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Abstract       Measuring plant chlorophyll concentration is a well-known and 
commonly used method in agriculture and environmental applications for 
monitoring plant health, which also correlates with many other plant 
parameters including, e.g., carotenoids, nitrogen, maximum green 
fluorescence. Genetic improvements of crops involve selection of suitable 
plants in segregating populations from a cross.The objective of the present 
study was to evaluate the chlorophyll content in barley. The studied biological 
material cosisted of four barley varieties with different genetic and ecologic 
origin, along with their 6 one-way crosses. The highest heterosis values of 
type „cis” (9.03%)  and „trans” (4.09%) was recorded in the combination 
between Adi x Djerbel hybrids.   
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Among the cereal crops, barley is a species with the 

greatest adaptability to a wide range of environments. 

Barley is cultivated from arctic latitudes to tropical 

areas, grown at the highest altitudes and adapted to 

specific sets of agro-ecological areas [2]. It is adapted 

to a broad range of agro-ecological environments and 

tolerant to soil salinity, drought and frost to a 

considerable level. The crop grows successfully in the 

arid climates. In terms of the area and production 

worldwide, barley is the fourth most important cereal 

after wheat, rice and maize [1]. The choice of an 

efficient breeding program depends to a large extent on 

the knowledge of gene action involved in the 

expression of the character. Diallel analyses were used 

to estimate gene action of yield components in barley 

and provide an opportunity to obtain a rapid and 

overall picture of genetic control of a set of parents in 

the early generation. Besides genetic effects, breeders 

would also like to know how much of the variation in a 

crop is genetic and to what extent this variation is 

heritable, because the efficiency of selection mainly 

depends on additive genetic variance [5]. These authors 

reported additive genetic effects of tillers number and 

an over-dominance gene action for number of grains 

per spike. Direct and indirect methods can be used to 

investigate primary organic production. Indirect 

methods are often used in practice for an approximate 

estimate of the value of organic production because it 

is fairly difficult to employ direct methods in plant 

communities. As indirect methods, it is possible to 

monitor and measure all phenomena and processes 

correlated with productivity [3, 8, 11]. Chlorophyll 

content is one of the indices of photosynthetic activity 

[9]. It is of particular significance to precision 

agriculture as on indicator of photosynthetic activity. 

Chlorophyll is a green photosynthetic pigment 

which helps plants to get energy from light. The plants 

use the energy to combine carbon dioxide and water 

into carbohydrate to sustain their life process. There 

may be many factors that affect the photosynthesis; the 

main factors are light intensity, carbon dioxide 

concentration, and temperature [7, 10]. The chlorophyll 

content could depend on seasonal and environmental 

changes. Chlorophylls are light-harvesting pigments 

integral to the photosynthetic process. Chlorophyll 

concentration data will provide information on a plant's 

photosynthetic potential. The method will be used 

during the growing season for field applications, or at 

anytime during the year in laboratory applications. 

 

Material and Methods 

 
Four barley varieties with different genetic and 

ecologic origin, along with their 6 one-way crosses, 

were studied in a randomized block design with three 

replications. The biological material was cultivated in 

normal conditions. The measurement of the 

chlorophyll content was made in early stage of the 

plants using portable chlorophyll meter SPAD- 502 

(Konica Minolta). The evaluation of results from 

diallel was done based on the mathematical model 

described by Hayman (1954). The effects of general 

and specific combining ability were calculated by 

method 2 model I developed by Griffing (1956) 
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Results and Disscutions 

 
The greatest part of the yield of cultivated 

plants is known to result from work of the 

photosynthetic apparatus, in which the chlorophyll 

molecule occupies a keyplace. 

 According to the data presented in the tabel 1 

it can be noticed that  hybrids show balanced negative 

and positive values  for the heterosis index. The highest  

values  for the heterosis index  associated with a higher 

amount of chlorophyll was accomplished by Andrei x 

Dh 260/18 , Adi x Dh 260/18,  Adi x Djerbel  hybrids. 

Combinations which had minor differences between 

the parental lines for this character. The lowest values 

for the heterosis index, correlated with a lower 

chlorophyll content than for the midparent and on the 

basis of close values between the parental lines was 

recorded at the: Dh 260/18 x Djerbel, Andrei x Djerbel, 

Andrei x Adi hybrids. 

            

Table 1 

Heterosis Index for chlorophyll content  in F1 Hybrids 

Genitors Andrei Adi DH 260-18 Djerbel 

Andrei - -0,06 0,10 -0,08 

Adi  - 2,07 0,95 

DH 260-18   - -1,09 

Djerbel    - 

 

Table 2 

Average value for chlorophyl content  in F1 Hybrids  and their parents 

No. Hybrid Combination  F1 Genitoris Value F1 from♀ Value F1 for ♂ 

  
 

♀ ♂ 
 

% Differ. t % Differ. t 

1. Andrew x Adi 33,47+1,27 34,62 32,55 33,59 -3,32 -1,15 -1,44 2,83 0,92 1,17 

2. Andrew x DH 260-18 33,53+1,58 34,62 31,85 33,24 -3,15 -1,09 -1,11 5,27 1,68 1,76 

3. Andrew x Djerbel 31,73+0,67 34,62 29,60 32,11 -8,35 -2,89 -6,10
000

 7,20 2,13 4,53*** 

4. Adi x DH 260-18 33,65+0,46 32,55 31,85 32,20 3,38 1,10 3,24** 5,65 1,80 6,08*** 

5. Adi x Djerbel 33,88+1,33 32,55 29,60 31,08 4,09 1,33 1,62 14,46 4,28 5,13*** 

6. DH 260-18 x Djerbel 28,26+0,88 31,85 29,60 30,73 -11,27 -3,59 -6,65
000

 -4,53 -1,34 -2,30
0
 

 

 

The highest heterosis values of type „cis” (9.03%)  and 

„trans” (4.09%) was recorded in the combination 

between Adi x Djerbel hybrids, followed by the 

combination between Adi x Dh 260/18  (4,50 %) for 

„cis” and  (3,38 %) for  „trans” heterosis.

     

Table 3 

Heterosys values and potency report for the chlorophyl content at F1 hybrids 

No. Hybrids Average Parents average (cis) Superior  parents (trans) Potency 

  (SPAD) H (%) Diferenţa  H (%) Diferenţa  ratio 

1 Andrew x Adi 33,47a -0,34ab -0,11ab -3,32ab -1,15ab -0,11b 

2 Andrew x DH 260-18 33,53a 0,89ab 0,30ab -3,15ab -1,09ab 0,21b 

3 Andrew x Djerbel 31,73ab -1,18ab -0,38ab -8,35b -2,89b -0,15b 

4 Adi x DH 260-18 33,65a 4,50a 1,45a 3,38a 1,10a 4,14a 

5 Adi x Djerbel 33,88a 9,03a 2,81a 4,09a 1,33a 1,90a 

6 DH 260-18 x Djerbel 28,26b -8,02b -2,47b -11,27b -3,59b -2,19b 

 Average 32,42 0,81 0,26 -3,10 -1,05 d/a=0,63 

 LDS 5% 3,97 10,43 3,24 10,01 3,28 3,92 

 LDS 1% 5,64 14,84 4,61 13,32 4,36 5,58 

 LDS 0,1% 8,16 21,48 6,67 17,32 5,67 8,08 
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Fig. 1. The content of chlorophyll for the F1 hybrids groups with the same recurrent parent 

 

 

Based on the data from fig. 1 it can be seen that in the 

majority of cases the hybrids showed  a inferior 

chlorophyll content to the recurrent parent except the 

varieties  Adi and Djerbel whose hybrids recorded a 

growth in this character. 

 The highest amelioration potential of  

chlorophyll content is represented by the combination 

between Adi x Djerbel which allow the identification 

in downward generations of about 38.97%   

recombinated lines with a minimum of 35 SPAD units  

for the chlorophyll content. Achieving this selection 

thre shold in a proportion of 95% assume choosing a 

minimum of 6 lines, respectively 14 lines for a 

precision of 99.9 %. 

 

Table 4 

The amelioration potential of hybrid combinations in the terms of the recombinant lines percentage (LR %) with 

a minimum chlorophyll content of 35  SPAD units  and with the number of required lines to be selected (n) 

No. Hybrid combination F1(SPAD) s LR % n5% n1% n0,1% 

1 Andrei x Adi 33,47 3,80 34,46 7 11 16 

2 Andrei x DH 260-18 33,53 4,75 37,83 6 10 15 

3 Andrei x Djerbel 31,73 2,02 5,26 55 85 128 

4 Adi x DH 260-18 33,65 1,38 16,35 17 26 39 

5 Adi x Djerbel 33,88 3,99 38,97 6 9 14 

6 DH 260-18 x Djerbel 28,26 2,65 0,54 553 851 1276 

 

Based on the data presented above ( table 5)  it can be 

noticed that the biggest contribution for the varability 

of chlorophyll content had the aditive variance (a), 

which is significant. The  dominant variance (b)  

presents an insignificant value having a lower 

contribution for this character variability than the 

additive variance. 

   

Table 5 

Analysis of  alternative for the chlorophyll content on the F1 hybrids in V0 

Variabilty cause SP GL PM F Probe  

     

Repetitions 71,18 2 35,59 6,20** 

a 69,85 3 23,28 4,05* 

b 40,52 6 6,75 1,18 

b1 0,49 1 0,49 0,09 

b2 15,16 3 5,05 0,88 

b3 24,86 2 12,43 2,16 

Eror 103,38 18 5,74  

Total 284,93 29   
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Genetic diversity of parental forms for this indicator 

can be evaluated based on their position to the right of 

regression in combination with Wr + Vr values.The 

regression line intersects the covariance axsis above 

the origin (a=0,497), indicating the presence of the 

incomplete regression for the determination of this 

indicator. From the studyed genitors the Dh 269/18 and 

Djerbel shows the biggest proportion of recessive 

alleles, while the  Adi (88,50%) and Andrei (59,80%) 

varieties have the biggest proportion of dominant 

allels. (tabel 6). 

 

Table 6 

The average values (Yr), alternative (Vr) , covariance  (Wr) and the proportion of dominant alleles of the 

parents used to obtain F1 hybrids in terms of the chlorophyll content 

Nr. 

 

Genitors Averege 

parents Yr 

Alternative 

Vr 

Covariance 

Wr 

Vr + Wr Proportion of 

dominant allele 

1 Andrei 34,62 0,362 1,997 2,359 0,598 

2 Adi 32,55 -0,727 -0,914 -1,641 0,885 

3 DH 260-18 31,85 5,251 4,252 9,503 0,145 

4 Djerbel 29,60 5,012 2,025 7,037 0,322 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. The regrssion chart Wr/Vr for the chlorophyll content on the F1 hybrids 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Standard deviation chart (Wr + Vr) and yr for the chlorohyll content on the F1 hybrids 
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Due to the distance between the regresion line and the 

parable and also the position of parental genotypes 

from the regresion line results that the effects of 

dominance and additive have an important role  in the 

genetic determinism of the chlorophyll content of the 

leaves in accordance with the genetic variance analysis. 

Determination of chlorophyll content as an indirect 

method of estimating the productivity of vegetation 

represents a good way to gain an understanding of the 

photosynthetic regime of plants [4].  

  

Conclusions 
 

The   hybrids show balanced negative and positive 

values  for the heterosis index. The highest  values  for 

the heterosis index  associated with a higher amount of 

chlorophyll was accomplished by Andrei x Dh 260/18 , 

Adi x Dh 260/18,  Adi x Djerbel  hybrids. 

 Among the varieties studied  the Dh 269/18 and 

Djerbel shows the biggest proportion of recessive 

alleles, while the  Adi (88,50%) and Andrei (59,80%) 

varieties have the biggest proportion of dominant 

allels.  
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