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ABSTRACT 
 
 Two field experiments were carried out in newly cultivated sandy soil at New Salheyia Region, Sharkia 
Governorate in summer seasons of2010/ 2011 and 2011/2012 on seven barley cultivars to study partition and 
migration of Photosynthates in barley. Results can be summarized as follows:  
1- There were significant differences between the seven barley cultivars Giza-124, Giza-125, Giza-126, Giza-
129, Giza-130 and Giza-131 in growth characters, and yield and its components (except in crop index, migration 
coefficient and RPPveg ). 
2- Number of tillers, blades and spikes plant, dry wt. of tillers + sheats and blades/plant, blades area/plant, LAI 
for all cultivars tended to increase with advance    days of plant age up to 100 days after sowing and thereafter 
decreased, meanwhile, plant height, flag leaf area, spikes dry wt./plant, main spike dry wt. tended to increase 
with advance plant age up to 115 days after sowing. 
3-The seven barley cultivars differed significantly in photosynthate partition, where, significant differences were 
found in chemical components of vegetative organs, grains and straw, also, in glucose required for synthesis of 
the chemical components by the various barley cultivars organs, as well as, carbon equivalent for each one of 
carbohydrate and protein in vegetative organs, grains and straw and oil in grains. 
4- There were significant differences between barley cultivars under study in yield energy per plant and /or per 
fed., where Giza-2000, Giza-129, Giza-130 and Giza-131 significantly outweighed the other three cultivars 
Giza-124, Giza-125 and Giza-126.  
5- Highly significant and positive correlation coefficient were found between plant grain yield and No. of 
spikes/plant, spikes dry wt./plant, main spike dry wt., No. grains/main spike, main spike length, RPPgr , blades 
area/plant and flag leaf blade area, whereas. A negative and high significant relationship were found between 
grain yield/plant and plant height and main spike length. 
6- Main spike dry wt., flag leaf blade area, No. of spikes/plant, blades area/plant, number of grains/main spike 
and spike dry wt./plant were the most affective in contributing to grain yield under this study. 
 Generally, harvested grain yield of barley crop can be increased by growing Giza-2000, Giza-129, Giza-130 
and Giza-131 where these four cultivars characterized by their highest values from vegetative growth, yield and 
its components and Photosynthates partitioning towards the economic yield compared with the other three 
cultivars under study Giza-124. Giza-125 and Giza -126. Also, from this investigate we can provide barley 
breeder with the most important characters in selection for high economic yield(i.e. main spike dry wt., flag leaf 
blade area, No. spikes/plant, blades area/plant, number of grains/main spike and spikes dry wt./plant).  
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Introduction 
 
 In Egypt, barley (Hodeum vulgare L.) occupies the fifth position among cereal crops, in terms of production 
and area. Its importance lies in human nutrition, medicine purposes, animal feeding and investment in the new 
reclaimed areas, where the problems of salinity, water shortage and lack of nutrients are common. 
 The introduction of the new barley cultivars, i.e. the covered cultivars (Giza-124, Giza-125, Giza-126 and 
Giza 2000) and the necked cultivars (Giza-129, Giza-130 and Giza 131) has resulted in an increased yielding 
ability when growing under modern production techniques. The yield potential of barley can be defined as the 
total biomass produced or the agricultural important part of the plant (grain yield). The total biomass is a result 
of the integration of metabolic reaction of the plant. Consequently, any factor influencing the metabolic activity 
of the plant at any period of its growth can affect the yield. Metabolic processes in barley plant are greatly 
governed by both internal, i.e. genetic make up of the plant and external conditions which involve two main 
factors namely climatic and edaphic environmental factors. Moreover, the yield potential of barley could be 
regulated through alternation of genetica make up and the reconstitution of genetical structure through breeding 
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program and or by modification of environment through improving cultural treatments. However, Egyptian 
barley cultivars may differ in their assimilating capacity and distribution could be refeered as Source and Siuk 
relationship. 
 The objective of this study was to analyze the growth and development of barley cultivars, a high yielding 
cultivar recently in widespred (widespread) use in Egypt, to determine the plant factors affecting yield. Too 
often researches have studied only in terms of final harvest. In this study, the growth and development of the 
plant was studied at fifteen days intervals starting from 60 days up to 90 after sowing to determine how the yield 
component developed. It is hoped that through our results, area of possible improvement may be shown which 
could help plant breeder in the development of future higher yielding barley cultivars. 
 
Material and Methods 
 
 Seven barley cultivars, i.e. Giza-124, Giza-125,Giza-126,Giza-2000,Giza-129, Giza-130 and Giza-131 were 
cultivated in two field experiments in newly cultivated sandy soil at New Salheyia Region, Sharkia Governorate 
in a complete randomized block design with six replication in winter seasons of 2010/2011 and 2011/2012. three 
replication were adopted for vegetative growth studies and the rest for yield and its components. Plot size was 
20 rows, 3.0 meter long and 15 cm apart, seeded, at a rate of 60 kg/fed. Sowing took place on 15 th  and 19 th   

November in 2010 and 2011 in the two seasons, respectively. The normal agronomic practices of barley growth 
were followed until harvest as recommended by Barley Research Dept., Agriculture Research Center. 
 
Growth characters: 
 
 Samples of tea guarded plants were taken at random of each plot of the three replications to determine the 
growth parameters at 85,100 and 115 days where plant height, tillers leaves and spikes number/plant, and tillers 
+ sheats, blades and spikes dry weight/plant were estimated. Flag leaf area/cm2 and blades area cm2 /plant were 
determined according to Bremner and Taha (1966). Leaf area index (LAI) was estimated according to Watson 
(1951) and specific leaf weight (SLW) was determined as Pearce et al (1969). 
 
Yield measurements: 
 
 Ten plants were randomly taken of middle rows of each plot at harvest time to determine number of 
spikes/plant; spikes weigh g/plant, main spike length cm, grain index (1000 grains in gram, straw and biological 
yield (g/plant). In addition, grain, straw and biological yields (Ton/fed.) were calculated for the plot area and 
then converted to yield per Fadden, where migration coefficient, crop index and harvest index were determined 
according to Abdel-Gawad et al (1987). 
 Relative photosynthetic potential (RPP) for biological and grains yields and vegetative organs were 
calculated according to the method by vidovic and Pokorny (1973). 
  To study photosynthetic partitioning in the above previous seven barley cultivars, crop growth rate (CGR 
mg/cm2  /day) was determined by multiplying NAR  LAI according to Abdel-Gawad (1987). In addition, the 
percentage of carbohydrate and protein were estimated in vegetative organs, grains and straw and oil % in 
grains. The total carbohydrate (%) in the different organs was determined according to the methods shown by 
Dubois et al  (1984). Total nitrogen (%) was determined according to AOCS (1984) and was multiplied by 6.25 
to calculate protein (%). Crude oil (%) was determined using the method described by to AOCS (1984). 
 Although plants composition changes with the age, these values may be fairly enough to provide an 
estimate of the partitioning coefficient. To calculate the photosynthates required to produce the different 
constituents, carbon equivalent was determined as shown by Hanson et al (1960). The production value (PV) for 
the previous plant components was determined according to Penning De Vries et al (1974). The conversion 
factor to estimate carbon equivalent, production value, glucose required for synthesis, stored gram atoms, work 
carbon required in synthesis for carbohydrate, protein and oil in the different plant components was used as 
reported by Hanson et al (1960), as well as, energy coefficient of crop index and energy coefficient of harvest 
index were calculate according to Abdel - Gawad et al(1987). In addition, energy per plant and per fadden at 
harvest was calculated using caloric conversion factors according to Hanson et al (1960). 
 Combined analysis was made for the two growing seasons as results followed similar results according to 
Snedecor and Cochran (1984). For comparison between means, L.S.D TEST at 5 % level was used. 
Furthermore, simple correlation coefficient for all possible combinations between plant yield and means of some 
of the characters studied after anthesis (i.e 100 days after planting) were practiced according to Neter and 
Wasserman (1974). 
 Simple correlation of course does  not primt the estimation of different effects of  particular yield factor 
such as plant height, number of spikes/plant, spikes weight/plant and blades area/plant or any other factor of 
yield , since the variable is in some ways associated with one or more variable which are in turn associated with 
yield. Therefore, the path coefficient analysis which measures the direct influence of one variable upon another 
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and permits the separation of the simple correlation coefficient into components of direct and indirect effects, 
was done according to Wright (1934) and Snedecor and Cochran (1984). 
 
Results and Discussion 
 
Growth analysis: 
 
 The results reported in Table (1) showed significant differences among seven barley cultivars under study, 
i.e Giza-124, Giza-125, Giza-126, Giza-2000, Giza-129, Giza-130and Giza-113 in growth characters in plant 
height, number of tillers; blades and spikes/plant, dry weight of tillers +sheats; blades and spikes/plant, flag leaf 
blade area/plant, leaf area index (LAI) and specific leaf weight (SLW) at 85,100 and 115 days after sowing. 
Furthermore, number of tillers; blades and spikes/plant, dry weight of tillers + sheats and blades/plant, blades 
area/plant and leaf area index, for all cultivars tended to increase with advance of plant age up to 100 days after 
sowing and thereafter decreased. However, plant height, flag leaf area, spikes dry weight/plant and main spike 
dry weight tended to increase with advance plant age up to 115 days after sowing. 
 It is worthy to mention that Giza-129, Giza-130 and Giza-131 cultivars gave the highest significant values 
from growth characters studied compared with the other four cultivars Giza-124, Giza-125, Giza-126 and Giza-
2000. 
 It is worthy that cultivar differences in growth characters are  in good agreement with the results obtained 
by El-Agroudy and Mohamed (1994),Ashour and Selim (1994).El-Sayed et al (1995), Noaman et al (1997), El-
kholy and El-Bawab (1998),Abd El-Lateaf (2004), Alberta (2007), Skrbanek et al (2008) and Hussein et al 
(2009). 
 
Table 1: Effect of cultivar differences on growth characters of seven barley cultivars (Average of 2010/2011 and 2011/2012 seasons).   

LSD 
at 

5% 

Giza 
131 

Giza 
130 

Giza 
129 

Giza 
2000 

Giza 
126 

Giza 
123 

Giza 
124 

LSD 
at 

5% 

Giza 
131 

Giza 
130 

Giza 
129 

Giza 
2000 

Giza 
126 

Giza 
123 

Giza 
124 

Cultivars 
 

Plant age 
 Number of tillers/plant  Plant height cm 

0.22 5.67 5.30 5.10 4.80 4.67 4.33 4.07 2.81 92.8 85.20 83.40 75.80 73.60 68.80 68.33 85 
0.316.60 6.10 5.835.675.174.664.333.2298.5293.7892.80 90.00 84.67 82.70 81.55 100 
0.27 5.33 4.8 4.67 4.33 4.33 4.17 4.0 2.19 125.4 115.0 116.3 113.54 111.4 109.5 108.9

0 
155 

 Number of spikes/plant  Number of blades/plant 
0.16 3.60 3.33 3.00 3.00 2.7 2.70 2.6 0.23 46.4 4.404 41.2 39.10 37.7 35.6 34.2 85 
0.155.82 5.33 5.335.174.334.174.00.3547.046.343.0 41.4 39.0 36.7 35.0 100 
0.12 5.00 4.67 4.33 4.0 4.00 3.85 3.67 0.12 43.70 42.5 40.0 35.6 34.0 33.3 32.0 155 
 Blades dry weight  g/plant  Tillers + sheats dry wt. g/plant 

0.065.39 5.23 5.104.524.283.923.840.146.656.336.20 6.05 5.71 5.34 5.21 85 
0.08 6.15 5.81 5.48 4.91 4.57 4.37 4.18 0.11 7.37 7.18 7.11 6.90 6.71 6.48 6.34 100 
0.05 4.95 4.75 4.53 4.17 3.87 3.67 3.33 0.09 6.22 6.11 6.10 5.84 5.68 5.19 5.07 155 
 Blades area  cm2 plant  Flag leaf blades area cm2  

10.5
4 

685.
0 

674.
0 

659.0622.5590.0545.
0 

539.20.1729.3825.5926.78 22.5 20.7 19.83 19.27 85 

16.3
7 

766.
0 

725.
1 

709.0 649.0 632.7 610.
0 

591.4 0.86 39.25 36.6 32.90 30.50 26.39 25.42 21.58 100 

11.4
5 

638.
4 

625.
0 

613.0 564.9 558.0 534.
3 

516.5 1.31 51.5 48.79 45.0 41.80 36.67 36.71 32.78 155 

 Spikes dry weight  g/plant  Leaf area index (LAI) 
0.13 3.36 3.03 3.01 2.61 2.29 1.56 1.29 0.02 4.57 4.49 4.39 4.15 3.93 3.63 3.59 85 
0.199.71 9.37 9.168.718.766.235.870.075.114.834.73 4.33 4.22 4.07 3.94 100 
0.43 16.9

1 
16.0

0 
15.73 15.02 14.45 14.0

7 
13.01 0.04 4.26 4.17 4.09 3.77 3.72 3.56 3.44 155 

 Specific leaf weight  mg/cm2  Main spike dry weight g 
0.07 7.85 7.76 7.74 7.26 7.25 7.19 7.12 0.04 1.03 0.97 0.86 0.74 0.68 0.54 0.47 85 
0.018.03 8.01 7.737.577.227.167.070.122.972.692.53 2.09 1.86 1.67 1.53 100 
0.04 7.77 7.60 7.39 7.38 6.94 6.87 6.45 0.07 5.71 5.44 5.22 4.10 4.37 4.03 3.71 155 

Crop Growth Rate (mg/cm2/day) 
0.16 7.06 6.84 6.35 5.36 4.51 4.16 3.87 85-100-days after sowing 
0.28 6.34 5.98 5.79 5.02 3.74 3.78 3.59 100-115 days after sowing 

 

 Furthermore, cultivar differences in growth characters in this study may be due to the differences in genetic 
structure, and to the widely cultivar differences between genotypes for mineral element concentrations (Clark et 
al, 1997). Also, the decrease in dry weight of tillers + sheats and blades/plant and specific leaf weight in 
constant with the increase in spikes dry weight /plant with advancing age over 100 days after sowing may be 
due to the migration of photosynthated from tillers + sheats, blades (Source) and to grains per spikes (Sink) and 
again to cultivar differences in photosynthat partitioning (Ahmed, 1985, Abdel-Gawad et al, 1987, Saleh et al, 
2011 and Ahmed et al, 2011. 
 
Cultivar differences in yield its components: 
 
 There were significant differences between the seven barley cultivars under i.e, study Giza-124, Giza-125, 
Giza-126, Giza-200, Giza-129, Giza-130 and Giza-131 in spikes dry weight /plant, main spike dry weight, main 
spike length, number of grains/main spike, grains; straw and biological yields per plant and /or per fed. , harvest 
index, grain index, RPP gr and RPP  bio . On the other hand cultivars differences in crop index, migration 
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coefficient and RPPveg  failed to reach the significant level at 5% level, (Table 2). Moreover, data reported in the 
same table showed that Giza-129, Giza-130 and Giza-131 significantly surpassed other four cultivars under 
study in spikes dry weight/plant, main spike dry weight, number of grains/main spike, main spike length, grains; 
straw and biological yields/plant, grain index, RPP gr  and RPP     bio . On the other hand , Giza-126 and Giza- 2000 
cultivars had the highest values from crop index and harvest index, and Giza-124, Giza-125 and Giza-126 
equaled in migration coefficient value; as well as; characterized by its highest value from these parameter, 
whereas, Giza-130 gave the highest insignificant value from RPPveg compared with other six cultivars under 
study. 
 Cultivar differences in yield and its components in this study are in harmony with the results obtained by 
Navolotskii and Lyashok (1984),El-Agroudy and Mohamed (1994), Ashour and Selim (1994), El-Sayed et al 
(1995), Noaaman et al (1997), Oscarsson et al (1998), El-Kholy and El-Bawab (1998), Abd El-lateef(2004), 
Alberta(2007), Skribanek et al (2008) and Hussein et al (2009).  
  Furthermore, these cultivar differences may be attributed to differences in genetic structure between the 
seven barley cultivars in this study, also, to cultivar differences in growth characters (Table 1), and to the 
cultivar differences in photosynthate partitioning that found in the following part of this study (Table 3 and 4) 
that previously indicated by Ahmed, (1985), Abel-Gawad et al  (1987), Saleh et al (2011) and Ahmed et al 
(2011). Again, to the widely differences between genotypes for mineral concentrations that found by Clark et al 
(1997) can be attribute the cultivar differences in yield and its components. 
 
Table 2: Effect of cultivar differences on yield and its components of seven barley cultivars (Average of 2010/2011 and 2011/2012 

seasons). 
Cultivars 

 
 
 
 

Yield and its 
components 

Giza 124 Giza 125 Giza 126 Giza 2000 Giza129 Giza 130 Giza 131 LSD at 
5% level 

Spikes dry weight 
g/plant 

24.38 24.75 25.67 27.28 29.65 30.12 31.06 0.59 

Main spike dry 
weight   g 

6.45 6.67 6.95 7.16 7.83 7.96 8.06 0.07 

No. of grain /main 
spike 

58.24 58.70 58.92 63.75 74.56 76.29 78.66 1.22 

Grain yield   g/plant 17.72 17.83 18.21 20.06 22.87 23.41 24.53 0.43 
Straw yield 

g/plant 
25.93 26.61 27.38 29.53 31.78 32.97 33.46 0.38 

Biological yield 
g/plant 

43.65 44.44 45.59 49.59 54.65 56.38 57.99 1.16 

Grain yield  
Ton/fed 

2.13 2.22 2.38 2.41 2.62 2.68 2.72 0.02 

Straw yield 
Ton/fed 

2.47 2.53 2.47 2.47 3.04 3.13 3.16 0.02 

Biological yield 
Ton/fed 

4.60 4.75 4.85 4.88 5.66 5.81 5.88 0.03 

Crop index 0.46 0.47 0.49 0.49 0.46 0.46 0.46 n.s 
Harvest index 0.86 0.88 0.96 0.98 0.86 0.86 0.86 0.04 
Grain index 

g/1000 grains 
39.86 40.28 40.33 41.07 42.46 42.53 42.75 0.17 

Migration 
coefficient 

0.56 0.56 0.56 0.55 0.54 0.53 0.54 n.s 

Main spike length  
cm 

12.42 12.59 13.06 14.54 15.98 16.33 17.60 2.11 

RPP gr 4.84 4.75 4.60 4.92 5.20 5.20 5.28 0.06 
RPP bio 11.93 11.85 11.51 12.15 12.42 12.53 12.47 0.04 
Rpp veg 7.09 7.10 6.91 7.23 7.22 7.33 7.19 n.s 

 
 Moreover, the significant superiority of Giza-129,Giza-130 and Giza-131 over other four barley cultivars 
under study in spikes dry weight/plant, main spike dry weight, number of grains / main spike, main spike length, 
grains yield per plant and /or per fed. may be due to the high yielding cultivar had a more vigorous system for 
generating reduction potentials during plant growth than did the less productive cultivar and the higher yielding 
has a higher photosynthetic electron transport chain potential, which is a genetically character more than lower 
yielding cultivar (Volodarskii et al , 1978). In addition, the greater number of grains / main spike may explain 
its higher yield as such spikes are more effective sink for the carbohydrate synthesized in the leaves which fewer 
and larger grains (Fisher et al,1977).However, little is know about the relative important of number of grains 
and potential grain size as physiological determinate of yield. The important of number of grains is suggested by 
the increase in number of grains per unit area of land that have accompanied that recent increases in yield shown 
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by new cultivars (Pendelton et al , 1980). On the other hand, the greatest values of blades area/plant and flag 
leaf area , and SLW of Giza-129, Giza-130 and Giza-131 cultivars may be due to a causes of highest grain yield. 
The greatest values from blades area/plant, flag leaf area, LAI of Giza-129, Giza-130 and Giza-131 and the 
rapid rate decreasing in tillers + sheats dry weight and blades dry weight/plant and SLW in these cultivars 
(Table1), may owe much the high potential efficiency of Giza-129, Giza-130 and Giza-131 in grains yield. 
 It is worthy to mention that Pucridge (1971)reported that changes in LAI caused a variation in CO2 uptake 
and the differences in grain yield from `anthesis onwards were correlated with LAI and CO2  uptake, thus, the 
cultivar differences in LAI in Table (1) may be a cause cultivar differences in grain yield. 
 
Photosynthates Partitioning: 
 
 The partitioning coefficient would be determined by the capacity of the photosynthetic sink created by the 
spike. When plants reached the final weeks of grain filling period (soft dough stage to ripe stage ) the coefficient 
of partitioning may increase. Evidence for these is shown by very rapid decline in the canopy in the final weeks 
and the possible scavenging nutrients from the vegetative plant parts.  
 There were significant differences between barley cultivars in crop growth rate and spikes dry wt./plant at 
different stages of growth (Table 1).  
 Furthermore, Giza-129,Giza-130, Giza-131 exceeded Giza-124, Giza-125, Giza-126 and Giza-2000 
cultivars in CGR and spikes dry wt. /plant (Table 1).    
 It is worthy to mention that CGR values of vegetative organs reflect the total total amount of photosynthate 
partitioned into the yield components . The partitioning coefficient can not approximated from a simple ratio of 
the slop of crop growth rate since more photosynthate is required to produce a given amount of grains than the 
same amount of vegetative material. The addition photosynthate is required to produce the additional protein 
and oil in grains (Hanson et al, 1960, Penning Devries et al ,1974, Mc Graw,1977, Saleh et al , 2011 and 
Ahmed et al,2011). 
 To estimate the amount of phptosynthate need to produce to produce a quantity of spike in the same 
quantity of vegetative material , the relative quantities of carbohydrate, protein and oil should be detected. 
Significant differences were found among the seven barley cultivars in carbohydrate and protein in vegetative 
organs, grains and straw, as ell as, in oil per grain ., Moreover, Giza-129, Giza-130 and Giza-131 exceeded the 
other four cultivars Giza-124, Giza-125,Giza- 126 and Giza-2000 in carbohydrate and protein % per vegetative 
organs, grains and straw and in  oil % per grains (except the significant increase of Giza-124 over Giza-129 
cultivar in protein per grains). (Table3). In addition, the same table shows that ,glucose required for synthesis of 
the chemical components by the various barley cultivars organs. Differences among barley cultivars in glucose 
required for synthesis of carbohydrate and protein in vegetative organs , protein and oil in grains , as well as, 
protein in straw failed to reach the significant level at 5 % whereas, the difference in glucose required for 
synthesis of carbohydrate per grains and straw was significant. 
 With respect of carbon equivalent , according to Hanson et al (1960).carbon equivalent is defined the gram 
atom of the sugar carbon to required to produce product including both gram atoms of work carbon lost in the 
synthesis and gram atoms of carbon stored in the product . Data in Table (3), revealed that significant 
differences among barley cultivars in carbon equivalent for each of carbohydrate and protein in vegetative 
organs, grains and straw, as well as, oil in grains, furthermore, Giza-129,Giza-130 and Giza-131 had the highest 
significant values from the carbon equivalent for the chemical compounds in the previous plant organs 
compared with Giza-124, Giza-125, Giza-126 and Giza-2000 cultivars. It is worthy that , there were significant 
differences between the seven barley cultivars under this study in yield energy per plant and or / per fed. 
Generally, Giza-2000, Giza-129, Giza-130 and Giza-131 significantly outweigh between the other three 
cultivars Giza-124, Giza-125 and Giza-126 in energy yield of grain and straw  (except differences the 
differences between t Giza-124, Giza-125 and Giza-126  in total yield of straw per fed), (Table 4).  
 It is worthy to mention that data illustrated in Table (4) should that cultivar differences in energy coefficient 
of harvest index was significant, main while, the varietals differences in energy coefficient of crop index not 
significant. Giza-2000, Giza-129, Giza-130 and Giza-131 cultivars had the highest value from these to pervious 
coefficient compared with Giza-124, Giza-125 and Giza-126 cultivars. Thus, it could be concluded that our 
present are in harmony with the results obtained by. Ahmed (1985), Abdel-Gawad et al (1987),Saleh et al 
(2011) and Ahmed et al (2011), where, they indicated that cultivars differed in partitioning and migration of the 
total available photosynthetic to economic yield, in carbon equivalent for vegetative organs, grain and straw 
yield energy of grains and straw per plant and per fed. and energy coefficient of crop index and harvest index. 
 Here, as mentioned before, harvested grain barely yield can be increased by cultivating Giza-2000,Giza-
129, Giza-130 and Giza-131 cultivars characterized by highest efficiency in partitioned and migration of 
photosynthates towards economic yield. 
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Table 3: Effect of cultivars differences on chemical components glucose required for synthesis and carbon equivalent in seven barley 
cultivars (Average of 2010/2011 and 2011/2012 seasons). 

Cultivars 
 
 
 

Parameters 

Giza 124 Giza 125 Giza 126 Giza 2000 Giza129 Giza 130 Giza 131 LSD at 
5% level 

Carbohydrate , protein, oil percentages 
Vegetative organs 

Carbohydrate 80.2 80.67 81.29 82.5 84.76 85.56 85.61 0.33 
Protein 7.39 7.73 7.37 7.42 9.46 9.47 10.01 0.39 
Grains  

Carbohydrate 76.6 78.29 80.00 81.75 83.10 83.40 84.07 0.08 
Protein 8.54 8.30 7.42 7.38 8.45 8.62 8.71 0.05 

Oil 1.63 1.95 1.82 1.92 2.03 2.07 2.13 0.04 
Straw  

Carbohydrate 76.08 71.61 72.17 73.14 76.19 77.44 77.49 0.03 
Protein 5.28 5.26 5.25 5.25 5.53 5.60 5.62 0.01 

Glucose required for synthesis 
Vegetative organs  

Carbohydrate 0.94 0.95 0.95 0.97 0.99 1.00 1.00 n.s 
Protein 0.12 0.12 0.12 0.12 0.15 0.15 0.16 n.s 
Grains  

Carbohydrate 0.86 0.89 0.94 0.96 0.97 0.98 0.99 0.01 
Protein 0.14 0.13 0.12 0.12 0.14 0.14 0.14 n.s 

Oil 0.05 0.06 0.05 0.05 0.06 0.06 0.06 n.s 
Straw  

Carbohydrate 0.89 0.84 0.85 0.86 0.89 0.91 0.91 0.02 
Protein 0.09 0.08 0.08 0.08 0.09 0.09 0.9 n.s 

Carbon equivalent 
Vegetative organs  

Carbohydrate 32.08 32.27 32.52 33.00 33.90 34.22 34.24 0.01 
Protein 5.81 6.08 5.80 5.84 7.44 7.45 7.87 0.10 
Grains  

Carbohydrate 30.64 31.32 32.00 32.70 33.24 33.36 33.63 0.19 
Protein 6.71 6.53 5.84 5.81 6.64 6.78 6.85 0.06 

Oil 1.86 2.23 2.08 2.19 2.32 2.36 2.43 0.03 
Straw  

Carbohydrate 30.43 28.64 28.87 29.26 30.48 30.90 31.00 1.14 
Protein 4.15 4.14 4.13 4.13 4.35 4.40 4.42 0.02 

      
Table 4: Cultivar differences in energy yield per plant and per Fadden at harvest of seven barley (Combined analysis of 2010/2011 and 

2011/2012 seasons). 
Cultivars 

 
Plant organs 

Giza 124 Giza 125 Giza 126 Giza 2000 Giza129 Giza 130 Giza 131 LSD at 
5% level 

Yield energy/plant at harvest K cals. 
Grains  

Carbohydrate 53.62 55.14 57.54 64.75 75.06 77.12 81.45 3.75 
Protein 6.92 6.76 6.17 6.77 8.83 9.22 9.76 0.42 

Oil 2.72 3.27 3.12 3.62 4.36 4.55 4.91 0.26 
Total 63.26 65.17 66.83 75.14 88.25 90.89 96.12 1.22 
Straw  

Carbohydrate 77.92 75.29 78.05 85.31 95.64 100.85 102.42 1.06 
Protein 6.26 6.40 6.57 7.08 8.03 8.41 8.59 0.15 
Total 84.18 81.69 84.62 92.39 103.67 109.26 111.01 1.14 

Yield energy/Fadden at harvest 10 6 cals 
Grains  

Carbohydrate 6.44 6.87 7.52 7.78 8.60 8.83 9.03 0.14 
Protein 0.83 0.84 0.81 0.81 1.01 1.06 1.08 0.02 

Oil 0.33 0.41 0.41 0.43 0.50 0.52 0.54 0.01 
Total 7.60 8.12 8.74 9.02 10.11 10.41 10.65 0.11 
Straw  

Carbohydrate 7.42 7.16 7.04 7.14 9.15 9.57 9.58 0.31 
Protein 0.60 0.61 0.59 0.59 0.77 0.80 0.81 0.01 
Total 8.02 7.77 7.63 7.73 9.92 10.37 10.39 0.19 

Energy coefficient 
Energy coefficient 

of crop index 
0.43 0.44 0.44 0.45 0.46 0.45 0.47 n.s 

Energy coefficient 
of harvest index 

0.75 0.80 0.79 0.81 0.85 0.83 0.87 0.02 
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Correlation studies: 
 
 Estimates of correlation coefficient between grain yield and other yield components and growth parameters 
under study for barley plant are presented in Table (5). 
 Data shown highly significant and positive correlation for all possible combination between plant grain 
yield and each of NO of spikes/plant, spikes dry wt./plant , main spike dry wt., NO grains / main spike length, 
RPP gr , blades area / plant and flag leaf blade area, between NO spikes / plant and each one of spike dry wt / 
plant, main spike dry wt., NO grains / main spike, RPP gr , blades area/plant and flag leaf blade area, between 
spikes dry wt.  and main spike dry wt., blades area and flag leaf blade area. Again, the relationships between 
main spike dry wt. and NO grains / main spike, and flag leaf blade area, between main spike length and RPP gr  , 
between RPP gr  and  RPP bio , between plant height and flag leaf blade area and   RPP veg as well as between 
blades area / plant and flag leaf blade area and RPP veg  and between flag leaf blade area and  RPP veg  were 
positive and insignificant (Table 5). 
 Data detected in Table (5) showed a positive and significant simple correlation coefficient was found 
between main spike length and plant height, main spike wt. and RPP gr . On the other hand, data reported in the 
same table observed that, a high negative significant effects were found between grain yield / plant and main 
spike length and plant height , between NO spikes / plant and main spike length and plant height, between 
spikes and dry wt. and main spike length and plant height, between main spikes dry wt. and RPP bio  between 
NO grains /main spike length and between blades area / plant and RPP gr  and plant height. Also, a negative and 
significant simple correlation coefficient was found between main spike length and main dry wt. and RPP gr . 
 It is note worthy to mention that simple correlation coefficient for the rest possible combination between 
plant grain yield and the previous measurements were positive and insignificant, except between main spike dry 
wt. and plant height, blades area/plant and RPPveg, between NO grains/main spike and  RPP gr  , bldes area / plant, 
flag leaf blade area, and RPP veg , between main spike length and blades area/plant, flag leaf blade area, and RPP 
bio , between migration coefficient and plant length and RPP bio (Table 5).   
 It is worthy that , our results are in harmony with those obtained by Abdel- Gawad et al (1985) Ahmed 
(1985), Sadek et al(2006), Saleh et al (2011) and Ahmed et al (2011). 
 
Table 5: Correlation coefficient between grain yield of barley plant and some yield components and growth characters (Average of 2011 and 2012 seasons)   

 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 
Grain yield / plant          0.98** 0.75** 0.57** -0.57** -0.47** -0.51** 0.55* 0.42** 0.54** 0.23 0.08 0.17 
NO of spike /plant    
X1 

 0.81** 0.59** -0.59** -0.47** 0.51** -0.59** 0.44** 0.48** 0.31* 0.14 0.14

Spike dry wt. / 
panicle     X2 

  0.40** -0.01 -0.5** 0.22 -0.72** 0.45** 0.57** 0.44** 0.27 0.08

Main spike dry wt.    
X3 

   0.59** 0.36* 0.39* -0.24** 0.04 0.52 0.20 -0.54** -0.13 

NO. of grains / main 
spike       X4                

    -0.59** 0.71** -0.23* -0.07 -0.07 -0.17 0.04 -0.20 

Main  spike length    
X5 

     -0.39* 0.31* -0.22 -0.20 0.52** -0.13 0.18 

RPP kr    
X6 

      .060 -0.67** 0.62** 0.35* 0.6** -0.03 

Plant height    
X7 

       -0.44** 0.62** -0.06 0.15 0.66** 

Blades area/plant    
X8 

        -0.61 0.21 0.04 0.85** 

Flag leaf blade area    
X9 

         0.33 0.07 0.48** 

Migration coefficient    
X10 

    -010 0.27

RPP bio      

X11 
     0.18

RPP veg      

X12 
      

* significant 
** High significant 

 
Path coefficient: 
 
 Table (6) reveals that partitioning of average of simple correlation coefficient between grain yield / plant 
and some yield components and growth character as the average of seven barley cultivars under study. Main 
spike dry wt. proved to have a high direct effect on grain yield/plant compared with blades area/plant and spikes 
dry wt./plant. Flag leaf blade area had a high negative direct effect on grain yield compared with NO spikes / 
plant, NO of grains / main spike, main spike length, RPP kr  and plant height sine the average mean of the direct 
effect was 16.49, 8.101,2.729,0.043,-15.51,-11.246,-0.30,-4.385 and -0.795 for these components, respectively. 
Again as mentioned before, (Table 5);total correlation coefficient was most pronounced in NO of spikes/plant 
(0.98)than in spikes dry wt./plant (0.75), main spike dry wt. (0.74), NO of grains / main spike (0.57), flag leaf 
area (0.54) RPP gr (0.51), main spike length (-0.47) and plant height (0.47). 
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Table 6: Direct and joint effect of some yield components and growth characters path coefficient analysis of correlation coefficient of barley plants. 
Partitioning of simple correlation coefficient

Source Correlation Source Correlati
on 

Source Correlation 

Grain yield via. NO spikes /plant  Grain yield via. NO of grain / main 
spike 

 Grain yield via. plant height  

Direct effect -11.246 Direct effect -4.385 Direct effect -0.30 
Indirect effect via. spikes dry wt./plant 4.9 Indirect effect via. NO spikes /plant 1.909 Indirect effect via. NO spikes/plant -3.95 
Indirect effect via. main pikes dry wt. 12.02 Indirect effect via. pikes dry wt./plant 9.711 Indirect effect via. pikes dry wt./plant 1.01
Indirect effect via. NO grains /main 

spike 
-2.587 Indirect effect via. main spike dry wt. -6.63 Indirect effect via. main spike dry wt. 6.64 

Indirect effect via. main spike length 3.66 Indirect effect via. main spike length -0.547 Indirect effect via. NO grain/ main spike -3.56 
Indirect effect via. RPPgr -7.447 Indirect effect via. RPP gr 1.086 Indirect effect via. main spike length 3.62 

Indirect effect via. plant height 2.21 Indirect effect via. plant height 0.028 Indirect effect via.  RPP gr -1.97
Indirect effect via. blades area /plant -0.50 Indirect effect via. blades area /plant -0.54 Indirect effect via. blades area /plant -0.05 

Indirect effect via. flag leaf blade area -0.025 Indirect effect via. flag leaf blade area -0.025 Indirect effect via. flag leaf blade area 0.01 
Total 0.98 Total 0.57 Total -0.55 

Grain yield via. spikes dry wt. /plant  Grain yield via. main spike length  Grain yield via. blades area /plant  
Direct effect 2.729 Direct effect -2.573 Direct effect 8.101 

Indirect effect via. NO spikes / plant 5.975 Indirect effect via. NO spikes / plant -5.925 Indirect effect via. NO spikes / plant 3.561 
Indirect effect via. main pikes dry wt. 6.585 Indirect effect via. pikes dry wt./plant 2.587 Indirect effect via. pikes dry wt./plant 0.639
Indirect effect via. NO grains /main 

spike 
-0.604 Indirect effect via. main spike dry wt 5.286 Indirect effect via. main spike dry wt. 0.301 

Indirect effect via. main spike length -9.109 Indirect effect via. NO grains /main 
spike 

2.587 Indirect effect via. NO grain /main spike -4.946 

Indirect effect via. RPP gr 3.645 Indirect effect via. RPP gr 5.286 Indirect effect via. main spike length -5.450 
Indirect effect via. plant height 0.834 Indirect effect via. plant height -1.782 Indirect effect via. RPP gr 1.226 

Indirect effect via. blades area /plant -0.175 Indirect effect via. blades area /plant 2.94 Indirect effect via. plant height -0.04 
Indirect effect via. flag leaf blade area -0.029 Indirect effect via. flag leaf blade area -1.365 Indirect effect via. flag leaf blade area -0.009 

Total 0.75 Total -0.47 Total 0.42 
Grain yield via. main  spike /dry wt.  Grain yield via. RPP gr Grain yield via. main  flag leaf blade area 

Direct effect 16.49 Direct effect -0.795 Direct effect -15.51 
Indirect effect via. NO spikes /plant 2.00 Indirect effect via. NO spikes /plant -0.495 Indirect effect via. NO spikes /plant 5.146 

Indirect effect via. pikes dry wt./plant -2.58 Indirect effect via. pikes dry wt./plant 6.421 Indirect effect via. pikes dry wt./plant 8.575
Indirect effect via. NO grains /main 

spike 
-8.20 Indirect effect via. main spike dry wt -3.113 Indirect effect via. main spike dry wt. 0.309 

Indirect effect via. main spike length 0.23 Indirect effect via. NO grain/main 
spike 

-5.735 Indirect effect via. NO grains / main spike -5.39 

Indirect effect via. RPP gr -8.06 Indirect effect via. main spike length 0.54 Indirect effect via. main spike length 4.942 
Indirect effect via. plant height 1.02 Indirect effect via. plant height 3.103 Indirect effect via. RPP gr 1.828 

Indirect effect via. blades area /plant -0.31 Indirect effect via. blades area /plant 0.46 Indirect effect via. blades plant height 0.659
Indirect effect via. flag leaf blade area -0.02 Indirect effect via. flag leaf blade area -0.017 Indirect effect via. flag leaf blades area/plant -0.0089 

Total 0.74 Total 0.51 Total 0.51 
 
Table 7: Direct and joint effect of some yield components and growth characters as percentage of yield variation in seven barley cultivars. 

ContributionCoefficient of 
determination 

CharactersContributionCoefficient of 
determination 

Characters 

3.61 - 85.09 Main spike dry wt. ×NO grains/main spike5.374126.47 NO of spike /plant 
0.03 - 0.66 Main spike dry wt. × main spike length 0.32 7.45 Spike dry wt. / pant 
0.43 - 10.22 Main spike dry wt. × RPP gr 11.54 271.92 Main spike dry wt. 
0.21 4.97 Main spike dry wt. × plant height0.8219.23 NO. of grains / main spike 
1.92 45.37 Main spike dry wt. × blades area /plant 0.29 6.62 Main spike length 

10.86 -256.02 Main spike dry wt. × flag leaf area 0.03 0.63 RPP gr 
0.01 0.222 NO grains / main spike ×spike length0.0030.09 Plant height 
0.21 4.91 NO grains / main spike RPP gr × 2.78 65.63 Blades area/plant 
0.21 4.97 NO grains / main spike × plant height 10.21 240.56 Flag leaf blade area 
0.70 -16.77 NO grains / main spike × blades area /plant 2.1 -49.71 NO of  spikes / plant ×spikes dry wt /plant 
0.40 -9.52 NO grains / main spike × flag leaf area11.04260.14- NO of pikes / plant × main spike dry wt. 

0.001 0.03 Main spike length × RPP gr 2.47 58.19 NO of pikes / plant × NO grains / main spike 
0.39 -9.15 Main spike length ×plant height 0.02 0.44 NO of pikes / plant × main spike length 
0.01 -0.17 Main spike length ×blades area0.399.11 NO of pikes / plant × RPP gr 
0.01 0.25 Main spike length ×flag leaf area 1.72 -40.47 NO of pikes / plant × plant height 
0.03 0.65 RPP gr   × plant height 4.68 -110.22 NO of pikes / plant × blades area /plant 
0.04 0.83 RPP gr  ×blades area 7.11 167.54 NO of pikes / plant × flag leaf blade area 
0.87 -20.44 RPP gr ×flag leaf area 1.53 35.95 Spikes dry wt./plant × main spike dry wt. 
2.51 59.1 Plant height × blades area /plant 0.01 0.25- Spike dry wt./plant × NO grains / main pike 
6.77 -159.69 Plant height × flag leaf area 0.005 0.12- Spikes dry wt./plant × NO grains / main pike 

length 
6.50 -153.11 Blades area / plant ×flag leaf area 0.02 0.34- Spike dry wt./plant × RPP gr 
   0.71 16.70- Spike dry wt./plant × plant height 
   1.39 32.74 Spike dry wt./plant × blades area /plant 
   0.005 -0.12 Spike dry wt./plant × flag leaf area 

99.99 0.998  R2 
0.01 0.002    Residual 
100 1.000    Total 

 
 Table (7) shows that the direct effect of main spike dry was (11.54%) of the variation being higher than of 
the flag leaf blade area (10.21%), NO of spikes/plant (5.37), blades area (2.78%), NO of grains/main spike 
(0.82), spikes dry wt. /plant (0.32%), main spike length (0.29%), RPP gr (0.03), and plant height (0.003%). The 
joint effect of main spike dry wt. with NO spikes / plant, spikes dry wt. /plant, NO of grains / main spike, main 
spike length, RPP gr , plant height, blades area / plant and flag leaf blade area amounted to 11.04, 1.53, 3.61, 
0.03, 0.43, 0.21, 1.92 and 10.86 % of the variation, respectively. Values of the joint effect of flag leaf blade area 
with NO of spikes / plant, spikes dry wt. /plant, NO of grains / main spike, spike length, RPP gr , plant height 
and blades area /plant amounted to 7.11, 0.005,0.40,0.01,0.87,6.77 and 6.50 of the variation , respectively, 
meanwhile, the joint effect of NO of spikes / plant with each one of blades area /plant, NO of grains / main 
spike, spikes dry wt./plant, main spike length, RPP gr and plant height amounted to 4.68, 2.47,2.11, 0.02,0.39 
and 1.72 of the variation, respectively. Furthermore, the joint effect blades area / plant with NO of grains / main 
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spike, spikes dry wt. /plant , main spike length, RPP gr  and plant height was 0.70,1.39, 1.92, 0.04 and 2.51% of 
the variation, respectively, whereas the joint effect of NO of grains / main spike with spikes dry wt. /plant, main 
spike length, RPP gr and plant height had 0.01, 0.01, 4.0,0.21 and 0.21 % of the variation, respectively. In 
addition, the joint effect between spikes dry wt. /plant and main spike length, RPP gr and plant height amounted 
to 0.005, 0.02 and 0.71% of the variation, respectively. The joint effect between main spike length and RPP gr  as 
well as plant height was 0.001 and 0.39 % of the variation, respectively, the joint effect between RPPgr and plant 
height was 0.03 % of the variation . 
 As mentioned before, main spike dry wt. flag leaf blade area, NO of spikes / plant, blades area/plant, 
number of grain /main spike and spikes, dry wt. /plant were the most effective in contributing to grain yield as 
they had 11.54, 10.21, 5.37, 2.78, 0.82 and 0.32% of the variationrespectively.Here, it Here, it is worthy to 
mention that those previous parameters could contribute much of the grain yield since R2 was 99.99 % of the 
variation. 
 
References 
 
Abdel-Gawad, A.A., K.A. El-Shouny, S.A. Saleh and M.A. Ahmed, 1987. Partition and migration of dry matter 

in newly cultivated wheat variety. Egypt-J. Aron., 12: 1-16. 
Abdel- Lateef, Sh. I.A., 2004. Water and fertilizer requirements of some promising hull-less barley genotypes 

under poor sandy soil. M.Sc.Tesis, Agron. Dept. Fac. Of Agric. Al-Azhar Univ., Egypt. 
Ahmed, M.A., 1985. Dynamics of yield in certain wheat cultivars (Triticum aestivum,L.) Ph.D. Thesis, Agron. 

Dept., Fac. Of Agric, Ain Shams Univ. 
Ahmed, M.M., F.A. Assad, A.A. El-Sayed and A.M.O. El-Bawab, 1997. Drought tolerant barley genotypes for 

rainfed areas in Egypt. 
Ahmed, M.A., M.A. Al-Kordy, Magda A.F. Shalaby and M.S. Hassanin, 2011. Genetic analysis of energy 

production in white maize hybrids grown in newly cultivated sandy land. J.of Appl. Sci. Res., 5: 104-114. 
Alberta., (Agriculture and Rural Development), Canada, 2007. Recommended Malting Barley Varieties from 

the Canadian Malting Barely Technical Centre. 
A.O.C.S., 1984. Official Methods of the Association of Official Analysis Chemists. 14 th  ed, Association of 

Chemists , Washington, D.C.,USA. 
Ashour, N.I. and M.M. Selim, 1994. Yield response of some of barley varietes to saline conditions in South 

Sinai Governorate. Egypt . J. Agron., 19:149-160. 
Bremmer, P.M. and M.A. Taha, 1966. Studies in potato agronomy.1- The effect of variety, seed size, and 

spacing on growth, development and yield, J. Agric. Sci., 66: 241-252. 
Clark, R.B., S.K. Zeto, V.C. Baligar and K.D. Ritchey, 1997. Growth triats and mineral concentrations of maize 

hybrids grown on unlimed and limed acid soil. J. Plant Nutr., 20(12): 1773. 
Dubois, M., K. Gilles, J. Haamilton, R. Robers and F. Smith, 1956. Colorimetric methods for determination of 

sugar and related substances. Anal. Chem., 28: 305. 
El-Agroudy, M. and K.F. Mohamed, 1994. Effect of gama radiation on some economical; growth characters in 

newly crosses of two barley varieties under drought. J. Agric. Res., Tanta Univ., 213: 419-432. 
El-Kholy, M.A. and A.M.O. El-Bawab, 1998. Response of some barley cultivars to nitrogen fertilization and 

stimphol as a foliar application . Proc. 8 th  Conf. Agron., Suez Canal Univ. Ismailia, Egypt., 28-29 Nov. pp: 
145-152. 

El-Sayed, A.A., M.M. Noaman, F.A. Assaad, A.M. El-Sherbini, A.S. El-Gamal, A.O. El-Bawab, M.A. El-
Moselhi, M. Megahed, M.A. Abdel-Hamed and E.E. Desouki, 1995. Giza-127 and Giza -128, new two- 
rowed barley cultivars, Egypt. Appl. Sci., 10: 466-476. 

Fisher, R.A., J. Aguilar and D.R. Laing, 1977. Path analysis sink size in a high yielding dwarf wheat, yield 
response to grain number. Aust. J. Of Agric. Res., 28: 165. 

Hanson, W.D., R.C. Leffel and R.W. Howell, 1960. Genetic analysis of energy production in soybean. Crop 
Sci., 1: 121. 

Hussien, M.M., E.M. Okasha, E. Soliman and A.A. Aboellil, 2009. Productivity of some barley cultivars under 
water deficit. Egypt J. Appl. Sci., 24: 101-115. 

Navolotskii, D. and A.K. Lyashok, 1984. The influence of water and temperature factors on the productivity of 
spring barly varieties. Selektsiya-1- Semenovdstvo, USSR, 11: 16-19. 

Neter, J. and W. Wasserman, 1974. Applied Linear Statistical Methods. Richard, D. Irwin, Inc., Home-Wood, 
Illionis, 60340. 

Noaman, M.M., A.A. El-Shyed, A. Ashour, F.A. Assad and F.M. El-Rayes, 1990. Yield stability characters of 
some barley cultivars grown under different conditions: Under wild water stress condition, 4th Conf., 
Egypt. Soc. Criop Sci., Cairo, 1: 51-157. 

Pearce, R.B., G.E. Carlson, D. Brmes, R.H. Host and C.H. Hanson, 1969. Specific leaf weiht and photosynthesis 
in alfalfa. Crop Sci., 2: 423-426. 



2169 
J. Appl. Sci. Res., 9(3): 2160-2169, 2013 

 

Oscarsson, M., R. Andersson, P. Aman, S. Olosson and A. Jonson, 1998. Effect of cultivar, nitrogen fertilization 
rate and environment on yield and grain of barley. J of  Sci of Food and Agric., 78: 359-366. 

Pendelton, W.J., G.E. Smith, S.R. Winter and T.J. Johston, 1968. Field investigation of the relation of The angle 
in corn to grain yield and appavent phy  Agron,/ Agron. J., 60: 422. 

Penning De Vries, F.W.T., A.H.M. Brunsting and H.H. Van Leer, 1974. Products requirements and efficiency of 
biosynthesis a quantitative approach. J. Theor Biol., 45-339. 

Pucride, D.W., 1971. Photosynthesis of wheat under field conditions. III.Seassonal trends in carbon dioxide 
uptake of  crop communities. Aust. J. Agric. Res., 22: 1. 

Skribanek, A. and A. Tomesanyi, 2008. Predicting water stress tolerance of malting barley varieties with 
seedling PEG- reacdions. Acta Biologica Szegediensis, 52: 187-189. 

Shaleh, S.A., M.A. Ahmed, M.A. Al-Kordy and Magda A.F. Shalaby, 2011. Genetic analysis of energy 
production in yellow maize hybrids cultivated in newly cultivated sandy land. Aust.J. of Basic and Appl. 
Sci., 5: 104-114. 

Vidovic, J. and V. Pokorny, 1973. The effect of different sowing densities and nutrient level on LAI, Production 
and distribution of dry matter in maize. Glologia Planta, 15: 374. 

Volodarskii, N.I., E.E. Bystrykli and E.K. Nikolaeva, 1978. Photosynthetic activity of the upper leaf of the 
wheat varieties with different productivity. S.Kh. Biol., 13: 703. 

Wastone, D.J., 1952. The physiological basis of variation in yield. Adv. Agron., 4: 101-145. 
Wright, S., 1934. The methods of path coefficient. Ann. Math. State, 5: 161.  


