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Abstract: Two field experiments were carried out at Sids and Gemmeiza Agriculture Research Stations, in 2004
summer season. Involved four inbred lines, i.e. *Gm.1001, Gm.1002, Gm.1004 and Gm.1021, three yellow single
crosses, i.e. 51, 52 and 155 as well as two yellow three way crosses, i.e. 351 and 352 to study the genetic
differences of energy production in these nine yellow genotypes. Obtained results indicated that; Significant
differences were found between all of the yellow parental inbred lines and both of single and three way crosses
of yellow maize in carbohydrate and protein percentages in vegetative organs, grain yield and straw and oil %
in kernels. Also maize genotypes significantly differed in glucose required for synthesis of carbohydrate and
protein in vegetative organs,kernels, straw and oil percentage in kernels, as well as, carbon equivalent of
carbohydrate and protein in vegetative organs, grain yield and straw and oil in kernels. Regarding plant yield
energy at harvest and coefficient of energy for crop and harvest indexes, as well as, crop growth rate during
55-70 and 70-85 days after sowing stages, maize genotypes were significantly differed in these previous
characters. It is note worthy to mention that harvest maize grain yield can be increased by growing three way
crosses 351 and 352 and the single 155of yellow maize that characterized by ;Increasing the energy percentages
of photosynthates partitioned into economic yield, as well as, increasing the total energy in dry matter
production.
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INTRODUCTION Thus, this work was carried out to elucidate genetic

Further increase in maize yield potential depends and five yellow maize hybrids cultivated in Egypt.
undoubtedly on the part of photosynthates partitioned
into grain yield. However, this depends on the source and MATERIALS AND METHODS
sink balance and the translocation limitation. The
partitioning coefficient is defined as the percent of the Used genotypes were four yellow inbred lines, i.e.
total available photosynthate which is partitioned into the Gm.1001, Gm.1002, Gm.1004 and Gm.1021, three single
plant yield components . yellow crosses; i.e. 51, 52 and 155 as well as two yellow[1-9]

The  partitioning  coefficient  would  be determined three way hybrids, i.e. 351 and 352 (Table 1).
by   the   capacity   of  photosynthetic  sink  created by All of these genotypes except Gemmeiza inbred line
the  ear (i.e. the ability of the ears to utilize 1021 were developed at Gemmeiza Agricultural Research
photosynthates as compared to the other plant station  during  the  period  of 1983 to 1992 by S.E. Sadek,
components).  When  plants  reached the final few weeks et al, National Maize Breeding Program, Field Crops
of the filling period, the partitioning coefficient may Research Institute (FCRI), Agricultural Research Center
increase. Evidence for these is shown by the very rapid (ARC). from subtropical yellow genetic stock populations
decline in the canopy in final weeks and the possible imported from International Institute of Tropical
scavenging of nutrients from the vegetative plant Agricultural (IITA).
parts . Moreover, genotypic differences were However yellow inbred line Gm.1021 developed from[1,10-13]

obtained in partitioning and migration of dry matter improving Sids yellow maize line 121 which was susibtable
towards economic yield . for  downy  mildew  disease  and has bad performance. [3,5-9]

analysis of energy production in four yellow inbred lines
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Table 1: Used genetic materials.
Hybrid Parents

------------------------------------------------------------
Female male

Single cross 51 Gm.1001 inbred line Gm. 1002 inbred line
Single cross 52 Gm.1004 inbred line Gm. 1002 inbred line
Single cross 155 Gm.1002 inbred line Gm. 1021 inbred line
Three way cross 3511 Single cross 51 Gm. 1021 inbred line
Three way cross 352 Single cross 52 Gm. 1021 inbred line

This improvement  was  done during the same period
(1983-1992) by S.E. Sadek,, using back cross system with
donner parent i.e. subtropical DMR-ESR yellow maize
population which developed by (IITA) and resistance for
downy mildew disease. Inbred line Sids 121 used as
recurrent parent and selection for a good performance and
resistance to downy mildew (DMR) plants was done
during first segregated generations with testing for GCA
to keep the recurrent parent line in high GCA level each
time. The improved inbred line named (Gemmeiza 1021)
and used as a male parent in SC.155, TWC.351 and
TWC352. Those nine yellow genotypes were cultivated in
two field experiments at Sids and Gemmeiza Agric. Res.
Sta. in demonstration and crossing Blocks fields in
summer seasons of 2004 in randomized complete block
design with six replications. Three replicates for
vegetative growth studies and the rest for yield and its
components determination. Plot size was seven rows, five
meters long and 70 cm apart. Planting was done in hills
spaced 25 cm along, three kernels per hill. Thinning to one
plant per hill was carried out at 21 days after planting.
Nitrogen fertilizers was applied at rate of 120 kg N/fed. in
two  equal  doses  before  the  first and second irrigation
(21 and 35 days after planting). Irrigation, pest control and
other cultural practices were carried out as recommended.
Planting date were on June 15th and 18th in both
locations Gemmeiza (Middle Egypt region) respetively.
Samples of five guarded plants were taken at random for
growth measurements and chemical analysis at 55-70 and
70-85 days from planting. The following records were
obtained:-

1. Crop growth rate (CGR) mg/cm /day (NAR × LAI)2

according to Abdel-Gawad et al  at 55-70 and 70-85[2]

days after sowing, where, baldes area, LAI and NAR
was determined according to Radford .[14]

2. At harvest kernels, straw and biological yields per
plant were determing using a sample from ten
guarded plants from the three middle rows of the plot.
Furthermore, kernels, straw and biological per feddan
were calculated from the total area of the plot.

The percentage of carbohydrate and protein in
vegetative organs, kernels and straw were determined,

also, oil percentage per kernels was determined. Although
plant composition changes with the age, these values may
be fairly enough to provide an estimate of the partitioning
coefficient. To calculate the photosyntates required to
produce the different constituents, carbon equivalent was
determined as shown by Hanson et al . The production[10]

value (PV) for the various plant components was
determined according to Penning De Vries et al . The[15]

conversion factors 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, in addition, energy coefficient for both crop
index and harvest index were calculated according to
Abdel-Gawad et al . The total carbohydrate in the[2]

different organs was determined according to the methods
described by Dubois et al . Total nitrogen (%) was[16]

determined according to A.O.C.S  and was multiplied by[17]

6.25 to calculate protein (%). Crude oil (%) was determined
using the method described by A.O.C.S. . Combined[17]

data analysis for the two growing locations was carried
out according to procedure outlined by Snedecor and
Cochran . For comparison between means L.S.D. at 0.05[18]

level was used.

RESULTS AND DISCUSSIONS

The partitioning coefficient would be determined by
the capacity of the photosynthetic sink created by the ear.
When plants reached the final week of the filling period
(ripe stage to soft dough stage) the partitioning
coefficient may increase. Evidence for that is shown by
the very rapid decline in the canopy in the final weeks and
the possible scavenging of nutrients from the vegetative
plant parts.

Significant differences were found between the nine
maize genotypes in carbohydrate and protein percentages
of vegetative organs, kernels and straw. In addition,
inbred line Gm.100 significantly exceeded the other three
inbred lines under study, i.e. Gm.1002, Gm.1004 and
Gm.1021 in carbohydrate and protein percentages of
vegetative organs, kernels and straw, whereas, Gm.1004
characterized by the greatest value from oil percentage in
kernels. However, TW.352 cultivar characterized by its
highest significant values from carbohydrate and protein
in vegetative organs, kernels and straw, whereas, T.W 351
had the greatest mean values from oil percentage in
kernels compared with other four inbred lines and four
yellow maize hybrids under study (Table 2). Penning De
Vries et al  calculated the production value for the[15]

various components in plants. According to this, the
production value is defined as the weight of the end 
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Table 2: Differences in chemical constituents, glucose required for synthesis and carbon equivalent for vegetative parts, kernels and straw of four inbred lines
and five yellow maize hybrids (Average of Gemmeiza and Sids locations in 2004 summer season).

                        Hybrids Gm Gm Gm Gm S.C. S.C. S.C. T.W. T.W. L.S.D.
Plant e 1001 1002 1004 1021 51 52 155 351 352 at 5%

Carbohydrate, protein and soil percentages
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vegetative organs
Carbohydrate 69.05 66.50 65.84 68.99 71.47 72.63 72.84 73.08 73.28 0.19
protein 8.75 8.40 8.17 8.49 11.51 11.84 12.08 12.29 13.01 0.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernels
Carbohydrate 70.38 67.67 66.91 68.74 72.50 72.89 73.05 74.42 74.89 0.18
protein 9.34 8.41 8.05 8.56 7.37 7.76 8.13 8.54 8.78 0.10
Oil 1.87 2.17 2.23 1.99 2.68 2.73 2.60 2.88 2.71 0.05
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Straw
Carbohydrate 71.50 69.52 69.29 70.23 73.01 73.30 74.20 76.90 77.49 0.22
Protein 7.12 6.69 6.45 6.84 7.18 7.57 8.04 8.11 8.96 0.14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Glucose required for carbohydrate, protein and oil synthesis
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vegetative organs
Carbohydrate 0.809 0.780 0.772 0.809 0.838 0.851 0.854 0.857 0.859 0.001
Protein 0.141 0.135 0.132 0.137 0.186 0.191 0.194 0.198 0.210 0.010
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernals
Carbohydrate 0.825 0.793 0.784 0.806 0.850 0.855 0.856 0.872 0.878 0.003
protein 0.151 0.136 0.130 0.138 0.119 0.125 0.131 0.138 0.142 0.001
Oil 0.053 0.062 0.064 0.057 0.076 0.078 0.074 0.082 0.077 0.002
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Straw
Carbohydrate 0.838 0.815 0.812 0.823 0.856 0.859 0.870 0.902 0.908 0.004
Protein 0.115 0.108 0.104 0.110 0.116 0.122 0.130 0.131 0.145 0.011
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Carbon equivalent
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Vegetative organs
Carbohydrate 27.62 26.6 26.34 27.6 28.59 29.05 29.14 29.23 29.31 0.04
protein 6.88 6.60 6.42 6.67 9.05 9.31 9.49 9.66 10.22 0.09
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernals
Carbohydrate 28.15 27.07 26.76 27.50 29.00 29.16 29.22 29.77 29.96 0.13
protein 7.34 6.61 6.33 6.73 5.79 6.10 6.39 6.71 6.90 0.05
Oil 1.91 2.25 2.23 2.04 2.38 2.43 2.28 2.15 1.95 0.02
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Straw
Carbohydrate 28.60 27.81 27.72 28.09 29.20 29.32 29.68 30.70 31.00 0.03
protein 5.60 5.26 5.07 5.38 5.64 5.95 6.32 6.37 7.04 0.06

production and energy production. The production value 1.058, 1.061, 1.092 and 1.097 gram of glucose and one gram
was obtained by adding equations describing the of straw required 0.953, 0.932, 0.916, 0.933, 0.972, 0.981,
formation of each compound synthesized from the 1.000, 1.033 and 1.053 gram of glucose, respectively, for
substrate supplied the production value and can be used Gm.1001, Gm.1002, Gm.1004, Gm.1021, SC.51, SC.52,
to determine the amount of glucose required for SC.155, TW.351 and TW.352, respectively. Regarding
synthesis. Data reported in (Table 2) show the glucose carbon equivalent, according to Hanson et al , carbon
required for synthesis of the compound by the various equivalent is defined as the gram atoms of sugar carbon
maize genotypes components. Differences between maize required to produce an end product including both gram
genotypes in glucose required for synthesis of atoms of work carbon lost in the synthesis and gram
carbohydrate, protein in vegetative organs, kernels and atoms of work carbon stored in the product. Data reported
straw and in glucose required for synthesis of oil in in (Table 2) show that significant differences were found
kernels were observed. In addition, one gram of the between maize genotypes in carbon equivalent for
vegetative components required 0.950, 0.915, 0.904, 0.946, carbohydrate and protein in vegetative organs, kernels
1.024, 1.042, 0.048, 1.055 and 1.069 gram of glucose, one and straw and in carbon equivalent for kernels oil.
gram of kernels required 1.029, 0.991, 0.978, 1.001, 1.045, Furthermore, TW352 characterized by high significant 

[10]
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Table 3: Differences in yield energy per plant and per fed. and energy coefficient of crop index and harvest index at harvest date in four inbred lines and five
yellow maize crosses (Average of Gemmeiza and Sids locations in 2004 summer season).

                        Hygrids Grn Gm Gm Gm S,C S,C S,C T,W T,W L.S.D.
Plant age 1001 1002 1004 1021 51 52 155 351 352 at 5%

Yield energy/plant at harvest “k cals”
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernals
Carbohydrate 185.26 147.71 117.03 159.6 453.85 460.66 464.56 503.67 546.79 28.04
protein 28.44 21.24 16.29 22.99 53.38 56.74 59.82 66.87 74.17 6.42
Oil 11.71 11.27  9.28 11.00 39.92 41.06 39.35 46.39 47.09 2.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 225.41 180.22 142.6 183.59 547.15 558.46 563.73 616.93 668.05 37.61
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Straw
Carbohydrate 334.96 286.00 268.22 314.58 579.66 603.22 615.84 651.04 759.80 17.19
protein 38.59 31.84 30.63 35.45 65.95 72.08 77.20 84.32 101.64 6.08
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 373.55 317.84 298.85 350.03 645.61 675.30 693.04 775.36 861.44 25.6
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Yield energy/fed at harvest “I0  k cals”6

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Kernals
Carbohydrate 3.002 2.513 1.982 2.715 7.875 7.918 8.368 9.054 9.851 0.525
protein 0.461 0.361 0.276 0.391 0.926 0.986 1.077 1.202  1.336 0.104
Oil  0.19 0.192 0.157 0.187 0.693 0.713 0.709 0.834 0.848 0.011
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 3.653 3.066 2.415 3.293 9.494 9.617 10.154 11.09 12.035 0.120
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Straw
Carbohydrate 4.236 3.735 3.257 3.967 8.681 8.976 9.496 10.51 11.448 0.410
protein 0.488 0.416 0.351 0.447 0.988 1.072 1.19 1.282 1.531 0.120
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total 4.724 4.151 3.608 4.414 9.669 10.048 10.686 11.792 12.979 0.350
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Energy coefficient
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Crop index 0.436 0.425 0.401 0.427 0.495 0.489 0.487 0.485 0.481 0.003
harvest index 0.773 0.739 0.669 0.746 0.982 0.957 0.950 0.940 0.927 0.005
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Crop growth rate
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
55-70 days 6.865 5.461 2.534 4.038 7.622 4.370 4.320 3.270 4.920 0.180
70-85 days 1.336 0.088 0.558 0.893 3.671 1.776 0.633 1.500 0.247 0.129

values from carbon equivalent of carbohydrate and Gm- 1001 significantly surpassed the inbred lines Gm-
protein of vegetative organs, kernels and straw, whereas, 1002, Gm-1004 and Gm-1021 in energy yield for
SC.52 required high carbon equivalent for kernels oil carbohydrate, protein of kernels and straw and energy
compared with the inbred lines Gm.1001, Gm.1002, Gm.1004 yield for oil of kernel per plant (except Gm-1002 the
and Gm.1021 and the other four hybrids SC.51, SC.155, difference was not significant), as well as, total yield
TW.351 and TW. 352. In addition, the vegetative energy of kernels and straw in plant. Furthermore, TW.352
components required 34.50, 33.20, 32.76, 34.27, 37.64, significantly outweighted Gm.1001, Gm.1002, Gm.1004,
38.36, 38.63, 39.89 and 39.53carbon equivalent, the kernels Gm.1021, SC.51, SC.52, SC.151, TW.351in yield energy for
required 37.40, 35.93, 35.32, 36.27, 37.17, 37.69, 37.89, 38.63 carbohydrate and protein in kernels and straw and yield
and 38.81, while straw needs 34.20, 33.07, 32.79, 33.47, energy for oil (except TW.351) for kernels/plant, as well
34.84, 35.27, 36.00, 37.07 and 38.04 carbon equivalent for as, total yield energy of kernels and straw/plant (Table 3).
Gm.1001,Gm.1002, Gm.1004, Gm.1021, SS.51, SC.52, SC.155, With  respect  to  kernels  yield  energy  and straw
T.W.351 and T.W.352, respectively (Table 2). per fed. at harvest, TW.352 significantly surpassed

It is note worthy to mention that there were Gm.1001, Gm.10002, Gm.1004, Gm.1021, SC.51, SC.52,
significant differences between the nine maize genotypes SC.155  and  TW.351  where  the  mean  estimated values
under study in yield energy per plant and yield energy per were 12.035,  3.653,  3.066,  2.415,  3.293,  9.494,  9.617,
fed. At harvest, where maize genotypes significantly 10154  and  10.090  10   k  cals/fed.  for kernels yield
differed in energy yield of carbohydrate and protein in energy and 12979, 4.724, 4.151, 3.608, 4.414, 9.669, 10.048,
kernels and straw and in energy yield for oil in kernels. 10.686 and 11.792…. 10  k cals/fed. for straw yield energy

6

6



J. App. Sci. Res., 2(3): 153-158, 2006

157

per feddan for the nine mentioned genotypes, 2. Abdel-Gawad, A.A., K.A. El-Shouny, S.A. Saleh and
respectively (Table 3). M.A. Ahmed, 1987. Partition and migration of dry

The coefficient of energy for crop index, i.e. energy matter in newly cultivated wheat cultivars. Egypt. J.
yield of kernels/energy yield of biological yield ratio were Agron., 12 (1-2): 1-16.
0.436, 0.425, 0.401, 0.427, 0.495, 0.489, 0.487, 0.485 and 3. Ahmed, M.A. and S.E. Sadek, 1992. Photosynthates
0.481, whereas, the coefficient of energy for harvest index, partitioning in seven maize cultivars grown in Egypt.
i.e. energy yield of kernels/energy yield of straw yield Egypt. J. Appl. Sci, 7(10):251-268.
ratio were 0.773, 0.739, 0.669, 0.746, 0.982, 0.957, 0.950, 4. Sadek, S.E., M.A. Ahmed, S.F. Aboul-Saad and H.E.
0.940 and 0.927 for Gm.1001, Gm.1002, Gm.1004, Gm.1021, Goda, 1992. Analysis of components of plant yield
SC.51, SC.52, SC.155, TW.351 and TW.352, respectively variation in maize. Egypt. J. Appl. Sci. Mansoura
(Table 3). Univ.,Vol. 7 (11): 559- 569.

There were significant differences between maize 5. Sadek, S.E, M.A. Ahmed, F.A.Salama and F.H.
genotypes in crop growth rate at 55-70 and 70-85 days Soliman,  1994a.  Evaluation  of eight yellow maize
after sowing stages. Furthermore, Gm-1001 significantly (Zea may.L.) hybrids grown in Egypt. II
exceeded the other three inbred lines Gm.1002, Gm.1004 Photosynthates partitioning. J. of Agric. Sci.
and Gm.1021 in CGR at 55-70 and 70-85 days after sowing. Monsoura Univ., Vol. 19 (12) :4161-4170.
In addition, SC-51significantly outweighted the four 6. Sadek, S.E., F.A. Salama, F.H. Soliman and M.A.K.
inbred lines Gm.1001, Gm.1002, Gm.1004 and Gm.1021, the Shalaby, 1994b. Evaluation of fourteen white maize
four yellow hybrids SC.52, SC.155, TW 351 and TW 352 in (Zea mays L) hybrids grown in Egypt.II.
CGR during the two growth stages 55-70 and 70-85 days Photosynthates partitioning J. of Agric. Sci.
after sowing (Table 3). The CGR of vegetative organs Mansour Univ., Vol. 19 (12): 4171-41800.
reflects the total amount of photosynthate available for 7. Zaki, N.M., M.M. El-Gazza, K.M. Gamal El-Din and
plant growth in terms of the accumulation of dry matter. M.A. Ahmed, 1999. Partition and migration of
Values reflect the total amount of photosynthate photosynthates in some maize hybrids. (Egypt. J.
partitioned into yield components. The partitioning Appl. Sci. 14 (6): 117-139.
coefficient can not be approximated from a simple ratio of 8. Ahmed, M.A. and M.S. El-S. Hassanein, 2000.
the slop of crop growth rate since more photosynthate is Partition of photosynthates in yellow maize hybrids.
required to produce a given amount of kernels than the Egypt. J. Agron., Vol. 22: 39-63.
same amount of vegetative material. The additional 9. El-Gazzar, M.M., 2003. Evaluation of six sorghum
photosynthate is required to produce the additional cultivars photosynthate partition and migration,
protein and oil in the kernels . growth, yield and its components in newly cultivated [1,2,7,8,9,10,15]

Our results are in harmony with those obtained by land. Egypt. J. Appl. Sci., 18 (5) : 232-246.
Abdel-Gawad et al  where, they reported that maize 10. Hanson, W.D., R.C. Leffel and R.W. Howell, 1960.[2-9,12]

genotypes differed in partitioned of the total available Genetic analysis of energy production in soybean.
photosynthate to economic yield, in carbon equivalent for Crop Sci., 1: 121- 126.
vegetative matter, kernels and straw, yield energy of 11. Brouwer, R., 1962. Distribution of dry matter in the
kernels, straw and biological yields and /or fed., as well as, plant. Neth. J. Agric. Sci., 10 : 361-376.
energy coefficient of crop index and harvest index. 12. Ahmed. M.A., 1990. Partition and migration of dry

Thus, as mentioned before, harvest yellow maize matter in newly cultivated maize cultivars in Egypt.
yield can be increased by growing three way crosses Egypt. J. Agron. Vol. 15-61-73.
TW.351 and 352 and the single crosses SC.51, Sc.52 and 13. Ahmed, M.A., 2000. Partition and migration of dry
SC.155 of yellow maize that characterized by :- matter in newly cultivated maize cultivars in Egypt.

1. Increasing the energy percentages of 14. Radford, P.J., 1967. Growth analysis formula. Their
photosynthates partitioned into economic yield use and abuse. Crop Sci., 7, 171-176.
(kernels yield). 15. Penning De Vries, F.W.T., A.H.M. Brunsting and

2. Increasing the total product energy in dry matter. H.H. Van Lear, 1974. Products, requirements and
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