 2017/18. During the cropping season,
the maximum and minimum temperatures and rainfall were
20.0 and 2.1 °C and 804 mm, respectively. Hybrid ‘Tektoo’
(150 seeds m-2) and cv. ‘Alimini’ (300 seeds m-2) were sown in
the end of October. Four nitrogen levels were tested: 0 kg ha-

1 (N0), 50 kg ha-1 (N50), 100 kg ha-1 (N100) and 150 kg ha-1

(N150). The experimental design was completely randomized
with three replicates. Urea was used as fertilizer and
distributed at sowing (20%), tillering (40%) and jointing
(40%) developmental stages. Plants were harvested at dough
stage (Fig. 1c) and full maturity (Fig. 2), and main agronomic
and physiological parameters (Fig. 3) recorded. One- and
two-way ANOVA were performed using GenStat 17 software.
The treatment means were separated by Duncan’s test
(p<0.05).

Results

For energy purpose, hybrid ‘Tektoo’ recorded higher values of NDVI,
aboveground fresh weight (AFW), and potential biogas yield (PBY), while
lower spike number (SP) compared to ‘Alimini’ at dough maturity. For feed
purpose, hybrid ‘Tektoo’ recorded higher harvest index (HI) and yield water
use efficiency (WUEy), while lower plant height (H) compared to ‘Alimini’ at
full ripening stage. The highest values of SP, AFW, PBY, thousand seed weight
(TSW), grain yield (GY), aboveground dry weight (ADW) and WUEy were
achieved at 50 kg of N ha-1 for both genotypes.

Table 1. Parameters recorded at the dough grain stage

H = plant height, SP = spike, NDVI = normalized difference vegetation index, PRI = photochemical reflectance index, AFW = aboveground
fresh weight, PBY = potential biogas yield. Means followed by the same letter do not significantly differ at p<0.05, n.s. = not significant.

Table 2. Parameters recorded at full ripening stage

H = plant height, TSW = thousand seeds weight, GY = grain yield, ADW = aboveground dry weight, HI = harvest index, PC = seed protein
content, NUy = yield nitrogen utilization, WUEy = yield water use efficiency. Means followed by the same letter do not significantly

differ at p<0.05, n.s. = not significant.

TREATMENT 
H              

(cm) 

SP             

(no. m-2) 

NDVI                           

(-)  

PRI                      

(-)  

AFW                

(t ha-1)  

PBY              

(Nm3 CH4 ha-1) 

(A) Conventional                         

0N 80.50   500.00 b 0.45 a -0.068   17.95  b  2204.0 b 

50N 85.50   600.00 a 0.34 c -0.072   31.05  a  4439.0 a 

100N 87.00   538.89 ab 0.41 ab -0.077   26.45  a  3348.0 ab 

150N 84.50   472.22 b 0.38 bc -0.069   26.55  a  3833.0 a 

(B) Hybrid                         

0N 83.50   361.11  b 0.46   -0.072   21.89 c  2828.0 c 

50N 88.00   566.67  a 0.42   -0.083   41.95 a  5519.0 a 

100N 88.50   572.22  a 0.51   -0.055   37.16 ab  4749.0 ab 

150N 86.00   422.22  b 0.53   -0.077   22.33 bc  3374.0 bc 

(C) Significance of variables and of their interactions               
FERTILIZER (F) <0.05   <0.05   <0.05   n.s.   <0.05   <0.05   

GENOTYPE (G) n.s.   <0.05   <0.05   n.s.   <0.05   <0.05   

F*G n.s.   n.s.   n.s.   n.s.   n.s.   n.s.   

 

TREATMENT 
H              

(cm)  

TSW              

(g)  

GY                

(t ha-1) 

ADW             

(t ha-1) 

HI               

(-) 

PC               

(%)  

NUy            

(g g-1) 

WUEy            

(kg mm-1) 

(A) Conventional 

line                               

0N 92.50   45.86 b 6.9 b 15.22 b 0.45 9.33 c  62.62 a 8.58 b 

50N 95.50   64.91 a 9.48 a 18.88 a 0.50 11.89 b  49.29 bc 11.79 a 

100N 95.50   60.89 a 8.52 ab 16.68 b 0.51 10.93 bc  53.34 b 10.60 ab 

150N 96.00   55.42 a 7.7 b 16.58 b 0.47 14.17 a  41.17 c 9.58 ab 

(B) Hybrid                               

0N 82.50   32.51 c 4.87  c 9.35 c 0.52 9.15 b 64.36 a 6.06 c 

50N 89.00   79.19 a 10.98  a 21.02 a 0.52 10.93 b 53.35 ab 13.66  a 

100N 92.50   77.52 a 10.41  a 18.33 ab 0.57 10.58 b 55.19 ab 12.95 ab 

150N 92.50   55.94 b 7.71  b 13.58 bc 0.57 13.38 a 43.65 b 9.59 bc 

(C) Significance of variables and of their 

interactions                     

FERTILIZER (F) <0.05   <0.05   <0.05   <0.05   n.s. <0.05    <0.05    <0.05   

GENOTYPE (G) <0.05   n.s.   n.s.   n.s.   <0.05  n.s.    n.s.   <0.05   

F*G n.s.   n.s.   n.s.   <0.05   n.s.  n.s.    n.s.   <0.05   

 

Figure 2. Barley at dough stage.                                          Figure 3. Physiological measurements.  

Figure 1. (a) Field trial with barley at emergence stage. (b) Field 
trial with barley at tillering stage. (c) Barley at dough stage.  
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Introduction

Currently, maize (Zea mays L.) is the main feedstock for biogas production. The integration of 

alternative energy crops into crop rotation systems is a key strategy to increase agricultural 

sustainability. Barley (Hordeum vulgare L.) is the fourth crop in terms of sowing area and total 

production among all cereal cropped in the world. As maize, it is a multi-purpose crop: for food, feed 

and fermentable biomass production. Great progress has been made on barley heterosis with the 

development of hybrid varieties. Interesting agronomic and physiological performances of barley 

hybrids has been demonstrated; however, to the author’s knowledge, there is few information in the 

literature on barley hybrids cropped for energetic and feed purposes. Starting from these 

considerations, a study was set up to compare the production and quality of 2 contrasting genotypes 

of barley (hybrid vs. conventional) for profitable energetic and feed purposes in Po Valley. 


