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SUMMARY

The present study was carried out at the Experimental Farm, Faculty of Agriculture, Menoufia
University, Shebin EI-Kom, Egypt during 2019 and 2020 summer seasons to study the influence of
intercropping three summer grass forage crops, i.e. pearl millet, sudan grass, teosinte with maize under
three densities of maize (50, 75 and 100% of recommended density ‘24000 plants/fed”) on their
productivity and quality as well as land use efficiencies and competitive relationships. The intercropping
patterns were as follows:

1- Intercropping 100% millet + 50% maize

2- Intercropping 100% millet + 75% maize

3- Intercropping 100% millet + 100% maize

4- Intercropping 100% sudan grass + 50% maize
5- Intercropping 100% sudan grass + 75% maize
6- Intercropping 100% sudan grass + 100% maize
7- Intercropping 100% teosinte + 50% maize

8- Intercropping 100% teosinte + 75% maize

9- Intercropping 100% teosinte + 100% maize
10- Maize sole cropping

11- Millet sole cropping

12- Sudan grass sole cropping

13- Teosinte sole cropping

In intercropping patterns, maize grains were sown in one side of the beds (140 cm) at three plant
densities (50%, 75% and 100%), while the three tested forage crops were sown in three rows on the top of
bed using 100% of their seeding rates. However, in sole croppings, maize was grown in the two sides of
the beds at 100% of its recommended plant density(24000 plants/fed), while the three forage crops were
sown in three rows on the top of bed using 100% of their seeding rates. The treatments were arranged in a
randomized complete blocks design with four replications.

Characters studied:
Three cuts were taken, at each cut the following characters were studied
| - Forage crops:

A- Growth characters:

1- Plant height (cm) 6- Leaves dry weight/shoot (g.)
2- No. of shoots (tillers)/m2 7- Stem dry weight/shoot (g.)
3- Total chlorophyll (SPAD value) 8- Total dry weight/shoot (leaves + stem) (g.)
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4- No. of leaves/shoot
5- Leaf area /shoot (cm2)

B- Forage production:
1- Fresh forage yield/fed (ton)

C- Chemical composition in dry plant (leaves+ stem)
1- Crude protein (%)
2- Ash (%)
3- Ether extract “EE” (%)

D- Nutritive values in dry plant (leaves + stem)
1- Digestible protein “DP” (%)
2- Total digestible nutrients “TDN” (%)

11- Maize crop:
A- Growth characters:
1- Total chlorophyll (SPAD value)

B- Yield and yield components:
1- No. of ears/plant
2- Ear length (cm)
3- Ear diameter (cm)
4- No. of grains/ear
5- 100- grain weight (g.)
6- Ear weight (g.)

C- Chemical composition in grains:
1- Protein (%)

9- Dry leaves/dry stem ratio

2- Dry forage yield/fed (ton)

4- Crude fiber (%)

5- Nitrogen free extract “NFE” (%)

6- Total carbohydrates (%)

3- Starch equivalent “SE” (%)
4- Gross energy “GE” (MJ/kg)

2- Plant height (cm)

7- Grain weight/ear (g.)

8- Grain yield/plant (g.)

9- Grain yield/fed (ton)

10- Stover yield/fed (ton)
11- Biological yield/fed (ton)
12- Harvest index (%)

3- Total carbohydrates (%)

2- Oil (%)
I11- Competitive relationships and yield advantage:

4- Land equivalent ratio “LER”
5- Cereal units “CU”

1- Aggressivity “A”
2- Relative crowding coefficient “RCC”

3- Competitive ratio “CR”

The obtained results could be summarized as follows
|- Forage crops
I-A. Growth characters

1- There are significant differences among the three tested forage crops when they were intercropped with
maize in comparison with their sole croppings. The values of number of shoots/m2, total chlorophyll,
number of leaves/shoot, leaf area/shoot, leaves, stem and total dry weights/shoot, dry leaves/stem ratio
of each tested forage crop significantly decreased by intercropping maize under any plant density with
the three tested forage crops, while the values of plant height were increased compared to their sole
croppings.

Intercropping the tested forage crops with maize at low plant density (50% of the recommended plant

density) produced the highest values of their growth characters compared to when they were

intercropped with maize at high plant density (100% of the recommended plant density) in both
seasons.

3- Sudan grass significantly had the highest values of plant height and stem dry weight either when
intercropped with maize or grown alone (as a mean of three cuts) in both growing seasons. However,
teosinte recorded the highest values of total chlorophyll, number of leaves/shoot, leaf area/shoot and
leaves/stem ratio. On the other hand, millet produced the highest values of number of shoots/m2,
leaves dry weight/shoot and total dry weight/shoot as a mean of all intercropping treatments in both
seasons.

N
)
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I-B. Forage production:

1- Sole cropping of the three forage crops significantly increased the total fresh and dry forage yields/fed
compared to their intercropping with maize at any plant density in both seasons.

2- Intercropping maize plants at low population density of maize (50%) outyielded the other population
densities (75 and 100%) in fresh and dry forage yields/fed in both seasons.

3- The highest total fresh and dry forage yields/fed were obtained by millet either in sole cropping or
when it was intercropped with maize followed by sudan grass and teosinte in a descending order,
respectively in both seasons.

I-C. Chemical composition:

1- Intercropping of the three forage crops with maize at any density significantly decreased protein % and
ash %, but significantly increased EE%, fiber %, NFE% and total carbohydrates % in shoot of forage
crops compared to their sole croppings at the three cuts and their average in both seasons.

2- Intercropping the three forage crops with maize at high plant density (100%) increased the percentages
of EE, fiber, NFE and total carbohydrates in shoots of forage crops, but decreased protein % and ash %
compared to medium density of maize (75%) and low density (50%) at three cuts in both seasons.

3- Teosinte forage crop was superior to the other forage crops in protein %, ash % and EE % either when
it was grown alone or intercropped with maize, while sudan grass significantly exceeded millet and
teosinte in fiber %, NFE% and total carbohydrate % in the three cuts and their average in both seasons.

I-D. Nutritive values:

1- Forage crops as sole croppings recorded the highest values of DP %, TDN% and SE%, while the
forage crops intercropped with maize at any density had the highest values of gross energy in three cuts
and their average in both seasons.

2- Intercropping the three forage crops with maize at low density (50%) increased the three nutritive
values (DP%, TDN% and SE%), but decreased the values of gross energy in both seasons.

3- The highest values of DP %, TDN% and SE% were obtained by teosinte followed by millet and sudan
grass, while the highest values of gross energy were achieved by sudan grass followed by teosinte and
millet in a descending order as an overall mean of intercropping treatments and both seasons.

II- Maize crop:

I1-A. Growth characters:
1- Total chlorophyll content in maize leaves was significantly decreased under all intercropping patterns

compared to maize sole cropping, while the plant height values were significantly increased by
intercropping maize with forage crops with exception of intercropping with sudan grass in both

seasons.

2- The highest values of total chlorophyll were obtained when maize intercropped with any forage crop at
low density 50%. On the other hand, the highest values of plant height were obtained under high plant
density of maize (100%).

3- Intercropping maize with teosinte produced the highest values of total chlorophyll and plant height
compared to its intercropping with millet and sudan grass as a mean of all maize densities in both

seasons.

I1-B. Grain yield and its attributes:
1- The values of yield and its components (no. of ears/plant, ear length and diameter, no. of grains/ear,

100-grain weight, ear weight and grain weight/ear, grain yield/plant, grain yield/fed) as well as stover
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yield and biological yields/fed and harvest index were significantly decreased by intercropping maize

at any plant density with the three forage crops compared to maize sole cropping.

2- Increasing the intercropped maize plant densities from 50 up to 100% of recommended density caused
a reduction in yield and its components of individual plants, while increased grain, stover and

biological yields/fed and harvest index of maize in both growing seasons

3- The highest values of yield and its components of maize were recorded when it was intercropped with

teosinte in comparison with intercropping with millet and sudan grass in both seasons.

11-C. Chemical composition of grains:
1- The monocropping of maize recorded the highest values of protein% and total carbohydrates %, but

recorded the lowest values of oil % in maize grains compared to the various tested intercropping
patterns.

2- Intercropping maize with forage crops at low plant density (50%) significantly increased protein %
and carbohydrate %, but decreased oil % compared two high plant population density (100%).

3- The highest values of protein% and total carbohydrates % were recorded when maize was intercropped
with teosinte compared to millet and sudan grass, while the highest values of oil % were obtained

when maize was intercropped with sudan grass.

I11- Competitive relationships and yield advantage:

1- The results revealed that the aggressivity (A) values of maize were positive, while those of the three
forage crops were negative when maize plants were intercropped at any plant density with the forage
crops in both seasons. Increasing plant density of maize from 50% to 100% intercropped with the

forage crops caused a gradual decrease in aggressivity values of maize and forage crops.

2- The values of RCC exceeded one for either maize or the three forage crops when they were
intercropped together under different plant density of maize in both seasons. In addition, increasing
plant density of maize from 50% to 100% of its pure stand increased the values of total RCC for

(maize + millet) or (maize + teosinte), but decreased those of (maize + sudan grass).

3- The values of CR for maize were higher than those for the three tested forage crops when they were
intercropped with any maize density in both seasons. However, it is clear that the CR values for maize
were decreased, while those of forage crops were increased with increasing plant density of maize

from 50% to 100% of recommended density in the both seasons.

4- The values of total LER (combined of every two crops per unit area) were increased over one for all
tested intercropping patterns compared to their sole cropping, indicating that there are yield advantage
per unit area more than their monoculture. The highest values of total LER were obtained when maize
(at highest density 100%) was intercropped with millet (1.50-1.53) or with teosinte (1.48-1.50) in the

first and second seasons, respectively.
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5- The total cereal units of maize at different plant density plus any tested forage crop were more than that
of forage crops monoculture. The highest values of total cereal unit were obtained when maize at
density of 100% intercropped with millet at 100% (54.91-57.59) or with teosinte (54.84-56.37) in the

first and second seasons, respectively.

Final conclusion

It can be concluded that intercropping forage crops with maize lead to maximizing land equivalent
ratio (LER) for forage production and maize grain yield/fed especially when maize at high plant density
(100%) was intercropped with millet (LER= 1.52) and teosinte (LER= 1.49), indicating that the land use
efficiency was increased by about 52% and 49%, respectively more than their sole croppings.
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